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P-R-0-C-E-E-D-I-N-G-S
(9:00 a.m.)

ACTING CHAIRMAN CALIFF: I’'m Rob Califf,
and I will be the Acting Chairperson today. We would
like to start by asking if there is anyone who would
like to give public comment.

Yes? Come forward and please use a
microphone and identify yourself again.

MR. SASICH: My name is Larry Sasich, and
I'm from Public Citizen Research Group in Washington,
D.C.

Public Citizen had requested, on January
7th, through the Freedom of Information Act, access to
the FDA and other data sent to your Advisory Committee
concerning the safety and efficacy of Dofetilide.

Our request was denied, and we were deeply
concerned about the evidence that this drug can cause
potentially life-threatening heart rhythm
disturbances, even though it may be approved to treat
or prevent heart rhythm abnormalities.

Despite not being allowed access to this

data, and the fact that peer review in medical
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literature is not an adequate substitute for the FDA
reviews of safety and efficacy, we do have serious
concerns based on a brief review of the published
literature about the safety of this drug, because of
its proarrhythmic effects in association with Torsade.
We are also apprehensive about the use of
an antiarrhythmic drug to prevent the recurrence of an
arrythmia, after the increased risk of death was found
with a class 1C antiarrhythmic drugs, and the cardiac
arrythmia suppression trial in the early 1990s.
Several studies in patients with atrial
fibrillation or flutter of normal volunteers, have led
to our concerns over the potential of this drug to

cause arrhythmias.

In the study of IV Dofetilide in 16
patients with recent onset atrial fibrillation, 2 of
15 patients, or 13 percent completing the study,
suffered episodes of Torsade.

In a study of 10 healthy male volunteers
given oral Dofetilide, one subject exhibited
asymptomatic polymorphic ventricular tachycardia.
When its corrected QT interval was excessively
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prolonged.

The authors felt that this may have been
due to a repolarization abnormality unmasked by the
drug. These authors caution that the efficacy of drug
for terminating an arrythmia is not necessarily
equivalent to efficacy in preventing recurrence. And
we would add that it may not be as safe, either.

They also pointed out that Dofetilide
manifests electrophysiologic features that may
predispose to apparent ventricular conduction during
atrial fibrillation that may be difficult to
distinguish from short runs of ventricular
tachycardia.

Public Citizen 1is on record as being
deeply troubled about drugs that have been approved by
the FDA with known safety problems that were
subsequently withdrawn from the market after many
deaths and injuries.

The three most recent examples are dexfen
Fluramine, Mibefradil, which three members of this
Advisory Committee thought should not have been

approved, and Bromfenex.
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We are concerned that this trend is
continuing with the recent approval of Cilostazol for
the treatment of intermittent claudication, a painful
but non-life threatening condition that is most
effectively managed by a program of structured
exercise, and the possible approval of this drug,
Dofetilide.

We urge that this committee decide that
Dofetilide, a drug that can cause potentially life
threatening arrythmia should not be approved to
prevent recurrent arrhythmias because, if approved,
the tragic experience of the class 1C antiarrhythmic
drugs will be relived.

Thank you very much for the opportunity
and your attention.

ACTING CHAIRMAN CALIFF: Are there any
other public comments?

(No response.)

ACTING CHAIRMAN CALIFF: Hearing none we
will now proceed with our agenda. Joan, do you have
announcements?

SECRETARY STANDAERT: Yes. This will be
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the conflict of interest statement for January 28th,
1999.

The following announcement addresses the
issue of conflict of interest with regard to this
meeting, and is made a part of the record to preclude
even the appearance of such at this meeting.

Based on the submitted agenda for the
meeting, and all financial interests reported by
Committee participants, it has been determined that
all interest in firms regulated by the Center for Drug
Evaluation and Research present no potential for an
appearance of a conflict of interest at this meeting
with the following exceptions.

In accordance with 18USC208 B3, full
waivers have been granted to Dr. Marvin Konstam, Dr.
Ralph D'Agostino, and Dr. Peter Kowey. A copy of
these waiver statements may be obtained from the
Agency'’s Freedom of Information office, room 12-A30 of
the Parklawn Building.

In addition, Drs. Dan Roden, Milton
Packer, and Lemuel Moye are recused from participating

in all matters related to Tikosyn.
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Further, we would like to disclose that
Dr. Califf’s institution was previously involved in
research relating to Tikosyn, and we believe this
should be disclosed.

FDA believes that it is important to
acknowledge our participant’s involvement so that his
participation can be objectively evaluated. Dr.
Califf’'s employer, the Duke Clinical Research
Institute previously participated in two studies of
Tikosyn.

Dr. Califf’s only involvement in these
trials was to ensure +hat the projects were being
effectively conducted, and the results were
disseminated in an academic form. He was not
personally involved in any way in the conduct of these
trials.

With respect to FDA’s invited gquest
speaker, Dr. Arthur Atkinson, he has reported
interests which we believe should be made public, to
allow the participants to objectively evaluate his

comments.

Dr. Atkinson has reported that he owns
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stock in Pfizer, and Pharmacia, and Upjohn. In
addition he is a former corporate officer of the
Upjohn company that developed one of the competing
products to Tikosyn.

In the even that the discussions involve
any other products or firms not already on the agenda,
for which an FDA participant has a financial interest,
the participants are aware of the need to exclude
themselves from such involvement, and their exclusion
will be noted for the record.

With respect to all other participants, we
ask in the interest of fairness that they address any
current or previous financial involvement with any
firm whose products they may wish to comment upon.

That concludes the statement for today.

ACTING CHAIRMAN CALIFF: Thank you. We
have a large amount of data to review today, and we
have a number of guests. Just looking at the
logistics of the room, it is going to be very hard for
many of us to see the slides, unless we sit down
front.

And for that reason and others, Jjust for
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the Committee, I would like to at least put forth a
proposition that we very much limit the discussion
until the presentation is complete, unless there are
major issues of clarification of the data that is
presented.

With that, Committee members who need to
see the slides and can’t, we will move down front, and
we invite the sponsor now to come forward with the
presentation.

DR. RYDER: Good morning, my name is
Steven Ryder, I’'m Senior Vice President of Clinical
Research, U.S. Clinical Research for Pfizer Central
Research.

Dr. Califf, Dr. Lipicky, members of the
Cardiorenal Advisory Committee, ladies and gentlemen,
on behalf of Pfizer I want to thank you for this
oppertunity to present the data on Tikosyn, which
supported safety and effectiveness in the conversion
to, and maintenance of sinus rhythm in patients with
chronic atrial fibrillation.

In the time allowed for this presentation

we will present the results of both clinical and
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relevant non-clinical studies of Tikosyn more commonly
known by its generic name, Dofetilide.

The clinical development program for
Dofetilide was extensive, and has allowed Pfizer to
characterize the potential clinical benefits and risks
of Dofetilide to a degree that is uncommon for this
class of drug.

The overall results of this program have
led to the conclusion that the antiarrhythmic
properties of Dofetilide have therapeutic benefit in
patients with chronic atrial fibrillation.

We will present the results of two placebo
controlled clinical trials that show that Dofetilide
is effective in maintaining normal sinus rhythm after
either pharmacologic, or electrocardial version from
atrial fib.

The results of the same two placebo
controlled trials, as well as other trials in
supraventricular arrhythmias, and results from two
large mortality trials in patients with significant
structural heart disease show that individualization

of the starting dose reduces the incidence of Torsade
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de points to an amount equal to, or less, than that of
approved agents.

The results of the two large mortality
trials do not suggest an increase in mortality among
patients taking oral Dofetilide. 1In addition we will
show data that there are no significant non-cardiac
risks associated with Dofetilide treatment.

This is the agenda for our presentation.
Our presentation will begin and end with discussions
of the current therapeutic environment for treating
chronic atrial fib, and the potential utility of
Dofetilide in this setting. These will be presented
by Dr. Jeremy Ruskin.

Three presentations of Dofetilide clinical
data will be given. One on its
pharmacokinetic/pharmacodynamic properties by Dr.
Craig Brater, one in clinical efficacy by Dr. Tilman
Friedrich, and one on clinical safety by Dr. Craig
Pratt.

With that I would like to begin the
sponsor presentation by introducing Dr. Jeremy Ruskin.

DR. RUSKIN: Thank you, Dr. Ryder. Dr.
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Califf, Dr. Lipicky, members of the committee, ladies
and gentlemen.

I would like to begin by just offering
some very brief comments as an overview with regard to
the problem of atrial fibrillation. I will try to
keep my comments very brief.

I will offer just a few words about the
epidemiology and the clinical consequences of atrial
fibrillation, and then say a few words about the
current options available for the treatment of this
very common clinical problem.

Atrial fibrillation is the most common
arrythmia requiring therapy that the clinician faces.
It is also, unfortunately, the least well understood
from an electrophysiologic standpoint, and the most
difficult to treat.

In addition, at the present time, our
therapeutic options for the management of this problem
are relatively limited.

Atrial fibrillation is a very common
problem affecting more than two million patients in

the United States alone. And while it is not terribly
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uncommon in younger patients, it is far more prevalent
in the older population, with six percent of people
over the age of 65 having atrial fibrillation.

This slide is a composite slide showing
you two different population age distributions. 1In
pink is the age distribution of the U.S. population,
and in blue bars 1is the distribution, or age
distribution of patients with atrial fibrillation.

And the point that I wish to make from
this slide is a simple one, and that is that as this
baby boom becomes the senior boom, the absolute
numbers of patients with atrial fibrillation is going
to increase very significantly, and this is, at least
to the best of my knowledge, the only arrythmia that
we currently treat that is increasing substantially in
numbers.

Atrial fibrillation also consumes a great
deal of hospital time, and it generates enormous cost.
This slide summarizes for you the number of hospital
days in thousands per year, consumed by various
arrythmia diagnoses, and as you can see atrial

fibrillation swamps all other arrhythmias, consuming
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about a million hospital days per year, at a cost of
approximately a billion dollars.

And this refers only to atrial
fibrillation as a primary diagnosis. Its contribution
as a secondary diagnosis to prolong length of hospital
stay and other situations, is also well appreciated.

The consequences of atrial fibrillation
are also well known. The primary reason for treating
the problem relates to symptoms. Perhaps less well
appreciated is the very important contribution of
atrial fibrillation to the development of congestive
heart failure.

The problems of increased risk for stroke
and death are also very widely and well appreciated.
And, unfortunately, in 1999 wé have no data for any
form of antiarrhythmic therapy that control of atrial
fibrillation reduces risk for stroke or death. Those
data are simply not available.

It is also important to emphasize that
patients with atrial fibrillation represent a broad
spectrum with regard to symptoms, ranging from those

who are entirely unaware of the presence of their
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arrythmia, to those who are incapacitated by it.

And, obviously, any discussion of therapy
directed at rhythm control must be involved with, and
directed towards patients with significant symptoms.

This cartoon simply delineates for you
differences between paroxysmal and chronic atrial
fibrillation, and this distinction is important in
light of what you will hear with regard to the data on
Dofetilide.

Paroxysmal atrial fibrillation, which has
been the commonest target of drugs which have been
submitted for approval for an AF indication, have been
studied largely in patients with frequently recurring,
highly symptomatic discrete episodes of AF, in which
symptoms of palpitations, dizziness, and dyspnea
predominate.

And, generally, in patients in whom the
onset and the offset of the event, both in terms of
the rhythm, and the symptoms accompanying it, are very
discrete and well-defined.

On the other hand, chronic uatrial
fibrillation which generally affects a somewhat sicker
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population, more commonly is associated with dyspnea,
fatigue, and weakness, and diminished effort
tolerance. And it is often a lot more subtle and
insidious, in terms of its onset, and a lot more
difficult to measure precisely because of the
chronicity of the problem, and its frequent
association with other forms of heart disease.

This slide summarizes for you the
available treatment options for the management of
atrial fibrillation, and these are well appreciated by
everybody here, and include the use of rate control in
patients in whom loss of atrial transport is not the
primary problem, but rapid rates are.

In the subset of patients, however, in
whom loss of atrial transport is the primary cause of
symptoms, antiarrhythmic drugs are used for
maintenance of sinus rhythm, and the available options
are listed here, and include the Class 1A and 1C
drugs, the 1C being widely employed but limited by
labeling to patients without structural heart disease,
precicely because of the results of the cardiac
arrythmia suppression trial, which you heard mentioned
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in the public comment period.

Sotalol and Amiodarone, which are not
approved for use in atrial fibrillation factor widely
employed for this problem in patients with structural
heart disease, and constitute important therapeutic
options in this population.

Nonpharmacclogic therapies are in their
infancy at this point, and at present, and at least
for the foreseeable future, applicable only to a very
small percentage of patients with symptomatic atrial
fibrillation.

I show this slide simply to emphasize one
point, and that is that in 1999 we Thave
nonpharmacologic treatment options in the form of
curative catheter ablation techniques for every
arrythmia listed on this slide, with the exception of
atrial fibrillation, for which the mainstay of therapy
remains drug therapy.

This slide 1lists for you the various
agents currently approved for the treatment of atrial
fibrillation, for conversion of atrial fibrillatiorn to
sinus rhythm, 1Ibutilide, and Quinidine are both
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currently labeled for that indication. Ibutilide, as
you know, available only for paretral use.

In terms of prevention of recurrent
paroxysmal atrial fibrillation in patients without
structural heart disease, the two available agents
include Flecainide and propanol.

In terms of prevention of relapses of
atrial fibrillation, the only approved agent is
Quinidine.

This slide surmarizes for you the total
prescriptions written in 1997 for antiarrhythmic
agents, and the vast majority of these are written for
atrial fibrillation, as you will see on the following
slide.

The only point that I want to make is that
at the present time the two most widely employed
agents are Quinidine and Amiodarone. Quinidine is
still the most commonly prescribed drug for this
problem. Amiodarone, the most widely used agent for
atrial fibrillation in the setting of advanced
structural heart disease, in particular congestive

heart failure.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE.,N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

21

And this simply confirms the fact that the
vast majority of these prescriptions are written for
supraventricular indications, that is for atrial
fibrillation. What this slide illustrates for each of
the antiarrhythmic agents in blue is the percentage of
prescriptions written for supraventricular
indications, compared to other indications.

In conclusion atrial fibrillation is a
problem of enormous public health significance. It
affects a large number of patients, and is associated
with very significant morbidity and costs to the
health care systems.

Finally, at the present time our current
therapeutic options for maintenance of sinus rhythm in
highly symptomatic patients, particularly those with
structural heart disease, are very limited.

Thank you.

ACTING CHAIRMAN CALIFF: Before you sit
down, I think the order we would like to go in, if
there are questions, would be to start with Dr. Grines
and Dr. Kowey, who are the primary reviewers, and then

come back to the others.
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DR. ATKINSON: Jeremy, I Jjust have a
question for you, which is going to play into some
things that come on later, but we still use drugs a
lot for atrial flutter, even though I agree with you
that ablation is a very realistic option for many of
those patients.

Do you believe that drugs of this class,
that we are going to talk about today, should be
expected to have a differential effect on flutter
versus atrial fibrillation in their efficacy?

And that plays in, obviously, to a risk
benefit assessment, which you are going to come into
later.

DR. RUSKIN: Well, I think that there are
theoretical reasons why they might work better for
flutter than fib, and you are as aware as I am of the
reasons, since most flutter is a macro re-entrant
right atrial rhythm, one would expect drugs that
prolong action potential duration, and alter
wavelength, would have a favorable effect on re-
entrant rhythms, particularly macro -re—-entrant

rhythms.
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So I would expect a differential efficacy
there, with a dominant effect on flutter, or a more
prominent effect on flutter.

That said, certainly, and I can only speak
for where I work, our approach to flutter, when it is
pure flutter, is largely an ablative approach at the
present time. I suspect that is true of you, as well.

ACTING CHAIRMAN CALIFF: Other questions?
Dr. Grines?

DR. GRINES: I have a question about the
annual utilization of hospital beds, and I was just
wondering if you knew the breakdown of patients who
are just newly diagnosed with atrial fibrillation,
that is why they were admitted, versus one with
recurrent episodes?

DR. RUSKIN: Yes, it is a very important
question, and I'm sorry, I don’t have that data, and
it was not available in the source that that slide was
derived from, I just don’t know.

ACTING CHAIRMAN CALIFF: We can start in
this end with Dr. Thadani.

DR. THADANI: Regarding Amiodarone use, I
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know it 1is not approved, but at least in my
institution is used very often. And the fact one
feels safe or even in a patient with pulmonary valve
dysfunction.

So what do you -- you are using it in your
institution for, say, 100 or 200 milligrams? I
realize there are pulmonary toxicity of that, but it
is a fairly safe drug, and realizing it is not
approved for maintenance. So that is one question.

Other question is I'm not sure, in chronic
AF, I realize the symptoms are subtle, a lot of
patients don’t have symptoms, and that will probably
come up in the discussion, and NIH is, as you know, is
doing a study to say the rate control is as good as
controlling sinus rhythm. So how much emphasis you
really want to pay Jjust on conversion?

I realize some of the patients don’t like
Afib, so if you could address those two issues?

DR. RUSKIN: With regard to your first
question the answer 1is yes, I certainly use
Amiodarone, and I'm very glad I have it as an option.

It is, in fact, the only option that I think we have
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in patients with advanced heart disease, particularly
congestive heart failure, and AF that requires therapy
for maintenance of sinus rhythm. So it is a very
effective drug, and we certainly use it.

It is not completely free of risk, as you
know, particularly with regard to long term organ
toxicity. But it is a very important agent, and in
Europe it is the treatment of first choice, in many
countries, for atrial fibrillation.

Unfortunately, at the present time, in the
very sick group it is the only option that we have.

With regard to the question of whether or
not to treat chronic atrial fibrillation I think is a
very difficult one, but it has to come back to the
question of symptoms. At least in my own practice I
would only 1initiate a path of treatment and
conversion, and long term suppression in situations
where there are significant symptoms associated with
the loss of atrial transport.

And I would not want to suggest, in any
way, that the patient with chronic atrial fibrillation

who is functioning at a high 1level, and not
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symptomatic from the AF itself, should be treated with
antiarrhythmic drug therapy.

DR. THADANI: So you are saying they
should not be?

DR. RUSKIN: If they are asymptomatic for
the AF, they certainly, in my personal opinion they
certainly should not be treated.

DR. THADANI: So the rate control, and
anticoagulation is pretty reasonable way to do it?

DR. RUSKIN: Yes, I think it is in that
subset.

DR. TEMPLE: Would you agree that is a
matter of opinion at this point, as Udho said, there
is a randomized trial addressing that right now?

DR. RUSKIN: Absolutely. I think that
everything we are talking about with regard to
precisely when to treat is largely a question of
personal opinion, and one has to make judgements about
the level of symptoms that the patients present with.
It is a clinical judgement.

In terms of data on outcome, as you've

said, there is a large scale multicenter trial that
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will, hopefully, provide some information about
whether there is a mortality benefit to maintenance of
sinus rhythm, compared to rate control, but we simply
don’t know that at the present time.

ACTING CHAIRMAN CALIFF: Dr. Temple, and
then Dr. Cohn.

DR. TEMPLE: When you referred to
symptoms, which ones do vyou think are most
troublesome, and also respond to placement into sinus
rhythm?

DR. RUSKIN: That is a critical question.
What I'm offering now is just personal perspective as
somebody who practices medicine, so I don’t have data
to support this, this 1is just a question of
experience, and I would be interested in other
people’s thoughts.

But in the subset with long term atrial
fibrillation, meaning months to longer than that, what
I see most commonly is diminished effort tolerance,
and exertional dyspnea with minimal activity.

And there are people with chronic atiial

fibrillation who know that their lives are infinitely
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in sinus rhythm than in AF. They may not be acutely,
absolutely incapacitated by the AF, but they feel that
they are very different people in terms of their
ability to function and exert themselves in sinus,
compared to atrial fibrillation.

DR. TEMPLE: Just one other question.
When someone is converted would you, ordinarily, or
would everybody ordinarily stop any anticoagulants, or
do you keep that on just in case they recur?

DR. RUSKIN: I think that one of the
highest risk periods for systemic embolism is
immediately after conversion. So I think that most
people would accept the need to be very aggressive
about anticoagulation following cardioversion, in
virtually everybody who can take an anticoagulant.

DR. TEMPLE: And is there some time after
conversion when you breathe a sigh of relief and stop
it?

DR. RUSKIN: The conventional wisdom, Dr.
Temple, is that you can stop it if there is no
recurrence at a month or so. I don’t do that unless

I'm absolutely sure. And there are many, many
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situations where I feel I can’t be sure, and I'm very
aggressive about continuing anticoagulation in a large
percentage of patients.

DR. TEMPLE: So you would not urge that
one of the obvious benefits of prolonging the period
of time before you recur, or anything like that, is
that you get spared coumadin?

DR. RUSKIN: I generally don’'t —— I don’t
argue that point. There are some patients in whom the
onset of AF is so clearly defined by symptoms that you
can be quite confident that if they are not having
symptoms that you can stop anticoagulation.

But that, by no means, applies to
everybody.

ACTING CHAIRMAN CALIFF: Peter? You had
another question.

DR. KOWEY: Jeremy, can I just clarify a
little bit of a nosology, because it is going to
happen all through the day. And I know that people
have tried to put names on atrial fibrillation but I'm
really kind of concerned about this term chronic.

Maybe we can agree that maybe John Camm is
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right, maybe there is a persistent form of AF, which
I think is the target for the clinical trials we are
going to talk about today, and chronic is maybe atrial
fibrillation that 1is fixed, and with no hope of
reversion.

Do you think that is reasonable?

DR. RUSKIN: I think that is entirely
reasonable, and your assessment of what we are talking
about is accurate. I think we are talking about, in
the Camm classification, what would be persistent
atrial fibrillation, rather than permanent atrial
fibrillation; persistent being longstanding, but
convertible.

ACTING CHAIRMAN CALIFF: 1If we could try
to keep discussion to pertinent things to the
application, and not just interesting issues in atrial
fibrillation. Udho?

DR. THADANI: Another question relevant,
perhaps, to the discussion later on. When I was
reading this, they say Afib has to persist for 24
hours, or whatever. That is something new to me. To

me Afib recurs, it recurs, you know? You
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cardioversion somebody, and two hours later the
patient is in Afib, you cardioversional therapy didn’t
work.

And the definition in the two trials, let
me hear it, I'm not prematurely emptying it, is one is
one hour, one is 24 hours. To me, a patient goes into
Afib, is that a risk of thromboembolic, so I’'m going
to anticoagulate him for a while.

What 1is your feeling on the review, when
you are talking about maintenance, because a lot of
patients, even what we call as a sustained afib, after
cardioversion could be paroxysma. And that is why

your rate at six months could be different at 12

months.

So just a short comment on that.

DR. RUSKIN: Yes, I agree with what you
are saying. There are protocol 1issues around

definitions of recurrence that you will hear about,
and that I'm sure will be discussed.
ACTING CHAIRMAN CALIFF: Any questions on
the right-hand side? Joan?
| SECRETARY STANDAERT: Just a quick
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question. You said the median age of people in the
United States with atrial fibrillation is 75, and I
assume that about half are women, is that correct?

DR. RUSKIN: Yes, it 1is roughly evenly
distributed, although because there are more women
alive -— excuse me, it is not evenly distributed. It
is more common in males than females.

But because there are more women alive
over the age of 65 it is roughly equally balanced in
the population.

ACTING CHAIRMAN CALIFF: Okay, I think we
are doing pretty well, let’s move on to the next
presentation.

DR. RUSKIN: Thank you. I would like to
introduce Dr. Craig Brater who will discuss clinical
pharmacology of Dofetilide.

DR. BRATER: Thank vyou, Jeremy. Dr.
Califf, Dr. Lipicky, members of the Advisory
Committee, ladies and gentlemen.

I'm Craig Brater, I'm from 1Indiana
University, and I have been asked to present the

clinical pharmacology aspects of this drug.
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With all drugs it 1is important to
understand the relationship between dose and response,
as shown here. And this is particularly the case with
cardiovascular drugs.

The sponsor has conducted an extensive
clinical pharmacology program on Dofetilide in order
to understand the relationship shown here, and the
determinants of disposition and response.

In defining this relationship one must
understand the variables shown here on the bottom that
can permute the linkage between dose and
concentration, and then between concentration and
response.

In this presentation I will first
summarize studies that examine the determinants of
pharmacokinetics, and then pharmacodynamics.

In so doing I will show the derivation of
a method for individualizing dosing that accounts,
firstly, for pharmacokinetic variability, and secondly
for pharmacodynamic variability, and then I will
conclude with data showing the PK/PD relationship with

Dofetilide to serve as a background for further
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discussions of efficacy and safety.

Let’s first turn our attention to the
pharmacokinetic characteristics of Dofetilide. The
absolute bioavailability is greater than 90 percent.
As such there 1is no risk for drug interactions
involving pre-systemic clearance.

And, moreover, this high biocavailability
implies negligible metabolism at the gut wall by
CYP3A4, and negligible intestinal secretion by P-
glycoprotein.

There is no effect of food on
bioavailability, although as one would predict, T-max,
the time at which peak concentrations occur, was
delayed by about one hour.

In pondering absorption one must also
consider interactions of bioavailability that can
decrease absorption. The lack of effect of the drugs
listed here indicates limited risk therein.

There was an interaction of absorption
with immediate release for Verapamil, which caused a
43 percent increase in peak Dofetilide concentration

that was due to more rapid absorption. There was not
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an equivalent increase in overall exposure.

This may be due to increased GI blood flow
that has been reported to occur with Verapamil,
whether or not this occurs with sustained release for
Verapamil, or with potassium is unknown.

The majority of Dofetilide dose,
approximately 70 percent, is eliminated by the kidney.
The magnitude of Dofetilide renal elimination
indicates that Dofetilide clearance is predictably
affected by 1level of renal function, which also
indicates a need for dosage adjustment based on renal
function.

In a moment I will show you data assessing
the relationship of Dofetilide clearance to renal
function, and how it allows design of a regiment for
dosage modification.

Dofetilide has a high renal clearance that
exceeds GFR, approximately 250 milliliters per minute.
Secretion 1s the dominant component of renal
elimination, accounting for 85 percent of renal
excretion.

This high degree of renal secretion
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indicates a need to define the relevant secretory
pathway, and thereby identify potential drug
interactions that might occur therein. I will also
discuss this issue subsequently.

The next slide shows the relationship
between renal function, estimated by the Cocockroft-
Gault equation, and Dofetilide clearance. On the X
axis 1s creatinine clearance, estimated from the
Cocockroft-Gault equation, on the wax, this is
Dofetilide systemic clearance.

This relationship has been assessed as
individual studies 1in patients with moderate and
severe renal impairment in patients throughout phase
2 and 3, and in a renal substudy of the Diamond
studies.

The slope of this relationship is
consistent across all groups, and is approximately
0.2. The very high R squared value of 0.84, and
consistent slope, indicate that the majority of
variability in Dofetilide disposition can be accounted
for by renal function, thereby allowing prospective

dose adjustment.
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These findings have also been confirmed in
the patient population studies, or patient
pharmacokinetic studies of over 1,400 patients.
Subsequently I will show you the method for dose
adjustment, and how it performs.

But before that let’s address the question
of renal secretion. There are three pathways by which
the kidney secretes drugs. One 1is the organic
cationian pathway, the organic cation pathway, or via
P-glycoprotein.

The organic cation pathway is not a
reasonable consideration because Dofetilide is
positive charged at physiological PH, in fact it has
three PKs, all of which are basic.

In terms of them sorting out whether or
not this is an organic cation, or via P-glycoprotein,
Cimetidine is used as the traditional probe of the
organic cation pathway. It has been shown to inhibit
secretion of procainamide, Creatinine, and other basic
drugs.

Cimetidine caused an increase in the AUC

of Dofetilide of 58 percent. And this, as I will show
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you, this was due primarily to a reduction in the
renal clearance of Dofetilide.

This effect on Dofetilide renal clearance
supports that the pathway is via the organic cation
secretory path.

Theoretically other actively secreted
organic cations could also affect Dofetilide
secretion. This possibility was examined in the phase
3 patient pharmacokinetic data base. This data of
1,445 patients included 219 who were receiving organic
cation substrates, and 20 who were receiving organic
cation inhibitors.

There was no evidence of an interaction
with substrates, but even with a small number of
concomitant inhibitors, a decrease in clearance of
14.6 percent was suggested.

Targeted studies of commonly used organic
cations should be considered to be performed.

This slide shows the data, these are the
data from the Cimetidine study showing the inhibition
of Cimetidine on Dofetilide clearance. There is a
total decrease in clearance of 36 percent from a value
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of 484 to 308. There is a minor effect on non-renal
clearance, and you will see that the substantial
effect is on renal clearance, as is shown in the blue
column here.

Let’s now address the question of whether
the P-glycoprotein pathway might be involved.

P-glycoprotein transport seems unlikely
since Dofetilide was not transported by Caco 2 cells.
In addition Verapamil, a potent P-glycoprotein
inhibitor had negligible effects on overall clearance.

These comments notwithstanding, this area
may warrant further study with other P-glycoprotein
inhibitors.

Ketoconazole inhibited renal clearance,
and I will show you those data in a moment. And
though Ketoconazole 1is conventionally thought to
inhibit P-glycoprotein, 1in addition to inhibiting
CYP3A4, there 1is also evidence that it, and
fluconazole can inhibit organic cation secretion.

Thus the Ketoconazole data are still
consistent with organic cation secretion, though this
area may also warrant further study, assessing the
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effects of Ketoconazole on other organic cation
substrates.

The phase 3 pharmacokinetic data were also
queried to see if there was a signal for interactions
with P-glycoprotein substrates or inhibitors. In this
data base were 658 patients receiving P-glycoprotein
substrates, and 239 patients receiving inhibitors.
There was no evidence of a clinically important
interaction with either group of drugs.

Let’'s now turn to the component of the —-
the metabolic component of Dofetilide’s elimination on
the next slide.

Metabolism is a minor ©pathway of
elimination compared to the kidney, accounting for
about 30 percent of a dose. The metabolites are at
such low concentrations that they have not been
quantifiable in plasma, they have negligible intrinsic
activity, the potency is less than 5 percent, and
therefore they do not contribute to activity.

Dofetilide has negligible affinity for CYP
iso enzymes, other than CYP3A4. A variety of in vitro

and in vivo studies indicate that CYP3A4 is the iso
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enzyme of interest in Dofetilide metabolism.

The low affinity of Dofetilide for CYP3A4
predicts lack of inhibition of the metabolism of other
substrates of this iso enzyme. This has been
confirmed by a variety of clinical trials, and I will
list those subsequently.

Ketoconazole, a very potent CYP3A4
inhibitor, and I presume we would all accept the most
potent inhibitor available today, caused a 55 percent
increase in exposure to Dofetilide. Part of this was
attributable to inhibition of metabolism, and part
attributable to decreases in renal clearance. The
data are shown on the next slide.

This slide shows the effect of
Ketoconazole on both renal and non-renal clearance,
and the data are shown in the table incorporated in
the slide.

As discussed previously, the effect on
renal clearance, which is the dominant component here,
appears to be via inhibition of organic cation
secretion.

The potency of Ketoconazole means that the
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magnitude of effects seen here likely represents the
maximal inhibition of CYP3A4 that might occur with any
other interactants via a metabolic pathway.

Ketoconazole decreases non-renal
clearance, shown here on the table, by about 50
percent. Since non-renal clearance represents about
30 percent of total clearance, this amounts to an
approximate 15 percent decrease in total clearance
that can be attributed to the metabolic effect.

This value serves as a reasonable frame of
reference when considering the potential impact of
other drugs that might inhibit CYP324 to a lesser
degree.

We also queried the phase 3 population
pharmacokinetic data for -- to see if there was a
signal for interactions with drugs that are either
substrates or inhibitors for the CYP3A4 pathway.
There were 108 patients receiving substrates, 27
patients receiving inhibitors. There were no signals
of a clinical important interaction in that data base.

The next slide summarizes these
interaction data. On the left grouping is a group
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disappointing.

One of the things that one could speculate
about, and this is pure speculation, is that there are
probably mechanistic differences between paroxysmal
and persistent atrial fibrillation. At least in a
substantial percentage of patients.

And there is now increasingly impressive
data on the role of focal tachycardias from the
pulmonary veins as the primary triggers of paroxysmal
AF. And if that is the case one might not expect them
to respond to a class 3 agent.

But that is very highly speculative, and
I don’t think it provides a comforting or absolute
answer to that. I just don’t have an answer.

DR. KOWEY: It really is a very important
issue in labeling because physicians have to be warned
that they don‘t have a hope of having this drug work
for a population of patients they are used to
treating.

DR. PRATT: I think that is correct, I
think we have to go with the data, and the data that
we have, that demonstrates efficacy is in people with
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where there is no effect of Dofetilide on this list of
drugs, and that would be as is predicted from the in
vitro studies.

In the middle are a list of drugs where
there has been no effect demonstrated by them to have
an effect on Dofetilide, and in addition the
population pharmacokinetic analysis indicated no
effect on these concomitant drugs.

On the right are the three drugs for which
a significant interaction has been identified. Again,
Cimetidine occurs through an effect on renal
secretion, Ketoconazole through an effect on secretion
plus inhibition of metabolism, and Verapamil, by
affecting the rate of absorption.

A study of hormone replacement therapy has
been completed in terms of all of the patients have
been enrolled and completed the study, and the data
are currently being analyzed.

The sponsor has also explored the
influence of patient demographics and concomitant
disease on pharmacokinetics. As noted previously,

there is an extensive data base for doing so. There
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have been pharmacokinetic evaluations in more than
1,500 patients in phase 2 and 3, with over 10,000
plasma concentration measurements.

Analysis of this data base indicates that
neither age, heart disease, type of arrythmia, nor
hepatic impairment are independent predictors of
Dofetilide clearance after accounting for renal
function.

What about a gender effect? Dofetilide
plasma concentrations were about 12 percent higher in
young healthy female volunteers compared to men.

In one study specifically designed to
assess gender differences in pharmacokinetics the
gender difference could be completely explained by
differences in body weight. However, in contrast,
gender related differences were still seen in the
larger population of pharmacokinetic data base
collected in phase 3.

The concentration differences shown here
would translate into a two to four millisecond higher
QTc value in women than in men.

The next slide summarizes the
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pharmacokinetic features of Dofetilide. Dofetilide
pharmacokinetics are predictable. This is reinforced
in particular in the population studies.

In phase 3 variability among patients in
clearance was 24 percent, after accounting for renal
function. Again, after accounting for renal function.

That volume of distribution was 28 percent
after accounting for body weight, and the residual
variability was 27 percent. These values are small.

The pharmacokinetics are linear, and the
multiple dose pharmacokinetics are predictable from
single doses.

Consistent with a half-life of 10 hours,
steady state is achieved within two to three days. As
stated, between patient variability, and the
pharmacokinetics is low after adjustment for renal
function. It is clear that the dependence they are in
is such that doses need to be adjusted in patients
with decreased Creatinine clearance.

Following is a scheme to individualized
dosing that was implemented in the phase 3 trials. As

indicated, treatment is initiated in hospital with
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continued CG monitoring, a serum Creatinine is
obtained, and by using the Cocockroft-Gault equation,
creatinine clearance is estimated, and then dose is
adjusted as shown here in this middle box.

This scheme adjusts doses in a fashion to
account for the main determinant of the
pharmacokinetic variability. Subsequently I will
discuss considerations in pharmacodynamic variability.

The next slide shows how this dose
adjustment performed in patients. This figure shows
the average state plasma concentrations observed in
patients in phase 3 studies, for the patients with
normal on the right, and reduced renal function.

It includes patients in a renal substudy
of Diamond, who were dosed according to the dosage
algorithm, and patients in the two pivotal chronic
atrial fibrillation studies who were randomized to
receive 500 micrograms twice a day, some of whom
received 1lower doses due to the reduced renal
function.

The concentrations in patients with low

renal function are within the range of values for
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those with normal renal function, so these bands are
pretty much the same.

The dosing adjustment was introduced after
the start of study 120, so a few patients with low
Creatinine clearances received 500 micrograms twice a
day. These are marked in blue in the middle column.

It is apparent that these concentrations
were at the upper end of the range of concentrations.
If dosing adjustment had been applied, these values
would be half those that are shown, which would drop
them down into the range with all of the other
patients.

So it appears from this data that the
dosing individualization scheme works as it should.

We now turn to the pharmacodynamic aspects
of Dofetilide effects. Firstly, some of its
hemodynamic effects. As a PRKR blocker, Dofetilide
would not be expected to have a negative anatropic
effect.

This has been demonstrated in two invasive
clinical studies of patients with left ventricular

impairment. Study 127, which is shown across the top
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of this slide, was performed by Dr. Risseau in
Belgium. These investigators randomized 32 patients
with heart failure, and LVEF’s less than 35 percent,
to Dofetilide or placebo given intravenously.

Study 105, which is shown across the
bottom, was performed in the U.S. In this study 29
patients were randomized, they had ventricular
tachyarryhtmias, and left ventricular ejection
fractions between 20 and 30 percent.

They received either Dofetilide 250
micrograms three times a day, 500 three times a day,
or placebo.

All patients were in sinus rhythm in both
of these studies. There is no negative effect on
cardiac index, small increase in left ventricular
ejection fraction, and no change on the right, in
systemic vascular resistance.

Data from study 120 in patients with
atrial fibrillation show the effect on hemodynamics
when patients are converted to sinus rhythm. Cardiac
index is preserved, shown on the left panel, despite

a reduction in heart rate, shown in the red line,
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associated with the conversion from atrial
fibrillation to sinus rhythm.

Since Dofetilide is an IKR inhibitor, it
is predictable that it will affect the QTc interval.
And, indeed, there is a direct relationship between
QTc and plasma Dofetilide concentrations shown here.

So on the X axis we have mean Dofetilide
concentration. On the Y axis we have change from
baseline and QTc.

After a single dose, which is shown in
blue, the slope is approximately 15 +to 20
milliseconds, and this relationship has been confirmed
in the population studies.

Attenuation to sensitivity occurs during
the first few days of dosing, where in a steady state,
shown in red, the slope is about 10 milliseconds per
nanogram, per milliliter.

Of note, the horizontal bar shown in this
graph is white, it may be a little difficult to see,
is that it represents the concentrations achieved with
a 500 microgram BID dose.

Despite this good relationship some
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patients are likely to have greater sensitivity. As
such, incorporated into the dosing regimen is a step
to account for pharmacodynamic variability, as shown
in the next slide.

The top part of this slide I’ve shown you
before, and after dose adjustment occurs on the basis
of renal function, patients are -- again have
consideration for dose adjustment based on their own
response.

So if the QT/QDC is prolonged greater than
15 percent, or goes to a total duration of greater
than 500 milliseconds, then the dose 1is, again,
decreased to half over and above any reduction that
was based on changes in renal function.

Since concentration correlates well to
QTc, one might also predict a correlation with
response. Our last slide examines this relationship
in terms of looking at the effects of QTc and how they
relate to efficacy.

So in the columns we have the probability
of remaining in normal sinus rhythm at six months, and
in the lines, the vertical lines, are the change in
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QTc interval from base line.

And you can see that each has
approximately the same slope indicating a relationship
here.

I hope that these last couple of slides,
in particular, will serve as the basis for your
thoughts in terms of thinking about the efficacy and
safety of this drug.

And that concludes my comments about the
clinical pharmacology of Dofetilide.

ACTING CHAIRMAN CALIFF: Thank you. This
is a lot of information. Again, I would like to give
Dr. Kowey and Dr. Grines a chance to ask the first
questions, and then we have Dr. Atkinson as a special
consultant, who I think will -- we are going to look
to for a lot of help here.

DR. KOWEY: Craig, the reason why this is
such an important discussion, it seems to me, is that
there 1is this linear relationship between plasma
concentration QT effect, efficacy, and Torsade.

And so I think this is really a critical

part of the discussion. One of the things I’m having
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some difficulty with is drug interactions, and maybe
you can help me.

What you’ve said is, basically, that if
you take the most potent inhibitor, CYP3A4, that we
know of, which is Ketoconazole, and you estimate its
renal effect vis a vis its non-renal effect on
metabolism, as a gross estimate, that it is somewhere
in the vicinity of 15 to 20 percent, maybe closer to
15 percent of its potentiating effect of Dofetilide is
hepatic, or likely to be, non-renal.

And then if we then go backwards we could
say that there is lots of other inhibitors of this
enzyme system that we wouldn’t expect them to be as
potent.

Do we have to worry about that? I mean,
do we have to go back and actually look at some of
these drugs, antibiotics for example, that might
influence that enzyme system? Because it is an
assumption which I think is probably correct, but I'm
a little concerned about it, because the stakes are
pretty high here.

DR. BRATER: I guess you could approach it
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in two ways. You could either say, if you indeed
believe that Ketoconazole is the biggest effect you
are going to see, you could say, okay let’s be
ultraconservative and say, all the other things that
inhibit that iso enzyme, let’s just presume that they
are going to have a similar effect and label
accordingly.

Alternatively, you could go back and try
to define, with more precision, by individual trials
with some of those different drugs, and try to map out
the degree of effect that is going to occur.

And I think that, in turn, is probably
going to boil down into the thought process that you
all have about the width of the therapeutic margin
here, and how that leads you down either of those
paths.

DR. KOWEY: You see, I don't think there
is a whole lot of room, and that is why I’'m having
this problem, and we are going to be faced with -- and
if you look down through the questions, you always do
that to find out what the bottom line is going to be

here, we are going to be asked a question, at the end
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of the day, are there other studies that need to be
done.

DR. BRATER: Right.

DR. KOWEY: And my concern is that if we
don't have studies, I think you are absolutely
correct, that if we don’t have a study of a drug
interaction, and a drug which is in the category of a
drug that blocks that enzyme system, and a drug that
has a fairly narrow margin for safety, that we are
going to have to make the worse case assumption, and
label the drug so that every single drug on that long,
long list is put into the labeling as being a problem,
and the drug needs to be dosed accordingly.

Is that -— I may have paraphrased what
you have already said.

DR. BRATER: I'm saying the same thing you

are. And the same thing, it goes to the cationic
secretory pathway. We have data with Cimetidine.
There are -- that is a short 1list of potential

inhibitors there, but so the question is, do you take
Cimetidine as the worse, and then presume everything

else is -- and lump everything else in that category
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or do you do specific studies.

So it is exactly the same thought process.

ACTING CHAIRMAN CALIFF: Dr. Grines?

DR. GRINES: A couple of questions on the
hemodynamic effects. And one is on the bar graph you
showed for ejection fractions. I wondered if you knew
the sample size?

DR. BRATER: Is this the hemodynamic data?

DR. GRINES: The hemodynamic effects of
normal sinus rhythm.

DR. BRATER: No, I don’t know the sample
size, approximately 25 patients.

DR. GRINES: 25 patients. Yes, because it
seems like there is a huge increase in ejection
fraction, and that is hard to —--

DR. BRATER: That is percent of a percent,
I believe. That is not an absolute -- all the changes
on that graph are percent changes.

DR. GRINES: It looks 1like an absolute
ejection fraction, actually, the way it was plotted.

The second question on the dosing
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individualization, there is recommendations for
cutting to half dose if the QT interval is prolonged.
But in the study actually several patients were
completely discontinued due to QT prolongation, and I
wondered, with regard to these QT intervals, at what
level of prolongation would you recommend completely
discontinuing the drug, and how often does one have to
measure this?

DR. BRATER: I can’t answer the first part
of your question, you are going to have to depend on
your cardiology colleagues, I think, to answer the ——
you know, where you would absolutely quit the drug in
terms of what QT. I'm a poor country clinical
pharmacologist, so I don’t know that.

But the other question, you had another
part to your question, which was —-

DR. GRINES: I guess I'm just a little
confused.

DR. BRATER: The stability of the QT. I
haven’t seen the data myself, but I'm told that the QT
is very stable in terms of its relationship to plasma

concentration throughout the course of therapy.
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ACTING CHAIRMAN CALIFF: Will we have a
chance to see that data later on about the stability
of the QT? Okay.

DR. BRATER: I see people nodding their
heads vyes.

DR. GRINES: It is my recollection that in
the studies the QT interval was measured just after
the first dose, is that correct? And so, therefore,
does that mean you don’t have to measure it
subsequently 1f it is stable?

DR. BRATER: My recollection is that the
greatest prolongation is, as one might predict, which
is about the peak time after the first dose, which is
when you have your greatest sensitivity, and thus your
plasma concentrations are coming up, so it is two to
three hours after the first dose.

But I think the dosing recommendation is
to monitor throughout this three day period, and make
sure that if there are others that exceed that, that
those are ones that are taken into account in terms of
changing the dose.

DR. KOWEY: Can I just follow up on that
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a little bit, Craig, because it will come into some
practical concerns with a poor country cardiologist
using the drug.

If you start somebody on the drug at a
dose level that is calculated based on the creatinine
clearance, and you have the patient in the hospital,
monitoring their rhythm, and their QT interval, is it
three whole days before you can say that you don't
have to do anything more with the dose because the QT
interval didn’t prolong, or can you get away with a
shorter period of time?

DR. BRATER: My bias is that they ought to
be in there for three days of therapy on Dofetilide.
And one of the reasons for that is from a
pharmacokinetic -— a lot of these patients are going
to have decreased renal function, and their half-lives
are going to be longer, and so you want to make sure
that they are in there long enough to get the steady
state.

So in that group of patients with the
loweet level of renal function, 20 to 40, their half

life is about 21.7 hours. And so the three days will
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get them like 90 percent to steady state.

So if for no other reason they ought to be
in for three days just to make sure you capture that
group of patients.

DR. KOWEY: And then after that, let’s say
for the sake of argument, I’ve cut the dose based on
a QT prolongation that is protocol defined, and you
are now down at a lesser dose level, do you keep them
for three more days to make sure that at that steady
state plasma concentration their QT is going to go
back; or do you say, that should be enough, I can send
them home now?

DR. BRATER: Well, I hadn’t thought about
that, but I -- just off the cuff, I would say that
like most things it is probably going to be a clinical
judgement, which might impart, do you know how long
did it go out, did it go out 16 percent? And that
triggered it, or did you —-- you know, did it go out
further and so you are more worried and you make sure
you want to really follow that patient more closely.

So I guess you would have to dial tihat
into the 1individual patient. I don’t know if
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recommendations have been thought of in terms of that
scenario.

DR. KOWEY: This is -- it occurred to me
in the middle of reading this, I was trying to go
through, well what is, as I said, try to just be an
old country cardiologist, and I'm in the hospital, and
I have a patient, I put them on the drug.

I think we have to be a little bit more
definite about what the recommendations are going to
be, as we dial back the dose. Because this is a very
novel way of dosing, as you know, with an
antiarrhythmic drug. We don’t dose antiarrhythmic
drugs this way. We do with Amiodarone, but nobody
knows what the right dose is there, anyway, so that
doesn’t matter.

But here we do think we know what the
right dose is, and we are going to be giving very
specific instructions about a very novel way of dosing
the drug to people who aren’t used to using this drug,
and doing it this way.

So I guess what my question is, do we have

to maybe do some studies, or do we have to think about
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this some more to come up with a way of approaching
this?

Because I'm very uncomfortable not being
able to tell people how to do this. Does anybody
else, on the panel, because I haven’t been able to
figure this out. Or does anybody else from the
company want to respond?

ACTING CHAIRMAN CALIFF: Peter, let me
suggest that we —— I mean, I think when we hear the
efficacy data wed be a better time to discuss this.

DR. KOWEY: It is not in there, Rob. I
mean, you can wait until the end of the day if you
want to, but I’m telling you that we don’t have those
kinds of data in the -- I haven’t seen it, maybe they
are going to present something. If you want to wait,
that is fine.

ACTING CHAIRMAN CALIFF: I really would
rather wait, because if we get into this discussion
now, we are going to have to repeat it at the end of
the day anyway, about the practical. Okay?

AUDIENCE MEMBER: Dr. Kowey, just some

information. The clinical trials, what was done, when
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dose adjustment occurred, you want to be sure that the
patient is in sinus rhythm so you would keep the
patient at least one day in the hospital while the
patient is in sinus rhythm.

DR. GRINES: I have one other question.
You showed a graph, it is titled the concentration
relationship in young volunteers over 24 days. And in
that graph I think you described an attenuation of the
QT interval?

DR. BRATER: Correct.

DR. GRINES: Basically the QT was longer
on day 1 than it was on day 23. And my question is,
are we going to be able to safely monitor the chronic
effects looking at the QT interval? Because on the
bar graph you see that now we have much higher doses
of drug with the shorter QT interval.

Now, is the incidence of Torsade related
to that QT interval, or is it related to the dose of
the drug?

DR. BRATER: Well, when you -- let’s flash
that slide back up there, that is slide number 19.

Just as a frame of reference.
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I think one of the questions that you are
asking, and make sure if I'm going in the wrong
direction you correct me, is that basically I think
one of the questions will be, how quickly does that
occur, and how stable is it once you get down there?

If we call back up 96, this shows the time
course of this decrease, so in black is Dofetilide and
you see, and these are the same patients from which
that previous fiqure is derived.

You see that basically you start getting
this decreased sensitivity by the second dose, and you
come out here and you plateau out very quickly, and it
is very stable.

So I guess it is the stability of this
plateauing effect that I think would -- isn’t that the
answer to your question?

DR. GRINES: Well, I guess my real
question is, how confident are we at decreasing the
dose, or discontinuing the drug based on the QT
prolongation, if the QT interval is going to change
over time?

DR. BRATER: I gquess that gets back to the
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question, again, of what is the stability of the QT
throughout the time course of therapy, say six months,
or something. I don’t personally have those data, but
I saw nods that that was going to be addressed by
somebody else.

DR. GRINES: Because the dose can be ——
the dose for a given QT interval, you can have a much
higher dose, chronically. And if the Torsade is
related to a high dose, then perhaps we could be
having some late arrhythmias, even though the QT
interval may look relatively normal.

DR. BRATER: Say that again? I'm not
following —-

ACTING CHAIRMAN CALIFF: Maybe I could try
to -—— I think what you are asking is, is the risk of
Torsade more closely related to the QT interval, or to
the concentration?

DR. GRINES: Correct.

DR. BRATER: Well, my <cardiology
colleagues tell me that the main reason for following
QTs is because of —- is because the Torsade risk, that

you wouldn’t be following it as an efficacy predictor,
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but basically as a safety monitor.

And I guess what we are saying is, that
the concentration seems quite tightly linked to the
QTc interval, so then for example, if you are going to
think about monitoring the patient, it makes more
sense to monitor the QT than it does to, say, monitor
the plasma concentration.

ACTING CHAIRMAN CALIFF: Dr. Bigger, do
you have a comment on that?

DR. BRATER: Because that is closer to the
end point of adverse effect.

DR. BIGGER: I have a question right along
that line, on that slide 19, in that very nice slope
of the QT change on the dose, or the concentration of
Dofetilide. If you are in a steady state, and you
alter the serum potassium substantially, say with
diuretics, or something else, in a current diarrhea,
or whatever, does that slope shift up or down, or is
it sensitive to changes in potassium that might occur
in the usual course of events in people with heart
failure and so forth?

DR. BRATER: I don'’t know that that study
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has been done. I didn’t see it in anything that I
reviewed, but it could have escaped me. The best I
can say is that there, I think in the supplement that
went out, there was a pretty detailed analysis of risk
of Torsade and of mortality according to a whole lot
of concomitant medications in substantial numbers of
patients, as you would expect, who were on diuretics,
both thiazides and loops.

And my understanding of those data is that
there was no -- that is epidemiological data that
there was no signal that there might be an increase in
mortality, or Torsade. But that is not a direct
answer to your question, of course.

DR. BIGGER: The pharmacokinetic question
I have, in Diamond CHF, I think over 90 percent of the
people who are taking diuretics. But it didn’t
differentiate which kinds, and I wondered, since the
different diuretics posited in different segments, and
tubal, if there is any relationship to particular
diuretics, or diuretic combinations that might affect
the rc-nal clearance of Dofetilide?

DR. BRATER: Well, the potassium sparing
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diuretics, ameloride and triamterene, not
spermalactone, but ameloride and triamterene are
organic cations that are secreted by the nephron.

So there is a potential for -- and a
pharmacokinetics interaction there. But I wouldn'‘t
suspect a pharmacokinetic interaction with thiazide or
loops.

ACTING CHAIRMAN CALIFF: I want to give
Dr. Atkinson a chance. And what I would urge, based
on what I’'ve heard so far, would it be correct to say
that, Dr. Brater, you are not going to answer clinical
cardiology questions, but renal Gquestions of
pharmacokinetic, or pharmacodynamic questions you are
prepared to answer?

DR. BRATER: That’s correct.

DR. ATKINSON: Thank you, Dr. Califf. I
would like to ask a few questions, because I probably
will be silent for the rest of the presentations.

I think, Craig, first of all you have
summarized an awful lot of very interesting data very
elegantly for us today.

DR. BRATER: Thanks.
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DR. ATKINSON: But, really, all the
nuances of drug interactions, and variability, and
pharmacokinetics, have an importance, really, that
relates only to the therapeutic index of the drug.

And I think we’'ve heard from the
floor,earlier today, that there is general concern
between the therapeutic, the levels or dose that may
cause therapeutic efficacy, and those that cause
toxicity.

And I wonder if you have, or the company,
has any data on therapeutic index, not necessarily
relating to the QTc interval prolongation, but Torsade
which is the main concern here.

DR. BRATER: It is clear, from the data I
have shown you, that there is a good relationship
between concentration and QT, and if QT 1is the
predictor of Torsade, you might expect that well gee,
we ought to see a good relationship here than between
concentration in plasma and Torsade.

The problem, I guess, is that there are so
few patients in the data base with Torsade, that you

can’t really do that analysis now. There has been an
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attempt to look at analysis between relating
concentration to efficacy in terms of maintaining
normal sinus rhythm.

I showed you the relationship between QT
and normal sinus. That is also a difficult one
because it is, in my simplistic approach to things I
thought, well, we can just do some sigmoid max plot of
CP versus response, but I was shot down by
biostatisticians and said, you have to do a Kaplan-
Meier approach, because these are categorical data
which makes that much more difficult.

That analysis has been done. To me that
shows a relationship. I can show it to you, if you
would like.

DR. ATKINSON: I would like to see it.

DR. BRATER: That is backup slide 203. So
here on the X axis we’ve got these categorical data of
different serum concentration values, probability of
remaining in normal sinus rhythm, similar to what I
showed you with the QTc normal sinus rhythm thing.

And at least to my eye, you see this

coming up and plateauing out.
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DR. ATKINSON: Thank you. From my
calculations I would estimate that the sponsor intends
to recommend the dose that would achieve effective
concentrations for maintenance.

DR. BRATER: Well, if we could have that
slide back, I guess we could put a frame of reference
where the 500 microgram BID would be out in this
range.

DR. ATKINSON: Exactly, and that is with
appropriate adjustment for renal functional status?

DR. BRATER: Right. So patients who had
decreased renal function, if they were supposed to get
500, and you down titrated it, I think I showed you
data that shows that that keeps those patients in the
same kind of concentration range, so they would be in
the same kind of bar.

DR. ATKINSON: Is there evidence to
suggest that the 1levels required for initial
cardioversion from atrial fibrillation might be
different than those required for maintenance? Or is
that not -—-

DR. BRATER: I don’t know that that
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analysis has been done. That is not been looked at.

DR. LIPICKY: Before that slide goes away
if you would show that slide again? If you believe
that data, where would you put the EC50 for the
therapeutic effect?

ACTING CHAIRMAN CALIFF: For the audience,
could you define AC50?

DR. LIPICKY: The concentration at which
about 50 percent of the efficacy effect occurred, or
about 50 percent of the patients would have a good
effect from the drug.

DR. BRATER: Well, that is why I wanted
them to do a sigmoid max kind of thing, but they said
you can’t do that. But if I look at my eyeball, and
subtracted out placebo, and looked at that curve 1I
would say, maybe you are in the 1.3 to 1.7 bar.

DR. TEMPLE: No, it is below .4, it is
below .4, the lowest concentration gives you the easy
50, obviously. To the extent you believe all that,
anyway. If you are going from 50 percent to 60
percent, or 30 percent to 60 percent.

DR. THADANI: The mode will be between the
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first three lines.

DR. BRATER: Well, I don’t know, this plot
looks to me to be up around 65 or 70, right?

DR. TEMPLE: Well, that is the plateau
that goes after .4, but most of the action is between
zero and .4.

DR. BRATER: Well, but if you are do an
easy 50 you map out the whole curve, right? And then
you say how long does it take to get —— where do you
need to be to be 50 percent up there.

DR. TEMPLE: But the lowest concentration
is more than 50 percent of the effect.

DR. LIPICKY: And where is the EC50 for
the QT? You know that very well.

ACTING CHAIRMAN CALIFF: This is, I think,
going to be the central discussion, and I hate to
think we are going to be left with us all eyeballing
this bar graph and coming to conclusions.

So during the course of the day we need to
come to some better resolution of ——

DR. ATKINSON: Having raised the specter

of therapeutic index can I focus now a little bit on
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pharmacokinetics?

You’ve shown a very good relationship
between overall clearance of the drug, and estimated
creatinine clearance. And I believe your correlation
coefficient squared was .84.

There are other equations that appear, as
different studies, as you might expect. One point I
would like to make is that although you emphasized
that normally non-renal elimination 1is minor, it
accounts for only 30 percent of elimination, obviously
as renal function becomes impaired, non-renal function
becomes more important.

And what seems to be unusual, at least
from my calculations here, is that this is a drug in
which not only renal clearance declines with
decreasing creatinine <clearance, but non-renal
clearance declines with decreasing <creatinine
clearance.

And I wonder if you or the sponsor have
data that actually separate out? I know you’ve done
the renal clearance of the drug versus creaiinine

clearance. Can you show us the variability in non-
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renal clearance now, as creatinine clearance declines?

DR. BRATER: If we bring up backup slide
11. Went back to some of the previous studies and
calculated total clearance, renal clearance, and non-
renal clearance at the different levels of renal
function.

The patients on the far right would be
recommended to be excluded from therapy. So the ones
in the middle, which would be the lowest, non-renal
clearance drops from 7.8 to 5.6. But, as you point
out, becomes a substantial component of the overall
clearance, probably three quarters or more of overall
clearance.

So there is, clearly, a decline in non-
renal clearance with decreasing renal function. That
is not unprecedented, as you know, that is seen with
other drugs. We don’'t know the mechanism for that,
but it certainly does occur with Dofetilide.

And you can also see that by the slope,
the intercept of the slope of those relationships if

you l-ok close.

DR. ATKINSON: That brings me to another
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point. By looking at the intercept of the slope we
are, in fact, extrapolating from a curve that has been
incompletely characterized.

And one obvious deficiency that I saw in
an otherwise detailed kinetic package is that there is
no study, at least that I'm aware of, of Dofetilide
kinetics and functionally nephric subjects.

I mean, here is the population where non-
renal clearance accounts for 100 percent of
elimination, and I think I may have seen, in fact, a
draft package insert where the recommendation for
patients with creatinine clearance less than 20 is to
individualize the dose.

And I submit that if you don’t have an
estimate of what the clearance is for those patients,
it is awfully hard to individualize the dose, using
the paradigm that you recommend.

DR. BRATER: I think that gets to one of
the questions that you all will be faced with later in
the day.

DR. ATKINSON: Okay. Another question

that I think is germane to the proposed strategy of
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individualizing dose based on creatinine clearance is
the extent to which <creatinine <clearance is
determined, or estimated, if you will, from the
Cocockroft-Gault equation in hospitalized patients.

I wonder if you could give us an estimate,
from your medical center in Indiana, as to how many
patients in the hospital really have their creatinine
clearance estimated?

DR. BRATER: I guess it depends on who is
your attending that month. When I’'m attending, every
one of them.

I think that is a rhetorical question, but
you are asking about the awareness of the potential
users of this algorithm. And I think that is an issue
that needs to be considered in terms of how that kind
of education is going to occur, and even questions
like should it be —-- you try to get people to remember
an equation like that, or should you develop a little
nomogram that we’ve all seen, where you just have to
lie a straight edge across something, and that helps

give you the dose.

There are a lot of different ways to
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slice, to try to slice that cake. But the bottom line
is that you are going to have to educate people on how
to estimate renal function in patients who are going
to receive this drug, and adjust the dose.

DR. ATKINSON: I would submit to you that
educational efforts are not terribly effective. I
mean, this may be that I'm a poor teacher, but I
haven’t had much success with it. And, in fact, it
seems —— and I will pass this on to the company, it
seems inappropriate in this day and age of computers
to expect busy physicians and pharmacists, and nurses,
to do these trivial calculations themselves.

The real problem here is that clinical
chemistry laboratories report serum creatinine
measurement which in many cases is frankly misleading.
There are patients with grossly abnormal renal
function that have normal serum creatinine values.

Someday, hopefully, we will get the
hospital data systems to bring the patient age, and
body weight, and gender together with the serum
creatinine number, and actually calculate the

creatinine clearance or estimate it automatically.
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But that may work better for the company
to focus on, than trying to continue educational
efforts. And I think, Craig, you and I both will say
have largely been futile.

DR. BRATER: Yes, well, and we have
electronic medical record that we cén actually feed
that to our doctors, and that 1is the ultimate
solution.

DR. ATKINSON: Those are the questions
that I have at this point.

ACTING CHAIRMAN CALIFF: Thank you. What
I would like to do is give the right side of the table
a chance to ask some questions, to start with, and
work back around.

DR. LINDENFELD: I have a question. The
relationship you showed between QTc and Dofetilide
concentration, is that slope the same in the elderly
with age, and with women versus men?

DR. BRATER: So the question 1is both
gender and age?

DR. LINDENFELD: Right. Which I think is
particularly important in the population of patients
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we are considering here.

DR. BRATER: Yes. There is data on that.
Let’s first have the backup slide that shows it
according to gender. I’'m trying to find the number
here. How about backup slide 99.

This looks at the slope. Now, this is
single dose slope, so it would be the higher value
that I mentioned. And so here is the slope in young
men, young women, elderly as opposed to young.

And this was noted in the elderly study,
that they might have, actually, a decreased
sensitivity. But you see all of the numbers are
reasonably consistent.

DR. LINDENFELD: I know this might be
difficult, but can you give me some idea of what this
elderly population consists of, the age range, or the
medianvage, or something, and what was considered
elderly?

DR. BRATER: Yes, we actually have that.
Backup slide 73, I think, would show that. I don’t
know if this is the graphical presentation. How about

742 That is the graphical presentation, I believe.
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Second quastion,

in the packet,

I noticed,
and heart rate in patients on beta

blockers, and also patients on diltiazen.
I don’t on Diltiazen.

pharmacodynamics data on it.

population data base in terms of interactions with
things like Diltiazen, and Diltiazen also fits in the

3A4 category of potential inhibitor substrate, and did

not see a signal for any interaction.

But there is a propranolol study.
LINDENFELD:
pressure and heart rate dropped substantially on one

of the patients.
DR. BRATER:

80
it is

in

about

Well,

We’ve queried the

and the blood

Right,

Let me show you that.
DR. LINDENFELD: Let me show you that. So
be concerned about Diltiazen, as well, with
BRATER: Let me show you the
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Propranolol stuff, because that is -- I think it is
important to see what happened there. And we can do
that very quickly.

Backup slide 54 shows the heart rate data
with Propranolol. And this is subtracting out the
base line, so this is changed from base line and heart
rate. I mean, you see, it looks like there is a
Propranolol effect.

I guess it depends on how you want to
slide and dice this cake, because backup slide 55
shows that if you just look at absolute effects on
heart rate, absolute heart rate in these studies.

And so, clearly, what you are seeing on
the first one was a different baseline. The same
thing is true of blood pressure.

So whether or not there is an interaction
here, it probably is debatable.

DR. LINDENFELD: Just my last question.
Someone else may want to address this. How are QT and
QTc intervals measured in this study, in atrial
fibrillation? And I guess I want to comment —-—

DR. BRATER: You are going to have to have
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one of these other folks ——

DR. LINDENFELD: -- both on how are they
measured in terms of heart rate, and then how often
could QTc actually be measured.

DR. BRATER: Well, in terms of heart rate,
a bazetts correction was used. But in terms of the
mechanics of how it was actually done in the studies,
I think —-

DR. LINDENFELD: I mean in atrial
fibrillation the heart is often very irregqular, that
is what I'm getting at.

MR. MARSHANT: Brad Marshant, Pfizer
Central Research. The QT interval was measured by
instructing the inve#tigator to select the most
appropriate lead, and to wuse the same lead
continuously throughout the study, and they were given
guidance as to how to measure the end of the T-wave,
and that was defined as the end of the T-wave, unless
there was disturbance, abnormal T-wave morphology, in
which case they were instructed to draw a tangent to
the steepest portion of the T-wave, and where that
tangent crossed the itroelectic line, that was the end
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of the T-wave.

In study 120 we gave careful instructions
as to how the QT interval should be corrected for
heart rate, and investigators wefe instructed to
measure at least 10 beats of atrial fibrillation, and
then work out the heart rate from there.

DR. LINDENFELD: So, in other words, in
patients with atrial fibrillation you will be asking
physicians to average the QTc interval over ten beats?

MR. MARSHANT: Correct.

DR. LIPICKY: And that has to include
beats where the QT was measured?

MR. MARSHANT: Certainly, it would be
important that the QT was measured during the interval
that —- over which you are measuring the heart rate.

DR. LINDENFELD: Which in many cases there
are not ten consecutive beats on our average current
12 lead EKGs, depending on the heart rate. Just as a
practical matter many 12 lead EKGs, which have all the
beats right in a row don’t have ten beats.

ACTING CHAIRMAN CALIFF: I know we are
going to get back to this, but I guess the
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recommendation of the sponsor that all patients be
continuously monitored for three days would probably
give you a rhythm strip.

But, then again, the question of which
lead, it is an interesting set of issues.

DR. LIPICKY: You have left me with the
impression, from the last slide you showed in your
talk, that there is no safety margin. That is, if I
look at the relationship between dose and QT, and dose
and probability of being in sinus rhythm, if I want to
be in sinus rhythm I have to have the QT go up.

And if I want a little better chance of
being in sinus rhythm I have to have another increase
in my QT. Is that the impression you want to leave,
that I have no chance of having a beneficial drug
effect without having a significant prolongation of
the QT, and that there is no safety margin associated
here?

DR. BRATER: Well, I think this is going
to be discussed in agonizing detail with Craig Pratt’s
discussion, but I guess maybe this is an

oversimplification of what you are saying, Ray, or
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asking.

If you are asking, is there a dose at
which you can get efficacy and completely avoid risk,
the answer is probably no. So like everything else,
it is a ratio thing.

ACTING CHAIRMAN CALIFF: We will come back
many times to this question, I’'m sure. Other
questions over here?

DR. LINDENFELD: Just quickly. Were many
patients excluded because the QT could not be reliably
measured in atrial fib, were there many patients
excluded for that reason?

DR. BRATER: Brad is shaking his head no.

MR. MARSHANT: No, there weren't.

ACTING CHAIPMAN CALIFF: Dr. Konstam?

DR. KONSTAM: Yes, thanks. I wonder if
you could put back up the slide labeled interaction
studies? I think it is your number 11.

DR. BRATER: Slide number 11, please.

DR. KONSTAM: Yes, there it is. I guess
I'm going to be looking for any help you can give us

here, because this is another area where we are going
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to be concerned, given our past experiences with drug-
drug interactions, and particularly here where there
is going to be such a significant potential adverse
effect if concentrations go up.

Can you just explain, again, what it took
to get a particular drug in one of these boxes, what
does it mean that a drug got into that second box with
no effect on Dofetilide?

DR. BRATER: These are where studies were
actually performed. So a focused'interventional drug
interaction study was performed where patients
received Digoxin plus Dofetilide, and the effect of
Dofetilide on Digoxin pharmacokinetics was examined.
That is the same for all on this list.

So these are the result of directly
performed studies addressing those questions.

DR. KONSTAM: What are the ends of such
studies?

DR. BRATER: I don‘t know. What are the
ends of those studies, on average? 24, maybe.
Usually these studies are about 24 people.

DR. KONSTAM: Then is this the universe of
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drugs on which these studies were conducted?

DR. BRATER: So that we have no useful
information on any other drug besides the ones that
are in this list, or definitive information?

DR. BRATER: Only indirect through the —-
what is a very rich population data base. These 1,400
patients have had over 10,000 blood concentrations.

And let me stress that that should not —-
there 1is often a tendency, certainly I have it
sometimes, to dismiss that kind of data. But there
was clearly a Ketoconazole interaction, right, I
showed you that.

If you take the patients from those
Ketoconazole study, the end of 16, and if you dump
that data into the data base of the 1,445, and then
you do the population analysis and say, does it pick
up a signal for a meaningful drug interaction, it
does.

So that, you know, you get a signal that
hey, Ketoconazole has an effect, and in turn that the
effect on clearance, estimated by that population

analysis is in the same range, 30 some percent, as in
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the interventional study.

So I do think that the population data
base does, indeed, add some information.

DR. KONSTAM: Well, I mean, are we going
to see that? In terms of negative —-- so there are
other drugs that you could draw up on that population
to say that there 1is no effect on Dofetilide
concentrations by the presence of that drug?

DR. BRATER: Yes, through the population
data base. Now, does that mean, for example, we know
that there is a cation pathway here. Does that mean
that we would want to base our comfort level solely on
that population analysis? My bias would be no.

I would say that, yes, we probably need to
do another study or so with some other organic bases
and map that out in a little bit more detail. And
similar to where I think Peter was going with the 3A4
inhibitors, do we need to do some specifically
targeted studies there.

DR. KONSTAM: Okay, Jjust a couple of
specific questions, then, about it.

So you mentioned with cimetidine an effect
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on renal clearance, and you mentioned with Verapamil
an effect on absorption.

DR. BRATER: Correct.

DR. KONSTAM: Can we anticipate that there
are other drugs that would fall into those classes of
interaction?

DR. BRATER: Being able to answer that
question may require another, definitively, may
require another study.

So, for example, one would presume, just
from what we know about Verapamil and the way that
interaction looked, that it is probably an effect of
increasing the rate of absorption.

How might that happen? Well, it could be
through increased blood flow to the gut. So then you
would ask yourself the question, okay, what is another
drug that we might 1look at that has the same
pharmacologic effect and see if it does the same
thing.

And then if it did not, then you would
say, maybe this is because it was immediate release,

and we need to look at sustained release, and maybe it
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is a non-issue. Or, alternatively, it could be an
issue with drugs that affect GI blood flow.

DR. KONSTAM: So are there other drugs
that we have to worry about this --

DR. BRATER: Yes.

DR. KONSTAM: How many, and also with
regard to the Cimetidine effect? I mean, is this a
very unusual interaction?

DR. BRATER: No, it is nothing like you
saw with Mibefradil. This drug isn’t even close, at
least in my opinion, I would be interested in what
others have to say in terms of its potential as
Mibefradil.

DR. KONSTAM: What other drugs can you
think of that would have the Cimetidine effect?

DR. BRATER: Organic cations that are
actively secreted are Metforman, Triamterene,
Ameloride, Trimethraprine. Those would probably be
the main ones. There are a few others, but they --
Ethambutol, Amantadine, they are not used very much.

But that is a pretty short list.

DR. KONSTAM: Well, what will vyou
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recommend that we do about even that list? I mean,
should we do more studies on it, should we have —-

DR. BRATER: I would.

DR. KONSTAM: But if we were to approve
the drug, if the drug were to get approved, what would
you be saying about that list of drugs right now?

DR. BRATER: Well, I think again you can
take two approaches. One would be to say it is highly
likely that the Cimetidine effect is the biggest that
you are going to see, so you could basically say, we
are just going to assume that all those other things
maybe have the same magnitude of effect as Cimetidine,
and just lump them all together, and label
accordingly.

Or one could go back and recommend some
specific studies. And I'm sure that is why that is a
specific question that the Agency is going to ask you
to address.

DR. KONSTAM: Just one last thing. Oral
contraceptives, I came across something in the data
that there is an interaction. 2And I didn’t he=r you,

really, talk about it in any way.
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DR. BRATER: Yes, I think that is worth
actually spending a minute on. Let me first how you
the data that triggered that question, backup»slide
52.

And this is a study that was not designed
to address the effect of oral contraceptives on
Dofetilide, it was the converse. In effect to see,
does Dofetilide affect oral contraceptives.

But Dofetilide concentrations were
obtained, and lo and behold the seam axis were quite
high, even relative to this larger dose. So then the
question was raised, my Ggoodness, do orally
contraceptives potentially inhibit the metabolism of
Dofetilide.

To try to get a handle on that, the first
step was to go back and look at the phase 1 studies in
the U.S. and essentially merge data and look at women
on oral contraceptives, as opposed to not on oral
contraceptives. And those data are in backup 50.

And, again, this is basically a
retrospective analysis, taking data from individual

study reports. And so here women on no oral
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contraceptives, females on oral contraceptives, if you
look at AUCs, they are pretty much the same in the
seam axis. So they don’t look nearly like what was
seen before.

Now, so that then raises several
questions. Why were those Dofetilide concentrations
as high as they were? One thing, and if you want me
to show you the data I will. The assay, the quality
controls on Dofetilide assay were running abnormally
high that day, with that run, about 18 percent high,
so there could be an assay thing.

But I think most importantly this
stimulated a study to specifically address the
question. A little bit variation of the theme, and
that was hormone replacement therapy in elderly
patients.

And I can show you some preliminary data
in that, in 12 of the patients that have been
analyzed. So let me show you that, that is backup
slide 45.

So this is single dose. Again, in equal
12, emphasizes the preliminary data. The end is going
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to be about -- this 1is about two-thirds of the
patients. And you see this little shoulder here, but
otherwise basically the plasma concentrations are
quite comparable.

The next slide, which is backup 46, shows
it at steady state. That was single dose, here is at
steady state. And the area in the curves here are
really quite similar.

So there doesn’t seem to be an effect of
hormone replacement therapy. And, parenthetically,
you wouldn’t expect one. If you look at —-- let me see
backup 39. If you look at in vitro studies, and you
look at the ability of ethinylestradial to affect
metabolism of Dofetilide, which is on this axis, you
see, you have to get way over here before you start
seeing an effect.

well, circulating Ethinylestradial
concentrations are basically back here at the Y Axis.
So from in vitro data one would not predict an
interaction, and the HRT data, that was a study
specifically designed to address the issue.

And so I think those are probably the most
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One comment on your slide,

DR. ATKINSON:
Although the total area in

Craig, that you showed.
the curve between the HRT and the controls wasn’'t
it did appear that

perhaps significantly different,
the peak levels were higher in individuals getting

HRT.
Now, do you ascribe that to an increase in
blood flow getting back to the same mechanism that

you’ve used for verapamil, or not?
Well, it could be from maybe

DR. BRATER:
If you

some slight change in volume of distribution.
at least in the preliminary data,

look at C peaks,
—-— there aren’'t any statistically

again, those

significant differences.
the end is only about two

5
again,

But,

thirds of what it is going to be.
Also, in terms of gender,

17
DR. ATKINSON:

i8
there does seem to be a difference in the response of

19
males and females to the Ketoconazole interaction, and

20
21 it appears to me that the non-renal clearance in
22 females is impaired, to a greater extent, by
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Ketoconazole than in males.

DR. BRATER: Yes, I think that the data
from the Ketoconazole study would indicate that the
non-renal component of elimination in women, in that
study, is about 40 percent, and that the Ketoconazole
effect is to decrease that by, and my recollection is
the number is 53 percent, so basically cut it in half,
which would mean that in that group, if you are just
looking at that group, your effect on total clearance
is a decrease of 20 percent.

That 1s going to extrapolate, it is an
inverse relationship. That would extrapolate to a
change in the area under the curve of maybe 25 to 30
percent.

ACTING CHAIRMAN CALIFF: Dr. Graboys?

DR. GRABOYS: I know you want to move
along, but I want to ask the sponsors, they have to
really help us out here, in terms of how to manage
patients with this drug chronically. I mean, I think
it is a horrendous problem right now.

First of all, in terms of the QT, I don't
know what to make of the QT data when you have
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patients in atrial fibrillation with varying cycle
lengths, and you are telling them to measure ten
beats, and then make a judgement on the QT on that
basis.

Other problems with the QT we have
patients who are on 1A drugs, who on quinidine will
display their QT way out, and never have a problem,
and those with minimal changes will have a problem,
and then you look at Amiodarone, in which you may see
the longest QT, and nothing ever happens with those
folks.

So the QT issue is, from my point of view,
in a hospitalized patients a real problem.

Secondly, and as the point has been made,
no one is going to be looking at creatinine clearance.
And what happens when the patient is discharged from
the hospital and now you want to increase the dose?
Are you going to bring him back into the hospital?

So all of these —— I mean, you are going
to have to be a rocket science to figure out how to
orchestrate management of these patients. But the way

the current suggestions are simply doesn’t appear to
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me to be satisfactory.

ACTING CHAIRMAN CALIFF: I think, again,
that is going to get to the clinical portion, and we
have a lot of time devoted to that.

DR. THADANI: Yes. One comment, and a
short question, I will try to restrict myself. I
thought I was smart enough, and try to remember
creatinine clearance on the one out of two studies,
which I memorized, and on the tenth patient I forgot,
and I couldn’t convert kilograms into pounds.

So I think it seems easy, and yet I can
assure you, when I’m standing in the unit nobody does
it. It seems very simple, I think it can work
toxicity is more complicated than you think. Now I
can tell you 140 minus A multiply it, then you have to
correct for the females .85, so it is easy, but it is
difficult.

Now the -—- when I’'m treating Afib a lot of
the patients are rapid rates, even if they are in
chronic, and a lot of them are going to be. And as in
the suggestion, we now talk about Diamond studv, which

is probably dysfunctional. A lot of them have a good
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LB function.

And they are either on Verapamil, or
Diltiazen to control their rates. And Verapamil is a
major issue of interaction here. And if you are going
to give doses above 500 micrograms you run into
trouble.

So does one have to stop Verapamil while
you are worried about the rate, and watch the patient
3 days, he is having palpitations?

And the other question is, what about any
interaction between Diltiazen, because you showed in
L-Dopamine there is no interaction, but Diltiazen you
did not show any pharmacokinetic, or pharmacodynamic
data.

And the last one 1is related to your over
the counter antihistamines, which are also —— can
cause Torsade, and I know it will come in the
protocol. They were excluded. Have you looked at any
interaction, either on the QT or just vyour
pharmacokinetics?

DR. BRATER: In terms of the Ve.apamil
question, I mean, Verapamil should contraindicate a
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patient having the drug. So then by definition that
would mean if you wanted to use Dofetilide you would
have to stop Verapamil and get them well adjusted and
get ——

DR. THADANI: For how long? Some of them
are once a day 240, 320, long acting. So you suggest
to stop it for two days, one day, and then start your
drug, prolong hospitalization for another day, or
what?

DR. BRATER: Well, the half 1life of
Verapamil is pretty short. The sustained release
preparations mean that it persists for a while, but as
soon as you stop it goes away quickly. So you don’t
have to have them off for a prolonged period of time
before you did that.

DR. THADANI: So you recommend another day
before you start, if you were to approve to start this
drug?

DR. BRATER: Well, I don’t remember the
half life of Verapamil, but my recollection is that a
day -ould be certainly four times a half life, and

that ought to be enough, unless there is something in
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the patient that prolongs the half life.

You would have to look, I mean that ——

DR. THADANI: So none of the patients were
given the drug in question on top of Verapamil in the
studies, am I right?

DR. BRATER: 1I’'m sorry?

DR. THADANI: So that you have to stop the
drug before you actually give them the first dose,
that is what you are saying?

DR. BRATER: Yes, I would worry about the
magnitude of this effect. I would -- yes.

DR. THADANI: What about Diltiazen, is
there any ——

DR. BRATER: Diltiazen there are no data,
and I think if another study is done to probe that
issue, that would be a logical one to do.

DR. THADANI: And the reason I'm asking is
because is because Diltiazen is used pretty often than
you think, you know, patients are on Digoxin, I’'m
talking about relatively good function, we see also
post-op patients that come on IV Diltiazen.

DR. BRATER: I think you said there is no
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data.

DR. THADANI: So are you suggesting we
should do a fairly large study to look at that?

DR. BRATER: Well, I'm not so sure it has
—— I think the first cut would be to basically do a
very rigid interventional trial, 1in a tightly
controlled group of patients to see, and then that
would drive whether or not you needed a very large
study after that. That could be readily addressed.

ACTING CHAIRMAN CALIFF: Bob?

DR. TEMPLE: I think this is right.
Verapamil’s half life changes with time. So that by
the time you’ve been on it for a few weeks it is
probably more than half a day.

DR. BRATER: Okay, then they need to be
off two days.

DR. TEMPLE: Right. What is the half life
of Dofetilide? I thought there was a reference to 20
some odd hours, but the other data I’ve seen here, in
one of your slides says it is closer to seven. So ——

DR. BRATER: Yes, seven, ten, somewhere in

that range. And people with decreased renal function
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down to like 20 mills per minute, it is about 22.

DR. TEMPLE: Okay, then it gets longer.
Is the Verapamil data, at least for the AUC, a
reasonable test of drugs with intermediate levels of
3A4 inhibition, or do you actually think you have to
go and look at erythromycin and things like that?

DR. BRATER: Well, see, I don’t think you
know because Verapamil probably also inhibits P-
glycoprotein. So is it a renal -- would it be a renal
secretory effect, or a metabolic effect.

And, so, you would have to again do some
more specifically targeted studies to tease that out.

DR. TEMPLE: I guess you could form the
impression, from all of this, that there is so many
different things showing up. I mean, with alteration
of renal function, as well as possible 3A4 effects, at
least in people with diminished renal function, early
versus late, that it is hard to conclude anything
without actually looking at it?

DR. BRATER: Well, I guess if you are
saying there are some specific, at least in my domain,
of drug interaction stuff, are there a few specific
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studies that would offer additional information that
might be helpful? I don’t think there is any question
about that.

DR. TEMPLE: I guess I was struck by the
Verapamil data, where you think you are doing okay,
because it doesn’t do much through its 3A4 inhibition,
and then sort of unexpectedly yvou get a 50 percent
increase in C-max, which is probably the thing you are
worried about more.

DR. LIPICKY: I have gotten confused as
this discussion went on, and just want to return to
the population pharmacokinetic study. And you said
when you dropped the Ketoconazole plasma concentration
data into that data base pool, that that signal that
came from Ketoconazole was fairly well obvious, and
was able to be picked out.

How many other signals, one, two, three,
four, were picked out of that pharmacokinetic screen,
and how many different drugs were people on during the
course of the trials, did you ever say that?

DR. BRATER: I said, as I went through, in

terms of groups of drugs, and that are 3A substrates,
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3A inhibitors, P-glycoprotein, potential P-
glycoprotein inhibitors, cation, substrates, cation
inhibitors, I enumerated those values as I went
through those parts of the presentation.

DR. LIPICKY: Pretty many?

DR. BRATER: 1In the hundreds. Well, it
depends, on the cation, cationic inhibitors it was 20.

DR. LIPICKY: 20°7?

DR. BRATER: But there was a —— there was
a —— it depends on how you define it. That analysis
suggested a 14.6 percent decrease in clearance with
those. Is that clinically significant or not? It
depends on how you define that.

DR. LIPICKY: Well, I understand, but the
thing is that in fact you could identify drugs that
had some of those properties, and they were fairly
large numbers, and you could actually identify that
there was an effect, and sort of have a feeling for
what its magnitude is, and how worried you need to be
about it.

DR. BRATER: Right.

DR. LIPICKY: And you want to leave it
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from the vantage point of would the biggest sort of
population kinetic change you saw was in the 10 to 15
percent range?

DR. BRATER: Well, when we put these
Retoconazole data in there it was -— I think it was 33
percent.

DR. LIPICKY: And that was the biggest
thing you saw?

DR. BRATER: Right.

DR. LIPICKY: So is that a reasonable
characterization of that stuff? I mean, if I were to
say that from the population kinetic data base the
worst actor that was seen in a definitive drug
interaction study that changed things by 35 percent,
that just popped out like a sore thumb, and that other
drugs you would expect to do something, in fact were
identifiable, but the changes were in the order of ten
percent, and that although all of this is important to
think about studying more, because there is lots to
learn, that is what academics like to do.

Would I be improperly characterizing the

circumstance?
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DR. BRATER: I guess it really depends a
lot on, you know, would you want to put all your money
on —- invest all your money in the bank of the
population analysis is what you are asking, really.

DR. LIPICKY: And I know you don’t like
population analysis, but it seems to me that there is
—— that some of the questions that people have been
asking are in there.

DR. BRATER: Right.

DR. LIPICKY: And it is not like this is
totally unknown and at sea. It might be that you
wouldn’t want to put all of your money on that, but in
fact there is something there, and some people would
put some of their money on that.

DR. BRATER: Right. Well, I can show you
the data, if you want to, it is backup slide 29.

DR. LIPICKY: That would be nice.

ACTING CHAIRMAN CALIFF: Dr. Ryder wants
to make a comment, I think.

DR. RYDER: I just want to be sure that
there was an addendum to the briefing documenc that
covered the population pharmacokinetics, and it has a
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lot of tables, and lists of medications, including
Diltiazen, including Verapamil, and the hundreds of
patients that were on different medications, because
one of the -- one of the items that I would like to
point out is that it is a very large data set, and the
population PK and the pharmacodynamics of that, the
QTc change, and as Dr. Pratt will get into later, the
various safety cuts were looked at, according to the
concomitant medication.

I Jjust want to make sure that the
Committee had the addendum.

ACTING CHAIRMAN CALIFF: Thank you, I
think that is -- we did get the addendum, and it is
helpful. I agree with the sentiment of several people
that we should go ahead and look at that data, then.

DR. BRATER: And what I’'m going to show
you is the PK data. In the supplement that was
described there is also an extensive analysis of
population Torsade relationship and mortality. It is
backup slide 29.

So here is the peak inhibitors, a cationic

transport. So an N of 20, in first visit, and this is
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a signal of 14.6 percent. And you see the ends on
some of these are pretty healthy, okay?

The only other one that really pops up is
Thiazides.

ACTING CHAIRMAN CALIFF: Craig, just
because we haven’t seen much of this kind of data, in
this panel recently, could you just describe how the
study was done?

DR. BRATER: Well, this is basically,
again, this is a data base with these 1,445 patients,
and throughout the course of their therapy they had
serum sampling at different times, a total of about
10,000 samples.

And then what you can do from that is you
can estimate the pharmacokinetics using non-linear
mixed effects modeling. You can estimate the
pharmacokinetics on each one of those patients, and
then you can do essentially a multivaried analysis and
see how other things going on in that patient, be it
demographics, concomitant disease, or concomitant
medications affect the different pharmacokinetic

parameters.
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So this is concomitant meds, and here is
the signal that was picked up in terms of effects on
clearance.

Why Thiazides might jump out, I don’t
know. But that might warrant further study as, Ray,
you are basically saying, maybe this kind of targets
you down where you are going to do those additional
studies.

ACTING CHAIRMAN CALIFF: Were the
concentrations drawn in a particular relationship to
the dose?

DR. BRATER: No, actually, what you want
in these kind of studies is you want to have —-- you
don’t want things drawn consistently at a time in
relationship with the dose. You want to know when the
dose was given, and when the sample was drawn, but you
want that to be different at different times, and that
is how you use this technique to then go back and
construct the individual patient’s PK.

DR. RKOWEY: 1I'm Peter, over here. This
sort of runs both ways, and I think it is going to be
very important for Craig to spend some time on this,
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because one of the things that really stood out in
this analysis, this addendum, was the Digoxin, and the
fact that there was a higher risk of Torsade with
concomitant Digoxin use, despite the fact that it
didn’t show up as an interaction.

DR. BRATER: Yes, so what that says is
that that is not a kinetic interaction.

DR. KOWEY: I know that. I’'m saying, that
is exactly right, that is exactly my point. It did
not show up as a kinetic interaction, and yet in the
population study —— maybe the reason you don’t like
population studies, and I don’t like them either, is
because it doesn’t have any precision.

And one of the problems with precision is
explaining interactions which are maybe not PK
interactions. Obviously that has to be some kind of
pharmacodynamic interaction, if it is true.

But one of the -- it does work both ways.
I mean, you can use these things for some comfort, but
it also raises a little bit of anxiety in my mind,
because now we have an interaction that we weren’'t

supposed to have on a real true endpoint, which is
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Torsade.

So we have to deal with that somehow, and
maybe that will come up in Craig’s preseuntation.

DR. KONSTAM: If you could clarify, if you
look at, for example, thiazide diuretics, minus 16
percent, but we don’t know whether that is not being
driven by one particular thiazide diuretic that has
particular drug/drug interaction that may or may not
be characteristic of all thiazide diuretics.

So there could be something hiding in
there. Well, I guess I will ask the question,
couldn’t there be something hiding in there that has
a dramatic effect, and so therefore, how reassured am
I that because 95 patients were on thiazides, but
maybe 10 of them were on a certain drug? We don’t
know.

DR. BRATER: No way to sort that out.

ACTING CHAIRMAN CALIFF: I want to
register a difference of opinion with Peter. I love
these studies because they are less precise, but they
do reflect what actually happens to pati-nts. And
although there are problems with them, there is more
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to interactions than just the kinetics.

DR. KONSTAM: I agree. And that is why I
don’t —- I'm not going to ask Craig to do it now, but
he is going to have to do it to look at the other
aspect of this, which is the pharmacodynamics, and
true effects, not just focusing on the PK data.

I agree with you Rob. I think the part I
don’t like is this part. The whole global picture is
actually very helpful.

ACTING CHAIRMAN CALIFF: Well, we have
both FDA representatives I guess Bob, you are next,
and then Ray.

DR. TEMPLE: I think there is a lot of
reason to like these analysis, too, apart from the
fact that they touch on far more things than you can
reasonably be expected to study intimately.

They give you numbers that small studies
often don’t, even if you don’t have as much precision.

Is there some reason not to think that
thiazides are just working by decreasing creatinine
clearance? I mean, they do that a little.

DR. BRATER: I mean that would be my first

NEALR. GROSS

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE.,N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com




! H\!
’

)

10

11

12

13

14

15

16

17

18

19

20

21

22

114

hypothesis, that that is the logical thing that would
happen. But I think what you are leading to is that
these kind of data lead to hypothesis generation, that
will lead you to that next step.

DR. TEMPLE: Yes, that is commonly said.
I'm not sure these aren’t just as believable as the
typical small interaction studies we see. There are
some examples that suggest that sometimes you get
better data from these.

But these could certainly be looked at
individual diuretics, if you wanted to. You would
reduce your number, but someone could certainly do
that if that was of interest.

And a lot of the effects are the ones you
would expect. 3A4 inhibition gives you a sort of
minor effect, just what you would imagine with only 20
percent of the clearance being due to that.

So there is a certain -- I like these
things. The other point that I guess you were making
is, this is a pharmacokinetic analysis, it is not
supposed to predict that Digoxin has a pharmaccdynamic
interaction, that is another problem, that is why you
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look at what people are on when they get their
Torsade.

ACTING CHAIRMAN CALIFF: Ray?

DR. LIPICKY: I just want to echo what Bob
just said, in that it isn’t a matter of like or
unlike. I think I object to the word of imprecise.
You know, I don’t know what that word means.

The point, I think, and it is right there
on the slide, is that with observational data, and
that is what you get when you grab a blood sample, and
you write down what time the drug was given, and when
the drug sample was goiten.

And that you get the drug sample, any
time, at midnight, or at 2 a.m., or at 12 o’clock
noon. And you dump it into something that can do
something with that kind of data, you really can
distinguish stuff.

That is not imprecise to me. It will only
find stuff in relationship to plasma concentrations.
It isn’t going to find stuff in relationship to
others, although it will, if you plug other
information in.
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So it isn't a matter of precision, but it
is a matter of hypothesis generation. That is, you
know, you don’t know exactly what is going on, you —-
it identifies signals that might require greater
study, but the thing that is missing from here is the
Ketoconazole guide.

That is the guide that the last study that
was done, and it is sort of the biggest
pharmacokinetic interaction. That resulted in a 43
percent change in clearance. That is a very big
number compared to any of these other numbers that are
there.

And the only reason I think we are looking
at these, is these are mean changes, obviously, and
some of the people had big changes, and some people
had little changes.

The only reason for looking at this is
this gives a feeling for magnitude. How big a problem
is this. And on average it is in the 10 to 15 percent
range in plasma concentrations.

Now, that has to be put into the equation
with what the relationship between plasma
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concentration and QT is, and what one knows about the
relationship between QT and Torsade, which we will get
to.

But I wouldn’t want to leave this in an
imprecise term. I think that is bad, just, semantics.

ACTING CHAIRMAN CALIFF: Joan, do you have
another question?

DR. LINDENFELD: Just quickly. Can we
assume that these changes in clearances are additive,
as you add on drugs; is that a fair assumption?

DR. BRATER: No.

ACTING CHAIRMAN CALIFF: You took the
question I was going to ask, which gets to an
analytical issue which I don’t think was presented in
the packet.

Another thing that this type of analysis
should allow you to do is to look at combinations. It
is essentially a multivariable problem. And we know
that since this is going to be an elderly population,
most of them are on multiple medications.

And one reason I like this kind of study
is that your typical 24 patient study of interaction
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is looking at one thing at a time, whereas here you
have the opportunity to see if combinations of drugs
are additive, multiplicative.

Was this looked at?

DR. BRATER: Well, I think whether or not
they are additive or multiplicative is probably going
to depend on the pathway that they are affecting. So,
for example, if you had a drug that had Ketoconazole
like effect on the metabolic component, and then you
added another drug that affected only the cationic
secretory component, then those are going to be
additive, no question about it.

But if you put two organic cation
inhibitors in a patient, as opposed to one, will it
be? It is, you know, it may be -- it is going to
depend on the doses, it is going to be dependent upon
the intrinsic activity of each of those towards
affecting that pathway, etcetera.

ACTING CHAIRMAN CALIFF: But it wasn’t
looked at as to whether, for example, if one was on
nitrates and thiazides, there was a minus 25 percent,

or a minus 50 percent?
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DR. BRATER: No, but that ought to be able
to be done.

ACTING CHAIRMAN CALIFF: Okay. I had
three or four questions. If we could just put back up
the slide that says QTc efficacy relationship by dose?

DR. BRATER: That is core slide, I think
it is 21.

ACTING CHAIRMAN CALIFF: The first
question is if you -- and I think this is really a
key, at least from my perspective, is a key plot. If
you plotted probability of Torsade alongside the
probability of remaining in normal sinus rhythm, would
the slope be exactly the same as the normal sinus
rhythm plot, or would it be deviant from that?

DR. BRATER: I’'m not —— well, I think you
would have to —— if you took each, I don’t know if you
can do that. I mean, the numbers are so small. It is
what I’ve been told. I mean, I asked people to do
that, and they told me the numbers are so small you
can’'t do that.

ACTING CHAIRMAN CALIFF: Well, if we don’'t

look at the numbers then we are left with having to
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just guess about it. I would think at least seeing
the data would be better than -- and I guess maybe we
will.

DR. BRATER: Well, I know that —— I don’'t
know if it is out in other pieces of the data that are
coming forward, but --

ACTING CHAIRMAN CALIFF: I mean, there is
a plot in our briefing booklet about the probability
of Torsade as a function of QT. So it seems like we
could do it by trying to put one on top of the other
in our briefing books, but it would be nice if there
was some way to get a more definitive picture.

DR. BRATER: I don’'t know who has that
slide. 1Is that yours, Craig?

ACTING CHAIRMAN CALIFF: Well, maybe that
is something we can come back to when you have a
chance to think about it.

The second question is, do we know what
the same slide would look 1like for Quinidine, or
Amiodarone?

DR. BRATER: I’'m not the expert, Ray is

the expert, he says no.
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DR. LIPICKY: From my point of view, I
will say absolutely not, not the slightest perception.

ACTING CHAIRMAN CALIFF: Dr. Atkinson?

DR. ATKINSON: I think an essential
assumption here is, is QT interval prolongation a
reliable surrogate for Torsade? And I don’t know, I
would 1like to pool maybe other members of the
committee here, but my impression is that I have to at
least see some patients who have had minimal QT
prolongation at a time when they’ve had Torsade.

And so even though both QT interval and
risk of Torsade may increase with increasing blood
level, and 1I'm not sure that QT prolongation
necessarily lies on the causal path to Torsade.

DR. LIPICKY: We could spend three days
talking about this, and so my summary statement that
I will make, from my vantage point is, summarizing
three day’'s worth of debate, and I have absolutely no
data, whatsoever, to support the statement I’'m going
to make.

The QT interval, any drug that has caused

an increase in QT interval, has also caused Torsade.
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Torsade occurs in the absence of a drug that causes
increases in QT. Torsade probably occurs in the
absence of an increase in QT, although you can’t make
the diagnosis, because you can’t call Torsade,
Torsade, unless you have an increased QT.

But people certainly see multiform
ventricular tachycardia, which 1is what Torsade de
points is, plus a long QT somewhere identifiable
before you see the episode.

So the thing that makes it Torsade is
seeing the QT somewhere. And if you don’'t see a QT
somewhere, you <call it multiform wventricular
tachycardia. I don’t know that those are different,
all right?

So if you believe Torsade 1is a special
entity, then indeed it doesn’t occur without a long
QT. But if you think Torsade is just a certain thing
that happens, then it could be multiform detach, you
don’'t need a long QT.

So that is point number one. Point number
two is that at doses that -—- at plasma concentrations
that give you longer QTs, on average, you have a

NEAL R. GROSS

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE. ,N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com




)

)

10

11

12

13

14

15

16

17

18

19

20

21

22

123

greater incidence of Torsade on average, and that
certainly is true.

But that —-- but the incidence of Torsade
in people that have long QTs, like people who have
long QT syndrome, is an incident —— their QT is long
all the time, is they have Torsade once every five
years. But every bloody beat for those five years has
a long QT.

So it isn’t the long QT, it is something
else. But the long QT is associated with whatever it
is. And we can talk about this for three days, and
not get to an answer.

And that is my summary of three day’s of
debate.

ACTING CHAIRMAN CALIFF: You just said
that life is multivaried, and I think you and Dr.
Atkinson probably agree. Bob?

DR. TEMPLE: I don’'t want to add to three
days, either. The fact seems to be, though, that the
mechanism of this class of antiarrhythmic and its
benefit comes, at least partly, because it delays

repolarization.
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So you are never going to have
effectiveness without some effect on that. What isn’t
completely clear, however, since QT intervals vary
throughout the day, is whether when you are looking at
a drug that causes an average change, the problem
really arises, for the small fraction of people that
spend a little time over 500, and you just -- there
isn’t any way to really know that.

So here they have tried to exclude anybody
who has a really robust increase, and maybe that is
why you don’t see so many cases. If you hadn’t done
that, and just had an average increase with a fraction
of people going over 500 you might have more trouble.

So there is, as Ray says, I don’t think
there is any doubt that the two are related, but what
exactly triggers it isn’t clear, and it seems modestly
clear that things like hypokalemia can make the same
QT interval dangerous when it wasn’'t —-— when it wasn’t
before.

But the implication here, I think, that is
impo.cant 1s that you are not going to get

effectiveness without some increase, and you have to
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look at the rest of the data to see how dangerous that
increase was, and how variable it is going to be with
all these attempts to minimize extreme values.

I don't think there is any doubt, either,
that a value over 500 is more trouble than a value of
440,

ACTING CHAIRMAN CALIFF: I have one final
question, and then we will take a break, which looks
to me like it is sorely needed for some Gatorade, or
something.

And this, again, is a relative question
compared to other alternatives for these patients. If
you look at the interactions that we’ve just gone
through, would you say that these are more complex, or
less well characterized, either one, than what we know
about Quinidine and Amiodarone, and Sotalol for these
patients, and the drug interactions, and their
consequences on QT interval, or Torsade?

DR. BRATER: Well, again, Ray may be in a
better position to answer that than I. It seems to
me we know a lot more about this drug in terms of its

PK than we do most others.
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And that is in part, in my own mind, a
function of this big population data base that was
gathered that is impressively entirely consistent with
what is seen in the shorter term studies.

So I think from a pharmacokinetic point of
view that probably more is known about this than most
that I've seen.

ACTING CHAIRMAN CALIFF: Dr. Atkinson, you
are saying a lot of these -- and it is a two part
question, one is the characterization itself, and the
second is, looking at the characterization, is the use
of this drug, with its interactions you think more
complex than say, Quinidine or Amiodarone?

DR. ATKINSON: Well, one disadvantage,
obviously, is that it hasn’t been in the marketplace
as long as other agents, so we really don’t know. But
I would say that the company has done an elegant job.

I particularly think that the PK,
population PK study is extremely well done. And for
those of you that wonder whether population PK studies
always turn up the important signals I will tell you

that Lou Shiner’s first study on population PK of
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Digoxin completely missed the fact that Quinidine, on
average, doubles Digoxin levels.

So that the ability to pick up the
Ketoconazole signal here I think is most impressive,
as a positive control.

I think there are holes in the sponsor'’s
package, and I think Dr. Brater has certainly
suggested some that might be corrected. But I would
say that we know a lot more about this drug than
Amiodarone.

I would say with regard to Quinidine that
there have been a number of, you know, that drug was
approved long before we had ever dreamed of population
PK studies. I don’t know of anything on Quinidine
that could approach the kind of study that has been
done here.

There have been ad hoc studies by academic
investigators on Quinidine, but nobody has really done
detailed interaction studies across the whole gamut of
drugs that patients are on.

DR. KOWEY: I think Art is right, I think

we do know more about this drug than we know about any
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other, and maybe I can defend a term that I used
earlier about precision rate.

But one of the reasons why I’m concerned
about that kind of an analysis is because we have
never seen a drug, at least had a drug considered for
approval for atrial fibrillation, which is not
necessarily a lethal disease, in which the upper end
of the dose of the drug is abutting so closely to a
toxic effect.

And, therefore, drug interactions have
never in my mind, at least, for AF? We are —- I'm
talking about Torsade —— I’'m sorry?

DR. LIPICKY: Weren'’'t you part of saying
Flecainide should be approved?

DR. KOWEY: No, I'm talking about Torsade
risk right -- I'm talking about --

DR. LIPICKY: Weren’'t you part of the
panel that said Quinidine should be approved?

DR. KOWEY: Flecainide.

DR. LIPICKY: Quinidine for atrial
fibrillation?

DR. KOWEY: Yes, that is right.
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DR. LIPICKY: You think that is different?

DR. KOWEY: No, but I don’t think we have
ever -- no, we are looking at pharmacokinetic data
that we didn’t look at for Quinidine, because we
didn’t have it.

DR. LIPICKY: No, that is correct, so you
know a lot more about this guy, and you were ignorant
for Quinidine?

DR. KOWEY: That is right.

DR. LIPICKY: Okay.

DR. KOWEY: Just because you were ignorant
of one drug, and smarter about another one, doesn’t
mean you can’t look at the data.

ACTING CHAIRMAN CALIFF: I think it is
time for a break, but I would just point out, probably
the most amazing statistic, in 1light of this
calculation that I saw this morning was that Quinidine
is still the most frequently prescribed drug for this
indication. After all this time we still don'’'t know
any of this data about Quinidine.

It is break time, 15 minutes we will be

back.
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(Whereupon, the above-entitled matter

went off the record at 11:08 a.m. and

went back on the record at 11:30 a.m.)

ACTING CHAIRMAN CALIFF: What I suggest
that we do is we go straight through the efficacy and
safety presentations without stopping, because they
both deal with the body of clinical trial evidence,
and if we ask questions about one, and then the other,
we are going to go over the same trials again and
again. Is that acceptable?

And then we will save the balance
presentation at the end, until after we’ve discussed
the body of the clinical trial evidence.

Let's get started.

DR. FRIEDRICH: Dr. Califf, Dr. Temple,
Dr. Lipicky, Members of the Advisory Committee, ladies
and gentlemen.

I will present evidence for the Dofetilide
efficacy in the maintenance and cqnversion of atrial
fibrillation and atrial flutter to normal sinus

rhythm.

I will begin by reviewing maintenance of
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sinus rhythm, then I'm going to present data on dose
response, subpopulations, and secondary endpoints of
symptomatic benefit and quality of life improvements.

Finally I will review the Dofetilide
effect on conversion to normal sinus rhythm in
patients with chronic atrial fibrillation/atrial
flutter.

Throughout my talk I will use the term
chronic atrial fibrillation in the sense, as it is
defined by the term persistent atrial fibrillation.

The entire Dofetilide clinical program
included nearly 8,500 patients, 6,800 in the oral
program, and 1,700 on the IV program.

The support for the clinical efficacy of
Dofetilide comes from the oral program. Specifically
I will be discussing the results from studies of
approximately 1,100 patients who were included in the
chronic atrial fibrillation trials;

All of these trials were double blind and
placebo controlled. Patients enrolled in other parts
of the program, including over 3,000 patients from the

Diamond mortality trials, are discussed at the safety
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presentation by Dr. Pratt later this morning.

Entry into the trials was limited to those
patients where document target arrythmia, no excessive
QT prolongation, AV block, or body cardia.

Patients were excluded if there was
evidence of acute myocardial infarction, unstable
angina, unstable congestive heart failure, reversible
causes of the target arrythmia, or history of
polymorphic ventricular tachycardia associated with QT
prolonging drugs.

In all clinical trials treatment with
Dofetilide is always initiated in the hospital, under
continuous electrocardiographic monitoring.
Consistent with the primary renal excretion of
Dofetilide, the dose of Dofetilide is adjusted
downward, if renal function is compromised, in order
to maintain equivalent serum levels.

After the initiation of therapy, the dose
is further reduced if QT or QTc is excessively
prolonged.

Here is an example of how the algorithm
works. After assessing the EKG to exclude patients
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with prolonged baseline QTc or QT, creatinine
clearance is then calculated using the Cokcroft-Gault
formula.

Note, this only requires a routine
measurement of serum creatinine, and covers other
important factors like age, weight, and gender.

For example, a patient randomized to 500
micro on BID with normal renal function receives 500
micro on BID Dofetilide. While this dose would be
reduced by half, to 250 micro on BID, if creatinine
clearance was between 40 and 60 milliliter per minute.

Patients below 20 milliliters per minute
were excluded from the trials.

Two to three hours after the first dose
the QT or QTc will be checked again, and in case of a
15 percent increase, or an increase beyond 500
milliseconds, the dose would be reduced by half.

This dose reduction is needed in those few
patients with increased sensitivity to the drug’s QT
prolonging effect.

These dosing principles were implemented
at various time points during the development program,
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as shown on page 17, figure 2, in vyour briefing
document.

However, more than 70 percent of patients
in the atrial fibrillation, atrial flutter trials were
randomized to 500 micron on BID were dosed according
to the creatinine clearance algorithm.

Let me now turn to the clinical trials
that provide evidence of efficacy in the maintenance
of normal sinus rhythm in patients with chronic atrial
fibrillation or flutter.

In the dose finding studies, 311 and 320,
doses ranging from 250 micro on BID to 750 micro on
BID were explored.

A positive dose response relationship was
identified and this 1led to the design of the
confirmatory efficacy studies 120 and 345.

Study 345 was a large clinical trial in
671 patients which showed unequivocal efficacy of
evidence of efficacy by meeting the pre-specified
endpoint with high statistical significance.

The result of the second large study in

atrial fibrillation or flutter, study 120, are
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