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PROCEEDI NGS

DR. LOZIER: | would like to welconme you to the
FDA I nternational Association of Biologicals Wrkshop on
Factor VIII inhibitors. M nanme is Jay Lozier. | amthe
Chai rman of the Organizing Conmttee for this event.

Before we start the program | need to go
t hrough some housekeepi ng announcenments. First of all,
you would all have a registration package of witten
materials with speaker slides and handouts. Be sure you
get the extra handouts that were made avail able at the
| ast m nute which should have been given to you at the
front desk.

The registration handouts include an eval uation
formthat we would like for you to turn in at the end of
the day to help us with the design of future workshops.
W will have a transcript of the proceeding avail able
about fifteen working days after the neeting and you w |
find sheet in your handouts with the web page and the
address for obtaining that.

There will also be a videotape available from
FTC Reports for a price yet to be determ ned, which | am

given to believe is on the order of $500 to $700. So
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that will be available later than the transcript,
obvi ousl y.

The rest roons are in the | obby of the Lister
Hill Center. \Wen you go in and out of the auditorium
pl ease use the back or side exits. Please turn pagers
and cell phones to silent ring or vibrate node as a
courtesy to the rest of us. There is a nmessage center at
301 496-4062 that you can use to relay nessages.

Lunch, we presume, will be at noon if we keep on
schedule in the cafeteria that is down the stairs in the
| obby. There is sonme renovation there and it my
advi sabl e--sone people may want to go to the Natcher
Bui | di ng which has a |arger cafeteria which is just
essentially across the parking lot. | think if you
follow the NIH regulars, you will be able to find that.

We have breaks scheduled in the mddle of the
norni ng session, in the mddle of the afternoon session.
Pl ease conme back fromthose pronptly to keep our program
on tinme.

Finally, | would |like to thank our speakers for
their hard work in preparing their tal ks and getting the

material to us. Some of themconme quite a | ong way, as
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you will see, and | think you will appreciate their hard
wor K.

At this time, | would like to introduce Dr. Jay
Epstein, the Director of the Ofice of Blood Research and
Review in the FDA Center for Biologics. He wll nake
introductory remarks to start the conference.

I ntroductory Remar ks

DR. EPSTEIN. Thank you very nuch, Jay. It is
my pleasure to wel cone everyone to this workshop Factor
VI1l inhibitors. Before we start, though, |I would like
to acknow edge the hard work of the Planning Commttee
and, in particular, Jay Lozier who was the Chair. |
think that their effective planning is reflected in the
excel l ent turnout that we have and | amvery pleased to
see the lumnaries of the field here anong us.

| just want to acknow edge Mark Wei nstein,
Andr ew Chang, Ni sha Jain, Anthony Mraslus who put the
program t oget her and Joe WIczek who has provided
adm ni strative support.

Let me also note that this is a co-sponsored
wor kshop with the I ABS and that we are very pleased to

host this workshop as part of a continuing effort to
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assure the safety, efficacy and quality of the products
t hat we regul ate.

Today, with HI'V and other viral contam nants
under control, inhibitor formation presents itself as the
chi ef adverse event associated with the use of
anti hemophilic factor. Therefore, the central question
at this time, with respect to safety, is how can we
ensure that new Factor VIII products or products that
have undergone significant manufacturing changes won't
i nduce inhibitor formation in previously treated
pati ents.

Therefore, to reduce the occurrence of inhibitor
formati on, we need to understand to what extent
i mmunogenicity is a property of the products rather than
a phenonenon intrinsic to the patients.

The answer to this scientific question will lie
in conducting appropriate preclinical studies, clinical
studi es, and postmarket surveillance. Today, at this
wor kshop, we will devote nobst of our tinme to defining
what are appropriate neans in regard to preclinical
trials inhibitor assays and surveys in patient

popul ati ons.
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Qur specific objectives, then, will be to
i nprove clinical-trial design, to review the avail able
data on the preval ence and the incidence of inhibitor
formation, to examne the limtations and the potenti al
of assays for Factor VIII inhibitors, to attenpt to
foster international harmonization in this area and to
expl ore the future directions that are feasible and
col | aborati ons that could energe.

| would like to just quickly reviewthe
structure of the programfor you. The scientific program
wll begin with an overview of Factor VIII inhibitors and
the historical context, particularly noting the Dutch and
t he Bel gi an experience with inhibitor formation to
mar ket ed products.

Next, we will be exam ning environnmental and
genetic factors that may influence antibody fornmation.
Can we separate inhibitor formation that is caused by
neoantigens in the products frominhibitor formation that
is due to the genetic makeup or environnment al
ci rcunstances of the patient?

Followi ng this presentation, we will hear about

the potential of preclinical studies to predict inhibitor

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

formation. What role, if any, can animals play in
predicting inhibitor formation?

One of the major dilemms that we face in
evaluating clinical trials is deciding what should be
counted as a positive inhibitor response. This depends,
in part, on the sensitivity, specificity and
reproducibility of the assay used to detect the
inhi bitor. Two of our four speakers will|l address these
topics as well as the results froma surveillance study
and the devel opment of new assays at increased
sensitivity.

| think nmost of you are aware that the
| nternati onal Society on Thronmbosis and Henpstasis has
recommended that previously treated patients be studied
first when conducting clinical trials of inhibitor
formation. We will be hearing about the rationale for
this recomendation as well as | STH recomendati ons about
what should constitute a positive and what should
constitute a high-titer result.

The next two speakers will describe surveys of
Factor VIII inhibitor formation in Canada and in the

United States. The results of these studies should give
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us insight into the prevalence in inhibitor formation and
provi de a baseline for expected inhibitor formation when
swi tching patients from one product to another product.

We then get a lunch break. After lunch, we wll
focus nmore on the regul atory aspects of inhibitor
formation. Colleagues fromthe U S. Food and Drug
Adm ni stration and the European EMEA wi |l discuss their
agencies' current thinking about preclinical testing,
clinical trials and postnmarket surveillance for inhibitor
formation.

These discussions will help us to better
understand the rational e behind our respective policies
and thereby help us to nove toward greater internationa
harmoni zation. We will further exam ne the FDA rationale
for clinical-trial design with a presentation on
statistical considerations that influence the nunber of
patients required for a given trial.

Then, after a report on the role of the Data
Safety Monitoring Board in clinical trials, we will hear
in-depth presentations fromindustry representatives
about specific clinical trials that they have conduct ed.

These reports should allow us to conpare the various
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trials with respect to patient nunbers, patient exclusion
criteria, the assays used and threshold | evels considered
as positive and the results of postmarket surveillance.
The | ast part of the neeting will focus on
future directions. We will discuss prelimnary ideas on

prospective international collaborative studies on

product-rel ated Factor VIII inhibitor formation. This
presentation will be foll owed by an open panel discussion
where FDA staff and audi ence nenbers will be able to pose

guestions to the speakers.

| should note that a brief question period wl]l
al so be avail able foll ow ng nost of the talks.

So, before we begin our scientific program it
is my great pleasure to introduce Ms. Laurie Shumway who
is the nother of a son with henophilia and a Factor VIII
inhibitor. Ms. Shumwnay has graciously volunteered to
give us the personal perspective on coping with an
inhibitor in addition to henophili a.

It is ny pleasure to invite up Ms. Shumnay.
Thank you.

(Appl ause.)

Consuner Perspective
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MRS. SHUMWMAY: Thanks, Jay.

Good nmorning. M son, Scott, is a l4-year-old
hi gh-school freshman with severe Factor VIII deficiency
and he has an inversion. When he was two-years old, we
di scovered that he had a high titer inhibitor. W had no
famly history of henophilia so we had very limted
know edge of it and no practical experience at all.

However, through our hematol ogi st, our | ocal
chapter and the treatnent center here in D.C., we had a
huge body of know edge and experience that we could draw
on and we |learned a lot in those first nonths and years.
Hermophilia really did seem nanageabl e.

But once we discovered the inhibitor, it
suddenly didn't seem so manageabl e anynore. We didn't
know whet her we woul d be able to treat Scott effectively.
Scott was di agnosed with a bl eeding disorder on a
Saturday in January, 1989, when he was eight-days ol d.
You know, it is always on a weekend. The hospital we
were at was able to diagnose that he had bl eedi ng
di sorder but they couldn't, until Monday canme, tell us

what type of bleeding disorder he had.
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So they treated himw th fresh-frozen plasm and
that did stop the bleeding. |In the next few weeks, we
di scussed possible treatnent options and their pluses and
m nuses. Since reconbi nant factor was sort of on the
horizon at that tine, we decided that we were going to
treat our son with donor-directed cryoprecipitate.

Cryo was an effective treatnment for Scott in the
first two years of his life. During that tinme, we really
didn't perceive any changes in how he responded to
treatment. So the discovery of an inhibitor in 1991 was
a real surprise. His inhibitor was 280 Bet hesda units.
So the first serious issue we faced was how were we goi ng
to treat Scott in the presence of such a high-titer
i nhi bitor.

It is really startling when you realize that
your son may not be able to be treated effectively.
Porcine Factor VIII m ght work but what happens if the
bl eedi ng doesn't stop or he needs treatnent again? For
t he day-to-day bl eeds that he m ght have experienced, our
treatment choices were basically Factor |X products that
really, at that tinme, were not considered as safe as the

monocl onal Factor VIII products that we had rejected two
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years earlier. So that was a really difficult thing for
us to sort of come to terns with.

From 1991 until 1995, we were forced to treat
Scott with Factor | X products. They didn't work
particularly effectively. Wen Scott woul d have a bl eed,
we woul d often have to treat him several days in a row,

i mobilize the joint, and we used a lot of ice. During

t hat period, our refrigerator quit and we bought a brand-
new refrigerator with an ice crusher. | still say it is
t he best investnent we ever nade.

We al so becane pretty adept at managi ng pain.
Scott spent many nights sleeping in a bean-bag chair
because it was really the only way we could support a
bl eedi ng knee so that he would be confortable enough to
sleep. It was really frustrating not to be able to stop
a bl eed.

We knew that immune tol erance was out there and
that it offered a way to deal with the inhibitor. But,
back in the early '90's, there really wasn't a |lot of
information on it or experience with the various
protocols. Because Scott had a high-titer inhibitor, we

were advised, at that tinme, that we should wait until it
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was | ower before we started inmune tol erance. We m ght
not get that same advice today.

Al so, we knew that we would need to place a
central line for venous access before we started such a
program There was a precipitating event that really
pushed us into i mune tol erance and to try to inprove
venous access. | shut his armin the van door. So we
treated himbut his forearm continued to swell. You
know, he had tingly fingers or couldn't quite feel them
And then we were--after two or three days, we really
could not get access to his veins.

So off we went to the hospital where he was
treated nore aggressively with higher doses and nore
frequently than we had at hone. But we were really
worried about getting clotting where we didn't want it
and knew that there was a danger of that. But we also
knew t here was a danger of really damging his arm
wi t hout treating.

So this event made us realize that we couldn't
wait any longer. |If Scott had a nore serious bleed, we

could have lost him is the bottomline. |In fact, during
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the tinme when Scott was young, there was a child in our
chapter who had inhibitors who did die.

But the decision to begin i mune-tol erance
program was programwas primarily left up to us. There
were no definite answers as to when to start or which
protocol s had higher probabilities of success. In fact,
as | said earlier, we were advised to wait until the
inhibitor titer had come down.

Wai ting had significant inpacts for us. W
couldn't treat Scott effectively for a four- or five-year
period. Once we started i mmune tol erance, there was a
hi gher cost associated with it. Scott was larger. He
wei ghed nmore and required nore factor.

We started the inmmune tolerance in 1993. His
i nhi bitor had come down to 28 Bethesda units. W had a
central |ine placed using porcine factor. It was a
Broviac catheter which Scott had for nine years.

Scott hit his peak inhibitor titer two to three
nmont hs after starting i nmune tolerance. Hi s peak titer
was about 3500 Bethesda units and he had an anti porcine

inhibitor titer of about 1, 000. So we had | ost our
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ability to use porcine factor to treat any serious bl eeds
for a while.

VWhat we did in inmune tol erance was we treated
Scott twice a day with fairly |arge doses of Factor VII
for about two years and then we treated himdaily for
anot her two-and-a-half years. During that tinme, we were
getting ready to give up because we didn't seemto be
maki ng any progress.

VWil e Scott's inhibitor titers had been

unmeasurabl e or | ow for several years, his progress

towards normal Factor VIII |levels had sort of stagnated.
Li ke, his one-hour post-infusion |evels were, | think,
around 30 percent. So we were thinking this is it,

maybe; this is as good as we are going to do.

But a |ucky conversation with some Scandi navi an
hemat ol ogi sts after a session on inhibitors at an annual
NHF meeting caused us to continue. They had had a
patient and they had kept going for six to seven years
and had achi eved near normal Factor VIII |levels. So we
deci ded, okay, let's stay the course. So we continued

treating for another year and a half to treat himdaily
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with factor. We did gradually see inprovenents in his
Factor VIII recovery.

Since 1999, Scott has received factor every
ot her day. We haven't been able to able to go to a
t hree-day prophylaxis regimen. W tried it once, but, in
the first nonths, on the second day w thout factor, every
single time he had a bleed. So we went back to the every
ot her day. That prevents virtually all bleeding. Maybe
two or three tines a year, we have sonething we need to
treat but it is usually because he has had an injury or
sonet hi ng.

You can imgine the cost that is associated with
an i mune-tol erance program Scott's factor costs were
over $1 mllion in several years. Both my husband and |
work for the federal governnent so we have access to
i nsurance that does not have a lifetime cap. W consider
oursel ves very |ucky.

However, every year, the first tine we get
factor in January, we reach the catastrophic limt in our
i nsurance and we owe the maxi num out - of - pocket expense

for the year, which is $4,000 or $5,000, depending on
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where they set that in a particular year. Then, after
that, our insurance pays 100 percent of factors costs.

However, we still face sone challenges fromtine
totime in dealing with insurance. For exanple, we
periodically take a |look at the price we are paying for
factor to try and keep the cost of Scott's treatnment to a
mnimum We are obtaining factor froma preferred
provider with our insurance conpany but found anot her
provi der that had the sanme factor, the same product, for
a significantly | ower cost.

We swi tched providers and that nmeant we woul d
save our insurance conpany tens of thousands of doll ars.
However, the new provider was not a preferred provider
so, under our insurance conpany, there was a hi gher out-
of - pocket expense that we needed to pay. So the
i nsurance conpany wanted us to pay another $1, 000 towards
factor in that year even though we had tal ked to them
about changi ng providers before we did it. So, after
several phone calls and letters and stuff, they did,
ultimately, waive that $1, 000.

But, in closing, let ne |leave you with a few

guestions that we and Scott face. For instance, this
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past June, when we went in for his annual clinic visit,
Scott's inhibitor titer was 0.5 Bethesda units but his
recoveries were not quite as good as they had been.

When t hings change, we are always concerned
about what does this nean. |In this case, we haven't seen
any change in his bleeding patterns or in his response to
factor but, in the past year, he has grown five or six
i nches and put on twenty or thirty pounds and probably
what happened is we just didn't increase his dosage
sufficiently during the year.

While Scott is aware that he has henophilia, its
effects on himon mnimal. He plays all kinds of sports
and participates in other activities. How are we going
to hel p hi munderstand the inportance of continuing
regul ar infusions to keep that inhibitor at bay? What
role will insurance issues and possible discrimnation in
enpl oynment play in determ ning what he does and where he
lives?

How coul d changi ng products affect his inhibitor
| evel s and recoveries? How w Il his inhibitors affect
his ability to take advantage of a possible cure?

Inhibitors really added nore uncertainty to our |ives.
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But, for us, after immune tol erance, henophilia, once
agai n, seenms nmnageabl e.
That's it. Thanks.
(Appl ause.)
DR. LOZI ER: Thank you very nmuch for bringing us
t hat perspective. | think it is an inportant one.
Overview of Factor VIII Inhibitors

DR. LOZI ER: At this tinme, | would like to

provi de a succinct, | hope, overview of something that
t ook two-and-a-half days, | guess, to present inits
entirety in Chapel Hll, recently, and that is an
overvi ew of Factor VIII inhibitors.

First, I will talk about the definition of

inhibitors and their characteristics and briefly nmention
their frequency of occurrence and di scuss the probl em of
inhibitors fromthe regul atory standpoint, then discuss

the issue of how we assess the inhibitor risk in clinical
trials and then just briefly explain the workshop agenda.

During the course of prophylaxis or treatnent of

hemophilia with Factor VIII concentrates, antibodies to
Factor VIII1 can develop in patients with henophilia A
These inhibitor antibodies will manifest thensel ves by
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neutralizing Factor VIII activity and/or accelerating the
cl earance of Factor VIII fromthe circulation.

The inhibitor-neutralizing ability is nmeasured
in vitro by assessing the Factor VIII activity after
i ncubation of patient plasma with normal source of Factor
VI11, usually plasma, the so-called Bethesda assay and
all its variants. The in vivo assessnment of Factor VIII
inhibitors is the fall-off study where the elimnation of
i nfused Factor VIII fromthe circulation of a patient is
measured over tinme.

Factor VIII1 inhibitors are interesting for many
reasons but one of the interesting points is conpl enent
fixation and i nmune-conpl ex di sease and anaphyl axis are
relatively rare in contrast to the Factor | X inhibitors.
The Factor VIII inhibitors are typically 1g&4 anti bodies
with specificities for Factor VIII epitopes that may, in
fact, interfere with binding of von WI I ebrand factor,
phosphol i pi ds, Factor |X or Factor X

Recent evidence al so shows that sonme of these
i nhi bitor anti bodies may catal yze proteol ytic cl eavage of

Factor VIII.
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The inhibitor epitopes are typically clustered
at the A2, A3, and C2 domains as well as the acidic anino
acids that fall between the Al, A2, domains and the B
domai n and the A3 dommin.

The anti body response to Factor VIII is
characterized by the titer at any point in tinme of
anti body as neasured in vitro and al so as neasured
dynam cally in the patient by the nature of the
anammesti c response. There are inhibitors that are high
titer versus low titer and the anamestic response,
meani ng the increase in the titer upon reexposure can be
hi gh or | ow.

Factor VII1 inhibitor incidence depends on a
nunmber of patient factors, environnmental factors and
sonetimes the Factor VIII product, itself. W have al
read and witten, in nmany cases, about the overall rate
of Factor VIII inhibitor devel opnment being on the order
of 20 percent. There is, though, quite a bit of
variability in this data depending on the severity of the
patient popul ation that you are assessing, the frequency

of the assessnent for inhibitors will change data and the
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threshold for a positive inhibitor will certainly factor
into the cal culati on of the incidence.

The greatest inhibitor incidence, as far as new
i nhi bitor devel opnent, is in those patients who have no
prior exposure to Factor VIII, the previously untreated
patients or so-called PUPs. The | owest inhibitor
incidence is in those patients who have previously been
treated and not yet shown an inhibitor, the so-called
PTPs.

As you can see fromthis sunmary slide from
Earnest Briet's netaanal ysis of seven prospective
i nhibitor studies in patients with severe henophilia A
and high-titer Factor VIII inhibitors, there is, when you
normalize to a common starting point--and the follow up
here is in years as opposed to exposure days. But the
point is, over the course of time, we will asynptotically
approach the 20 percent inhibitor frequency in these
patients.

Of course, the greatest rate of new devel opnent
of inhibitors is in the early tinme frame, typically in
the first year or two which would correspond typically,

on a weekly-treatnment basis, to about 75 exposure days.
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After five years, the new inhibitor developnent rate is
much decreased, but there is still, even out late in the
course of henophilia, a small but finite incidence of new
onset of inhibitors.

The patient factors that play into this are the
severity of the henophilia, the nature of the nutation--
namely the inversions, deletions and nonsense nutations--
have a greater incidence of inhibitors than m ssense
nmut ati ons and smal | deletions. Presumably, this
difference is a reflection of the issue of how nuch
cross-reactive material that may tolerize the patient
over tinme or the so-called CRM positive status versus
t hose who have no cross-reacting material .

Ot her genetic factors that may play into this
are possi bly HLA hapl otypes, race. African-Anmericans my
have a higher incidence of Factor VIII inhibitors than
Caucasi ans. There may be cytokine and i nmune-response
nodi fi er genes that factor into this and I will be
presenting sonme ani mal data suggesting that nmay be the
case, at least in a mouse nodel, that | have devel oped.
| will tal king about that at the ASH neeting in San Di ego

in Decenber.
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Conor bi d di sease states including infection,
per haps aut oi mmune conditions, pregnancy or nalignancy,
which are really nore rel evant nore acquired inhibitors,
not specifically our topic today, but these are factors
that can influence the incidence of inhibitors in
hemophi | i a.

Concom tant surgery or traumm, perhaps acting as
an adjuvant, so to speak, for the i mune system There
has been di scussion of whether the infusion nmethod or
treatment intensity is a factor for influencing the rate
i nhi bitor devel opnent.

The Factor VIII concentrates that we have
avai l abl e are those derived from plasm which we have had
fromthe 1960s beginning with the [ ow specific activity,
cryoprecipitate, preparations which have usually nore
protein than units of Factor VIII. 1In the '60s,
chromat ographi ¢ and precipitati on maneuvers were
devel oped that gave internediate purity, Factor VII
products that had on the order of 10 to 20 units per
mlligramof protein. Then, finally, the nonoclonal -

anti body purification process yielded the high-purity
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concentrates that typically have 2,000 or 3,000 units of
Factor VIII1 per mlligram of protein.

I n the 1980s, reconbi nant product cane al ong
whi ch were derived fromfernmentation of Factor VIII
transduced cells and purified by nonoclonal antibody or
other affinity chromatography preparations or nethods and
al so have the very high specific activity of 2,000 or
3,000 units per mlligram protein.

The manufacturing process, which we are
interested in, of course, can influence i munogenicity of
Factor VIII and seem ngly m nor changes in virus
i nactivation procedures are associated with an out break
of inhibitors in heavily treated patients using one
particul ar product.

This is the Dutch-Bel gian inhibitor epidenc
alluded to earlier which 8 of 140 previously treated
patients with extensive Factor VIII exposure with severe
henmophilia A devel oped inhibitors in short order after
use of a new plasma-derived Factor VIII concentrate that
was sol vent-detergent treated and heated at 63 degrees

for ten hours.
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The patients denonstrated both | ow and high-
titer Factor VIII inhibitors that had conpl ex inhibition
ki netics and appeared to have specificity for the Factor
VIl light chain. Wen this product was discontinued in
t hese patients, the inhibitors gradually declined.

The problem we have at FDA and the other
regul atory agencies that we comrunicate with is to
evaluate the new Factor VIII products for safety,
efficacy and potency and inhibitor antibodies now are the
chi ef adverse event that we are concerned with since the
virtual elimnation of HV and hepatitis risk.

The inhibitor risk assessnent depends on the
definition of what an inhibitor is, what is positive and
what is negative, where is your cutoff. What is the
significance of a transient inhibitor and how do we
define and decide what the cutoff is between a high- and
low-titer inhibitor?

We are interested in who should participate in
trials and we are going to hear fromDr. White on the
| STH reconmendati ons on studying PTPs preferentially in
initial trials of new products. W want to know how

clinical trials should be designed.
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Wth regard to clinical trials, we are
interested in what size trial, how many arnms we shoul d be
asking sponsors to bring to a licensure proceeding. In
addition to how many arns, what are the appropriate
conparators? Should we use historic controls? Should we
conpare with current products, with plasma products, or
conpar abl e reconbi nant s? W will also hear from Dr
Al edort about the role of the Data Safety Monitoring
Board this afternoon. W also need to know how, once we
have this data, do we evaluate the clinical trials and to
assess the inhibitor risk for new Factor VIII products
and can this regul atory approach be harnoni zed bet ween
the FDA and the other worldw de authorities. We wll
certainly be hearing fromDr. Rainer Seitz on that topic
this afternoon, to sone extent.

W will be interested to know opinions of those
in the audi ence about the role and the inportance of
post mar keti ng surveillance in the regul atory deci sion-
maki ng process.

The norning sessions will address definitions
and | aboratory issues and nmeasurenments of inhibitors and

w Il discuss sone of the clinical epidemology fromthe
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United States and Canada. Our afternoon sessions wll
address the design of clinical trials including FDA and
i ndustry perspectives. Donna DiMchele will be a
noder at or of a panel discussion at the end of this
conference and will be presenting, inmmedi ately before
that, her thoughts on the possible role for postnmarket
surveill ance.

So | would like to thank you and try to keep on
time here. Imediately, | would like to introduce Dr.
Joan Cox G|l of the Blood Center of Southeast Wsconsin
She has been a henophilia care provider for many years
and has done a lot of work on inhibitor and henmophilia
research. She will be discussing the environnental and
genetic factors that may influence inhibitor antibody
formati on.

(Appl ause.)

Joan?

Environnental and Genetic Factors

That May I nfluence Antibody Formation

DR. G LL: Thank you very nuch. | want to thank
t he sponsors for the privilege of presenting at this

meeting this norning.
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| amgoing to talk to you about environnmental
and genetic factors that may influence inhibitor antibody
formation. We all know that inhibitors inpact the
out cone of replacenent therapy and al so inpact the
assessnent of efficacy and safety of new therapeutic
replacenment products and is likely to inpact the outcone
of gene therapy. Therefore, it would be highly desirable
to predict risk for inhibitor devel opnment and to identify
factors that predispose to inhibitor devel opnent.

What is the evidence for genetic factors playing
a role in inhibitor devel opnent? First of all, just by
natural history, we know that inhibitors develop early
within a nmedian of nine to 11 exposure days to
repl acenent therapy. This suggests that there is a
predi sposition to inhibitors on the part of the patient's
geneti c makeup.

There has al so been shown to be an increased
inhibitor risk in African Anericans in several studies
t hat have been published. Finally, there are ani mal
studi es that show that the introduction of an out-bred
femal e into a hemophilic dog colony in Canada resulted in

progeny with inhibitors whereas other lines in that
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col ony, the dogs did not develop inhibitors. Also, there
is a differential devel opnment of inhibitors in henpophilic
nouse strains.

We decided to try to address this issue by doing
a survey of sib pairs across the United States and
Canada. This slide just summarizes the nunber of
fam |l ies that were surveyed and the inhibitor incidence.
So, as one woul d expect, 30 percent of the severe
hemophil i a- A patients, famlies, there was at | east one
fam |y menber with an inhibitor whereas in noderate
hemophilia-A patients, it was |lower. Again, as has been
shown in many studies, the incidence, or preval ence, of
inhibitors in henmophilia-B is much | ower.

In this slide, I would Ilike you to concentrate
on these purple nunbers. |If one calculates the expected
nunber of famlies in which there would be two patients
affected with an inhibitor and the incidence of
inhibitors is 15 percent, one woul d expect, by chance
al one, five famlies.

If the inhibitor incidence is 20 percent, one
woul d expect nine famlies. W observed a significantly

hi gher nunmber of famlies in which there was concordance
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of inhibitor devel opment in 28 of the famlies and this
was highly statistically significant.

This study was a confirnmed study by Astermark in
an international survey of sibling pairs of 460 fam|lies.
Agai n, African Anericans or blacks had a higher incidence
of inhibitors than Caucasi ans. Concordant i nhibitor
fam | i es were higher than expected by chance al one.

There was a nmuch higher risk of an inhibitor if you have
a positive famly history of inhibitors, so about 48
percent would be expected to develop an inhibitor if
their famly menbers had an inhibitor.

What are sone of the factors that m ght be
influencing this increased risk of inhibitors in
famlies? Well, first of all, the factor-nutation type
has been shown to be in influence so the nore severe
mut ati ons result in higher preval ence and i nci dence of
i nhibitors than the | ess severe nutations.

However, if one | ooks at intron-22 inversion
mut ati on which accounts for about 40 percent of severe
hermophilia only 20 percent of the patients affected by
that mutation do develop an inhibitor. So this suggests

that there nust be other factors involved in inhibitor
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formation. Indeed, if one |ooks at all of the other
mut at i ons causi ng severe henmophilia A, one has a sim|lar
i nci dence of inhibitor devel opnment.

We then asked the question that, since each
hemophilic nmenber of a single famly has the same Factor
VIl mutation, if additional inportant genetic factors
play a role, the risk of inhibitor devel opment shoul d be
greater in the henophilic siblings of an inhibitor
patient than in the extended henophilic relatives; that

i's, grandfathers, cousins, nephews, et cetera.

We | ooked at data fromtwo studies. One was t he

i nhi bitor survey undertaken by the Henophilia Research
Society where we identified 113 inhibitor patients with
severe henophilia A and found that 41 percent of those
fam | ies had one or nore famly nmenbers affected. There
was a 52 percent risk of inhibitor devel opnment in your
sibling had an inhibitor whereas only 11 percent
inhibitor risk, if only your extended fam |y nenmbers had
an i nhibitor and not your brother.

This was born out also in the sibling study I
just nentioned where, again, we saw only 9 percent in

extended fam |y nenbers. So, again, this suggests that
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there are other genetic factors inmportant in inhibitor
devel opnent ot her than the specific Factor VIII mutation
in the famly.

So what could sonme of these other genetic risk
factors be? First of all, we know that T-cells are
important in inhibitor formation. There is concomtant
di sappearance of inhibitor with |loss of CD4 hel per T-
cells in patients who are infected with HI V.

We know that the IgG isotype is predom nantly
lg&A and this is evidence for the TH2-1i ke nature of the
response; that is, the response requires T-cell help for
B-cell differentiation and i munogl obulin isotype
switching. 1In addition, tolerance to Factor VIII can be
i nduced in inhibitor patients, again suggesting a role of
T-cells and in animal studies tol erance induction has
been shown by bl ocking accessory nolecule interaction in
some of the nouse nodels.

We know that the initiation of the immne
response occurs when antigen-presenting cells present
peptides in the context of MHC that are recognized by the
T-cell receptor and, in order to have a proliferative

response, one needs to have interaction of accessory
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cells that provide a second stinulus for proliferation
and expansi on of the immune response.

Then, dependi ng upon the cytokine environnment in
whi ch that response occurs, one can have anti body
synt hesis or we now know we can have suppressi on of
anti body production and, if there is lack of secondary
responses, then tol erance occurs.

One of the genetic variability factors that has
been studied quite extensively is that of HLA. This is a
fairly logical step to look at. W found that, in
several studies, there was no significant difference in
HLA type in patients who devel oped inhibitors or who
didn't develop inhibitors and only weak associ ations were
found when only patients with intron-22 inversions were
st udi ed.

So, in |ooking at the overall immne system
these are sonme candi date genes that nmay be inportant in
i nhi bitor devel opnent. MHC, of course, as | have
menti oned al ready, inmunogl obulin genes, T-cell receptor
genes, cytokine and cytoki ne receptor genes that have

defined cell subsets and then accessory nol ecul es.
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| think that there is a | ot of suggestive
evi dence but, to date, we don't have any firm
pol ynmor phi sm or mutations that have been found that would
substantiate this hypothesis. So we have a |ot of work
to do in this area.

So what are sone of the factors that may
predi spose to inhibitor formation that are non-genetic or
envi ronmental ? There has been a |lot of work done to
exam ne the type and purity of Factor VIII concentrate
effect on inhibitor developnment. 1In a nice, systematic
overvi ew of studies over tinme by White published in
Hermophi lia, a nunber of these studies were exam ned.

This slide shows the wei ghted nean percent
cunmul ative risk of all inhibitors and the wei ghted nean
percent cunul ative risk of high responder inhibitors in
studi es of patients who receive multiple | ow and
intermedi ate purity plasma-derived concentrates, single
pl asma-deri ved concentrates and recombi nant concentrates.

What we can see from an exam nation of these
studies is that the overall cumulative risk is about the
sane, if one | ooks at plasma-derived concentrates,

nmul ti ple plasma-derived concentrates versus reconbi nant
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concentrates. But, interestingly, a few studies, there
was a much lower risk in people who had received single
pl asma- derived concentrates.

Now, these studies were very small and there
were some ol der patients entered into these studies. So
| think this is an intriguing observation that wl|
probably not be studied further because we now are using
primarily reconbi nant concentrates, or at |east desire to
use primarily reconbi nant concentrates because of their
i nproved safety.

Because sone of the older studies did not
measure inhibitor titers as frequently as the newer
studi es and, thus, patients who have transient inhibitors
can be m ssed by those studies. The incidence of high
responders was al so | ooked at. What was very interesting
here is that cunulative risk for a high-responder
inhibitor is actually lower in patients who receive
recombi nant clotting-factor concentrates versus those
that were treated with nmultiple, |ow and internedi ate
purity plasma-derived concentrates.

| think this answers, or at |east partially

answers, an inportant question about use of reconbi nant
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clotting factors which we were concerned for a long tine
about an increased risk of inhibitor devel opment using
reconbi nant factor but, in fact, the high-responder
inhibitors, which are the nost clinically significant,
actually had a | ower risk.

What about differences in reconbinant clotting-
factor concentrates? Kogenate and Reconbi nate, as you
know, are both full-length reconmbi nant Factor VIII
concentrates where as ReFacto is B-dommin deleted. You
can see fromthis summry slide that the curmulative risk
is almost virtually identical. The nmedian age of the
patients treated in those previously untreated studies or
PUP studies was virtually identical and the nedian
exposure days to the time of inhibitor devel opment was
al so al nost identical, so suggesting that, at |east in
t hese three studies, again small studies, that deletion
of the B domain does not have an effect on cunul ative
ri sk for inhibitor devel opnment.

What are sonme of the other factors that m ght
predi spose to inhibitor formation? The age at initial
t herapeuti c exposure has, in two very small studies by

the Swedes and | think it was Spani sh groups, suggested
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that if the patient was exposed earlier, the patient
woul d have an increased risk for inhibitor devel opnent.
This is counterintuitive where nost of us, |
t hi nk, were brought up to believe that if one received a
foreign antigen early, it would be nore likely that
tol erance woul d devel op. Well, those two small studies
suggest that that is not true although |I nust say that
they are both very small and especially the ol der patient
groups in whomthe inhibitor risk was |ower, there were
only four or five patients in that group. So I think we
need to do nore studies to further define that
possibility.
In all of the PUP studies that have been done,
t he dose and frequency of initial therapeutic exposures
has not seened to play a role. There are sone intriguing
possibilities that, if a patient were exposed in utero
via a maternal -fetal transfusion to maternal Factor VIII,
per haps that may be one of the factors that could explain
the difference in inhibitor devel opnent anong patients
who have the same Factor VIII nutation. However, there

is, to date, no evidence to suggest that that is true.
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There has been one study by, | think this was
t he Swedi sh group al so, who exam ned the possibility that
breast feeding m ght be protective in inhibitor
devel opnent. There are honol ogous proteins in breast
mlk that have a significant amunt of honol ogy to Factor
V and Factor VIII and therefore m ght be expected to
provi de sonme neasure of protectiveness against inhibitor
devel opnent if oral tolerance is a true phenonenon that
m ght prevent inhibitor developnent. However, in that
study, there was no evidence that breast-fed infants had
a | ower incidence of inhibitor devel opnent.

We al so know that there are many concom t ant
illness--for exanple, HV infection--that m ght
predi spose to a patient devel oping an inhibitor perhaps
even later on in life. There have been al so several
anecdotal reports of patients who had serious infections
who were treated with high-doses of a new product at the
time of surgery who then devel oped an inhibitor even
t hough they had been previously exposed to many, nany
doses of Factor VIII concentrate.

| think those kinds of studies to have a better

definition of the risk of inhibitor devel opment |ater on
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inlife after many exposures to Factor VIII, those
studies really need to be done and we need to have a
better definition of that aspect of inhibitor devel opnent
because, if we are going to attenpt to determ ne whet her
or not there are neoantigens being formed with new
products that are being devel oped, we need to know what

t he baseline natural history of inhibitor devel opment is
in these patients in whom we are now addi ng a new

pr oduct .

So, if one |ooks at sonme of the PUP studies--I
was asked to address the question as to what we can |earn
from PUP studies to apply to our design of studies for
previously treated patients. As Dr. Lozier has already
shown you, if one | ooks at the cunul ative risk of
i nhi bitor devel opnent in PUPs, the inhibitors devel op
early and then the inhibitor incidence |evels off.
However, there are sone patients, as we nentioned, who do
develop inhibitors later on in life.

So | think that, in addressing this question,
first of all, we need nore information about the |ong-
term natural history of inhibitor incidence, either or

just-appearing inhibitors, in patients who are treated
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with single products versus multiple products. W need
careful follow up of patients during a switch to a new
product and we need to evaluate the effect of illnesses
and nmedi cati ons on inhibitor devel opment during product
changes so that we need to understand the pattern of

i nhi bitor devel opnent in order to then eval uate whether
or not a new product actually has neoantigens that
provoke a new i nhi bitor response.

So, inportant variables that we need to | ook at
to evaluate both PUP and PTP studies are henophilia and
mut ati onal anal yses, the ethnic background of patients,
fam ly history of inhibitors, a previous history of
i nhi bitors, any concom tant inmmnol ogi ¢ di sorders and
medi cati ons and whether or not an anti-inflammtory
di sorder m ght occur at the tine of exposure.

| think that there are several organizations in
this country and in Europe that should be able to devel op
new studies that will help us better define the |long-term
natural history of inhibitor devel opment in heavily
treated patients as well as in previously untreated
patients. | hope that this workshop will stinulate the

devel opment of some of those studies.
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Thank you very nuch.

(Appl ause.)

DR. LOZIER: Joe, why don't you go ahead and
| oad Dr. Saint-Reny's talk.

We have time for a few questions. | forgot to
mention if you wish to ask a question fromthe bench here
in the front, you can actually activate your nicrophone
by pushing a button at the base of the m crophone. Those
in the back who may have a question can go to either of
the freestanding m crophones in the back. W have tine
here for a question or two for Dr. GII.

Dr. Col di ng?

DR. GOLDING | don't have a m crophone so | am
going to shout. ©One of the issues with reducing an
anti body response to an antigen, as you pointed out,
requires T-cell help. Now, there have been several
papers that have shown that there is such a thing as
bystander help. |In other words, if someone has an
intercurrent infection or some other inmmune stinmulus, you
can get help to the B-cells without the actual, in this

case, Factor VIII providing the help.
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When you | ook at the patients and the history,
you see that, in very young people, they are getting
inhibitors. So what | am wondering is how carefully
peopl e have | ooked at intercurrent infections, for
exanple, in young children and the association that that
may have devel opment of inhibitors and whether very
aggressive treatnment of infections or avoidance, if
possi bl e, of treatnment during tinmes when there is acute
infection could be helpful in this situation.

DR. G LL: I think that is a very inportant
point. Unfortunately, we have not, to date, | ooked
carefully at that question. | think, in all of the
previ ous studi es that have been published, that
possibility has not been |ooked at and |I think that that
is sonmething that we need to do.

We coul d possibly get some prelimnary
information from some of the PUP studies in which al
adverse events were recorded during the study. But, as
far as | know, no one has done that to date. But it is
sonet hing that we certainly should do in the future.

DR. LOZIER: Dr. Chang of FDA has a question.

DR. CHANG Joan, | enjoyed your talk very nuch.
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DR. G LL: Thank you.

DR. CHANG One of your slides, you had a very
good conpari son on the product type and al so the
accunul ated inhibitor formation versus high-titer
patients. | assune that is on the PUPs patients. | was
just wondering whether or not there is a systematic
analysis on the PTP with a simlar |ayout of the
anal ysi s.

DR. G LL: In that sanme paper, published by
White in Henophilia, there was a discussion of PTP
patients as well but the conclusion was that there really
wasn't enough definitive data to answer the question,
which | think is why we need to do additional cooperative
st udi es.

We are going to be hearing about sone
cooperative studies, | think, later on this norning with
the CDC studies and | know that the Henophilia and
Thronbosis Research Society is interested in initiating
sonme natural -history studies, too, so that we can get
enough patients to begin to answer those questions.

DR. LOZI ER: Thanks very much, Joan
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We will go to our next speaker, Dr. Jean-Marie
Sai nt-Reny of the Center for Ml ecular and Vascul ar
Bi ol ogy at the University of Leuven, Belgium He has
been a | eading researcher in the field of Factor VIII
i nhi bitors and was one of those who showed that certain
Factor VIII inhibitors have proteolytic activity against
the Factor VIII nol ecul e.

He will provide his talk entitled What Can
Preclinical Testing of Factor VIII concentrates tell us;
a Cautionary Tale.

What Can Preclinical Testing of Factor VIII

Concentrates Tell us; a Cautionary Tale

DR. SAI NT- REMY: Good norning. Just to conply
with the European habit of starting a talk by making
apol ogi es, | have two apologies to offer you. The first
one that you should have the handout with old slides and
| apol ogize. | just probably overlooked the mail asking
me to send the slides. But you will get them |l ater on.
The second apol ogy is that, as you probably already
realize, | have a kind of flu-like illness. This is the

true influenza comng from A Australia. The funny thing
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about this is that | got it in Brussels fromone of ny
patients living in Scotland. So the world is small.

| like the title |I have given because this is
really open and probably very nuch in the spirit of what
we do in our lab. | would Iike to start by making just a
couple of statenments. The first one is that we m ght not
speak the same | anguage but | amtrying to conbi ne the
scientific approach and the clinical approach because |
have been educated as a M D.

On the clinical perspective, preclinical testing
of Factor VIII nmeans that you wi sh to know i n advance
whi ch of those Factor VIII concentrates are going to
produce inhibitors. But, of course, inhibitors, in terns
of i mmunol ogi cal setup, conprehension, understandi ng,
does not nmean anything, just a case in point. The point
is to evaluate whether a factor VIII concentrate
increased risk of immunogenicity in general not only the
25 percent of those antibodies which mght interfere with
Factor VIII1 activity.

When | am sayi ng evaluate the risk of increased
i munogenicity, that is really what | nmean. Factor VIII

is a foreign protein for every henophilia-A patient. It
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is going to be fully foreign if you no Factor VIII at
all. It is going to be partially foreign if you have
parts of your Factor VIII functional and not functional.

If you are in good health, well, you should
consider Factor VIII as a foreign body and then nmake an
i mmune response agai nst Factor VIII. | would be very
anxi ous not to see any kind of imrune response agai nst
Factor VIII1 in healthy individuals with or w thout Factor
VI, as a matter of fact.

Everything has to be considered not in terns of
whet her or not you see antibodies, you see an inmmune
response agai nst Factor VIII, but whether or not the
equi libriumin between inmmunity and tol erance is
establi shed or reestablished as soon as you cone with
Factor VIII.

You see that this is a very conplicated slide.
But basically the nessage is sinple. You have a constant
exposure to an antigen, Factor VIII in this case. This
is going to trigger an immunity which is conpensated by
tol erance in the periphery. Nowadays, it is al nost
i npossi ble to open a journal on i munol ogy not to see a

paper on a new nmechani sm of tolerance induction in the
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peri phery. The new one is certainly to a version of the
B-cell receptor which is a very interesting finding which
| think has whol e new consequences on the way we shoul d

| ook at anti-Factor-VIIIl antibodies.

We all, including henophilia-A patients, have
specific B and T-cells in the periphery with the capacity
to make a full-blown i mune response agai nst Factor VIII
w th about 20 percent of those anti bodi es having
i nhibitory capacity.

The B-cells are produced, as you, | guess, know,
continuously during your lifetinme and you nmake each day
100 mllions of new B-cells which have the capacity to
respond to Factor VIII. On the other hand, the T-cel
repertoire, at least in nmen, is alnost entirely fixed at
birth so we have a huge capacity there.

As soon as you have a good pair of B and T
specific for the sane antigen and the right conditions,
whi ch m ght be triggered by inflammtion, for instance,
you will stop making a full functional inmmune response
agai nst Factor VIII.

The other part | would like to stress which was

already alluded to by one of the questions after the
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previ ous speaker is the fact that once you have been
exposed to an antigen, again, if you are a healthy
i ndi vi dual including, of course, henophilia-A patients,
you have got to nenorize your innmune response. It means
t hat you have nenmory T-cells, nenory B-cells. It is a
ki nd of surveillance. They are there just to react
whenever necessary.

| f you expose, and this is certainly the case,
Factor VIII on a regular basis to the sanme antigen, what
the antigen is going to do is first, of course, to
trigger the nmenory response and, in this case, the B-cel
menory response agai nst Factor VIII and trigger a new set
of somatic nmutation fromthe nenmory B-cell there from
this new set of somatic pernutations, you will get a new
popul ati on of menmory B-cells and then your popul ati on of
pl asmacytes which are going to be clone to the bone
marrow and sit there probably for a few weeks to produce
the high-affinity anti bodies. You have to understand
that each tinme you lose the Factor VIII in such a setup,
you will, again, enbark on this circle and create new

menory B-cells and new pl asmacyt es.
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The point is to decide what happens exactly in
Factor VIII. Basically, we don't know. It would be
di shonest just to say that we know everything about the
i mmune response agai nst Factor VIII for many reasons.

Per haps, as someone said at a previous neeting, there are
not many i nmmunol ogi sts interested in this Factor VIII
i mmune response. It mght not be very reason.

The second reason by be that Factor VIII is a
huge nol ecul e. Whenever you work with mce, you like to
use what we call circus antigen, antigen which are as
smal | as possible you can define a single epitope. That
is much, much easier

Now, the know edge we have acquired over the
last let's say ten years about the way those B-cells,
when they are activated by interaction with T-cells, what
their fate is, is really tremendous. You have basically
two pat hways. The first one is not a classical one but
which is term nal -center-independent which is going to
generate B-cells with a short |ife but producing
anti bodies with the g4 isotype if it is programed wth
no somatic nmutation but with the capacity of cloning to

expand. On the other hand, you have a size 8, a new run
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of menory B-cells and long-lived plasm cells which are
going to sit in the bone marrow.

That is about it for the honeostasis for the

Factor VIII1 immune response except that, on the other
side, you have regulatory T-cells and anti-idiotypic B-
cells. | amnot going to say a word about anti-idiotypic

B-cells but I would like just to show one slide about
regul atory T-cells. This is certainly an energing field
and especially in the field of Factor VIII.

If | have to make kind of a guess for the
forthcomng five years, we will learn a | ot about the
role of those regulatory T-cells in the i mune response,
the control of the inmmune of response agai nst Factor
VI,

Basi cal ly, we distinguish now a not suppressive
but regulatory T-cell which is characterized by the
presence of CD25 receptor. This is the IL2 receptor.
These cells were trained to the CD4 |ineage and, nore
recently, the transcription-repressor factor, FoxP3, is
now consi dered as the main characteristics of those T-

cells.
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We know for a while, for alnost ten years now
that the thynmus is actively selecting some of those T-
cells. They are hosted in the periphery and act there as
a natural counterpart for imrune response. But, on the
ot her hand, and this is somewhat new and there is as
paper last nonth in the Journal of Clinical Investigation
showi ng interesting data in man that, indeed, even those
CD4 T-cells without the two characteristic markers,
whenever they are in the periphery exposed under specific
conditions, they can just change thensel ves and acquire
to those markers and becone part of what we call the
adapti ve regul atory pat hways which, of course, neans, the
nmessage is there, that this is probably anenable to
mani pul ation.

| would say that, perhaps, we speak nuch about
the role of inmmunogenicity of Factor VIII as a nol ecul e,
per se. W should program anot her synmposium on
regulatory T-cells and the way the i mune system coul d
program down the i mune response agai nst Factor VIII.

Now, what about the animl nodel? | said and |
prom sed to nake a kind of cautionary tale, so | will try

to keep on ny promses. Optimal criteria for an ani mal
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nodel ; well, you have to act with an ani mal where the
genetic background is identical. O herw se, you end up
with consideration about extra MHG factors or whatever

whi ch coul d have, indeed, an influence on the capacity to
nmount an i nmune response agai nst Factor VIII.

| deal |y, the nodel should be deficient in the
antigen, and | nmean fully deficient, which is probably
not the case right now with henophilia in mce. You
should, and this is maybe the main point, be in a
possibility for evaluating the i mune response at the
clonal level, be it, at least in vitro but, if possible,
also in vivo.

Of course, no or limted adjuvants because, as
soon as you use adjuvants, like CFA or IFA, or even
m | der adjuvant, you distort the inmune response one way
or anot her.

What are the nodels available? Well, why not
start with the kind of themwhich is wild type nouse.
You have the henophilia-A nouse, inmunodeficient mce,

t he conbi nation of the Factor VIII deficient,
i mmunodeficient, and nore recently the transgeni c nouse

strains.
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Now, why should I spend two slides on norma
mce? O course, in normal mce, the mce have Factor
VIIl so whatever you do with your human Factor VIII, you
w Il skew the i nmune response agai nst the determ nants
whi ch make the difference between human and nouse Factor
VI,

In this case, the repertoire of those mce
shoul d be purged of all the T-cells recognizing not al
the T-cell epitopes present on Factor VIII but all the
i mmunodom nant T-cell epitope on Factor VIII. This
analysis is of very nmuch inportance.

The useful ness, | think, and has been over the
years is to establish just a library of nonocl onal
anti bodies. What for, you would say. Well, we learn a
| ot about the mechani sm by which Factor VIII is

i nacti vat ed. We learn a | ot about how the structure and

the function of Factor VIII are related and | think it is
still a good tool to conpare the antigenicity of factors.

| will give you an exanple of this. This is an
old study, at least five years old, | think, just to
illustrate the point. This is the heat-denatured Factor
VIIl. It is a plasma-derived Factor VIII which was
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heated as we normally do for factorization, 63 degrees
centigrade. We use a nmouse nonocl onal anti body
recogni zed in acidic A3 donain.

This is the type of activity in optical density
on the vertical axis and, of course, increased amount of
Factor VIII on the horizontal axis. You see that, as
soon as you heat for one mnute, at this tenperature, you
wll lose quite a |ot of the reactivity.

The nessage is that an anti body agai nst the
acidic A3 domain, which is, of course, a crucial part of
Factor VIII not only for the binding of von WII ebrand
factor, you will lose a lot of reactivity with sonme of
t he monocl onal antibodies. This one is a conformation-
dependent anti body agai nst the acidic A3 dommin.

So what about the knockouts? Everyone is
pi cki ng the knockout m ce. The knockout m ce shoul d be
fully imunoconpetent in terns of the immune response
agai nst Factor VIII. So the repertoire should not be
skewed towards the non-specific for human Factor VIII.

| think it is interesting but with limtation
first of all because it is not quite sure that the Factor

VIIl henmophilia-A mce which is now avail able, and there
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are basically two strains, are totally devoid of Factor
VIII. To the contrary, the XLML7 knockout m ce have been
shown to have a part of the heavy chain of Factor VIII
floating around which m ght have an influence on the way
tol erance is induced against Factor VIII. W don't know
for sure, but it mght be the case.

So ideally speaking, in an ideal world, we still
are expecting to have a fully Factor VIII npuse strain
avai lable. But, with this type of nodel, it is possible,
| think, to directly conpare the i mmunogenicity of
di fferent batches of Factor VIII and possibly also to
eval uate the inpact of added factors, |like, of course,
von W11l ebrand factor.

You probably remenber this slide comng froma
paper we published with a student from Frankfort working
at that tinme in biotests.

AUDI ENCE: What are the yell ow and white on the
gr aph.

DR. SAI NT-REMY: Yes. | amgoing to explain it.
This is Bethesda units. This is the influence of von
W Il ebrand factor on the inmmnogenicity of Factor VIII

concentrate. What we did is to take a popul ati on of
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hemophilia-A mce. They were injected with plasma-
derived Factor VIII or reconmbinant Factor VIII or von
W || ebrand al one.

I n sone cases, plasma-derived Factor VIII No. 2
and the two reconbi nant Factor VIIIs--these were, of
course, then deprived of any von Wl |l ebrand factor in the
final fornulation. This one is containing a kind of
degraded form of von W Il ebrand factor.

So, what you see in the yellow bar is just the
Bet hesda units obtained in groups of those mice injected
with product as it is comercially available. So, what
we did is to add, in sone cases, sone von WI I ebrand
factor just to see that, in this plasnma-derived Factor
VIIl, additional fully functional von WI Il ebrand factor
woul d decrease by 50 percent at |east the |evel of
i nhi bitors against Factor VIII. The sane for this
reconbi nant Factor VIII here.

So the point is not to nake kind of a |ot of
fuss about this but we think that we that we shoul d | ook
much nore closely on the way von Wl ebrand factor is

probably nodul ati ng the i mmuunogenicity of Factor VIII.
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What | am saying is von Wl lebrand factor. It my be
that other factors do play a role, too.

| mmunodeficient strains; we have been playing a
ot with SCID mce. SCID stands for severe conbi ned
i mmunodeficiency. |t nmeans that those nice have no
functional B and T-cells. They are unable to nount an
i mune response agai nst any protein, any cells and, of
course, not against Factor VIII.

The downside of this is that, because of having
no function B and T-cells, they have no | ynphoi d organs
So it is inpossible to mount a primary i nmune response in
those mce which is basically a limtation. So, what you
have to do is to reconstitute those mce with cells and
they will accept cells because they are unable to reject
them and you can reconstitute groups of those mce wth
cells pertaining to different patients that are, of
course, already prined cells, B and T-cells.

| think this is useful because you can still
conpare different Factor VIII preparations or different
i ndi vidual s together injected with the same Factor VIII

preparation in a setup which is a nouse environnent.
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| will just show you the way we do it. This is
the donor. We have to take quite a | ot of those cells,
but this is not unlimted because, if you go too far, of
course, the graft is going to reject the host. So the
SCID mice are injected with IP, with a nunmber of those
PBMC. Then you inject either nothing or either Factor
VI,

Just to illustrate the point--this is not
publ i shed--again, you have the inhibition of Factor VIII
activity here. You see that when you take the plasma |1gG
fromthe patient fromwhich the cells were taken to
reconstitute the SCID m ce, you have a good capacity to
inhibit Factor VIII as a function of total 1gG
concentration.

This is the result of finding a nunmber of six of
those SCID mce reconstituted with the cells of those
patients just to nmake the point that it is possible, as
you see, to reconstitute an inhibitory response,
secondary response, in those mce. You see that the
vari ation from one nouse to another is certainly very

high and this is not the ideal nodel.
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So we switch to another type of nodel which is
avai l abl e which is conmbining no Factor VIIIl and no i nmmune
system For the tinme being, this has been extrenely
useful to evaluate the inmmnogenicity of different
vectors used for gene therapy and especially in
col l aboration with |Ivan Dandridge in our |ab.

Now, the caveats, because | prom sed to be
cautious, the nunmber of FH genes in the npuse is about
100-fol d higher than what you see in man. So the
capacity to start with the diversification of the B-cell
conpartnment in the nouse is about 100-fold higher in man
so it is difficult to extrapolate at the nol ecul ar | evel
what you see in the nouse to man.

Of course, the MHG S2 determ nants are distinct

in the nouse as they are in humans. W know that if you

take human Factor VIII1, inject human reconbi nant Factor
VI11, in henmophilia-A mce, you will get an imrune
response. If you do the same with nouse reconbi nant
Factor VII1, you will get not only another type

qualitatively different inmune response but also the

titer of inhibitor is going to be nmuch | ower.
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So there is sone difference between nmouse and
human Factor VII1 although the two nol ecul es are highly
honol ogous. The effect of inflammtion is, to ne,
sonet hing we shoul d absolutely |ook at. There are nany,
many reasons why the induction of an acute inflammtion
or joint bleeding or so could, indeed, trigger the
producti on of inhibitor antibodies and I think we should
set up protocols to understand this nore.

Of course, the caveat which is probably the
first one is that henophilia, being heterogenous, | don't
know i f many of the human popul ati on where the inbreeding
is conplete, where everyone has, of course, the sane
deletion in the Factor VIII gene, which have treated at
the sanme tinme and the same place and the sane conditions.

Now, the way we have chosen to try to circunmvent
at | east sone of those difficulties is to say, well, it
is al nost inpossible to take a nmouse nodel and
extrapol ate everything up to the human situation. So why
don't we try to go back to the nouse and only to the
mouse? Why don't we try to use an henophilia-A nouse,
inject it the normal way with nmouse urine, with murine

reconmbi nant Factor VIII, just to avoid differences

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

bet ween the two npol ecul es which we do not understand, to
be honest.

As | said, the best thing about aninmal nodels is
the capacity to follow the i nmune response not only in
vitro but in vivo too at the clonal level. So we have
opted to work on the transgenic nmouse nodel. But, of
course, if you now bonbard the genone of a nouse with a
few of those receptors coding for the BCR or TCR agai nst
Factor VIII, and insert them at randominto the genone,
you will end up with sonmething which m ght not be very
i nteresting.

So, what we do is a target replacenent, what we
call a knock-in system where you integrate the receptor
you are interested in at the right place in the genone.
The idea is that, by doing so, it should be anenable to
all the physiological nodul ations |ater on.

So the useful ness of such a nodel, which is
ongoing now, is to allow a clonal analysis of the anti-
Factor VIII1 immuune response not only in vitro and in vivo
but also to take the cells, separate the cells in vitro,

and reconstitute all the mce with this, just to put
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t hose transgenic cells into a nore normal physi ol ogi cal
envi ronment .

It should be useful for evaluating treatnent
strategies. It should be useful, too, to evaluate nore
so-cal l ed physi ol ogical conditions |ike inflanmation,
sub- QT injections and so on.

Now, | have to give sone kind of concl usion
about what | think we should do. | think, with the tools
we have now, and this is probably provocative, we should
take the pain of conparing the imunogenicity of Factor
VI1l preparation in the Factor VIII knockout m ce we have
now. We should evaluate the | evel of specific
anti bodies, level in inhibitors, but also run a kind of
epi t ope mappi ng.

You know, | am pretty convinced that, if we | ook
carefully, it m ght be possible to have a kind of a
footprint, each product having a specific pattern of
anti bodi es recogni zing different regions.

The B-cell epitope mapping is now sonething
which is routinely used. W use, on a routine basis,

about 55 different fragnents of Factor VIII and we can,
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using this technique, identify al nost any possi ble B-cel
repertoire on the Factor VIII nol ecul e.

The technique is sinple. Fromthe DNA of Factor
VI1l, we made a vector. This is transcripted in the
system contai ning ribosones fromrabbit reticul ocyte
| ysate. So everything is there in terns of amno acid to
make small bits of peptides except one marker which is
met hi oni ne whi ch is radi ol abel ed.

Now, if you have your antibody, you can mx it
with a solid phase in which you have protein A or protein
G the mxture is then incubated with the pol ypepti de of
interest, one out of the 50 we are now currently using.
You have a kind of conplex bond which can be precipitated
and you just can do radioactivity on it or you can
di sassoci ate the peptide and | ook for the real signs of
t he peptide you have been precipitating.

That is very handy. It takes |less than one day
to run the assay and, with the well-skilled technician,
you can run about 50 assays a week.

| should skip on this because the previous
speaker already said that. Just if we wish to nake a

prospective trial in PTPs, as | was asked to speak about
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this, I would certainly not restrict nyself to assess the
| evel of inhibitor antibody. | would also |Iook for not
only the titer, all the antibodi es agai nst Factor VIII

| would also try to make the picture nore clear about the
capacity of those antibodies to interfere with
physi ol ogi cal partners |ike von WIlIlebrand factor and
phosphol i pids and | would run an epitope mapping in a
systemati c way.

| can tell you that we have now data on the
intron-22 inversion where it seenms that, indeed, the
mappi ng--this is comng from human bei ngs--the mappi ng of
epi topes made by--antibodi es nade by those patients, seem
to energe as a clear picture.

Last, but certainly not |east, what we should do
at the T-1ynphocyte level. | have no tinme to speak about
this but this is going to be crucial in the comng five
years.

Thank you so mnuch.

(Appl ause.)

DR. LOZIER: Again, we have tinme for questions,
per haps one or two. Go ahead and activate your

m crophone.
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AUDIENCE: | was a bit intrigued about the mce
experinments that you did where you add von Wl |l ebrand's
factor and you saw a reduced, | guess, immunogenicity of
the Factor VIII products. | was just wondering how that
was done. Was the von W I | ebrand-contai ning product
m xed with the Factor VIII prior to being adm nistered to
these mce, or was it a sequential thing where--

DR. SAI NT- REMY: We did both.

AUDI ENCE:  You did both. And the results were
the same. | guess one of the questions is, as a result,
can we get any information fromthat in terns of how nuch
endogenous von Wl lebrand's factor in a factor and is
there a correlation between that and inhibitor risk, and
what about giving DDAVP to these m ce who presumably do
have von Wl lebrand's factor in them and you can
certainly al nost duplicate what you did just by
i ncreasing their endogenous von W || ebrand' s factor.

DR. SAI NT-REMY: To answer the first part of
your question, the answer is no. W have absolutely no
clue through such experinents to give you an answer to

this.
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About the DDAVP, this is another story. W are
wor ki ng quite hard on DDAVP and we have reached
surprising findings; basically, that is to say that the
prediction of von WIllebrand's factor and Factor VIII
m ght be conpletely dissociated under certain
ci rcunst ances and maybe Factor VIII is not only produced
fromthe hepatocyte as many peopl e do think.

We have a system-| cannot speak about it too
| ong--is about the fact that we just perfuse human | ungs
with a system containing or not DDAVP and it is possible
to produce Factor VIII in this system

DR. LOZIER: Could you identify yourself and
give your affiliation for the transcript.

AUDI ENCE:  ©Oh; I'msorry. Manuel Carcao from
the Hospital for Sick Children in Toronto.

DR. LOZIER: | think we can take Dr. Aledort's
guesti on.

DR. ALEDORT: On the sanme vein, do you think it
may have sonet hing--the von W1l ebrand' s factor presence
may have sonething to do with your assay of inhibitor
function because of the inhibition of inhibition of

catalytic activity that you have also shown in the
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presence of nore von Wl lebrand's factor, that it is |ess
i mmunogeni c but that the ability to measure it my be
al tered?

DR. SAI NT-REMY: That is a pretty good point. |
think we al ready discussed this. In this system we
check for the presence of catalytic antibodies but it was
not possible to detect it, of course, at the polycl onal
| evel .

DR. LOZIER: There is just one question here,
pl ease.

DR. BERGEDRI VER: Bergedriver, Baxter. | think
we have discussed the [imtations of these results with
von Wl lebrand's factor in mce for quite some detail in
the past. M question is what do you think you see

effects of von WIllebrand's factor with one reconbi nant

Factor VII1 product but not with the other reconbi nant
Factor VIII product? Have you got any explanation for
that. |If that would be a nore sort of general feature of

von Wl lebrand's factor, you should see a reduction in
bot h reconbi nant Factor VIII products that you used for

your studies.
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DR. SAI NT- REMY: You are perfectly right. But,
| mean, these are experinmental data. That is all | can
say. We were really surprised to see those data and we
t hought it m ght be interesting enough just to try to
publish them But | have no explanation. O course, you
and me, we have about fifteen different hypotheses to
explain this, but--

DR. LOZIER: | think we need to nove on to our
next speaker, in the interest of staying on schedul e.

Dr. Sanj Raut of the Division of Hematol ogy at
the National Institute for Biological Standards and
Controls at Hertfordshire in the UK wll give us a talk
on the regul atory aspects of the Factor VIII inhibitor
assay.

Thank you.

Regul at ory Aspects of Factor VIII [Inhibitor Assay

DR. RAUT: | would just like to thank Dr.

Wei nstein, Dr. Lozier and colleagues for inviting me to
give ny talk today. In ny talk, I will be concentrating
on issues related to the standardi zation of Factor VIII
i nhi bitor assays and, in particular, | will be show ng

you sonme a nunber of collaborative studies that have
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addressed the issues of the difficulties in nmeasurenment
of Factor VIII inhibitor.

One of the early studies that actually
specifically addressed these difficulties was a study
carried about by Austen and col | eague who published their
data in Thronmbosis Henostasis 1982. In this study, they
essentially conpared two inhibitor assays, the standard
Bet hesda and the New Oxford nethods.

In the study, they had eight plasm from
inhibited patients. Seven of it were from henophiliacs
and one was from a patient who devel oped spont aneous
anti body to Factor VIIlI. These sanples were distributed
to el even | aboratories and these participants were asked
to carry out both the New Oxford and the Bethesda assays
on these sanpl es.

So here is a table just show ng you, perhaps
alarmngly, the large interlab variability we see when
usi ng both nmethods. You can see that, for the Bethesda,
we see CVs between 38 and 78 percent conpared to a range
of 47 to 128 percent for the New Oxford nethod.
| ncidentally, the spontaneous antibody sanple 4, again we

see a relatively large CV there and for sanple 7, which

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

was, in fact a sanmple with a low inhibitor titer--and
haven't got the slide here, but, essentially the Bethesda
assay, the majority of the | abs showed sonme sort of
detection when it came to sensitivity whereas the New
Oxford nethod couldn't find any anti body at all. The

maj ority of the labs couldn't find any anti bodi es.

So this study also | ooked at interlab
variability. W can see that, again, although it is
relatively large, 37 and 65 for the two nethods, they
were, in fact, much | ower than the previous interlab
variabilities.

Anot her study here which | ooked at the
difficulties neasuring the Factor VIII inhibitors. It
was a study carried out in 2001, in fact, by Eric Preston
and Tim Whods. This was a study, it is a UK-NEQAS study,
whi ch | ooked at essentially the Bethesda assays across a
nunber of |aboratories. |In fact, 60 U K |abs were
i nvol ved and 18 international | abs.

The sanples that they included in the study,
first of all, two sanples, was the 110 sanple which is
essentially a plasma froma henophilic patient with

i nhi bitor which also, incidently, cross-reacted with
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porcine Factor VIII. Now, this sanple was HCV-positive
and was essentially only sent out to the UK
| aboratori es.

The second sanple, the 110A, was a plasm from a
patient with an acquired inhibitor and this was sent out
to both the international and the U K. | aboratories.
Participants were asked to carry out a single assay on
each sanple, primarily by the Bethesda assay.

They were al so asked to declare the sort of
local Iimt of detection of these assays and they
obtained quite a varied response. But, in general, the
maj ority of the | abs showed that the lowest limt of
detecti on was around 0.5 Bethesda units.

So, | ooking at the actual human Factor VIII:C
i nhi bitor assay, let's concentrate first primarily on the
CVs. Again, we see a relatively large interlab
variability. W see these around 47. The sane sanple
was assayed in a porcine inhibitor assay. They obtai ned
a slightly large CV of around 60, 60.5, percent.

On the second sanple, 110A was assessed. This

was the acquired inhibitor. Once again, we see |arge,
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relatively large, CVs for both the international and the
U. K labs varying from 68 to 86 percent.

Now I am going to tal k about a study that was
carried out at NRBSC which is a NIBS wet workshop. This
was a controlled study to conpare the Bethesda assay
where a nunber of participants, 16 U K labs, in fact,
where invited. This is an unpublished study in which a
nunber of henophilic plasm sanples were included which
had i nhibitors and al so plasma sanpl es which didn't have
i nhi bitors.

Now, these participants actually canme with their
own reagents and materials sufficient enough to carry out
their own nornmal assay. The only thing that was provided
was coagul ati on machi nes, coagul oneters. Each
participants were asked to carry out replica assays
repeatedly over a three-day period in eight different
sessions with different conditions.

The findings of the study are shown here.
Essentially, the plasma sanpl es w thout inhibitor were
assessed. We obtained between 15 to 26 percent CVs which

is the kind of range we woul d expect. However, when an
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i nhi bitor was present, the CVs junped to between 53 to 80
percent .

Now, in the red, we have here, is a figure, 20
to 30 percent, which represents the sanme assay when
repeated relatively to a reference standard.

Movi ng on, when the inhibitor sanples were
assessed, when an incubation state was standardized- -
i.e., for all the | abs--one, group, actually, assessed
the incubation state--the Cvs actually dropped down to 33
to 43 percent. Once again, the presence of a standard,
this dropped even further, between 13 to 34 percent.

When the sane assays were repeated with both the
i ncubati on and Factor VIII assay, stage standardi zed--
i.e., essentially the one-stage assay--the CVs dropped
further, between 14 to 20 percent, this relative to the
standard, came down even further to between 6 to 29
percent .

We al so | ooked at the intraoperator or interlab
CV conpared to the interlab CV and this, once again,
appeared to be much smaller than the interlab CV.

After these studies, it was decided by the

| STHSSC Factor VIII/Factor | X Subcommttee that we shoul d
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carry out a coll aborative study in the hope to possibly
st andardi ze Factor VIII inhibitor assay and, in
particular, to develop a reference standard which may be
useful in these assays.

This study was carried out in collaboration with
Dr. Steve Kitchen at Royal Hal anmshire Hospital. In this
study, we had two sanpl es containing human anti - Fact or
VI11 nmonocl onals, both Type 1 and Type 2, and one sanple
containing a rabbit antipolycl onal These were assayed
in a multicenter study, 15 centers involved. 17 sets of
data were collected using the | ocal Bethesda nethod, sone
5 percent of which were the Nijnmegen nodification, and
variability of inhibitor assays were assessed.

We asked the question, could any of these
reference materials assist in the standardi zation of this
drug. Looking at the patient sanples, once again, we
obtained a relatively large interlab CV varying from 33
to 52 percent. For the individual reference standards,
again, we obtained relatively |arge CVs when neasuring
t he Bet hesdas varying from 26 to 30 percent.

I nteresting, we also | ooked at the difference

bet ween one stage in chronogenic assays. Here we see
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Bet hesda titers right across the board with the patient
sanples on the reference preparations and we see that,
generally, the chronpgenic assays gave nuch | ower

Bet hesda titers conpared to the one-stage assays. This
was significant for the patient 1, 3 and the rabbit

pol ycl onal anti body.

Two points here, really. First of all, the
chronmogeni ¢ assay, you could speculate that it may have
sonething to do with the larger dilution that has been
used. Also, the one-stage assay tends to have, or can
have, a |longer |lag phase in the dilution perhaps with a
shorter incubation tinme and this could, then, perhaps,
create a |large Bethesda titer.

Secondl y, across here, we see patient 1, 2, 3
and their other polyclonal antibodies are intact,
polyclonal in nature, and it may not be surprising to see

that they behave quite simlarly.

This is just illustrating using stacking
history. | amillustrating the effect of a particul ar
standard. Here we have, first of all, in the top slide,

we see the variability of inhibitor 1 without any

standards in the presence of, in this case, the
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pol ycl onal anti body reference standard. W do see a
better agreenent.

This can be seen in a sort of correlation graph.
Here, once again, we are |looking at inhibitor 1 patient
relative to the polyclonal antibody and we see you get a
very good correlation in all the different types of
assays used.

So the relationship in terns of correlation
coefficients; really, we obtained a significant
correlation primarily with the polyclonal antibody. W
did get sone correlation for patient 1 using one of the
human nonocl onal s but, primarily, it was the polyclonal.
That seened to have good correlation with these inhibitor
sanpl es.

So, now | ooking at a table show ng, first of
all, the effects on Cvs. Wthout a standard, we see that
the CVs are generally large for the three patient sanples
and, when we | ook at the CVs relative to the standards,
we do see a drop in CVs. But the best drop is primarily
with the rabbit polyclonal antibody and dropping down to

bet ween 26 and 33 percent.

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

The conclusion really here is the high interlab
variability that we see is expected conpared across the
previ ous studies. The high interlab variabilities are
actually much greater than normal Factor VIII assays. W
do see sone inprovenent in CVs between centers using
standards reference particularly for the rabbit
pol ycl onal

So the next step really is, perhaps, to | ook at
a |l arge-scal e production of one of these materials as a
possi bl e standard with a full multi-assay, multicenter-
study assay. If we were to carry out, it would be nice
to find what sort of |evel we should put into these
st andards which may be useful.

Possi bl e advantages of a reference preparation
woul d be, obviously, to reduce interlab Cvs. It may also
be useful to have QC material for |labs for clinical
studi es and also as a conmon sanple in evaluating a
nunmber of new net hodol ogies that are currently being
devel oped.

So the proposal is to seek out feedback from
partici pants and the henophiliac community in general

bef ore enmbarking on this study.
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Before | finish, I would just like to raise a
nunber of points which I think we should consider. W
know that there is a high interlab variability and this
is directly due to the presence of inhibitor. W know
that the intralab CVs are better than interlab CVs by a
physician within a lab but it is difficult to get an
agreenent between |ab and better CVs are obtained with
standard; hence, the need for a standard.

Ot her points to consider. There is a m stake
here. The chronpgenic--Bethesda titers obtained using
chronpgeni ¢ assays are relatively better, snmaller,
conpared to one stage. And this may be due to a plasma-
matri x dilution effect due to the chronpgeni c assay,
itself. We may need to | ook at nodifying the actual
assessnment of the residual Factor VIII activity.

This could be, for exanple, |ooking at high
dilution stage in a one-stage assay, for exanple, and,
al so, perhaps, we could | ook at the reduced or
standardi zing the actual incubation time of these assays.

Sane points tine for a different Factor VIII
assay to conplete and to vary and this will affect

inhibitor tine to neutralize Factor VIII. Final ly,
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shoul d we consi der standardi zing the different stages of
t he individual assays; for exanple, the incubation stage
such as the antibody dilution step which is critical and,
per haps, we should | ook at Factor VIII assay stages,
itself.

These points are difficult for |abs to agree on
but they may serve as useful guidelines.

| would just to finish. | would |ike to thank
Drs. Jorgen Ingerslev and Marc Jacquem n for providing
anti bodi es and the various participants, the various
| abs, that took part in these studies. Thank you.

(Appl ause.)

DR. LOZIER: W have time for a few questions.
Once again, activate your m crophone and pl ease identify
yourself and give your affiliation.

DR. KEY: Nigel Key fromthe University of
M nnesota. These anti bodies, do they have Type 1 or Type
2 kinetics and, if so, are they al so standard--have you
| ooked for the acquired antibody patients or mld
i nhibitor patients with antibodi es?

DR. RAUT: The two nonocl onals that we used as

the reference standard, one was Type 1. The other was
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Type 2. But we haven't specifically | ooked at the
anti bodi es, the spontaneous or the quiet inhibitor
exanpl es using this specifically.

DR. LOZI ER: Any ot her questions?

DR. LAWLER: Pete Law er, Enory University. The
Bet hesda assay is defined as the dilution of manam de
t hat produces 50 percent inhibition. |In practice, when
you | ook at the original paper that described the assay,
there is a line that is drawn between 25 and 75 percent
inhibition for which there is no experinental basis for
t he sl ope of that I|ine.

In practice, when you talk to technicians about
how t hey define that 50 percent |evel, you get a variety
of different answers because it is frequently just |eft
up to the technician and there are no standardi zed
protocols by which that 50 percent inhibition is found.

I n our experience, we experinmentally tried to
find that point by doing a series of dilutions and then
doing a regression to find that value and find that there
is a fair ampunt of scatter associated with it, nuch

hi gher than the precision of the assay.
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I n your studies, how do you actually--or have
you proposed to try to nore rigorously define the 50
percent inhibition points to try to decrease interlab
vari ation?

DR. RAUT: | think these are the points we are
going to address in the next study which I forgot to
mention. But essentially, you are right in what you are
saying. Different |abs effectively do different things
when it conmes down to the actual inhibitor assay. The
stage you are tal king about, the | evel between the 25 and
75 percent, they do tend to vary considerably.

These assays are carried out as one-point assays
because primarily they are clinical |abs and they are
goi ng through a huge nunmber of assays. |In a research
| ab, you al ways do varying degrees of dilution steps. to
find your exact 50 percent level. So, yes; we would |ike
to address this point in the next study w thout being too
prescriptive. This kind of thing we could discuss with
the Factor VIIlI-Factor | X Subcomm ttee when it cones down
to actual putting together the protocol.

DR. LAWLER: | would also like to make a

coment. | think, in principle, using a rabbit
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pol ycl onal standard is not a good idea because you are
going to create an apples and oranges conpari son because
of the fact that there is a | ot of heterogeneity anong
human sanples in terns of what epitopes are being
recogni zed and it is not really possible to define a
reference standard for an inhibitory antibody, in ny
opi nion, because of the polyclonal and heterogeneous
functional properties of the different antibodies that we
are |l ooking at clinically.

DR. RAUT: You are probably right there.
think we are limted as to what we could use as a
standard. It would be very, practically, inpossible to
get human plasmas as a reference standard at this |evel.
So, realistically, do you propose nonocl onal s? W have
access to both polyclonals and nonoclonals. This, again,
is sonething we could discuss before proceeding with the
pr ot ocol .

DR. LOZIER: Do we have one nore question? Dr.
Kessl er ?

DR. KESSLER: From a practical standpoint, on
all of the assays that you performed on the specinens,

was there any difficulty in determning the difference
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between a high-titer inhibitor and a lowtiter inhibitor
or are you just talking about |aboratory precision on
your assay?

DR. RAUT: In our particular study, the | ast
study, we were |looking at the interlab variability and
the precision within the | ab should have been addressed
but wasn't, which we would hope to do that for the next
study. But, really, we are trying to conpare the
precision with the agreenents between | abs for these
assays.

DR. LOZI ER: Thanks very nuch.

DR. RAUT: Okay.

DR. LOZIER: We will nove on to our next
speaker, Dr. Bert Verbruggen of Nijnegen, the
Net her| ands, who has worked for nmany years on
modi fi cations of the Bethesda assay that people used to
assay the Factor VIII inhibitors. H's nodifications to
t he Bet hesda assay have been known commonly as the
Ni j megen nodi fications and we are pleased to have him
present his talk on innovations in the Factor VIII
i nhi bitor assay.

| nnovations in the Factor VIII Inhibitor Assay

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

DR. VERBRUGGEN: Thank you, Jay.

First of all, | want to thank the organi zers for
inviting ne to give this lecture here. | amagoing to
tal k about the specificity, accuracy, precision and
interlab variation and sensitivity. | amgoing to limt
mysel f to the Bethesda-based nethods.

Concerni ng specificity, we have done sone
research on the normal pool plasma and the control
sanple. It is imdazole buffer in the classical Bethesda
assay. Concerning the sensitivity, we have done sone
work on the patient for treatnment of patient plasma and a
m x of patient plasma and normal pool plasma. Concerning
t he accuracy, | show you sone results on the study that
we have done on Factor VIII activity assays, especially
on the use Factor VIII deficient plasm and al so the use
of Factor VIII deficient plasm and the N jnegen
nodi fi cati on.

Specificity is the ability to obtain nornal
results in a normal situation. W have nodified the
cl assi cal Bethesda assay in two ways. We have changed
the control sanple and we have proposed to use Factor

VIIl deficient plasm instead of im dazole buffer to be
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sure that the protein content and the control m xture and
the test mi xture are equivalent and we have buffered the
normal pool plasma at pH 7 to obtain a stable pH and a
stable Factor VIII activity.

The nodification has a better specificity.
Allen Gles has done sone research on it. | think in
this afternoon's session, there will be nore about this
research. He found that in 887 sanples of the sane
nunber of patients an increase in data of zero Nijnegen
Bet hesda units conpared to the classical Bethesda units,
an increase of 32 patients with an inhibitor activity of
zero. O course, he found a decrease in the nunber of
sanples with an inhibitor activity in the grey zone
bet ween zero and 0.5 Bethesda units and in the nunber of
patients with higher Bethesda units.

So these data are not, per se, an indication for
a better specificity because they should be correlated to
a golden standard. But, at least, it is an indication
that the Nijnmegen Bethesda assay is nore specific.
Currently, in our |aboratory, we are trying to correlate
both the classical Bethesda assay and the Nijnegen assay

to a gold standard |ike the kinetic neasurenents.
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Concerning the specificity, these are our data
of the last year. W analyzed 79 patient sanples. Sone
of the sanples were fromthe sanme patient but, in the
| ast year, we analyzed 79 patient sanmples for Factor VIII
inhibitor activity and we found 74, less than 0.2
Bet hesda units and Nij negen--but, of course, we analyzed
it with the Nijmegen Bet hesda assay--we found 74 sanpl es
with less than 0.2 Nijnmegen Bethesda units and we found
five sanples with an increased inhibitor activity. Two
sanples were froma patient with a |upus anticoagul ant.
One sanple was froma patient with a history of inhibitor
at the end of his eventual onset of therapy.

And there were two sanples of one patient with
an inhibitor titer of about 0.4 Nijnegen-Bethesda units.
This patient did not have--these were recent data. This
pati ent does not have clinical signs of the presence of
an inhibitor and currently we are doing sonme kinetic
experinments. So we are not sure whether this patient
has, indeed, a Factor VIII inhibitor.

So our conclusions with respect to the
specificity is that we figured fal se-positive inhibitor

results have been elimnated in the N jnegen-Bethesda
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assay by buffering the normal pool plasma and by
replacing the imdazole buffer by Factor VIII deficient
pl asma.

Accuracy; accuracy is a neasure of agreenent
bet ween the estimates of a value and a true val ue.
think there at |east two inportant theoretical itens;
that is, that the Factor VIII activity in normal pool
plasma that is used as a Factor VIII source in the
i ncubation m xture may have sone influence on the
accuracy; that means when you have normal pool plasm
with varying Factor VIII activity, this also causes
variations in the accuracy and al so, of course, the
variations in the Factor VIII:C activity assays will have
an influence on the accuracy. But Dr. Raut has al so
showed you a | ot of data on it.

We have done sone research on the influence of

the Factor VIII deficient plasmas that are used in the
Factor VIII activity drug is used as substrate plasma in
the Factor VIII deficient plasma that are used as a

control sanple.
These are the results. W nmeasured sone four or

five different sanples. These are the results of one
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typi cal sanple. W analyzed this sanple with all types

of--with the four types of Factor VIII deficient plasm,
a substrate plasma and a Factor VIII activity assay and
with the same sanples of the same Factor VIII deficient

pl asma as control sanples in the m xture.

We saw that the highest inhibitor titers were in
sanples with control when we used chem cal depl eted
plasma as a control sanple and other deficient plasm as
substrate plasma in the activity assay. The reason for
these high titers was the presence of activated Factor V
in the chem cal depleted plasm.

The | owest data we received with the i nmuno-
depl eted plasnma and especially with one type of the
i mmuno-depl eted plasma with a very |ow, or the absence,
of von Wllebrand's factor in this Factor VIII deficient
plasma. I n fact, internediate data we received with an
al nost honpbgenous systemw th the chem cal depleted
pl asma so can be depleted plasm used in the Factor VIII
activity assay and used as control in the m xing studies
and also, but a little bit higher, with congenital
deficient plasma, in the honbgeneous system with

congenital deficient plasm.

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

| think that the conclusion is that the accuracy
of the Nijnmegen-Bethesda assay is influenced by the type
of Factor VIII deficient plasma. O course, it is
i nportant before you can define the accuracy, you need a
standard. Until now, there is no standard but Dr. Raut
al so has tal ked about that in the last talk so | won't go
further on it.

| nterl aboratory variation; | shall spend only a
few words on it because Dr. Raut has shown these results
al ready. But our conclusion is that there was, in the
survey of Dr. Raut and Steven Kitchen, no difference in
the interlaboratory CV between the N jnmegen assay and the
Bet hesda assay. So the Nijnegen nodification does not
influence the interl aboratory variation.

Sensitivity; the sensitivity is the ability to
detect an abnormal situation. So when you use a gol den
standard whi ch says whether an inhibitor is present or
not, and you use a test to assay this inhibitor with a
certain cutoff value, the sensitivity is defined as the
nunmber of true positives divided by the nunmber of--sorry;

t he nunmber of positives with the gol den standard and
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inhibitor test divided by the total nunber of true
positives.

But do we have a gol den standard? Secondly, can
we define a clear cutoff point in order to decide which
test is positive and which is negative. | think the
answer to both questions is no. | think the answer is no
because Factor VIII kinetics after replacenent and
bl eedi ng status are gol den standards. But | think they
are not 18 carat.

The cutoff value for the N jnmegen-Bet hesda assay
inthe literature is 0.4 units per m. However, this is
not evidence based and it is only slightly better than in
t he cl assical Bethesda assay.

The sensitivity of an inhibitor assay depends on
the ability to detect small changes in Factor VIII:C
activity in the test mxture. But normally the
coagul ati on assays only have limted precision to detect
smal | differences in Factor VIII activity.

So, we tried to inprove the sensitivity of the
i nhi bitor assays and we | ooked at the patient plasma and
at this mx of patient plasma and normal plasma. W

devel oped a test which we called the Nijmegen lowtiter
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i nhibitor assay. In short, in the test, the plasm of
the patient and the control are concentrated by selective
protein filtration by a centrifuge techni que and the
concentrate rate is about four times. |t depends on the
filter you use.

The inhibitor type is neasured in the m xture
with normal pool plasma that is stabilized at a pH of 7.4
inalto 3 ratio, so three parts concentrate patient
pl asma and one part normal pool plasma. Any residual
Factor VIIIl in the patient plasma which is disturbing
this test is renoved, destroyed, by incubation w th EDTA.

We have got these results. When we spiked a
normal hernophilic plasma with an antibody to inhibit to
Factor VIII to a concentration of about 0.2 Bethesda
units per m, and we nmeasured with the normal Nijmegen
modi fication the inhibitor activity. Then we get a
correl ati on between the spike concentration and the
measured concentration that is not significant. So this
met hod is not able to detect these |ow inhibitor
activities.

VWhen we anal yzed the sanme sanples with the | ow

titer assay, and here are the inhibitor activities. W
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express it as a lowtiter inhibitor unit. Then we see a
hi ghly significant correlation between the spike
concentrations and the measured concentration. Qur
conclusion is that, with the lowtiter inhibitor assay,
the detection limt is increased about 10 to 15 tinmes so
it is 10 to 15 tines lower than in the normal Nijnegen-
Bet hesda assay.

But should low titers be of concern, the
i mportant question. W are only a small henophili a-
treating center and we have about 35 severe henophiliacs
in our center. At this nonent, we only have two patients
with an inhibitor, a | ow inhibitor.

| show you sonme results with these two patients.
Patient 1 is a man born in '72 with severe henophili a.
Von W1l ebrand's factor is 40 percent or 0.4 per units
per ml and genotype is an inversion intron 1. Because of
his Factor VIII inhibitor--he is a |ong-standi ng Factor
VI1l inhibitor that started already in 1983. But, after
all these years, the inhibitor titer becane zero about
three years ago and remai ned zero over the last three

years.
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But there were sonme clinical problems with this

patient. The patient needed nore Factor VIII concentrate
than could be expected and the patient has still, unless
inhibitor activity was zero, still had a severe bl eeding

tendency so we performed a kinetic of Factor VIII
concentrate and of Factor VIIlI von WII|ebrand s factor
concentrate and we found that the half-life of Factor
VIIl in this patient was extrenely low, 2.9 hours where
t he normal range was between 8 and 12 hours. The sane
was, in a |lesser extent, true for the Factor VIII von
W I | ebrand' s concentrate.

Case 2 is a man born in 1942 also with severe
hemophilia, with a normal von Wl lebrand's factor and the
genotype inversion intron 22. This was a fast-grow ng
inhibitor. It was a |low response with the highest
activity of about 2.1 and also this patient returned to
activity of zero about two years ago and al so remai ned
zero until now, with the normal Nijnegen-Bethesda assay.

But also this patient has much higher need for
Factor VIII than could be expected in a patient with a
chance of an inhibitor. Also, these patients suffered

from abnormal bl eeding tendency. The inhibitor titer was
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zero. We also perforned a half-life, a kinetic
measurenent, and we found the half-life of 4.1 hours. It
is also very nmuch decreased.

The clinical presentation in both patients
suggest the presence of inhibitor because of the unusual
bl eedi ng tendency and because of the fast di sappearance
of the Factor VIII. But the N jnmegen-Bethesda assay was
negati ve.

So we performed the low titer assay on a nunber
of sanples which we had in stock of these patients. At
the time that we perfornmed the kinetic studies when the
inhibitor titer with the Nijnmegen-Bethesda was zero, we
found an increased inhibitor titer with the lowtiter
assay. This sanple we had in stock and we found a very
high inhibitor titer. These are not Nijnegen-Bethesda
units but these are some other units. W have to define
it further. At this monent, these are the
| atest data which | got fromthe | aboratory the day
before yesterday. Still, this patient has an
undetectabl e inhibitor with the Nijnmegen-Bet hesda but
still these patients have an increased inhibitor activity

with the low titer assay and, noreover, this patient
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still has a big need for Factor VIII and still suffers
from abnor mal bl eedi ngs.

Case 2, this patient reached the maxi num | evel
of 3.2 Nijnmegen-Bethesda units and then the inhibitor
rapidly decreased to zero. At this point, we perforned
the kinetic of Factor VIII and, at this point, we also
anal yzed the low titer inhibitor assay and found 1.2 | ow
titer units.

At this nmonent, the patient has both with the
Ni j megen- Bet hesda assay and with the low titer assay,
zero activity of inhibitor. At this nmonent, this patient
doesn't have any abnormal bl eeding and we are perform ng
at this nonment again the Factor VIII kinetics. But this
pati ent does not need any nore than normal Factor VIII.

So, again, the question should lowtiters be of
concern. | think maybe yes. Low titers of Factor VIII:C
i nhibitors may be of clinical relevance but we only have
two patients. So | think we have to cooperate with other
big centers to get nore insight in this problemand I
think nore data have to be gathered to get nore evidence
about this problem

These are ny coworkers. Thank you very much.
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(Appl ause.)

DR. LOZIER: We have sonme tine for sone
guestions. Please activate your m crophone or go to the
stand-up m ke and identify yourself. | see Dr. Aledort.

DR. ALEDORT: Dr. Aledort, New York. Just a
guestion. When the low titer was 7.0, what was the
nor mal Bethesda unit w thout the Nijmegen?

DR. VERBRUGGEN: So what you are asking for is
t he normal - -

DR. ALEDORT: The regul ar Bet hesda unit without
the Ninmegen addition. When you were at 7.2 at the tine
you had a | ow Ni negen.

DR. VERBRUGGEN: Yes. At that tine, | think the
Ni j mnegen- Bet hesda assay was 0.4. And so we think our
experience is that the low titer assay is about 15 tinmes
more sensitive than the Nijnmegen-Bethesda. So there is a
good correl ati on between the Nijnmegen-Bethesda and the
low titer assay at that noment.

DR. ALEDORT: But what about the normal Bethesda
unit w thout the Nimegen part.

DR. VERBRUGGEN: Oh; okay. |[|I'msorry; we did

not performthat.
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DR. LOZIER: Dr. Lusher?

DR. LUSHER: Jeanne Lusher, Detroit. | have two
guestions. One is when would you do the original N negen
assay in assaying patients? | nean, at what |evel of
Bet hesda unit would you do that? Second, with this | ow
titer Nimegen assay which your results | ook very
fascinating, currently all of the trials, clinical trials
wi th new products, use a cutoff as part of the
i nclusion/exclusion criterion, a cutoff of 0.6 standard
Bet hesda units.

May we, by using that 0.6 standard Bet hesda unit
be m ssing people who really do have a tendency to form
i nhi bitors because we are not doing this Low Titer
Ni megen assay as an inclusion/exclusion criterion?

DR. VERBRUGGEN: Yes. W have only little
experience. W only had two patients. | think it is too
early to draw conclusions. But | think it should be
possi ble that we are m ssing--we are also m ssing these
two patients with our normal Nijnegen-Bet hesda assay.

DR. LUSHER: But, just in the general population
when you find--the henophilia popul ati on when you are

assaying for an inhibitor, when should we use the Ni negen
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versus a standard? | nmean, just the ones below 5
Bet hesda units or everybody? What woul d you suggest?

DR. VERBRUGGEN: | should say always. But I
think that the classical Bethesda assay has sone
limtations regarding the standardi zati on. The Nijnegen-
Bet hesda assay is nore standardized. So | think, if you
have the chance to choose between a good standardized
met hod or a | ess standardi zed nethod, | think you should
use the good standardi zed net hod.

| think we are able, we are nore able, to define
a good cutoff point with the Nijnmegen-Bethesda assay
conpared to the classical Bethesda assay. But still
there is no good definition. Also, not in the N jmegen-
Bet hesda, say, of the cutoff.

DR. LOZIER: In the interest of tine, let's try
one nmore question. Keith Hoots has a question back
t here.

DR. HOOTS: Keith Hoots, Houston. There was
unusual PK on Case 2. | nean, you gave them 25 per kilo
and you junped all the way up to 80 percent. So the area
under the curve was kind of unusual to begin with. How

do you account for that?
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DR. VERBRUGGEN: Excuse me? | did not
under st and your questi on.

DR. HOOTS: In Case 2, your in vivo recovery was
80 percent, at |east according to the graph, after 25 per
kilo, which is extraordinarily high in vivo recovery.
Even though the half-life was short, the recovery was
hi gh, suggesting that this individual has unusual
phar macoki netics to begin with. Any explanation for
t hat ?

DR. VERBRUGGEN. No. | don't know. | don't
have an explanation. | think, with 25 units per
kilogram it is normal to get a top activity of about 80
percent and, in this patient, there was a rapid decrease
of Factor VIII activity because of the presence of an
i nhi bitor.

DR. LOZIER: Before we take a break, | want to
poi nt out that we have sonme speaker handouts for this
afternoon at the front and, in addition, we have a couple
of this norning' s speakers' handouts that are new and
i mpr oved. So let's take a 15-m nute break
and return for business just a little bit before 10: 45.

(Break.)
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DR. LOZIER: In the interest of tinme, | would
li ke to reconvene the workshop here after the break. W
wll be resuming with Dr. G lbert Wiite who is Professor
of Medicine at the University of North Carolina at Chapel
Hill. He has been, as you all know, a very prom nent
hemophil i a heal thcare provider for many, many years and a
researcher in bleeding disorders and very, very active in
the International Society for Thronbosis and Henost asi s.

He will now present a discussion of the |ISTH
rational e of recommendati ons for use of previously
treated patients in clinical trials.

| STH Rati onal e of Reconmendati ons
for Use in Previously Treated Patients
in Clinical Trials

DR. WHITE: | was sitting in the back before and
havi ng troubl e hearing so can everybody hear ne? | wll
try and stand close to the m ke here.

| think everybody knows that the stinulus for
the current products that we use in the treatnent of
hermophilia, the stinmulus for their devel opnment dates back

into the m d-1980s when various bl oodborne infections got
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into the blood supply and into the products that patients
with hermophilia were treated.

The first plasma concentrates were devel oped in
the late 1960s. Henophilia was recognized in the early
1970s but it was really the devel opment of AIDS in

patients with hemophilia that really was the stinulus to

t he devel opnment of new Factor VIII and Factor IX
concentrates. Wthin two or three years, Factor VIII was
cl oned. Monocl onal Factor VIII first was used clinically
a few years after that. Reconbinant Factor VIII was

introduced in 1987. Gene therapy foll owed and now we
have second and third-generation products.

It was, | guess, hoped and probably expected
t hat nmonocl onal -anti body purified plasm and reconbi nant
concentrates of Factor VIII would be free of those
bl oodborne infectious agents but, of course, in the
initial clinical trials, the challenge was to denonstrate
that. So | think the first trials, the clinical
eval uation, was carried out in two phases, a first phase
to denonstrate that the new products nade by new
technol ogi es were at | east therapeutically equivalent to

the old products, and then a second phase.
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That first phase was generally carried out in
previously treated patients as previ ous had been done,
but then there was second phase to denpbnstrate the viral
saf ety of the new products and those generally had to be
carried out in uninfected patients. So, often, there was
a phase | study in previously treated patients and then
the a phase Il study that was carried out in previously
uni nfected patients.

Those studies, | think, we are all famliar
with. One of the things that cane out of those initial
studies is that there appeared to be, at least in the
studies in uninfected patients, a fairly high preval ence
of inhibitors, much higher than we were used to seeing,
the usual 15 percent that we were all used to seeing as
clinicians. So, in the three initial
reconmbi nant Factor VIII studies, there were preval ences
that were up in the 30 percent range, nearly tw ce what
we were used to seeing. And so that raised questions in
a lot of people's mnds about these products and whet her
or not they had been imrunol ogically altered, perhaps
because they were nade in aninmal cells, perhaps because

they were purer than previous fornms of Factor VIII

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

So there was considerable concern in the
conmuni ty about i munogenicity and the enphasis of those
clinical trials really switched fromthere being
questions about viral safety to there being questions
about i nmunogenicity.

| think we now recognize, although there is
still sone debate about this--I think we now recognize
that this high preval ence of antibodies, one, did not
reflect true high response inhibitors, that it was both
| ow response, transient and high response inhibitors, and
that the preval ence of high response inhibitors in these
studies really was not greatly different from what we had
been used to seeing.

So the current thinking is that, at least in
part, this increased occurrence of inhibitors is due to
closer scrutiny of patients during these clinical trials.
We certainly were |ooking for inhibitors nmuch nore
cl osely than we had ever done before. | think, as a
result of that, we began to see, really for the first
time, what the natural history of inhibitors were. W
began to see that inhibitors formed transiently and then

go away, that sonme people do develop lowtiter inhibitors
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that stay lowtiter inhibitors and then the traditional
hi gh response inhibitors or high titer inhibitors that we
had seen back in the 50s and 60s and 70s.

That notion that, perhaps, these products were
not as immunologically altered as the PUP studi es nade us
first wonder was the study in previously treated patients
where the occurrence of inhibitors was very |ow, 2
percent, 3 percent, even 1 percent, often one or two
patients in the clinical trials.

So, with that in mnd, the idea devel oped that
previously treated patients who had had a hi gh nunmber of
exposure days to Factor VIII or Factor |IX had really
shown thensel ves to be tolerant to exogenous Factor VI
and Factor | X and, therefore, were considered to be at
low risk to devel op inhibitors.

A corollary of that, if you will, was that, if
one then used previously treated patients in these
studies to assess inmunogenicity that any increase in
i nhi bitor formation in previously treated patients would
be consistent with the product being neoantigenic.

Exanpl es of that that we will hear throughout

this meeting are the Bel gian and Dutch exanpl es of Factor
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VI11l concentrates that were sonmehow altered during their
manuf act ure and becanme neoanti geni c.

One of the critical aspects of this is the
nunmber of exposure days. This is the rate, or the
occurrence, of inhibitors versus exposure days that was
publ i shed by McM Il an fromthe Cooperative |nhibitor
Study a nunmber of years ago. You can see that, although,
as was previously nentioned, the rate of inhibitor
formation is highest down here in young individuals, that
i nhibitor formation continues with exposure days so that,
by 50 exposure days, maybe 75 to 80 percent of patients
who are going to develop an inhibitor will have done so
but 15 to 20 percent of patients who are going to devel op
an inhibitor will not have done so.

You really don't reach an asynptote with
100 percent until you get out here to close to 250 days.
So there are differences, | think, between studies that
are carried out with 150 exposure days as an eligibility
criteria versus 250 exposure days. Certainly, when one
gets down here to 50 exposure days as an eligibility

criteria, the nunmber of inhibitors that one m ght expect
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to see, even in a previously treated patient cohort, is
not an insignificant nunber.

So based on these, in 1999, the Factor VIII and
Factor | X Subcomm ttee of the SSC of the |STH deli berated
about this and came up with a recommendati on t hat
previ ously deliberated about this and cane up with a
recommendati on that previously treated patients with
greater than 250 exposure days should be used to assess
the i mmunogenicity of new products and previously
untreated patients, or new y--sonmebody rem nd ne what
NI Ps are--noninfected; that is what it is, not newy--and
noni nfected pati ent should not be used to assess
i munogenicity because, in all likelihood, their nunber
of exposure days will be so small that the risk of
i nhi bitor devel opnent woul d be increased.

| think that that has made sone sense. | think
t he FDA and European agenci es have recogni zed that and
t hat has beconme a standard. That is certainly the
rational e behind why we currently use PTPs to assess
i mmunogenicity. The only real point that |I would
make is that this nunber here is not a trivial nunber.

It is a nunber that has sonme experinental backing and is
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a number that needs to be |ooked at with great care when
one is designing clinical trials.

The Factor VIII and Factor | X Subconmmttee
| ater, in 2001, al so addressed, because of concerns about
di fferences between the definition of inhibitors and
concerns that that m ght nmuddy conpari sons between
studi es, also decided to make an official recomendation
about what was a high response and what was a | ow
response inhibitor, and those definitions are shown here.
A high response is greater than or equal to 5 Bethesda
units and a | ow response inhibitor is Iess than 5
Bet hesda units.

So nmy charge was to go over those
recommendations. | think that they are still valid
today. | think that previously treated patients are the
ri ght population to | ook at neoantigenicity of new
product and, as we go to new generations of Factor VIII
and Factor | X that are structurally altered in order to
make better nolecules, | think that this is going to
continue to be an issue that we need to be cogni zant of

and work on in our clinical trials.
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So |l will stop there, Jay, and if there is tine
for questions, | would be glad to answer questi ons.
(Appl ause.)

DR. LOZIER: We have a few m nutes for
guestions. Again, state your affiliation and activate
your m crophone. Dr. Aledort.

DR. ALEDORT: Al edort, New York. Do you have
any assessnent fromthe literature, which I think is
really very difficult to do, if you really | ooked at a
popul ati on of greater than 150 versus a popul ati on of
greater than 250, what increnental or |ikelihood of the
nunmber of inhibitors you mght find given 100 patients.

The ot her question is, unfortunately, all those
data do not, in any way, talk about the genetic
predi sposition to inhibitor in those previously treated
patients in ternms of how far out you go. | think you
woul d have to know a little bit nore about that to fee
sangui ne about the population that you are actually
st udyi ng.

DR. WHITE: | think your latter point is a good
point, Lou. Let ne answer your question first and then |

wll comment. The data was from McM || an. You know t he
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study. It was not a study--it was a prospective study,
certainly a valid trial at the time, but it was a m xture
of patients, PUPs and PTPs and so on. So I think that
data is a little bit tainted based on what we know today.

| f you actually |look at the curve, and there are
not many studi es that have | ooked prospectively at
i nhi bitor devel opnent as long as that study did. It was
about seven to ten-years study, as | recall. It
certainly was not a 25-year study, but it was a fairly
| ong study.

If you look at the curve, the difference between
150 and 250 exposure days in 100 patient woul d probably
be one or two patients, so very small. | think nmy real
point is that 50 is a nunber that has been used in sone
studies and | think that is a significant difference from
250 and 150.

As far as the genetic data, you know what |
beli eve about that. You know that | think that there are
a lot of answers in the genetics that Joan tal ked about
but I don't think we are at the point where we can
predict individuals yet. | think naybe we are not too

far fromit, but we are not there yet.
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| do think genetics will play a role in when a
person devel ops an inhibitor. | don't know that it w|l
be as sinple that nonsense nutations are going to devel op
in inhibitors if they are going to develop themin 50
days and del etion nutations are going to develop themin
five days. | don't think it will wash out to be that
si npl e.

But | think nmol ecul ar defect and ot her genetic
factors are going to play a role in when inhibitors
devel op upon exposure to Factor VIII, but | couldn't
predict as to how it would affect that.

DR. LOZIER: | think one other point about the
McM Il an study, as | recall, the criterion was 2 percent
as opposed to 1 percent for severe. So that is just
anot her factor.

Coul d we have one nobre question? Okay. Then,
at this point, we had expected to have three speakers
tal k about epidem ol ogy of Factor VIII inhibitors,
particularly fromthe U K , Canada and the U S
Unfortunately, Dr. Charlie Hay from Engl and was unable to
make due to a last-m nute enmergency so we will be

proceedi ng on here, when we have our slides, with Dr
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Carcao who will tal k about the Canadi an experience and
Dr. Evatt with the U S. experience.
Canadi an Experience with Factor VIII Inhibitors
During Conversion to Reconbi nant Products

DR. CARCAO. | would like to thank the sponsors
for inviting ne to present sone of our Canadi an
experience with inhibitors. | also want to thank Dr.
David Lillycrap who is here in the audience. You should
al so know that Dr. Lillycrap was actually invited to do
this talk but he graciously asked me to do it on his
behal f.

Part of the reason why | have been asked to do
this is that | amthe Chair of the Inhibitor Subcommttee
of the Association of Henophilia Clinic Directors. The
ot her nmenbers of the Association are shown there and, as
you can see, al phabetically, | amthe first on the |i st

and | think that is probably why they asked me to be the

Chai r.

Alittle bit about henophilia in Canada. Canada
is a country of about 30 mlIlion people so you can put
that into context in ternms of your own countries. In

Canada, there are 2,561 henophiliacs. This is as of July
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of this year. How accurate are those nunmbers? W
believe that they are probably close to 98 or 99 percent
accurate but we certainly can't claim 100 percent
accuracy.

Of those nunbers, 2063 of the patients are
henmophil i a- A patients and that represents 81 percent of
all hemophilia in Canada. 498, or 19 percent, are
henmophilia B patients. Virtually all of these patients
are followed and, hence, registered in 25 henophilia
treatment centers that are scattered throughout Canada.

I f you work out the nunbers, given that the
popul ation is about 30 mllion people, you will see that
t he preval ence of henophilia is about 1 in 5,740 mal es.

I n Canada, presently nore than 90 percent of the patients
recei ve reconbi nant factor concentrates.

Specifically, | was asked to address henophilia
A and so, fromnow forward, | will be speaking about
hemophilia A. I n Canada, we have 2,063 total henophilia-
A patients. O these, the severes constitute 30 percent
or 614 patients. Moderate represent 12 percent of the
total and mld patients represent 58 percent of the

t ot al .
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I f you |l ook at inhibitors versus no inhibitors,
and this is preval ence data not incidence data, currently
there are, of the 614 severes, 72 patients currently
havi ng inhibitors representing a preval ence of 12
percent. For noderate, the nunmber is 3 percent, the
current prevalence. For mld, it is 0.3 percent. If you
want to translate this into incidence--we certainly
can't--but you can probably estimte that maybe the
i nci dence m ght be three tines the |evel of the
preval ence.

So, in total, inhibitors in Canada, we have
presently 83. This is as of July. That represents
4 percent of all henophilia-A patients.

Canada is a very large country, as you can see
over here. In conparison to the United States, we are
actually a little bit bigger than the United States--|I
certainly had to put that in--but nost of our popul ation
is certainly concentrated within about 100 mles of the
United States so we |like to be close to the U S.

As you can see, nost of the henophilia treatnment
centers that are shown here in green are actually very

close to the border. There is certainly a concentrate of
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the centers in Southern Ontario and Sout hern Quebec where
sone of the largest cities are.

So, overall, inhibitors in Canada. W have a
current inhibitor preval ence of 4 percent for henophilia
A whereas, for henophilia B, it is less than 1 percent,
so patients currently with inhibitors, a total of 83
hemophilia A and four henophilia B. As | said, inhibitor
i nci dence currently is not known. How we are tracking
this and why, and where these nunbers all come from is
that the individual clinic-center data is entered into
and anal yzed within a data-mnagenent software program

This is a programthat is known as CHARMS. This
is an acronym for Canadi an Henophilia Assessnent and
Research Managenent System CHARMS. So CHARMS was a
conput er-software programthat was designed for data-
entry managenent and anal ysis by all 25 Canadi an
hemophilia clinics.

It was primarily a tool that was to be used for
tracking the distribution of factor concentrates from
clinics to patients and then the usage by patients. The

data is entered at individual clinic sites but is

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

avai |l abl e as aggregate national data. This system has
been in place now for the last five years.

So this CHARMS is actually sonmething relatively
now. Now, what | amgoing to talk about is actually
bef ore CHARMS existed. | was specifically asked to talk
about and address the Canadi an experience with the switch
from pl asma-derived Factor VIII concentrates to
reconbi nant Factor VIII concentrates.

This was work that was done certainly before ne
so | don't take any credit for any of this, and it was
the I nhibitor Subcommttee which, at the tinme, was being
chaired by Dr. Alan Gles that took on this | guess
pr oj ect .

During the early to m d-90s, Canada, as a

country, really decided to switch en masse from pl asna-

derived Factor VIII concentrates to primarily reconbi nant
Factor VIII concentrates. So, given that, there was a
| ook--there was surveillance for Factor VIII inhibitor

devel opnent in the Canadi an henophilia-A popul ation
follow ng the wi despread introduction of reconbi nant

Factor VII1 replacenment therapy.
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The study was funded by the Canadi an Bl ood
Agency which is a government organization that is
entrusted with the purchasing and distribution of al
Factor VIII concentrates and all blood products. The
popul ation for this study was previously treated
hermophilia A patients who were felt by individual clinics
to be inhibitor-negative and who, then, converted from
pl asma-derived Factor VIII to reconbi nant Factor VIII.

Now, certainly, as we heard, | think just right
before ne, previously treated henmophilia-A patients
enconpasses a tremendous range. That woul d include
mnimally treated patients to very heavily treated
patients, so the 250 exposure patients and the nmuch | ess
t han 250 exposure patients.

So, during that tinme, 814 patients were
converted to reconbi nant Factor VIII and 478 patients
were regi stered on study and data was obtai ned on those
patients. Those are the ones that | will be discussing.

The nmethods were relatively sinple. Plasm
sanpl es were obtained pre-switching to the reconbi nant
Factor VII1 and then one year and two years post

switching. Al the testing was done in a single central
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reference | aboratory, that being in Kingston, Ontari o,
whi ch, at the tinme, was being run by Dr. Alan and
currently is being run by Dr. David Lillycrap.

The testing nethod was the cl assical Bethesda
assay which was used for the initial or the pre-sanple as
well as the one-year sanple. But, by the time that the
t wo-year sanple was done, what happened is that the
Ni megen-nodi fi ed Bet hesda assay was avail able and so both
the classical as well as the Ni negen-nodified Bethesda
assay were done in parallel

A positive test was defined as an inhibitor
| evel of greater than 0.5 Bethesda units. Here are the
results. For inhibitor-negative patients, these are
patients who are shown to be inhibitor-negative at the
time of switching, at one year, of the 478 patients, nine
patients, or 1.9 percent, had devel oped an i nhibitor.
Then, at the two-year mark, there was data avail able for
339 patients and, of those, ten patients, or 3 percent,
were now i nhibitor-positive.

O note, all inhibitors were lowtiter. Also
t he inhibitor preval ence did not change follow ng the

i ntroducti on of reconmbi nant Factor VIII so sone
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inhibitors that had previously existed did disappear and
SOMe new ones arose.

So the incidence, over the two-year period of
the study, of inhibitors in these previously treated
patients, and, again, | would just sort of note that
there were, again, mnimally as well as extensively
treated previously treated patients--so the incidence was
certainly less than 2 to 3 percent and, furthernore, sone
of these inhibitors were transient.

There was no attenpt, at the tine, to correlate
inhibitors with either patient age, patient genetics, the
dose or the intensity of treatnent.

| am going to go on to since 1998 when this
study was reported. There have been several other
ongoing efforts anmongst the Canadi an group to | ook at
i nhi bitor epidem ology. So there is a study that will be
actually presented at ASH which is a relatively recent
study to | ook at prospectively the devel opnent of
inhibitors in patients who swtched to a Factor VIII
formul ated in sucrose. Obviously, what we are taking

about is Kogenate to Kogenate FS. That is going to be
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presented later on this afternoon, | think, by Dr. Peter
Larson of Bayer. So |I am not going to present this.

There have al so been, through CHARMS, sone
sporadic reports of inhibitor devel opnent in previously
treated patients but | certainly don't have the numnber
here for you. What there hasn't been is a systematic
tracki ng and reporting mechani smfor such patients.

So that is sort of the past and a little bit
about the present, and now, | was also asked to do a
little bit about the future and what we, as the Canadi an
group, sort of envision potentially for the future.

So, the future is really how to study current
factor concentrates that are marketed and being used in
terms of inhibitor devel opnent and al so how to study
future products and, in doing so, how to address the
current limtations of postmarket surveillance.

So, certainly, to study the current factor
concentrates, we have to rely on CHARMS but we have to
refi ne CHARMS and we are doing so. W haven't been able
to track the incidence of inhibitor devel opnment. The

maj or reason we haven't been able to do so is that we
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haven't actually be asking for the date of when patients
actually devel op an inhibitor.

Al'l we have asked for is, on a yearly basis,
does a patient have an inhibitor or not. So we are now
asking for that data and, hopefully, we will be able to
present a little bit nore incidence data into the future.
Any type of system such as this where it is relying on
i ndi vidual clinics to enter data, the npbst inportant
thing is actually the data entry. So we have to
certainly encourage inproved data entry by individual
clinics.

There is a very strong potential role for a
central reference |aboratory to confirmall new
i nhibitors and, by confirmng all new inhibitors, to
docunent all new inhibitors.

So, into the future. How can we do post market
i nhi bitor surveillance and, | guess, should we do it. |
beli eve, and nost of us, | think, believe, that we
should. But how to do that? There are a nunber of
different ways. One could be separate studies so a new

product conmes onto the nmarket and that product becones
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studi ed or you can have the nore conmon i nhibitor
surveillance programfor all Factor VIII concentrates.

For the separate individual studies, a study
that is linked to the introduction of one and only
product, there are certain advantages and di sadvant ages.
Certainly, an advantage is it is a little bit easier to
undertake such a study. You are only dealing with one
product and it is easier to track the costs of such a
st udy.

But there are disadvantages. |If two or three
different products cone out into the market over a period
of a year to two years, and you want to do individua
studi es for each of these, then you are going to be |eft
with having to do repetitive and duplicative efforts to
devel op separate protocols, separate consent fornms and
separate data-collection forns. As well, if you don't
study all the products, then you would be left with a
| ack of conparability data between the different factor
concentrates.

| am actually going to skip that and then go

back to it. This is this wong order.
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There are certain advantages and di sadvant ages
to a common inhibitor surveillance program Here,
think that the advantages outwei gh the di sadvantages. So
this would be a program where all products, and, hence,
all conpanies that are marketing those products, woul d

commt to inhibitor surveillance for those products.

Because | am tal ki ng about Canada, | just put in Canada,
but any other country, | think, could be substituted for
t hat .

This would avoid the duplication of effort to
devel op separate surveillance studies. It would ensure
that all conpanies contribute to, in the case of Canada,
supporting a national inhibitor |aboratory which would be
used for confirmation of inhibitors. The disadvantages;
it is logistically difficult to organize this and it is
sonmewhat costly. It would require a |l arge conm t nent
from henmophilia treatnment centers to ensure that data-
col l ection sanples were being sent to the national
| aboratory.

Now, | am going to go back. So the comon
national inhibitor surveillance program how we sort of

envision it, that the conpanies that are marketing Factor
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VI1l as well as conpani es that have, | guess, a vested
interest in studying inhibitors would provide fixed funds
for the support of the Canadi an National |nhibitor
Laboratory. W have actually inplenented that and we
have had good cooperation fromall the conpani es.

Then there would be a gl obal protocol for
i nhi bitor surveillance for all Factor VIII concentrates
whi ch woul d then be nodified to the specific Factor VIII
product. This would apply to all PUPs who woul d be
begi nni ng on a product, and that would include the
current products, because they would not have been
previously exposed to other products, by definition, and
it would also apply to all previously treated patients
who switched fromone product to another. Hence, this
woul d al so cover current products because patients coul d
switch fromone current product to another, but it would
al so apply to all new products because, by definition,
t hey wouldn't have had it before and, hence, they woul d
have switched to it.

Then patients who woul d either be PUPs or PTP
switching to a product would then be followed for three

years post starting the new product and manufacturers
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woul d be billed a small ampunt for inhibitor testing for
t hese patients who are receiving their particul ar Factor
VIl product.

So a common national inhibitor surveillance
progrant there is certainly a need. | think that,
wi t hout a systematic, rigorous programfor inhibitor
surveill ance, nost cases of inhibitors, at |east through
post marketing surveillance, fail to be reported and the
i nci dence, prevalence and risk factors for inhibitor
devel opnent, as such, are sonmetinmes inaccurate.

| am going to end there. Thank you.

(Appl ause.)

DR. LOZIER: Let ne just use the noderator's
prerogative and ask, if | recall correctly in the Gles
study, not only sone previously treated patients who went
from pl asma-deri ved products to reconbi nants gai ned
i nhibitors but there were a handful, a small nunber, that
actually lost inhibitors that they had acquired or they
had generated during treatnment with plasnma-derived
mat eri al .

| don't know if you want to comment on that. It

is sort of the flip side of the coin.
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DR. CARCAO Yes; that is exactly the case. As
a result, the prevalence didn't actually change. There
were the same nunber of inhibitors before the switch as
there were after the switch. Sonme of these were, as a
result, transient inhibitors. They cone and they go, it
appears.

DR. LOZIER: O her questions fromthe audi ence?
Dr. Lusher?

DR. LUSHER: In the current studies, the
surveill ance studies, that you commented on and the new
ones that you were designing, how often to the | ocal
hemophilia centers do their inhibitor testing? Do they
do it every three nonths, every six nonths, or just once
a year?

DR. CARCAO We, as the Inhibitor Subcommttee,
can put out recommendations and we will recommend that,
for severe henophilia patients, the test can be done
every six nmonths and that, for mlds and noderates, that
it be done every one to two years. But those are
reconmendati ons.

In terms of are they being foll owed, nost

clinics, but certainly not all clinics, are doing this.
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So | do think that the limtations of any type of
surveillance which is not done in a nuch nore rigorous
fashion is that you are m ssing many things and you cone
up on a podium and you present data, but you recognize
that you are missing lots of that information.

So it would be very nice if we, in the idea
worl d, had all that information. But we don't.

DR. LOZI ER: Thank you very nuch

To cl ose out the norning session, our |ast
speaker will be Dr. Bruce Evatt of the Center for Disease
Control in Atlanta. He and his coll eagues have been
studyi ng various aspect of henophilia therapy and
epi dem ol ogy i ncluding the occurrence of inhibitors in
American patients with henophilia A and he will now
present an occurrence of inhibitors anong patients
enrolled in the U S. Henophilia Universal Data Collection
Proj ect.

Cccurrence of Inhibitors Among Patients Enroll ed
in the U S. Henophilia Universal Data
Col | ecti on Project
DR. EVATT: Thank you very nuch. It is a

pl easure to be here today. What | would like to do in
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t he next twenty or twenty-five mnutes is really explain
some of the issues about inhibitors that we have been
able to glean fromthe Universal Data Coll ection System

Now, the UDC, which is the Universal Data
Col l ection instrunent we use in our 140 hernophilia
treatment centers in the U.S. and Territories of Guam and
Puerto Rico, really are designed to neasure healthcare
outcone for patients attending the centers. It was
initiated in the m d-90s and has been coll ecting
information primarily directed at the occurrence of
i nfecti ous bl oodborne infections anong patients but al so
it was designed to collect a nunmber of healthcare
out comes and conplications of henmophilia anong these
patients.

It is a very inportant tool because it gives us
a |l arge anount of insight into what the conplications of
hemophilia are and where sonme of the program resources
shoul d go, where are sone of the things that we should be
concentrating in the future on just designing
i mprovenents in the system

The data that goes into the systemis really

reviewed periodically by a data-collection task force
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which is made up of physicians from henmophilia treatnent
centers, the patients, thenselves, as well as other
i ndi viduals fromthe various kinds of subspecialties
which work in the systemwi th patients with henophili a.

To date, the systemis quite extensive. It
collects not only informati on on henophilia but on other
patients seen in the centers as well, but we currently
have approxi mately 10,200 patients with henophilia. What
| would like to do this morning is review the information
we have on both the preval ence and the incidence of
hemophilia fromthat system

Now, what we collect on patients are the
measurenents of titers and when they occur and the type
of treatnment they have received in the six nmonths prior
to the visit to the henophilia treatnment center. This
occurs during the conprehensive-care visit. Sone of the
patients visit every year. Sonme of the patients visit

every other year and so forth. So the data | amgoing to

show you will consist of two types.
First of all, the prevalence data will be cross-
sectional area, data that will give you individuals who

cane to the clinics during the years 1999 to as far as we
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are in 2003. This data is not nearly as useful as the
incidence data to answer the types of questions you are,
but I think it will provide sonme insights into possible
uses of the data.

The incidence data will be on a total of a
little over 1,200 patients who have attended the clinics
on at | east four occasions for different years during
this period of time. So we are picking up nore and nore
i ndi vidual s, that we have a | arger increasing database
with nultiple ones, but we picked four because it wll
gi ve the nost conservative and nost conplete data in
ternms of being able to exam ne sonme of the year incidence
dat a.

Then we will | ook at sonme of the incidence rates
for select patient characteristics that we have. Dr.

M ke Sousi is currently analyzing this data and so this
is prelimnary so there is still nore anal yses that have
to be conducted and that is currently underway. But |
think this will begin to give you sone of the insight.

First of all, this slide really gives you the
nunber of patients that were entered into the database

during the years 1999 to 2003 in ternms of mld, noderate
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and severe cases. They really represent cross-sections
of the entire database. The total nunber, really, is
over 10,000 but many of them were seen only once, tw ce
or three or four tinmes during this period of tine.

This shows the preval ence of lowtiter which is
defined as a half unit to 5 Bethesda units in males over
that period of time with this really representing the
preval ence of inhibitors for severes, and this is mlds.
As Dr. Carcao had said, you can see that the preval ence
really ranges fromabout 4 to 6 percent during that
period of time, nothing really to wite hone about. For
mlds, you can see it is down |less than 1 percent of the
patients really have a |lowtiter inhibitor

If you look at the distribution, it is pretty
much the sane. These represent age distributions that
were seen in these cross-sectional areas during this
period of time, with children two to ten really
representing around 20 to 30 percent of the 11 to 20, the
20 to 40. And the smallest group is really the
i ndi vi dual s which are above the age of 41.

Currently, we don't enter children |less than two

into the UDC dat abase but a protocol has been established
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and that process is beginning so that the database, in
the future, will also include children under the age of
two. That will give us nore information in terns of the
i ncidence of inhibitors in young children.

This represents just the age distribution. |
can skip that.

This represents the preval ence of high-titer
inhibitors in the population so that you can see that the
preval ence on high-titer inhibitors during this period of
time really range in the same nei ghborhood of about 4 to
6 percent. Again, this is the mlds and the noderates
were sonmewhere in between which is not unexpected.

Agai n, the kind of sanpling that the process
that took place with the lowtiter kind of data is very
much the sanme. The nunbers at the bottom give you the
nunbers that were included in the database and the age
distribution of inhibitors, this gives you the nunber of
i ndi vidual s that actually had the high titers.

| think that what is inportant to see is how
many patients we actually mss information on that do not
have inhibitor titers during this visit. It actually

ranges in the nei ghborhood of about 20 to 30 percent.
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These are the various age ranges. The blue represents 2
to 10. The purple represents 11 to 20, 21 to 40 and 41-
plus, so that we only mss, of the younger individuals,
about 20 percent of the individuals that don't have
inhibitor titers neasured when they cone into our HTCs
whereas it may be as high as 40 percent, 30 to 40
percent, with the older individuals. That just gives you
sonme idea of the m ssing data that would not be included
in the database.

Now, | think, for this audience, what is nost
interesting for you would be the individuals that have
been foll owed repeatedly. For this study, we selected
t hose individuals that were two years and ol der with four
or nore visits to the henophilia treatnment center because
this will give you the nost conpl ete dataset.

| think if you exam ne both the denographic and
the clinical characteristics of the cohort, they are
really simlar and no different fromall the
characteristics of the overall patients entered in the
UDC. | am not going to show you that data today. |
think that, if we had persons with only one inhibitor

titer nmeasurenent nmade, that person was excluded from
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this cohort. And if we had people who had an inhibitor
in the past, those individuals were also excluded. So we
are only excluding individuals w thout a previous

i nhi bitor who were followed over this period of tine with
at least four nore visits and inhibitor neasurenents.

O that, then we found that there were 75
percent of our 1,224 cohort henophilia who were really
eligible to fit into the analysis. The overall preval ent
cases in that cohort were 7.1 percent and, of course,

t hose were excluded. O the renmaining 852 persons who
had an average of 3.7 years of follow up so that, during
the analysis, there was a total of about 3,186 person
years that were avail able for anal ysis.

What was interesting is that the low titer
occurrence during this period of tinme was about 12.9
cases per 1,000 person years. There were eight high-
titer inhibitor cases that occurred for an overall rate
of about 2.5 cases per 1,000 person years.

So what | amgoing to do nowis switch to
showi ng you sone data in terns of the incidence--and

t hese are based upon incidence rates so that they really
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are rates of occurrences which are nmuch nore inportant
t han preval ence figures and probably nuch nore stable.
What you see as 1999, the incidence rate was
about five or six per 1,000 person years. During this
period, there appears to be a trend in the upward

direction in terns of rates of inhibitors of lowtiter

occurrences. In the last two years, there were much
larger rates. | think we will conme back to that in just
a nonment.

If you look at the lowtiter incidence rates by
age, race and severity, you can see, as you expect, the
rates anong mld are quite | ow, anong the severes, and
run about 15 or 16 per 1,000 person years. The rates
anong the different age groups occur here and, certainly,
there is some variation that you m ght expect. But what
was interesting to us that we hadn't expected is that the
low-titer rates anong people over the age of 41 appeared
to be the highest.

I f you | ooked at the occurrence of lowtiter
i nhi bitors anmong racial differences, the whites and

bl acks appeared to be approxinmately the same, and that is
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quite different, as we will see in a mnute, fromthe
hi gh-titer inhibitors that occur.

One of the interesting aspects that people
wondered initially was were there differences in
i ndi vi dual s on prophylaxis or were there people receiving
ot her types of therapy. You can see here the rates were
pretty much equival ent for both.

| f you | ooked at product type, the reconbinant--
and we grouped all of the plasnma-derived in one group for
this analysis, primarily because | think that, if you
break it out into the different subtypes, it really takes
even a nmuch | arger cohort than the approximtely 1,000 we
had here because these occurrences are quite |low, within
a few years period of tine.

So it takes an extrenely | arge database to be
able to sort out those individuals but certainly the
pl asma-derived and the low titer appeared to be a | arger
rate than the reconbination if you | ook at those that
recei ved bot h.

VWhat M ke did on this was really not only | ook
at the material they had received in the |ast six nonths

but went back prior to six nonths to their prior visit
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and so they exam ned both of those. |If they had received
two different kinds of products, recomendation with the
pl asma, then they really got into the m xed type. So
these were individuals that had actually received,
reported only either reconbi nant or plasnma-derived.

Now, we do collect a specific type of product
t hat individuals receive. Wat we don't do is collect
the amount. This UDC was not designed initially to | ook
at the inhibitors as an inhibitor study. Those questions
coul d be added, but it was really designed to nonitor
gross outcone data. So specific kinds of questions that
you might |ike to have answered, we wouldn't have the
data on this anount of material. W would have to go
back and add those questions in the data types of
col | ection.

| f you | ooked at the high-titer inhibitors by
year of incidence, you can see that the incidence rates
remai ned in the nei ghborhood of three to four. There is,
in 203--it is hard to say what this nmeans because this is
data only on half a year and you have only got one
patient with an inhibitor, although this is a rate. You

have to realize these are the same group of patients
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being foll owed every year so that it is al nobst inpossible
to say anything about this individual in here.

What is interesting is you can see the incidence
rate anong the different age groups is approximtely the
sane except for 11 to 20 which appears to be maybe a
little lower. But here you have a trenendous difference
in the white/black racial difference anong the high
titers. Then this represents where we are seeing the
rates anong the noderates and severe which are not
statistically different on this slide.

| think that, if you, again, |ook at type of
treatment and product type which is all Mke was able to
do in the tinmne we had for this presentation, you can see
t hat prophylaxis and other rates are 1 to 3 percent and
certainly reconbi nant and plasna-derived nmaterials are
essentially the sanme for the incidence rates in terns of
the high titers.

Well, in summary, you can nmake sone concl usi ons
about the data we have here. There are a coupl e of
nunbers wrong here and I will point those out. First of
all, the incidence of inhibitors is quite |ow which neans

you need | arge databases to really draw any concl usi ons
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in terms of nonitoring outcones, after-nmarket product
noni t ori ng.

This is really about 1.2 percent per year for
low titers and, again, this is about 0.4 percent. These
nunbers were typos that we nmissed when we reviewed the
slides. The rates appear to be increasing over tinme in
the lowtiters but | think that we will see what that
means in the future; is that normal variation or does it
have to do with sone of the kinds of things we don't
qui t e under st and.

The low-titer incidence appears to be highest in
the 41-year-olds and the high-titer incidence appears to
be hi ghest anong bl acks. There doesn't seemto be a
difference in terms of whether or not--the reconbi nant
products do not appear, at this point, to be producing a
hi gher titer incidence.

When you go back and you break down--1 think
what is nore inportant than the overall data which | have
shown you, in ternms of incidence over the five-year
period, what is probably going to have to be nuch nore
i nportant is the annual analysis of sonme of this data on

a year-by-year basis. That hasn't been conpleted for
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anyt hing except | can give you sone prelimnary data

whi ch we were not able to nake a slide on that |ooks at
the lowtiter--and | want to go back and point out what |
am t al ki ng about.

This apparent junmp in incidence rates during the
year 2002 and 2002, and was this related to one product
or another; essentially, on a prelimnary anal ysis of
this, it appears to be that both those rate junps were
related to both reconbi nant as well as plasma-derived
products. So there doesn't appear to be one of the type
or the other that appears to be standing out in that rate
jump for those two years. So | think that we will do
sone further analysis of this kind of data.

| want to apol ogi ze for not having the handout
avai | abl e because what happened is we attenpted, on at
| east four occasions, three or four occasions, to e-mail
our handout to the FDA and the federal system has a
nunber of filters in it which keep out all kinds of
attacks and so forth. So | think that either our
conputer or the FDA conputer figured that m ne was a

conputer attack and so it didn't load in the slides. So
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we brought them on one of the little magic discs that
t hey have today.

| think that gives you an overview and the state
of where we are now with data that we have in the UDC.
Certainly, it is an incredible value to the henophilia
community because it does tell where issues are and it is
very useful in nonitoring a nunmber of things besides just
to safety of the products in terns of viral safety.

Thank you very nuch.

(Appl ause.)

DR. LOZIER: | actually have a question that is
not directly related to your talk but you m ght be able
to provide sone information. As | recall, you are
certainly following |ife expectancy and those sorts of
trends. Are you seeing differences between patients with
henmophilia that have inhibitors and not as far as life
expectancy? It used to be a nmuch greater gap and | had
the inmpression it was narrowing in sone data | have seen
But if you could comment.

DR. EVATT: We haven't specifically |ooked at
the role of inhibitors in ternms of |ife expectancy. Wen

we did |ife-expectancy cal culations, we did this
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predom nantly on the HHS data which was a cross-section
of not only--it was different fromthe UDC because, in
that data sanple, we collected data on all patients
living in six states. That was a sanple of 3,500. W
reviewed charts, death records and everything. It was an
extremely intensive anal ysis.

In that, the life expectancy of individuals that
were HV infected was 39. The life expectancy of
i ndi vidual s who were not HIV infected was 64.7 years as
conpared to 73 years for the normal nale.

The major difference between henophilia and the
normal mal e was probably the hepatitis C and ot her kinds
of chronic liver disease which was probably accounting
for that difference. W see |ife expectancy increasing
and we expect it to approach normal because none of our
children have been infected with hepatitis C now since
1990. So | think that is going to make a mmj or
difference in ternms of |ife expectancy in the future.

We could go back and try to do sone cal cul ati ons
and see whether or not inhibitors, what role they really

make. But we haven't | ooked specifically at that.
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DR. LOZIER: Dr. Golding of the FDA has a
guesti on.

DR. GOLDING In terms of the--this relates to
what Joan G Il was tal king about, |ooking at things that
may be risk-associated for this group. | think she
mentioned that there is sone evidence, or at |east
i ndi cation, that the children who are nmaking the
i nhi bitors may be nore TH2-1ike. Does your database--
would it capture if the children have a high incidence of
ectopi ¢ di seases such as asthma or any other TH2-1i ke
di sease?

DR. EVATT: No. It doesn't currently. It does
coll ect information on a |arge nunmber of other kinds of
di seases but it wasn't really designed to | ook at these
i ssues. One thing that the database does do is, along
with the database, we also get a plasm sanple.
Currently, we only use that plasma sanple for testing for
t he various bl oodborne infections.

Routinely, the new infections that cone al ong,
we will go into the database and pull those and exam ne

for things like West Nile and things |ike parvovirus as
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wel|l as the regular known ones to see if they are rel ated
to a large nunber of other conditions.

I f our data task force reviews this and says
this is an inportant issue for the database to include,
we can include any of those questions that could coll ect
that kind of information. W could also, if it were
deci ded the database, we could also go in and neasure, do
such things as genotyping. Qur |aboratory is a high
t hr ough-put | aboratory which is capable of doing a
t housand genes a day as well as a |l arge nunber of
coagul ation tests.

Qur | aboratory currently has that capacity. W
could do that kind of thing if that is what the task
force asks us to do. They really are our advisors in
terms of working with us of what are inportant issues
based upon the kind of information and data that is
com ng out of this.

| think this kind of surveillance doesn't
precl ude the kind of individual studies that
i nvestigators need to be doing in ternms of |ooking at the
basi ¢ kind of nmechanisnms and so forth. W don't do that

ki nd of study. But, in ternms of |arge popul ation
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studies, as | say, the database with 10,000 patients is
probably not duplicated anywhere and so it has the--if it
is used for the right things, it can be a powerful tool.
But it is not sonething you are going to use for

i ndi vi dual ki nd of investigator research kind of

pr oj ect s.

DR. LOZIER. Genn Pierce, | think, had a
questi on.

MR. PIERCE: denn Pierce, Avegen. | am
wondering, Bruce, you have got this enornous database and
yet you are still being challenged to be able to | ook for
t he power through the |ow incidence of inhibitors. Could
you al so be biasing yourself because you are only
sel ecting patients who have four visits in these four
years?

DR. EVATT: Yes. | nean, the characteristics
are the same. Rates are rates. It is nmuch |ess bias
gets introduced into a rate than into a cross-secti onal
area. So the 10,000 is a cross section and it is a big
sanple. But the rates are nmuch better because they give
you--the only reason we limt it to those is because we

had the sanme patients in that cohort over a period of
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five years. And so you knew that we were not introducing
new patients into the cohort.

Since the characteristics were the sane that we
were seeing in the rest of our database, we said it is
probably a good assessnment. What we would like to have
is 10,000 patients where we had repeated visits. | think
that it is one of the things that we are trying to figure
out how to get nore resources for our henophilia
treatment centers so this would increase the probability
t hat we woul d get those.

Qur henophilia treatment centers are really,

t hese days, pushed hard to do everything. What they
really need is a data-nmanagenent person in these centers.
We are trying to figure out how we can get the resources
to put a data-nmanagenent person in our henophilia
treatnment centers so they could really not only help the
center with their research studies but also help us with
collecting the kind of data that would hel p the whol e
conmuni ty.

DR. LOZIER: Dr. Di Mchele.

DR. Di M CHELE: Bruce, very nice. | recognize

the fact that this is actually pretty prelimnary data

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

anal ysis because | know that inhibitors haven't been the
focus of UDC so far. | am assum ng by the way you define
low titer and high titer by the usual greater than or
equal to 5 or less than 5--is that correct?

DR. EVATT: Yes.

DR. DiMCHELE: | had just a point of
clarification. What | get out of the database--
initially, when you are presenting the non-incidence
data, the first thing |I thought about in terns of the
increase in lowtiter and decrease in high titer was
possi bly the effect of imune tol erance on those
statistics because you do collect, | know, data as to
whet her the patient is on inmune tol erance or not. That
is what | would have al nost assuned.

But then, when you went into the incidence data
and actually showed the increasing incidence of lowtiter
inhibitors, there are a couple of things that, to ne,
woul d need to be clarified. The first is that, at once,
low titers are increasing. They are in the youngest
popul ati on except for the over-41. There is a blip in
the over-41, but, in general, there is that peak in the 2

to 10s.
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Yet they are nore |likely associated with plasma-
derived products as opposed to reconbi nant when t hat
popul ation is actually increasing being treated with
reconmbinant in the United States. So | ama little bit
confused by it and al so the higher incidence in 2003 with
actually fewer cases. So | guess the database, the
denom nator nust be | ower.

DR. EVATT: | think the 2003 case, you have to
be very careful about. Again, it is |low nunbers. The
2002--we took it off the screen. If we could go back,
because | put the actual nunbers in the chart. The 2002
data, there were large nunbers there and it had that high
rate again. So there was a high rate.

I f you | ooked at--M ke did the analysis
actually. He is doing analysis now on sone of this kind
of information. \When he | ooked at the analysis of plasm
versus derived, one year it is here and one year it is
there. They are pretty even. |If you take the |ast two,
2003 and 2002, together and you average the rates between
those two years, it is really 28 over the |last two years

for the reconbinants and 35 for the plasma-derived.
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So there is not that nmuch difference in terns of
the junp. The reconbinants junped in 2002. The pl asna-
derived junped in 2003. But, 2003 is not yet conplete.
But these are rates which are pretty good indications.

So | think there nmay be something there | don't
under st and.

Now you bring up a very good question as to
whet her or not the drop in the prevalence is due to the
fact that they are doing i mune tol erance. These
i ndi viduals that were included in the cohort have never
had an inhibitor that we knew about so they were kind of
virgin patients. They had to have one negative titer in
order--so we knew that they had a negative titer than
they have a positive titer where you can say, if it were
really | ow, we could have m ssed it.

But it is a |large database and |I don't think so.
But | think you bring up sone very good questions. |
think they are questions that we need to try to sort out
in what we have.

DR. LOZIER: |Is there one last quick question

here in the back?
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AUDI ENCE:  You have heard formal comments. One
issue is that you have a lot of m ssing values in your
over-41.

DR. EVATT: Yes.

AUDI ENCE: | ndeed, overall your nissing val ues
woul d be unacceptable in a clinical trial because they
were so high. Were the sane people m ssing overall.

That is one of the questions. The other thing is,
related to that, is that there is a very clear

| ongi tudi nal aspect of these data that you have gotten
the titers over time and that would be sonmething to
consi der | ooking at, of taking account of, the

| ongi t udi nal aspect.

Finally, sonething about the tinmes your
i nhi bitor devel opnent, basically a survival analysis,
fromthe tinme people entered the study and the endpoi nt,
of course, would be devel opnment of inhibitors.

One other point that was nentioned; were all of
t hese patients PTP or is there a mx of PUPs and PTPs?

DR. EVATT: All these patients were over the age
of two. So, presunably, they had all been treated in the

past. You bring up a good point about the m ssing data
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for people over 41. That was the data for the preval ence
data not the incidence data. So the incidence data is
quite different. We pulled out that group of individuals
that were regular custonmers through the HTCs and seen.

There is always the possibility of introducing
bi ases in any kind of sanpling technique. W would I|ike
to get that, of course, up and we would like to get nore
conplete data. And we would |ike to have the instrument
actually designed a little bit or if that is a high
priority, we would like to have the instrument a little
bit better designed.

Al so, we have the capacity to--we are getting
t he bl ood sanples, the plasm sanples; we could do the
titers all in-house as a service function. All these
titers were done by the individual HTCs. W are taking
their word that it was 1 Bethesda unit, 2 Bethesda units
or 6 Bethesda units.

But, for this kind of information, that is quite
okay. We could get nore conplete titers, though, if we
turned around, if it becane a priority enough to do them
It just is how high a priority is that conpared to all of

the other priorities that need to be done. Certainly, it
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is not beyond the capacity of our |aboratory to do that
sort of thing.

DR. LOZIER: Before we break for lunch, | wll
mention that lunch is available downstairs in the
cafeteria here in Lister Hll. | understand there is
sonme renovation and the service may be a little bit
l[imted. There is also food available in the Natcher
Bui | ding which is Building 45, straight out the front
door of this building.

Any speakers who have not brought their slides
forth for the |oading for the afternoon, please bring
themup. We will reconvene with Dr. Weinstein noderating
t he afternoon at 1:00.

(Wher eupon, at 12:00 p.m, the proceedi ngs were

recessed to be resuned at 1:00 p.m)
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AETERNOON PROCEEDINGS

DR. VEEI NSTEIN: Good afternoon. Welconme to this
afternoon's session of the neeting. M nane is Mark
Weinstein. | amin the Ofice of Blood Research and
Revi ew at CBER. This afternoon, we are going to have
this portion of the neeting directed nore toward
regul atory questions.

Qur first speaker, | amvery pleased to
announce, is Dr. Rainer Seitz. Dr. Seitz is the Head of
t he Departnent of Hematol ogy and Transfusion Medicine at
the Paul Ehrlich Institute in Langen, Germany. He wl|
tal k about the requirenments of the European Medi cines
Eval uati on Agency.

Dr. Seitz.

Requi rements of the EMEA

DR. SEITZ: Good afternoon. Ladies, and
gent |l emen, dear Mark, dear Jay, first of all, thank you
very nmuch for inviting me to speak here. It is really a
pl easure and an honor to be here.

| am working for the Paul Ehrlich Institute

which is the licensing authority for bl ood products in
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Germany, so to say a little FDA for blood products in
Germany. But | am also very nmuch involved in the
scientific commttees of the EMEA in London and so | was
asked to present about the requirements of the EMEA. |
can say, also, on behalf of my coll eagues in the EMEA,
that we appreciate very nmuch the opportunity to be here
and to discuss with you our requirenents.

Wth this conference, we have got a nunber of
tough questions. | will try to answer these questions in
my talk. The first question is what are the EU
requi renments regarding potential inhibitor formation
i nduced by Factor VIII products for preclinical testing,
clinical trials and postnarket surveillance.

The second question is what was the rationale
for selecting clinical-trial paranmeters such as the
nunber of patients enrolled. The third question is how
does the EU assess the potential for inhibitor formation
i nduced by Factor VIII products.

Let's cone to the first question, preclinical
testing. O course, we would be very happy if we woul d
have | aboratory tests to assess the potential of new

products to cause inhibitors. W think it is very
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i nportant to have extensive characterization of new
products, particularly for reconbinant products and
particularly in the case of nodified products; so to say,
if you have a product you have been marketing for sone
years and introduce a new virus-inactivation step or
sonething |ike that.

But we had to learn that this characterization
of the products, the biochem cal characterize of
products, is certainly not enough. |In Europe, our
thinking is very nmuch influenced by an experience we had
about clusters of inhibitors with certain products,
particularly with one product which was a doubl e-

i nactivated product with SD treatnment and pasteurization.
Thi s experience has been nentioned already today as the
Bel gi an experience. Strictly speaking, it was a Bel gi an,
German and Portuguese experience.

It was a little surprising that the product
really behaved differently in those countries. But the
experience in Belgiumwas published and analyzed in a
very nice way but there were sone special things in this

case.
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First of all, it was really a cluster of
inhibitors and, in the case of Belgium a high nunmber of
patients was switched to a new product at the sanme tine.
Then, after detecting the first bleeding patient with
inhibitors, all the patients were tested for inhibitors
and they found a | ot of other inhibitors. It was
al t oget her ei ght cases.

Then they switched again those patients to their
ol d product and the inhibitors di sappeared. Another
inportant thing with these inhibitors was that nopst of
them were type 2 inhibitors and nost of them occurred in
previously treated patients.

VWhen we anal yzed the case in the | aboratory,
there were two proposals for a possibly predictive test.
Very inmportant was the work of the NIBSC in this case,
Trevor Barrowcliff and Tony Hubbard. They found a
sl ower Factor VIII cleavage by thronmbin--this finding
has, by the way, been also found by other |aboratories--a
nore rapid Factor X: A generation and an enhanced
phosphol i pi d bi ndi ng.

The conpany, thenmselves, they found a

40 kil oDalton inpurity in part of their batches and they
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tried to denonstrate that this inmpurity woul d have been
causative for the inhibitor generation and this could
serve sonehow as a marker for neoantigenicity. But this
hypot hesis coul d not be substantiated at all. Also, the
proposers of the NI BSC have so far not found their way to
be established as predictive tests.

The next question is animal studies. O course,
normal ani mal studies are not very hel pful due to species
differences in the i mune response. There have been sone
proposals to perform studies in non-human prinmates but we
think also this would be very difficult and very costly
and still there would be some uncertainty about the
meani ng of the results and whether you can really
transfer the results to the human behavi or.

We heard today, and there are also sone reports
inthe literature, that there are new ani mal nodel s
devel oped with transgenic animals. Maybe | should be
nore general and say genetically nodified animals. W
are |l ooking forward very nuch to these devel opnents.

They are very promsing. But, for the tine being, |I have
to say we do not really have already good ani mal nodel s

for assessing these questions.
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So, for the tinme being, the mainstay of the
assessnent of the inhibitor potential will be clinical
trials. We have, at the EMEA, a scientific committee,
the so-called Bl ood Products Working Group. This
conmmttee, this working group, is elaborating guidelines
for clinical studies with blood products and, of course,
for today, those two guidelines are of particular
i nterest.

You can find these guidelines on the website of
t he EMEA and can downl oad the text so you can have a
cl oser I ook on that.

The group also is working core SPCs and al so
gives scientific advice to applicants and the industry
utilizes this possibility increasingly.

A very inportant fact which was already
menti oned today, also by GIIl VWhite, is that we, in
Eur ope, do not any longer formally require PUP studies
since several years. In the current guideline, it is
said that, for the question of viral safety, it is no
| onger necessary to use PUP studi es because for the
envel oped viruses, the transm ssion is such a rare event

that you really cannot assess that in clinical studies
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anynmore. In the case of the non-envel oped viruses, it is
currently difficult to do it in clinical studies.

So, for this reason, PUP studies are no nore
requi red and al so, for inhibitors, we think you do not
really need, in the first place, PUP studies. W heard
al ready about the rationale for that and we totally agree
with that. |In previously untreated patients, patient-
rel ated factors appear to be nmuch nore inportant in the
product, in our view. Again, what inpressed us very nuch
were the two outbreaks of inhibitors really occurring in
clusters in previously tolerant patients who were
switched to nodified plasm products.

It was apparent fromthis experience that the
risk of inhibitor formation related to an individual
product can be best evaluated in PTPs. And so this
gui deline recomends to study PTPs and not PUPs in the
first place.

So what do we require in the European guideline?
We require a PTP study. W say at |east 50 patients. |
thi nk this nunmber of patients will certainly be discussed

this afternoon and I comrent only very shortly. These
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PTPs should be nmore than 12 years of age. They should
have severe henophili a.

This is defined in this case as Factor VIII
bel ow 2 percent of normal. They shoul d be
i mmunoconmpetent. This is also a point to discuss; they
shoul d have nore than 150 exposure days. G| Wite told
us that this may even nmay be a nunber to be discussed,
t hat we should go possibly further in that. These
patients should be followed at | east 50 exposure days or
si x nont hs.

Anot her aspect which is new in the European
gui deline and may be of possible inportance is the Factor
VI11 consunption and efficacy. W have noticed at | east
reports that a lack of efficacy and an increased
consunption can be an early sign of devel opnment of
i nhi bitors. W had several of these case reports where
this was evident and al so what we heard today about the
| ow i nhibitors by Dr. Verbruggen points in this
di rection.

Of course, also the pharmacokinetic is inportant
in this respect and this is not listed on the slide. In

t he European guideline, it is required to repeat the
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phar macoki netics after at |least six nmonths. Also this
could help to identify early inhibitor formation.

The Factor VIII inhibitor titer should, of
course, be determ ned at baseline and then every three
nmont hs. Of course, another inportant question is the
met hodol ogy of inhibitor testing. Here we have a
reference. We have already heard today. This is the
Ni j megen nodi fication of the Bethesda assay. Also, this
guestion is, of course, a point which has to be devel oped
in the future and I think the results we heard today are
very interesting and very inportant for further
devel opment of the guideline.

Of course, this sounds a little bit unnecessary
to say that, but I can tell you that it is necessary. W
have, in the neantime, GCP inspections, good clinical
practice inspections, in several big studies on
reconmbi nant coagul ati on products and really had very
unexpected and very unpl easant findings with these
studies. So it is really necessary to say that.

| said that we are no nore requiring PUP
studies. But we still require studies with the treatnent

of children. Children may respond differently conpared
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to adults--there is a lot of science telling that not
only in pharmacoki netics but also in inhibitor
devel opnent --and so the guideline, the European
gui deline, requires that a phase IV trial, post-licensing
trial, should be performed with at | east 20 children
under the age of six years.

These children, of course, should be tested for
i nhi bitors every three nonths and, if there is any
clinical suspicion of inhibitor devel opnent--and, again,
here the Factor VIII consunption has to be docunented and
monitored very closely. This trial should not be started
until data are available on at |east 20 PTP patients
participating in the PTP trial.

| would Iike two special cases of treatnment
nodalities. One of themis continuous infusion therapy.
This is practiced very nmuch in the clinical setting but,
fromthe regulatory standpoint, in nost of the cases,
this is not licensed, this posology. So the guideline
i ncl udes al so sone requirenents concerning the continuous
i nfusi on.

These are the requirenents. | do not have to

read all in detail. The inportant point is that, during
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the | ast | STHSSC Subcomm ttee neeting, there have been
prelimnary reports about enhanced inhibitor formation
during continuous infusion, particularly in PTP. And
this is, of course, a point to be taken into

consi derati on.

In my view, these reports are not yet
substantiated and | am not sure whether this is really a
true problem But | think we should keep an eye on that.

The other point | would like only to nmention
very briefly is the inmune-tol erance induction. So far,
nost of the products which are licensed, in Europe, at
| east, do not really have clear clinical studies to show
the efficacy in immune tol erance. You know that it is
di scussed at the nmonent that the efficacy of products my
be very different concerning the inmune-tol erance
treat ment.

Post mar keti ng phase; on top of the studies |
al ready showed you, there is also a requirenment to
performa postmarketing study to assess clinical
efficacy, immunogenicity and safety. This study protocol

shoul d be submtted with the dossier. That neans, at the
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time of licensing, the dossier should also be submtted
and, of course, licensed by the authorities.

Besi des that, of course, Factor VIII products
are part of the regular postmarketing controls as other
medi ci nal products, also. They are, of course, subject
to the normal pharmacovi gil ance system whi ch neans
coll ecting any information on suspected adverse
reactions. They have also the obligation to submt
period safety-update reports about their products |isting
all the problens at the intervals stated here.

Then, lastly, all the data fromthe clinical
trials and from postmarketi ng experience have to be
included in the product information of the product in the
SPC. The incidence of inhibitors in PUPs; you may say
there is no PTP study anynore. That is right. There is
no formal requirement for PTP studies but, if you treat
PTPs, then you should docunent this treatnent and present
all the experience you have with the PUPs al so in your
product i nformation.

Com ng to pharmacovigilance; this | eads us
really to the actual problem we have. W had data about

PTP inhibitors first in 1995 pronpted by this inhibitor
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cluster with this double inactivated product | already

told. In 1995, there were no reports available with any
hemophilia Factor VIII product at that tinme on the
mar ket .

In the period between 2000 and 2003, our
phar macovi gi | ance departnment in the PElI got reports about
ten cases of PTPs with plasma-derived products and,
al together, 62 cases with reconbi nant products. This is
at the first glance a difference but we are not yet sure
that it is really a true problem again, and we have
di scussed the reasons for that.

It is a question of the observation. You can,
of course, speculate that the old plasm products are not
so cl osely observed as the new reconbi nant products. It
is a question of the reporting conpliance of the doctors,
and so on. But, at least it is a kind of signal that we
should ook a little bit closer into the problem and the
CPMP deci ded that there should be a request for
i nformation.

This request for information has been sent out
to the marketing authorization holders of reconbi nant

Factor VIII1 products. Responses will be considered by
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the scientific commttees and the CPMP in the next few
nmonths. | cannot yet tell you any details about this
review, but | can show you the main questions to be
addressed by the conpani es.

The review really is about the worl dw de
cunul ati ve nunber and reports of inhibitor devel opment in
PUPs and PTPs, cumnul ative information on inhibitor
patients, cumul ative worl dw de patient exposure to each
reconmbi nant Factor VIII1 product and the nunmber of units
di stributed worldwi de to set this in relation, and
narrative information on individual cases of inhibitors
in PTPs so that we can really assess also the single
i ndi vi dual cases.

For the nmonent, | can only say that the
guestionnaires are com ng back and that we are quite
optimstic that we could have sone results of this review
in the spring next year. O course, this data will be
very interesting.

Now, com ng to the other questions, and | can
address themonly very shortly. The rationale for
selecting clinical-trial paraneters; | think the focus on

PTP is based on experience with the product-rel ated
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inhibitor clusters. W have already heard, by GII
White, the rationale for selecting PTPs to study the
pr oduct - associ ated i munogenicity.

According to our experience, we really are
focusing on inhibitor clusters. | think this is the
thing we have to sort out at the first place. It wll be
very difficult to find very fine alterations of inhibitor
i nci dence, that a product has a little nore inhibitors
t han other products. That is certainly sonething you
will not find out very easily, but I think it is crucial
that we identify very early, before |icensing products
which really cause inhibitor clusters |like the experience
we had al ready.

Of course, the Bethesda assay is inportant for
that and this assay should, of course, detect also type 2
i nhi bitors. The nunmber of 50 PTPs is, frankly speaking,
a conprom se. O course, we know that with this patient
nunmber, you will not detect very subtle differences in
i nhi bitor incidence.

Again, | have to say what we want to have is to
detect inhibitor clusters. For instance, the inhibitor

cluster in Germany was 12 out of 141 patients and al so,
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in Belgium it was in the range of 12 percent of the
treated patients. On the other hand, these studies
shoul d be practical and also feasible and this was really
a conmprom se com ng out of the |long discussions.

Of course, you also have to consider that we
have a conpul sory postmarketing study. W think whatever
patient number you pick, you will never be sure to have
t he problem solved. The prelicensing; we think you need
al so postmarketing study and particularly we need, of
course, a phase IV study in children since there is no
more formal requirenment for PUP studies.

Then, at the end, this is ny last slide,
assessnment of the potential for inhibitor formation. So
far, the EMEA did not inplement nor identify any
preclinical testing predicting neoantigenicity. But I
hope that this situation will be inproved in the near
future.

The current guidelines for clinical assessnent
focus on the detection of inhibitors, and |I should say
clusters of inhibitors in PTP. These requirenments wl|
be kept under continuous review and therefore we are very

grateful that | can be here today and discuss with you
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and | earn about new t houghts how to i nprove the
si tuati on.

Currently, a review of existing information on
occurrence of inhibitors is underway and | hope that,
early next year, we can comruni cate about that.

Thank you very nuch.

(Appl ause.) ]

DR. VEI NSTEI N: Thank you, Rainer.

We have tine for some questions. Dr. Wite?

DR. WHITE: | think you raise an interesting and
inportant point in this slide that you still have up in
your first point, the neoantigenicity. There really
needs to be some discussion of potential nmodels for that
at sonme point in tinme, perhaps here, but perhaps at sone
ot her point in time, too.

There are sone ani mal nodels, sonme nmouse nodel s,
t hat have been used preclinically to test
neoantigenicity. They nake some sense, but | think we
have potentially better nodels now than we used to have
with transgenic henophilic m ce and, perhaps, there ought

to be sonething devoted to that maybe at the ISTH, in the
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Factor VIII1-1X Subcommi ttee, perhaps at one of these
ki nds of wor kshops.

But | do think increasingly that is going to be
a very inportant area and needs sone enphasis.

DR. SEITZ: As | said, there are a lot of very
prom sing things out but, you know, before they can go
into a regulatory guideline, there needs to be sone
val i dati on of these nethods and so on.

DR. VEEI NSTEIN: Dr. Chang?

DR. CHANG  Andrew Chang from FDA. You did
poi nt out that you have 65--1 forgot exactly the nunber,
but you have a high observation for the reconbi nant
product as conpared to plasma. | was just wondering
whet her you are ready to disclose whether or not the
mar ket i ng share between the plasma-derived and the
reconmbi nant product in your--

DR. SEITZ: That is very hard to say. These
figures were spontaneous reports coni ng over the
conpany's pharmacovi gilance to us. These are worl dw de
data. So it is not easy to say which share. The share
is already very different throughout Europe. There are

countries which have already al nost 100 percent
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reconbi nant and others still have about 50:50. But these
are really spontaneous reports and they come fromall the
world. So it is very hard to assess that.

DR. VEINSTEIN: Including the United States.

DR. SEITZ: Yes. Everything the conpani es have;
yes.

DR. CHANG  Anot her question is that you did
point out in your slides that, in Gernmany, you have a
cluster of 12 out of 141 on the PTP patients. Can you
el aborate a little bit? Wat does exactly inhibitor
clusters nean.

DR. SEITZ: This was exactly low titer sanme, or
at | east the manufacturer is exactly the same way as the
Bel gi an product. The problem was that this product was
already on the market in Germany and these data canme from
post mar keti ng pharmacovi gi | ance studi es.

The data came nore or |ess fromone big center
in Germany and it was very hard to scrutinize these cases
and find out the right consequences and, really, to
denonstrate that this was really a product-rel ated
problem Unfortunately, this case has never been really

published in a proper way. But it was really 141
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patients and clearly, 12 of them got inhibitors, nost of
themtype 2. | think nine of 12 were type 2 inhibitors
and there was one really life-threatening bleed. One
patient really alnost died fromthis bleeding.

Of course, it was very difficult because these
type 2 inhibitors are very hard to detect clinically.
Particularly in this patient, it took weeks until it was
realized that he had an inhibitor because you could
al ways nmeasure a certain residual activity in this
patient.

DR. VEI NSTEIN: One brief question. Dr.
Silverman?

DR. SILVERMAN: Very nice talk. You outlined
the requirenments in ternms of patient nunmbers and what you
are | ooking for, but you haven't outlined for us what you
would do with that, how you woul d anal yze the data.

DR. SEITZ: | have to say | amnot a
statistician and I amnot the right person to el aborate
on the statistics here. W did sone considerations about
the patient nunbers. It is a question what you want to

do. Therefore, | stress so nmuch that we want to be abl e
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to detect clusters of inhibitors, really products which
have a high incidence of patients.

If you want to detect sonme increase over the
normal inhibitor incidence, then, in the first place, you
have to know the normal inhibitor incidence with such
products, sonething which we do not know. Then, of
course, you would need much higher patient nunbers.

DR. VEI NSTEI N: Thank you, Rainer.

DR. SEITZ: Thank you.

DR. VEI NSTEIN: Qur next speaker is Dr. Nisha
Jain. Dr. Jainis a clinical reviewer in the Clinical

Revi ew Branch in the O fice of Bl ood Research at Revi ew

at CBER. Dr. Jain will talk about FDA recommendati ons
for clinical trials of Factor VIII products, our current
t hi nki ng.

Dr. Jain?

Federal Recommendations for Clinical Trials
DR. JAIN: Good afternoon, everyone. | know it
is after lunch, but please bear with ne as | go through
our current thinking on the clinical trials,

recommendations of clinical trials for |icensure of
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Fact or VI

t hi nki ng

clinical
FDA, the
pr oduct,

t hi nki ng,

Il products and how it evolved to the current

whi ch we have presently.

Today, in ny talk, I amgoing to outline the
desi gn of the products approved to date by the
types of clinical trials for approval of the new
what was FDA' s past thinking and present

and how our current thinking evolved with

respect to clinical-trial designs to support efficacy,

clinical-trial designs to support safety of the product

inrelation to the i mmunogenicity.
My talk will not cover on preclinical studies
and all ny talk will contain will be information which is

in the public donmain.

Going to the |licensed products, we can easily

categorize theminto two broad headi ngs; pl asma-derived

and reconbi nant . The reconbi nants can be further

classified as full |length and B domai n del et ed.

I i censed

To briefly review the plasna-derived products

in the U S. are Henofil M WMonocl ate P, Mnarc

M Humate P and Al phanate. The reconbi nant products are

Kogenat e,

Advat e B,

Kogenat e FS, Reconbi nate, ReFacto and Advate,

the newest one licensed in the United States.
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The clinical trials for the plasma-derived
products; nost of these products were licensed in 1960s.
The clinical-trial design was very, very rudinmentary in
t hose years and the |icensure was nostly based on the PK
studies. All the products which were licensed during
that time showed a half-life ranging from 14 to 16 hours.

In the 1980s, all the plasnma-derived Factor VIII
products underwent a nmaj or manufacturing change. These
manuf acturi ng changes were either an addition of a
purification step or steps, a viral-inactivation step or
steps. For the licensure of these plasma-derived
products whi ch underwent manufacturing change, a
conparative PK against the old product and, in the form
of safety studies for inhibitor formation, no
prelicensure requirenment or nunber of subjects or
exposure days was required in those days. All the
information on i munogenicity of these products was
obt ai ned post narketi ng.

When a pl asma-derived product underwent a heat
treatment as an viral-inactivation step--this could be
either the single viral-inactivation step or in addition

to another existing one, in addition to the PK study,
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conparative PK study, with the old predecessor product,
FDA required that a phase IV postnarketing study be
conducted to assess the rate of new inhibitors in the PTP
popul ati on.

This was primarily based on the data which was
avai |l abl e and we have heard about that data in the
nmorning and in the afternoon, the Bel gi an experience,
suggesting that the heat treatnent can conpron se the
integrity and that function of the Factor VIII protein.

The requirements which were primarily in the
1990s, or | could easily say 1997, at that tinme and based
on the CPMP gui delines, the sanple size required was of
50. The exposure duration days for these PTP patients
were two years. The safety endpoint was based on the
assunmption that the maxi mum bi annual rate of observed
i nhi bitor incidence of 3 percent. Then the one-sided 95
percent of confidence interval for this incidence would
be, with a sanple size of 50, 0 to 7.3 percent.

So, with a sanple size of 50 eval uabl e patients
monitored for two years, if nore than three patients
devel oped inhibitors with a titer higher than 0.7

Bet hesda units and that persisted a nonth, the incidence
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woul d be deenmed hi gher than that of any licensed product
at that tine.

Again, this was the thinking in 1997 or prior to
t hat when the plasma-derived product underwent heat
treatment as a viral-inactivation step.

Com ng to the reconbi nant products. The trials
for the initial licensure for these reconbi nant products,
and now we are tal king about early 1990s, the |icensure
was based on a conparative PK study against a |licensed
pl asma-derived product. The efficacy studies for the
treatment of bl eedi ng epi sodes and surgical prophyl axis
were originally required in PUPs but were |ater nodified
to include PTPs

Wth the earlier product, and as the FDA
t hi nki ng evol ved, the safety data on i mmunogenicity was
collected nostly postmarketing with m ni nrum requirenments
premarketing. But this, later on, changed as the FDA
t hi nking evolved. 1In the |ate 1990s, when any product
underwent a maj or manufacturing change, for |icensure of
t hose products, a conparative PK with the predecessor

product was required and efficacy studies for treatnent
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of bl eedi ng epi sodes and surgical prophylaxis was no
required in both PUPs and PTPs.

The safety study was now only required in PTPs.
The PUPs patients were not required to be studied for
safety information. But these were replaced | ater on by
pedi atric studies. The information on inmunogenicity of
t hese products were to be available prior to licensure.
We were no | onger depending on postmarketing availability
of these data, the safety data.

In terms of safety endpoints, the nunber of
subjects which were to be treated would be at | east
previously treated patients following for no | ess than 50
exposure days for devel opnent of all types of inhibitors.

The reason we chose the sanple size of 80
subj ects and the evaluation for 50 exposure days was
that, if 80 subjects are evaluated for 50 exposure days
and none of them devel ops an inhibitor, that outcone
enabl es one to rule out, with a 95 percent confidence, a
frequency of true inhibitor rate of nore than 4 percent.

However, if one patient, out of 80, devel oped an
inhibitor, then it rules out, at the 95 percent

confidence interval, a rate of 5.6. But if two patients,
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out of 80, developed an inhibitor, then the true

i nhibitor incidence--that is the upper bound of
confidence interval --my be as high as 8.47, we felt, and
we judged it clinically unacceptable.

This slide primarily contains the information
which is publicly available. | see two typos in here.

But this slide mainly covers the incidence of inhibitors
in the IND studies for the reconbi nant products. Advate
is the nost recently licensed one. The nunber of
patients with inhibitors over nunmber of patients exposed
to the product, in the Advate clinical-trial study, one
out of 103 was reported, and the observed rate here being
0.9 percent.

The followup for the nunmber of exposure days in
this trial was nore than 75 days. Based on this observed
incidence rate, the two-sided confidence interval
cal cul ated was 0.02 percent to 5.29 percent. The type of
i nhi bitor developed in this trial, in this one individual
patient, was a low titer. The definition of positive
titer in this trial was 1 Bethesda unit.

For the Refacto study, the nunmber of patients

who devel oped inhibitor was one out of the total nunber
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of exposed patients being 113, the true observed
incidence rate being 0.9 percent. The follow up period
or nunber of exposure days for this trial was nore than
50 days. The two-sided confidence interval cal culated on
t he observe incidence rate was 0.02 percent, the upper
bound being 4. 83. The type of inhibitor devel oped
in this patient was high. The definition of positive
inhibitor in this trial was 0.6 Bethesda units.

Thi s shoul d be Reconbi nate, not Reconbi nant.
Reconbi nate; no patients developed inhibitors in this
trial, in this clinical trial, out of 142 patients. The
nunber of exposure days they were foll owed was nore than
70 days. So, based on that, the two-sided confidence
interval is 0 and 2.56.

Unfortunately, the definition of positive
inhibitor for this trial was not within any FO abl e
materials so | can't put it up here on the slide.

How our current thinking evolved over the | ast
two years, actually. W were calling a new product any
new nol ecul ar entity or manufacturing change of an
existing licensed product. The indication sought for

t hat Factor VIII product was to control and prevent
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henorrhagi c epi sodes in patients with henophilia A or for
surgi cal prophylaxis in patients with henophilia A

The trials which were needed to support
i censing of these products were a conparative PK study.
Unli ke the past years, now we are requiring manufacturers
to do a conparative PK with a licensed plasma-derived
product agai nst the new product, not what we have done in
t he past agai nst the predecessor product.

The PK study woul d show that the 90 percent
confidence interval for the ratio of the test product
over the reference product for all primary PK paraneters
should fall with the interval of 0.80 and 1.25.

The recovery of the product before and after 50
exposure days for safety and efficacy study is also
required.

The trials needed to support licensure in terns
of efficacy studies were mainly required in PTP patients
for treatnent of bleeding episode and surgi cal
prophylaxis. No PUPs study is requirenent. The efficacy
and PK studies in the pediatric popul ation could be done

post-licensure as a phase |V study but the protocol for
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this study has to be subm tted and approved prior to
licensure.

The trials to support safety were to be
conducted in mainly PTP population. Actually, the PTP
popul ati on, the definition of PTP being heavily treated,
nore than 150 exposure days--but nmaybe we will have to
rethink this exposure days based on Dr. White's
presentation this norning--the PTP popul ati on, having no
previous history of inhibitors, they being
i mmunoconmpetent, and the inhibitors to be detected in
these, the definition of inhibitors in this PTP
popul ation is mainly the sponsor’'s responsibility.

The sponsor has to clearly define in the
prot ocol what would be a |low and a high inhibitor, what
woul d be the cutoff value of a I ow inhibitor, what assay

woul d be used to detect these inhibitors and what assays

woul d be--and how will the confirmation of the positive
i nhibitors be done. But, overall, all inhibitors, high
or low, will be analyzed as intent-to-treat for the

primary safety anal ysis.
Now, the acceptabl e endpoint for the safety

anal ysis was based on the sanple size of 80 and a m ni mum
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of exposure days of 50 exposure days. The sanple size of
80 would rule out a 6.8 percent as the upper bound of the
t wo-si ded 95 percent confidence interval for the rate of
all inhibitor incidence by intent-to-treat analysis. Dr.
Ng is going to go into the details of how we arrived at
this.

The postmarketing studies could be done for
addi tional indications. That would be conti nuous
i nfusion or routine prophylaxis for each of these
protocols to be submtted to the FDA for review. W
woul d strongly recommend every manufacturer to set up a
pharmacovi gi | ance registry so that the safety data on
inhibitors is made available to the FDA in a tinely
fashion to change the thinking.

(Appl ause.) ]

DR. VEI NSTEIN: Thank you very nuch, Ni sha.

We are open for questions. Yes; Dr. Larson?

DR. LARSON: | amsorry to have to point out
t hat Bayer has a plasma-derived product in the
mar ket pl ace called Co-8 DVI. | noticed that the Kogenate
studi es were also nmissing fromyour slide.

DR. JAI N: ' msorry; can you please repeat?
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DR. LARSON: | said Bayer has both a pl asma-
derived product in the U S. marketplace as well as a

reconmbi nant product that was m ssing from both of your

sl i des.
DR. VEI NSTEIN: Co-8 and Kogenate FS, rather
i nportant.
DR. JAIN. No; | did put in Kogenate FS.
DR. VWEINSTEIN: | think it m ght have been
m ssi ng.
DR. ALEDORT: Dr. Aledort, New York. | amjust

alittle concerned on the issues of getting sonething
through an IRB in terms of ethics in this environnment
asking a patient who has been on reconmbi nant materi al
exclusively to now go into a study and take a pl asma-
derived. This is not a personal statement but it is a
statenment for those who really believe you should never
switch. It will restrict, as one of the issues brought
up by the previous speaker, the ability to recruit
patients who have been only on reconbi nant.

DR. JAIN: FDA actually considers the plasma-
derived products to be safe and effective at the present

time.
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DR. ALEDORT: So do I.

DR. JAIN: And plus the plasma-derived products,
the PK paraneters of those, are considered as gold
st andards, being very, very clearly--you know, very close
to the endogenous occurring Factor VIII products. So
that is what went into our thinking introducing Factor
VI plasma-derived product as a conparator for PK.

DR. WVEI NSTEIN: Dr. Feingol d?

DR. FEINGOLD: Wth all due respect, as a
treating physician, | don't think that it really matters
whet her the FDA regards the plasma-derived products as
safe or not. It is what the patients think and what the
conmmunity thinks. So, of course, you regard them as
safe. Otherw se, they wouldn't be on the market. |
t hi nk nost people in this roomwould agree, but it
doesn't really matter because it is what the patients and
the treating physicians have to think.

DR. WEINSTEIN: Dr. Larson?

DR. LARSON: The other point | wanted to at
| east put forward in front of this audience is the
concept of doing a conparative PK study with the

confidence intervals that you have presented there
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because, hopefully, going forward in the future, we wll
have products that exhibit better behavior in terns of
phar macoki netics and that would certainly be a boon in
ternms of inmprovenments in therapy. So we should probably
t hi nk about how t hose paraneters would be defined for a
product |ike that.

DR. VEINSTEIN. O course, there always my be
questi ons about whether you are leading to a nore
thronbotic situation, too, longer half-life--

DR. JAIN: What | put was mninmum show ng the
m ni mum conparability between the two products.

DR. WEI NSTEI N: Dr. Gol ding?

DR. GOLDING | notice that there were quite a
few di fferences between what the Europeans do and what we
do. Just two of themthat I would |like to maybe address
and ot hers maybe can think about after the neeting. But
one is that | thought that Dr. Seitz said that in Europe
t hey have a second PK trial and that woul d detect
inhibitors that are probably involved with clearance due
to PK, clearance rather than actually inhibiting
function. | would like to know what is the inportance of

that and is this sonething that we need to think about.
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DR. JAIN: Actually, that is our current
t hi nking, also. W are also requiring now to do the
recovery of the product after 50 exposure days so that if
the inhibitors were not--if the interval between the
i nhi bitor detection was not done nmaybe after 50 exposure
days. |If there is a change in the recovery, it tells you
sonet hi ng about it.

DR. GOLDI NG The other thing that | think is
i nportant, maybe not different but is inportant, is the
phar macovi gi | ance i dea and the postnmarketing. Do you
want to comment on what is our experience with
post marketing with a product that was approved and were
we able to get the data that we wanted. How effective is
t he postmarketing strategy here?

DR. JAIN: Postmarketing, right now, is all
voluntary. So what data we get is voluntarily based on
who submts it. The postmarketing data beconmes very
i nportant and nore meani ngful if every information, every
information, is submtted to us. Then we have the
numer at or and we have thd denom nator to assess what is
the incidence of are we going in the wong direction or

are we going in the right direction. But, right now, it
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is all voluntary. |If the manufacturer submts it, we
have it. O herwi se, we don't have it.

DR. GOLDING But is the track record that we
get the information fromthose studies?

DR. JAIN. | don't know. | haven't gone through
the track record as yet. But one thing which you
actually pointed out the difference between EMEA and FDA
is what | noticed was the EMEA requires a postmarketing
foll ow-up study but, to date, only if they are changing,
t hey want somet hing additional |ike continuous infusion
i ndication or a prophylaxis indication, then they are
doi ng postmarketing. W do not require any manufacturer
to do a postmarketing study unless their previous trial
has not supported what they have asked for.

DR. WEINSTEIN: Dr. Pierce, did you have a
question?

DR. PIERCE: Just a quick coment going back on
the earlier point of IRBs being nore hesitant in
supporting trials that would conpare a |licensed pl asma-
derived product to an investigational new clotting factor
just to enphasi ze again that you can't presune that which

you don't formally already know. We have to renenber
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t hat the purpose of these premarketing pivotal phase I1II
studies is to evaluate what is formally an
i nvestigational product whose safety as well as efficacy
is formally, technically, as yet unproven.

DR. VEEI NSTEIN: Dr. Lusher?

DR. LUSHER: To follow up on this, this concept
of the conparative PK study, for patients who have been
only on recommendati on products, to have themenroll in
it, have to go on a plasma-derived product, no matter
what you think about it or what anybody el se thinks about
it, you are going to renove a substantial nunber of
patients from participating because they just believe
t hat the reconbi nant products are safer and they have not
been exposed to anything el se.

So you are really going to cut--it is hard
enough now to enroll patients in studies when there are
| ots of reconbi nant products out there now on the market
so they don't have the incentive they did when the first
reconbi nant Factor VIII products canme out.

So it is hard enough to enroll them but now to
tell themthey have to go on a plasma product, | know

practically all of mne will say, "No way; | am not going
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to enroll in that.” So | think that has to be
consi der ed.

DR. JAIN: Dr. Lusher, your point is well taken
but, as far as the conparative PK is concerned, the
sanple size is very small. Only when they go on to the
efficacy or safety study, then the sanple size becones
very large. But that is another thing to think about.

DR. WVEI NSTEIN: We take your comments to heart,
here. Dr. GII1?

DR. G LL: | would just like to echo again what
Jeanne and ot hers have said about requiring patients to
be on a plasma product for a PK study. | really don't
see why you can't choose one reconbi nant product and use
that as a gold standard instead of the nunerous plasm
products that m ght have different PK val ues thensel ves.

DR. JAIN. Let nme ask you, which one would you
choose?

DR. G LL: | don't think it mkes any
difference. | think you just have to choose one and then
you can use that product to conpare the other products.

DR. VEI NSTEI'N:  Yes?
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DR. REI PERT: Reipert, Baxter. W have heard
several tinmes today that we m ght have future products
that have an altered structure and altered sequence in
order to increase half-life. Have you already considered
i npl ementing additional test systens to sort of exclude
saf ety issues or inmmunogenicity issues since | think, if
you have altered structures, then we m ght have to think
about new test systens.

DR. JAIN. We have not inplenmented anything but
we are thinking towards when we see any--1 nean, this is

a good point and we have to think about it, to be

specific.

DR. WVEI NSTEI'N: Dr. Bergman.

DR. BERGVAN: Garrett Bergman, Phil adel phi a.
Just one question. In looking at the requirenments for
|icensure, 80 patients, 50 exposure days. It is not

specified here if that could be net entirely by a
prophylaxis reginmen in all patients or how many actual
epi sodes of bl eeding do you have to denonstrate efficacy
in?

DR. JAIN: In the safety study, patients on

prophyl axi s can be included because it is easier to get
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to the 50 exposure days, the m nimum of 50 exposure days,
by taking those patients, you know, if the trial is not
too | ong.

DR. VEI NSTEIN: Thank you, Dr. Jain.

DR. JAIN:. Thank you.

DR. VEEI NSTEIN: Qur next speaker is Dr. Tie-Hua
Ng. Dr. Ng is a statistician in CBER s Ofice of
Bi ostatistics and Epi dem ol ogy, Division of
Biostatistics. He will talk about sanpl e-size
determ nation in the safety evaluation of Factor VIII
products.

Statistical Considerations for Design of FDA
Clinical Trials

DR. NG VWhen | nmke presentations at
statistical conferences, | always require to put this
disclainmer. To be safe, | have this disclainmer here,
too. The title of my talk is different frombut nore
specific than what is in the agenda.

As you know, the inhibitor formation is the
maj or safety concern of the Factor VIII products. M

tal k today focuses on the sanple-size determ nations in
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the safety evaluations of the Factor VIII products, in
particul ar the inhibitor formations.

| will not present any conplicated fornmula.
Everything will be very sinple and straightforward. |
prom se. Read nmy lips. No conplicated formnul as.

Here is the big question. How do we determ ne
the sanple size? Actually, this is not that big.

This is really, really big.

As a statistician, | amoften faced with this
guestion. What sanple size do | need? For these short
guestions, | have a sinple answer. Here is my magic
answer. It works for any study. Wthout know ng the
study design and the study objective, this is the best |
can do. So we need to tal k about the study design and
the study objective.

The studies to date have | acked concurrent
controls so we need to rely on the historical data. In
ot her words, we woul d conpare the inhibitor-formtion
rate of the test product with an upper acceptable limt.
The rate here refers to the proportions of subjects who

devel op i nhibitors as opposed to the rate per unit tine.
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The study objective; for safety evaluations, we
want to show that the inhibitor-formation rate is |ow
I n other words, we want to show that the true inhibitor-
formation rate of the test product is |ess than an upper
acceptable limt. | want to enphasize that this is the
true inhibitor rate, not the observed inhibitor-formation
rate. We don't know what the true rate is.

But, then, how could we make such conparisons if
the true rate is not knowmn? This is where the statistics
cones into play. W could conpute the upper confidence
limt based on the observed rate and then conpare the
upper confidence limt with the upper acceptable limt.

The question is, howlowis low that is, what
upper acceptable imt should we use. Should it be
1 percent? | think it is too |ow because it is al npost
i npossi ble to show that the upper confidence limt is
| ess than the upper acceptable limt.

30 percent? Well, | think it is too high
because it is clinically unacceptable. So we need to
make a cut somewhere in between 1 percent and 30 percent.
Where should we make the cut? | will conme back to these

guestions |ater.
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| want to note that if the upper confidence
limt is less than the upper acceptable |imt, then the
true inhibitor-formation rate of the test product is nost
likely to be much | ower than the upper acceptable limt.
I n other words, we have | ow chances of being successful.

We know that the sanple size depends on the
upper acceptable limt. A smaller upper acceptable limt
will lead to a |arger sanple size. It also depends on
the confidence level. |If you want a higher confidence
| evel, then we need a |arger sanple size. Finally, it
al so depends upon the nunber of inhibitors that are
all owed to be considered a success for the trial. So, if
you allow nore inhibitors, then we need a | arger sanple
Si ze.

Has anyone heard about the rule of 3? It is a
very sinple and useful tool that could be used for
sanpl e-si ze cal culations. For a large n, such as at
| east 20, if no inhibitors are observed, then the rule of
3 states that the one-sided 95 percent upper confidence
limt is approximately 3/n. Note that this does not
apply if one or nore inhibitors are observed. It also

wor ks for the 95 percent confidence |evel only.
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| f you consider 97.5 or 99 percent, then it
doesn't work. Finally, it works for a large n. Let's
see how we can use this rule of 3 in the exanple.

Suppose we set the upper acceptable |imt to be
10 percent and the confidence |evel has to be 95 percent
to use this rule. Recall that the rule of 3 said that
t he one-sided 95 percent upper confidence limt is
approximately 3/n if you observe no inhibitor. So we set
3/n to be the upper acceptable limt which is 10 percent.
Qur nis 30. To be nore accurate, n is 29.

| want to enphasize that if one inhibitor is
observed out of 29 subjects, then the study fails because
t he upper confidence Iimt would exceed the upper
acceptable limt. To allow for one inhibitor, we need
nore sanple size. The next slide will show you how to
come up with this sanple size.

You have seen this 29. That corresponds to
upper acceptable Iimt of 10 percent and the confidence
| evel of 95 percent. So, if you observe one out of 29,
then the upper confidence limt is 15 percent. So the
study fails. To allow for one inhibitor, we need a

sanpl e size of 46 because, if you observe one out of 46,
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then the upper confidence limt will be just bel ow 10
percent; that is, if you observe one out of 46, the upper
l[imt is 9.9 percent. But if you observe one out of 45,
then the upper confidence |limt exceeds 10 percent. So
that is why this is the m ninmum sanpl e si ze.

Note that, if you increase the confidence |evel
from 95 percent to 97.5 percent, then the sanple size
woul d increase from29 to 36 here and from 46 to 54 here.
Note also that, if you decrease the upper acceptable
limt from 10 percent to 5 percent, then the sanple size
will be double.

Here is the FDA current thinking, as you have
heard fromDr. Jain. The analyses will be intent-to-
treat and the upper limt of the two-sided 95 percent
confidence interval for the inhibitor-formation rate is
|l ess than 6.8 percent. So inmplicitly we use a one-sided
97.5 percent confidence |evel and the upper acceptable
limt is 6.8 percent.

Why 6.8 percent? Essentially, it allows one
i nhi bitor out of 80 subjects. | will conme back to this

guestion | ater.
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In setting the upper acceptable limt, we should
realize that the inhibitor-formation rate depends upon
many factors. For exanple, it depends upon whether the
patients have or have not been previously treated. That
is a PTP or PUP. | think FDA accepted the PTP. It also
depends upon the definitions of inhibitor formation such
as the | owest unacceptable inhibitor |evel.

It al so depends upon the duration of exposure;
that is, the nunber of exposure days. FDA recommended at
| east 50 exposure days. It also depends upon the assay
for detecting inhibitor formation.

There could be other factors such as you have
heard some of the speakers this nmorning; the disease
type, the disease severity and the patient
characteristics such as age, sex, and so on.

To set the upper acceptable imt, | think it
shoul d depend upon the inhibitor rate for the historical
data. For exanple, if the historical data is 1 to
2 percent, then 6.8 percent may be too high. If the
hi storical data is 3 to 4 percent, then 6.3 percent my
be reasonable. So we need to ask the inhibitor-formation

rate for the historical data.
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Why 6.8 percent? \Where does 6.8 conme fron? |
think it is driven by the data. Now, the upper limt of
t he two-sided 95 percent confidence interval for the
inhibitor-formation rate for observing one inhibitor out
of 80 subjects is 6.77 percent. To pass the outcone of
one inhibitor out of 80 subjects, the upper acceptable
limt is set at 6.8 percent.

Scientifically, we should determ ne the upper
acceptable limt and then come up with the sanpl e size.
But, in practice, that is not always the case. As you
have seen here, we have a sanple size of 80 and we all ow
one inhibitor. So then we cone up with the upper
acceptable limt. So it is kind of |ike back
cal cul ati ons.

In summary, | have shown you how to determ ne
t he sanple size for a given confidence |evel, upper
acceptable limt and the nunber of inhibitors that are
allowed. We need to estimate the inhibitor-formation
rate for the historical data so that the upper acceptable
limt can be determ ned.

Here are two interesting topics that were not

covered in this talk. The power; well, | just want to
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say that the statistical power depends upon the upper
acceptable limt, the confidence |evel, the sanple size
and the true inhibitor-formation rate of the test
pr oduct .

Anot her topic is this. |If the study fails--that
is, the upper confidence |limt is greater than the upper
acceptable limt--can we enroll nore patients? So these

are the two interesting topics.

Maybe--just maybe--1 would see you agai n next
year.

Thank you.

(Appl ause.)

DR. VEI NSTEIN: Thank you very rmuch, Tie-Hua.
We have very limted tinme here. W will have two
guesti ons.

DR. MAGUI RE: Thank you. |'m Bob Maguire from
Weth. | really just have two things to raise. | think
firstly, and I know there will be discussion of this

| ater, we are assumng that an inhibitor is an inhibitor
is an inhibitor and that we count them all. | don't
think that is true and the clinicians in the audi ence

ought to conmment on whether a very transient lowtiter
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inhibitor is the same as a high-titer inhibitor
associ ated with bl eeding.

But the real point | want to ask you
statistically, and I amnot a statistician, if you do an
80-patient trial, and you have made the coment that 6.8
m ght even be too high a nunber if 2 percent is the true
incidence rate. Have you calculated that if 2 percent is
the true rate, what the probability of exceedi ng that
upper bound is in an 80-patient study because |I know, or
| suspect, it is very, very high if your true incidence
is 2 percent, which | think drives the community towards
a larger-sized trial. That is where | think this wll
go. If that is the nunber you want, we will have to do
bi gger trials.

Secondly, you are tal king about intent-to-treat
for sure and if you remain with that upper bound, | think
it is going to make it a little more difficult to accrue
to these studies. So | think we are going to do bigger
studies. W are going to have to go out and naeke sure
nobody has had an inhibitor, even lowtiter, in the |ast,

| don't know, ten years, naybe.
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It is going to be hard accrue to such studies
and | think the risk of exceeding the upper bound is
going to very high and | don't know who is going to take
a chance with new products to really study them under

t hese conditi ons.

Thanks.
AUDI ENCE: | just want to nake the comment--|
just wanted to make the comment--1 just wanted to

enphasi ze on Dr. Jain's slide that in our experience of
premar keting studi es of reconbi nant Factor VIII products,
we had the last three products that were approved had an
i nhi bitor incidence, an observed inhibitor incidence,
ranging fromO to 0.9 percent, so all under 1 percent for
the actual premarketing studies for reconbi nants.

DR. MAGUI RE: That may be intent-to-treat. It
may not. But we have seen a | arge observati onal
experience in Canada that was presented today. The
nunber was 2 to 3 percent.

DR. NG The reason | didn't present anything on
the power is that--one thing, because of the time and for

another, that is the sponsor's risk.
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DR. VEINSTEIN:. | amafraid we will maybe take
sone questions |later at the panel-discussion tinme because
of our tinme limtations. So hold your questions. Keep
themin mnd. You will have a chance to address the
speakers | ater on.

Dr. Aledort is our next speaker. He is the
Chair Professor and M.l Sinai Hospital in New York. He
w |l talk about the data nonitoring board in clinical
trials.

Rol e of the Safety Monitoring Board in

Clinical Trials

DR. ALEDORT: Thanks. You have just heard a | ot
about the design of clinical trials. One has to be aware
that it is now currently recomended that all clinica
trials have a data safety nonitoring board. The question
is why. There are really three main reasons. One is to
mai ntain the integrity of the study, to maintain the
i ndependence of the study and, by that, we al so protect
the integrity of the sponsor, and to maintain the
bl i ndness of the data so we elim nate bias.

Those are the main reasons to do that. |If one

| ooks at one of the responsibilities, one of the first
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responsibilities is to actually review the protocol. Wy
do we do that? Very nuch for the sane reasons we j ust
heard the statistician say and that is so that the design
can actually, in all likelihood, reach the goals of the
study. That neans that the statisticians have to be

i nvol ved and hel p you understand the power and the
nunmbers that are invol ved.

But, in addition, now not only suggested but
mandat ed, that a data safety nonitoring board nust
develop a charter. What are the charters really about?
The charter has got three main elenents. It has got the
el ement to guarantee safety so that they are nade aware
of all adverse events and the second is to guarantee the
quality of the study which has a lot to do with
conpliance with the study paraneters. Three, is to
eval uate the endpoints.

| think the menbership is really quite
i nportant. The nobst inportant, noninvestigator. An
i nvestigator in the study cannot serve and nust not serve
as a nenber of the data safety nonitoring commttee. In
addition to statisticians that may be involved in the

actual analysis of data, involved with the sponsor of the
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study, there nust be an outside independent statistician
to evaluate the study.

The question is, what is the role of the sponsor
in a data safety nonitoring commttee. The guidelines
and rules are pretty straight on that in that the sponsor
may very well be able to be a voting nenber or a
nonvoti ng menber of the commttee at the will of the
sponsor. However, the confidentiality agreenent which
has to be done with every nmenber of that commttee, also
must be applied to the sponsor meaning that a sponsor
then can't go home and discuss with any other nmenber of
t he sponsor's organi zation the findings that are blinded
in the study.

The question that cones up is who does the data
nmonitoring commttee really report. They report to only
t he sponsor. The sponsor can be an industry conpany of
any kind that sponsors the study but it can also be a
governnment agency. This has been certainly w tnessed by
studies, clinical trials, that have been sponsored by
FDA, CDC and HSA as well as NIH. That is inportant that

the confidentiality issue be totally adhered to.
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They gave nme a short anmount of tinme because |
don't think I need any nore, but the nost inportant part
of the final piece of this is what do you tell the
investigators. The investigators are kept out of the
data nmonitoring comm ttee because, if they are apprised
of blinded data as they evolve, we nmay enter trenmendous
bias into the study in ternms of wi thdrawi ng patients, not
entering certain kinds of patients, changing regi nens of
patients as these things evol ve.

But expected outconmes are perfectly acceptable
to not detail to the audience at all, neaning the
i nvestigators, but unexpected, |ike adverse reactions or
experiences are mandated so that the IRBs in your own
institution are aware of the conplications of the
t herapeutic intervention.

But, in terns of blinded data, neaning things
that relate to the outcone, they are not to be disclosed
to the investigators until the study is either over or
t he data safety nonitoring comm ttee has decided that the
study has to stop because of either adverse reactions

that are well beyond what they think is reasonabl e or
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because you have reached an endpoint |ong before the
study was necessarily supposed to end.

Al t hough this is a very short presentation, it
is an inportant part of being sure that the issues that
we just heard nost of the norning tal ked about are really
foll owed so that, at the end, whoever the sponsor is,
can, without any difficulty, present these data to the

appropriate agency.

So, with that, | thank you for your attention.

(Appl ause.)

DR. VWEINSTEIN: | think we will go on. The next
part of our programw || be devoted to presentations by

i ndustry about the results of preclinical/clinical trials
as well as postmarketing surveillance.

Qur first speaker will be Dr. Bruce Ewenstein.
Dr. Ewenstein is the G obal Medical Director for
Hermophilia for Baxter. He will talk today about studies
of Advate reconbi nant.

I ndustry Perspectives
Baxt er
DR. EVENSTEIN: | would also |like to begin by

t hanki ng Jay and Mark and all of the organizers of this
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meeting. | think it is an extrenely inportant topic that
we have addressed today. | have |learned a | ot already
and | am | ooking forward to the discussion as well.

We, |ike the other speakers, | think, were asked
to answer some very specific questions and | will try to
do that and also tell you a little bit about our
pharmacovigi l ance an a little bit nore detail that |
think gets at sonething that we heard earlier.

First of all, as nentioned, we are going to
dealing with two different products here and I amtrying
to make sure that | amclear about which one I amtalking
about. Qur two reconbi nant products, Reconbi nate and
Advate, | thought should be the topic of this short
presentation. Cbviously, there are ol der data on some of
t he plasma-derived products which are still on the market
as well.

The two are easy to describe sort of side-by-
side. They are both made in CHO and they both are
transfected with full-1length human Factor VIII and von
W Il ebrand's factor cDNAs. Now, the difference cones, of
course, in the culturing conditions. |In Reconbinate,

there is the presence of bovine al bum n, insulin and
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aprotinin whereas, in Advate, those ani mal and human-
derived additives have been renpved.

There has also been a difference in the cell-
culture process. We went froma batch re-feed with
Recombi nate to a continuous or so-called henost at
perfusion with Advate. Then, the final fornulation
i ncl udes human al bumi n for Reconbi nate and manni tol and
trehal ose as bul king and stabilizing agents in Advate.

So the products, thenselves, are both full-
| ength Factor VIII nolecules and they have conparabl e
close translational nodifications including N and O
i nked glycosylation, sialic-acid content and tyrosine

sul fati onal key elenents in the function of Factor VIII.

| won't go through a |lot of the detail, but they

have al so been shown to be conparable with respect to
some of the tests we heard earlier such as a rate of
t hronmbin activation binding to phospholipid binding to
von Wl ebrand' s factor and the I|ike.

Wth respect to specific activity, it is
probably best to think about Reconbi nate before the
addition of the albumn in which case you can see the

specific activities are just about the sane.
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So | thought I would actually start with the
Advat e i mmunogeni city evaluation in the now conpl eted
pi votal study and then junp back to Reconbi nate which
woul d i nclude the pharmacovi gil ance data as well.

So, for Advate, we had an eligibility
requi rement of 150 exposure days whi ch has becone the
recomendati ons, as you have heard. That, of course,
woul d i nclude any other Factor VIII product. Patients
were excluded with any history of an inhibitor greater
than 1 BU. O course, that cane out of the nedical
record and included whatever test was avail able at that
center.

Now, we did fairly frequent inhibitor testing
during the study. This occurred at study initiation and
then prior to the PK evaluations and then, after 15, 35,
45, 60 and 75 exposure days during a required prophyl axis
period and then, again, at study term nation.

The question was posed to us about sort of what
limts we | ooked at with respect to the assays and what
assays we used. We have heard a lot of very technica
and, actually, very el egant discussion about these assays

before but | would agree that, although our [ab, our
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reference | ab, says that the Nijmegen can go down to
zero, we heard before that is probably not true perhaps
with the very newest version. But we have taken, as a
practical limt, something above that.

Wth the Bethesda assay, although | have seen it
witten as sort of technically able to go down to 0.4, |
think 0.6 is probably nore realistic.

We tried to divide the world of inhibitors into
hi gh, Iow and also transient. W didn't hear too nuch
about transient during the discussion and maybe this can
conme up |later using the now standard definitions of 5 BU
and these would have to be confirmed in the central
| aboratory. For |ow responders, we would say anything
bet ween 1 and 5.

Now, transient inhibitors would be a subclass of
the lows, therefore, with a titer of |less than 5 but no
| onger detectable at study termnation and also with a
recovery that would be greater than--that shoul d be
deciliter--1.5.

Now, if the inhibitor was |ess than 1 BU, the
pl asma sanples would be retested. What | didn't wite

here was the fact that, at least in the initial study,
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the pivotal study, the Bethesda assay, itself, the
ori gi nal Bethesda assay, was used as the initial screener
and the Nijnmegen, as you can see here, sort of used as a
confirmatory assay. That probably doesn't make that
much sense, really, because the specificity and
sensitivity would be just as good using the Nijnmegen from
t he beginning and that is what we are doing currently for
all the studies past the pivotal.

Now, an inportant thing, and | think this
har kens back to what Dr. Aledort just said, we decided, a
priori, about stopping rules and the need for the DSMB
eval uation. So we would suspend the study if we saw one
high-titer inhibitor or a greater than one high-titer
i nhibitor or greater than two lowtiter inhibitors.

These were actually based on sone of the sane
consi derati ons that you heard in the previous two FDA
present ations.

In reality, in the Advate pivotal study, only
one subject tested positive out of 108. This was a | ow
titer inhibitor foll owed 26 exposure days. There was no
synpt omat ol ogy. The patient actually, and this is a

funny story that | have told before, happened to be ny
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own patient before |I joined Baxter and the only patient,
of course, who devel oped an inhibitor on the whol e study,
which is sonmething | have never been able to totally live
down.

But he was not really nade to be on a
prophyl axis study and withdrew. Only later did | find
out, in fact, that he had this inhibitor fromthe central
lab. Qur own hospital lab didn't see it. But eight
weeks later, | brought him back and the inhibitor was
undet ect abl e and he had a normal recovery and abbrevi at ed
PK study half-life.

In the foll ow-on studi es beyond the pivotal -
study surgery, pediatric and continuation studies, we
haven't detected any inhibitors to date.

Returni ng back to Reconbinate, there were, and
you have heard this presented before so | will go just
qui ckly through it, in the PTP study, there were no de
novo i nhibitors but there was one subject with a history
of an inhibitor who had a transient lowtiter inhibitor
of 0.8 BU but with a decreased recovery and normal half-

life. But he had that prior history.
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In the PUP study, inhibitor testing here
occurred every three nonths. The overall rate was 30.1
percent. You can see the breakdown of high responders,
| ow responders and the subset of transient responders.
As we have conme to see, the medi an exposure day was
pretty early for the appearance of inhibitors. Here you
can see specifically what the inhibitor-free surviva
curve | ooks like with the probabilities of devel oping an
inhibitor at 10, 20 and 40 days of 0.13, 0.24 and 0.3
respectively.

| nhi bi tor devel opnment is a pretty rare event.
Li ke so many rare events, there really is a role for
pharmacovi gi | ance that | think cannot be acconplished in
prospective studies alone. W, like all of the
manuf acturers, of course, have an active
phar macovi gi | ance program where reports are solicited,
bot h spontaneous reports fromtreating physicians and any
of the healthcare workers involved with the patient and
also fromthe literature.

So we took at | ook at a ten-year experience with
Recombi nate in which we noted there were 89 docunented

i nhi bitor cases that had been prospectively collected in
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this fashion since licensure. At that tinme, and | don't
think I am giving away any secrets, there was a total

di stribution of about 6.5 billion units of Reconbinate
and al so of Bioclate, which essentially is the sane
product fromthe point of view of inhibitor risk.

We then set out to try to establish what the
inhibitor risk was both looking at it in the traditional
way of events per mllion IU distributed but also, to
make it a little nore pal pable, try to create a nodel
that would allow you to sort to sort of think about this
as a percentage of treated patients. O course, to do
this, we had to estimte how the product that was
di stri buted was actually being used.

The details of this, actually, have been
submtted for publication so | will just try to give you
a quick flavor of the nodeling. First of all, we tried,
fromthe reports, to figure out the extent of the prior
Factor VIIIl therapy. W divided this into three groups
initially, 1 to 50, 50 to 150, and greater than 150.

These sonetinmes canme fromvery precise reports
that we would receive from mny of you fol ks. But

sometines, we had to use a certain amunt of clinical
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judgnment. For exanple, a 50-year-old man who had been
bl eeding twenty tines a year, we assumed he had exceeded
150 exposure days.

Based on this, we eventually came to divide the
patients into two groups; PUPs, which | arbitrarily said
woul d be I ess than 50 exposure days, and PTPs, which
woul d be greater than 50 exposure days. Wiy 50? Well,
if you | ook at, for exanple, the inhibitor risk-free
survival that | presented, that accounts for about 95
percent of the risk period plus or m nus a coupl e of
percent | ooking at each study. So |I think it is probably
capturing nost of the risk to look at it this way.

We al so had to | ook at the preval ence and
i ncidence of henophilia in the population. For this, we
went to the CDC database and figured out that the
products were probably distributed about 3 percent to
PUPs and about 97 percent to PTPs.

We al so had to sort of estimate how nuch a PUP
and PTP would use. These are the nunbers we cane up
wi th, about 50,000 and 150, 000. Then, fromthese,

i ncidence rates were calculated for all inhibitors and

also for the high-titer inhibitors and we then al so
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attenmpted to | ook at the predictors of inhibitor
devel opnent using a nultivariate nodeling system

So, again, | can only present sort of the
hi ghlights. Here are the patient characteristics. |
think there are not any huge surprises here. | think,
apropos what Dr. Evatt presented, you can see about 50
percent of the risk is probably being m ssed in the UDC
because they are occurring under two, at |east in our
reporting system but we do see the other 50 percent are
bei ng captured in the over-two popul ati on.

As you m ght expect, about 80 percent are
occurring in severe. But it is also inportant to | ook at
the 20 percent that are occurring evenly divided between
the mld and the noderate. About 80 percent of the
patients appeared in what | amcalling PUPs here, but
there was also a significant nunber in the above-150
exposur e days.

If you look at the titers, though, about 50
percent are |ow and 50 percent are high. But many of the
low are really low at |ess than one. Again, these are

all coners fromthe | ab. It is not in our |ab.
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So the overall incidence in this ten-year period
was 0.317 percent and about half of that risk, as I
showed you, was in high-titer inhibitors. There were no
| ot-related clusters which, of course, is inportant to a
manuf acturer in ternms of any process defect.

I f you break it down, and this maybe is the nost
relevant to the PUPs and the greater than 50 exposure-day
popul ati on, you can see there is about a 100 to 1 risk
factor where the PUPs are about a hundred tines nore
likely to get an inhibitor but with an absol ute nunber of
0.12 percent in the greater than 50.

Of course, one of the questions that comes up is
what is the gearing system here; in other words, how nany
are we actually seeing conpared to the real nunber. It
is a hard nunber to establish but, because there have
been sone periodic spikes in nore active surveillance and
registries that have been established in a few countries-
-France, for exanple. Canada we heard about--it has been
possible to sort of estimte what that m ght be and it is
probably around 5 to 1. But this is an approximtion.

So just to summari ze this piece, Reconbinate

appears to be of |ow imunogenicity but | think, perhaps
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nore inportantly even in terns of going forward with
future data collection, is the fact that the post-

i censure surveillance results have been able to confirm
in broad outline, what we saw in the actual fornmal
prospective trials.

The data fromthe Advate clinical trials were
al so encouraging. It was that single inhibitor that we
tal ked about and no inhibitor so far in the postnmarketing
surveillance. But, of course, the product has only been
licensed in the U S. and we are only a few nonths into
t he postmarketi ng peri od.

In terms of perspectives, obviously, we wll
have a chance to discuss this. | just really chose one
thing to sort of nention here and that is that | think
t here have been several speakers that have been harping
on the issue of animal nodels. | think that, truly, this
is going to be of critical inportance. | think it is
getting to the point where one can inmagine--well, we
al ready have one non-native Factor VIII nolecule and I
think we are getting to the point where there are other
non-native Factor VIII nolecul es that may have enhanced

bi ol ogic activity that nmay be very useful. But
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i mmunogenicity is likely to be the single greatest
limting factor.

It is really difficult to imgine having to do
into clinical trials with all of these sorts of nol ecul es
wi t hout havi ng some sort of aninmal nodel. | can just
say, broadly speaking, that Baxter is working on such
nodel s, some simlar to what you heard, sonme others as
well, and that | think that these will prove really
necessary if we are going to go forward in terns of
future Factor VIII devel opnent.

So let me stop there and try to keep us still on
time. Thank you for your attention.

(Appl ause.)

DR. VEEI NSTEIN: Thank you, Bruce. W could have
a couple of questions. |If not, we will go on to our next
speaker, Dr. Peter Larson, from Bayer Corporation. He is
the G obal Medical Director and he will present
i nformati on about Bayer's recombi nant products.

Bayer

DR. LARSON: Thanks, Mark. \Wiile they are

putting the slides up, | would like to thank Jay and Mark

for inviting ne to present Bayer's experience. Wat |
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hope to do is tal k about our clinical experience over the
past fifteen years with our Kogenate nol ecul e.

First, what | amgoing to do is talk to you
about the description, generically, of the nolecule, a
little bit about our preclinical testing and then a
coupl e of neoantigenicity studies that were done to
support the license applications for both Kogenate and
Kogenate FS and then nove into the clinical studies. |
think there has been enough di scussion and enough of the
hi story behind the prospective studies for these
reconbi nant products.

Il will talk first about the Kogenate studies and
t he Kogenate FS studies, some postmarketing studies that
we have done and, finally, I will conclude wth our

spont aneous reports on inhibitor formtion.

Bot h Kogenate and Kogenate FS are full-1ength
reconmbi nant Factor VIIIl products. They are produced in
an identical BHK cell line under identical fermentation

procedure. The procedure is a continuous perfusion one
that runs for greater than 100 days. The nolecule is not

co-expressed with von Wllebrand's factor. Both are
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i munoaffinity purified by the same nonocl onal anti body
agai nst a |ight chain.

The real difference between the two products is
in formulation. The original product was fornulated with
al bum n. Kogenate FS is fornmulated with sucrose.

When both products have been conpared in
t hronbi n-cl eavage experinents, they have the sane
t hronbi n-cl eavage sites as plasma-derived Factor VIII as
determ ned by Western blotting. Both the N and C
ter m nal - sequence anal yses concur with the cDNA sequence
t hat was used and trypsin digests separated by reverse-
phase HPLC are simlar to plasma-derived Factor VIII.

We have done extensive carbohydrate anal ysis
which is published in the reference as cited bel ow
Essentially the only differences between plasma-derived
t hat were observed in these studies were the presence of
bl ood-group antigens in plasma-derived that were not
present in reconbinant Factor VIII and the presence of a
gal alpha 1 to 3 gal group linkage in the reconbi nant
Factor VIII which is a |linkage that is not seen in higher
pri mates and humans. As a consequence of that, we did

further studies to | ook at recoveries and showed no
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di fference between nol ecul es with higher concentrations
of this side chain and pl asma-deri ved.

The box on the side just shows sone of the
typi cal characterization that we do for the products.

As part of a general preclinical package, we did
acute single-dose and subacute studies in toxicity.

Cbvi ously, these studies are limted by the nunber of
doses since these animal nodels will make heterol ogous
anti bodies. They were performed in four species |listed
here with repeat doses up to five. There were no issues
observed and suprat herapeutic doses. These foll ow ng
studi es were not done agai n because of the inmmune
responses and all the excipients used in manufacture are
generally regarded as safe.

Qur preclinical group devel oped an assay about
ten years ago to attenpt to | ook at neoepitopes on the
reconbi nant Factor VIII nolecule. This was a rabbit
i mmuni zation study in which anti bodies were raised in
rabbits using Florenz adjuvant to either plasma-derived
or reconbi nant Factor VIII and hyperi mmune sera were
derived fromthat and i mmunoabsorbed on a col unn agai nst

pl asma-derived Factor VIII.
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Through a nunber of experinents, what was shown
is that the inmmunoreactivity, or absorption, against
pl asma-derived was decreased in the sane fashion with
ori gi nal Kogenate as it was with plasma-derived Factor
VI1l. Several positive controls were used in this
experiment including using a partially B-domain-del eted
nmol ecul e whi ch showed positive results. This is not the
sanme nol ecul e as the marketed ReFacto product.

The results were also confirmed in a conpetitive
ELI SA and the concl usion was that any anti bodies fornmed
in the rabbit species that reacted with plasma-derived
al so reacted with Kogenate. They were depleted in the
sane manner and there were no new anti body specificities
detected in that assay.

Wth the licensure of Kogenate FS, the study was
repeated again only this tinme using Kogenate 0 as the
nol ecul e that was on the columm and, again, the sane
results were observed, the conclusion being that, at
least within this limted nodel, that there was no
suggesti on of neoepitopes.

| will now nmove into the clinical studies. | am

going to try to briefly go over fifteen years worth of

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

clinical experience with these two nol ecules. | have
tried to group them according to PTPs and PUPs with the
di fferent nolecules. Some of these studies have been
publ i shed. Not all of these data are in the public
domai n, but | was asked by the FDA to try to put as nuch
of our data forward as possible. So that is what we have
tried to do here.

The top studies in all of these charts w il
represent, essentially, the licensure studies. This is
the original Kogenate study that enrolled 103 PTPs. |
t hi nk, as has been pointed out by a nunber of speakers
this norning, the definition of PTP has evol ved since
1988. So this trial included many patients who, although
t hey had previously been exposed to Factor VIII products,
did not neet the definition of either greater than 100 or
150 exposure days. |In fact, several of the patients on
this trial actually had very few exposure days.

The overall median follow up for the cohort was
4.6 years. A total of over 17,000 infusions were done on
this prospective, well-observed cohort. | think G
mentioned this nmorning there were two inhibitors in the

study. Actually, what was detected were three, one of
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whom was subsequently determ ned to have a preexisting
i nhi bitor.

The other patient did have what we considered to
be a de novo inhibitor. This was a low-titer inhibitor
in what was felt to be a true PTP with greater than 100
exposure days. The third patient was a patient from
Greece who was undergoi ng surgery and, by report, had
been infrequently treated. Actually, the patient's
report was that he had never been treated but he was
hepatitis-C positive so it was presunmed that he had
recei ved bl ood products in the past.

So our interpretation of these data is that
t here was one de novo inhibitor observed in this cohort
of 103 patients.

We have subsequently sponsored or conducted
several postmarketing studies, nost of these being in
Europe. One of those studies of 13 patients showed one
inhibitor in an infrequently treated patient. W don't
have the number of exposure days that that patient had
previously. It was a lowtiter transient inhibitor at
0. 78 Bethesda units; so, for a total cohort of 205 PTPs

observed in prospective studies with Kogenate, over

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

24,000 infusions, two inhibitors that were considered to
be de novo and one of those was transient.

Moving to the Kogenate FS studies, we conducted
essentially one licensing trial that was done partly in
Europe and partly in the United States. The data were
merged for subm ssion. They are listed as the first two
studies on this table. The period of foll ow up was
approxi mately four years, a total cohort of 73 patients
and there were no de novo inhibitors observed in this
cohort.

A single patient, who had been nmultiply
transfused on the study, underwent surgery and devel oped
a lowtiter inhibitor up to a peak titer of 2.6 Bethesda
units. Wien we went back and | ooked at his enroll nment
studi es, he had actually had a detectabl e inhibitor that
was below the threshold of 0.6 so he was eligible to
enroll but had had a neasured inhibitor in the past.

The last three studies on this are snmall
phar macoki netic studies that were conducted but, again,
there were no reports of inhibitors in those studies and

we did a 20 PTP study in Japan for licensure there with
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over 1500 infusions and no inhibitors observed in that
cohort.

| think this slide doesn't need to really be
reviewed with this group, the fact that both the
Reconbi nate and t he Kogenate PUP studies really were
groundbr eaki ng clinical studies and that these several
poi nts have been brought up before, that the studies
were--there was nore observation in these studies with
i nhi bitors being neasured at | east every three nonths and
it brought to |light the phenonenon of transient and | ow
titer inhibitors.

Subsequently, review articles have essentially
confirmed that the results of these studies are
conparable to the inhibitor incidence or, as Dr. Wite
li kes to say, prevalence in these cohorts conpared with
pl asma- derived studies.

So, nmoving to these PUP studies, the first
Kogenat e study enrolled 102 eligible patients. OQut of
those, 65 were severe and | think the nmeani ngful nunber
there is that 19 out 65 developed inhibitors in this

cohort, so an incidence of 29 percent. Twelve of those
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were high. N ne were low. The threshold for high versus
| ow was considered | ess than 10 Bethesda units.

In the early Kogenate studies, the inhibitor
assays were done at the local institutions. The
confirmation of positive inhibitors were done at a
central | aboratory at the University of California at
Davi s.

Three postnmarketing PUP studies were conducted
wor | dwi de, in Japan and in Europe, giving a total of 185
PUPs that were observed prospectively over 20,000
i nfusions including the devel opnent study. The nunber of
patients within all of these studies, and you can see |
have got listed there as best as possible the nunbers
that were low titer and high titer, 47 all told. If you
use the denom nator that includes the whole 102 PUPs in
the original PUP study, the overall incidence for
inhibitors with the experience with Kogenate in these
controll ed studi es was approxi mately 25 percent and, as
expected, for any Factor VIII product.

The Kogenate FS studi es have just recently
conpleted. 61 patients were enrolled into that study,

again split across Europe and North Anerica. One of
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t hose patients was found to have a pre-existing inhibitor
on his enroll nent sanmple and was not considered for an

i nhi bitor analysis. The follow up was around 2.5 years.
A total of nine inhibitors were observed in the whole
cohort. Four in the European study were all lowtiter.
Five in the North American study were high titer. A
total of nine inhibitors or an overall observed incidence
in this cohort of 15 percent.

A nunber of postmarketing studies have been
conducted. | have nentioned a couple of themin the
earlier slide on PTPs but | want to point out that we
have recently finished up a Kogenate PTP study in Japan.
This group enrolled 123, again by their definition,
previously treated patients and it was a m xed group of
patients with varyi ng degrees of previous exposure.

The assays for this particular study were
perfornmed in the |ocal hospital |aboratory. The data at
present were unverified. There were five PTPs that were
determ ned to have inhibitors neasured in that cohort
that were felt to be potentially de novo. One of those,
it couldn't be determ ned whether the patient had had a

negative inhibitor analysis in the past.
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| think you can see below that | have listed the
inhibitor titers. Wth one exception, they are all bel ow
1 Bethesda unit.

We have three postmarketing surveillance studies
that the conmpany is conducting ongoing right now with
Kogenate FS. Two of these are in Europe and one if these
is in Japan. The enroll ment nunmbers are listed there.

Dr. Carcao went over, in detail, the results of
the study that we worked with our Canadi an col | eagues to
conduct once Kogenate was |licensed in Canada. W have a
particul arly beneficial situation in Canada in that, by
contract, for the first five-to-eight years of Kogenate
i censure, the predom nant product being used in Canada
was Kogenate and we were able to conduct the study, the
results of which he has presented to you earlier.

When Kogenate FS was introduced into the market,
we worked with the group in Canada to do a simlar study
| ooki ng at change from Kogenate to Kogenate FS. There
are sone mnor differences in the study design, but sone
initial results are now avail able and, again, these w |l
be presented at ASH. There were 354 patients enroll ed.

Al'l 354 had an initial or baseline pre-switch sanple.

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

221 have had a second sanple and 116 have had a third
sanple. Those sanples are spread out every six to 12
mont hs and, in all of those patients, there has not been
observed a new i nhi bitor

| want to just quickly finish up by the way we
have | ooked at the spontaneous reports into our gl obal
drug safety database. This is a little busy slide. |
apol ogi ze. Over the course of the reporting period which
has been 1992 through today, we have had a total of 58
inhibitors reported into the safety database. O those
58, and I won't go through the math there, we consider 34
of those to potentially be PTPs.

Two of those 58 were confirned to have had a
prior history of inhibitor. 22 of those 58 could be
definitely defined as having | ess than 20 exposure days.
Seven we could confirm as having between 20 and 100
exposure days. Sixteen had unassessabl e exposure data
based on the information that was provided. Eight we
t hought were possible PTPs and three were felt to
represent true PTPs.

So, in the interest of being conservative, we

have taken everything but the PUPs and the two patients
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with prior history and considered those to be PTPs.

During the period of time 1994 to 2003, we have

di stributed over 4.7 billion units of reconbi nant Factor
VI1l. | have done two calculations here to get a
denom nator. | think a couple of people have pointed out

the inability to interpret these spontaneous reports
without trying to come to sonme denom nator over which to
consi der them

So the first cal culation, what | have done there
is try to be very liberal and say that, in a 70-kil ogram
adult being treated on prophylaxis with 25 | U per
kil ogram every ot her day woul d use approximately 212,000
international units per year. Obviously, this is a
hi ghly conservative estimte of patient years of exposure
in that a significant proportion of reconbinant Factor
VI1l is being used in the pediatric popul ation and there
is little penetrance of full prophylaxis in adult
popul ati ons in Europe or North America.

But, given that, that cones out with 22,000
patient years of exposure. So 34 divided by that cones
up with a rate of about 1.5 per thousand patient years of

exposur e.
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On the other extrenme, or perhaps not extrene,
assum ng that an adult patient bleeds once a nonth and
gets treated with 50 11U per kil ogram per bleed, a
cal cul at ed dose of 50,000 IUs per year. That conputes
into patient years of exposure 94,000 or a rate of 34
divided by that is 0.4 per thousand patient years.

What | have chosen to do here is conpare that to
a baseline used fromthe Rosendahl paper on the case-
control retrospective analysis of the Dutch outbreak of
approxi mately four new inhibitors in PTPs per thousand
pati ent years on standard therapy.

So, understandi ng that reporting to these gl obal
drug safety databases is probably limted, that these
inhibitors are underreported to these safety databases,
we still come up with, either conservatively or |ess
conservatively, a rate that is |l ess than has been
publ i shed by the Dutch group.

So, just to summari ze, we have had over 15 years
of clinical experience with the Kogenate nol ecul e over
the course of 12 prospective studies. In 300 PTPs, we
have seen two de novo inhibitors. One of those was | ow

titer and transient. Five prospective studies in over

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

246 PUPs, and the inhibitor devel opnent rate was as is
expected for a Factor VIII product. At |east two |arge
post marketing studies in Canada that have been done to

| ook at switching of products did not show a problemw th
inhibitor formati on and that our spontaneous reporting is
at or bel ow what has been reported in the literature.

Wth that, | will finish up.

(Appl ause.)

DR. VEI NSTEI N: Again, we have tine for a few
guestions, if there are any.

DR. CARCAO. Manuel Carcao from Toronto. This
gquestion could equally have applied to your talk, Peter,
or to Bruce's talk and that is the role of postnmarketing
surveill ance that both conpani es have been doing. 1In
bot h cases, you presented the data but it is very much
hi ngi ng on how many of the cases have actually been
reported to the conpany.

In both cases, | think, for Baxter as well as
for Bayer, if you had to make a guess a guess as to what
percent of all inhibitors have actually been reported to
the conpany in these postnmarketing surveillances, do you

t hi nk that the range would be nore than 50 percent, 20 to
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50 percent, 10 to 20, or are we tal king about maybe you
are only capturing less than 5 percent of the actua
occurrences.

DR. LARSON: | think I want to first
di scrim nate between the postnarketing surveillance work
and the spontaneous reports to the global drug safety
dat abase. The studies that | have reported in
post mar keti ng surveillance have all been surveys where
treaters are filling out, on a prospective basis,
observations with their patients.

So an inhibitor that is not picked up on every
six-month or every annual testing, as in your study,
woul d no the detected in that kind of a cohort. Wth
respect to the drug safety database, | wouldn't venture a
guess as to what percentage is being m ssed. Certainly,
we have seen nobre as each year goes by, a reporting of
nore and nore inhibitors as people becone nore aware of
t hese mechani sns to report inhibitors.

| would say that, as |I have | ooked at those
data, fully 75 percent of the reports have been high-

titer inhibitors suggesting to ne that the nore serious
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the inhibitor, the nore likely it is to be reported into
t he safety database.

DR. VEEI NSTEIN: Dr. Al edort?

DR. ALEDORT: | think that is a good question
t hat he asked and that is always facing FDA. But | would
just like to tell you about the post-surveillance that
t he Reconbi nate Data Monitoring Commttee did on every
PUP in the original 73 PUPs in the Reconbinate. 65 of
the 73 patients provided data. 41 gave us four to five-
years worth of data. 41 of the 65 stayed on Reconbi nate
and the others only took reconbi nant materi al s.

Three of the five transient inhibitors had
recurrence of their inhibitor during that five years and
three new inhibitors were defined in that group. This
was with annual follow up and surveillance so there is a
bi g di screpancy between that kind of surveillance and
waiting for people to call you.

| think that is inmportant and | think that is
what needs to be done if we are really going to do post-
i censing surveillance is follow the patients that you
put into the studies.

DR. VEEI NSTEIN:  Thank you.
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OQur next speaker will be Dr. Garrett Bergman.
He is the Vice President of Research and Devel op at
Oct agen Corporation and he will review studies perforned
on reconbi nant porcine Factor VIII.

Bi omeasur e/ Oct agen

DR. BERGVAN: Thank you, Dr. Weinstein, and
t hank you to the organizers for inviting ne to speak.

Today, | am going to be speaking on a new
product that | aminvolved in developing called a
reconmbi nant porcine Factor VIII product that we are
calling OBI-1. It is alittle bit different, what we are
going to be doing is a little bit different than what we
have been tal ki ng about. First of all, I amonly going
to be reporting on preclinical data and not any clinical
data because we don't have any yet. Secondly, as you
will see, or may already know, this product is intended
to treat patients who already have devel oped anti bodi es
to human Factor VIII.

Cct agen Corporation is a small start-up
devel opnent conpany | ocat ed outside Philadel phia. W
have entered into a partnership with Ipsen Limted, which

is a division of a European conpany, to develop OBI-1 and
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ot her Factor VIII products. The technol ogy derives
primarily fromthe | aboratories of Dr. Pete Lawl er at
Enory University.

| psen Limted manufacturers and distributes the
porci ne plasma-derived Factor VIII product Hyate:C. In
recent years, the supplies of Hyate: C have been severely
constrai ned because of concerns about the starting
pl asma.

Now, | amgoing to talk a little bit about
characterize of our product before | get into some of the
data because | was asked to do that so you can get sone
context. OBI-1, by the way, stands for Octagen-Beauf our-
| psen, so it is not Obi-1-Kenobi. It is manufactured in
serumfree medi um using a well-characterized BHK cel
line that is expressed as 170 kil oDalton glycosyl ated B-
domai n-del eted heterodi mer, cleaved into a netal ion-

i nked heterodinmer. The specific activity can be
measur ed approximately 12,500 by the one-stage clotting
assay cal i brated agai nst an NI BSC porcine standard.

Here are sone of the characterizations of the

heavy and light chains with regard to which donains are
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in which, the nolecule weigh and the nunber of am no
aci ds present in each.

This shows sone of the characterize with regard
to glycosylation, N-linked and O 1linked, and the sulfated
tyrosi ne residues and the nunmber of disulfides.

As | just said in ny introduction, porcine
Factor VIIIl utility is used only to stop or prevent
bl eeding in patients who al ready have an anti-human
Factor VIII inhibitor. This would include patients with
congeni tal henophilia who have devel oped an inhibitor and
al so patients who don't have henophilia frombirth but
have an acquired autoi nmune anti body to Factor VIII.

The reason for its utility is that it can bypass
the inhibitor in many cases because the antigenic
determ nates are different on the porcine nol ecule.

| am going to tal k about two kinds of studies
t hat we have done in the preclinical devel opment of the
product that have sonme relevance to our concern today of
i mmunogenicity. The first is | amgoing to talk about
our studies in the knockout henophilia-A mce and talk
about what we found there. That study was designed

specifically to conpare the i mmunogenicity of the
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reconmbi nant product with that of the plasma-derived
Hyat e: C.

But | am also going to talk about sonme of the
data that canme out of our 90-day toxicology study in
primtes. Sone of the things that we nonitored, sone of
the things that we neasured, have sone indicators of
i mmunogenicity that we will talk about.

So, first, in the henophilia knockout mce. W

tested these in the E16 knockout m ce. These are CRM

negative, | believe. The mce were presensitized with
human reconbi nant Factor VIII weekly for five weeks to
simul ate what the clinical setting would be. 1In other

wor ds, humans that have henophilia don't get Hyate:C as
their first exposure to a Factor VIII product so we had
these mce also not get porcine Factor VIII as their
first exposure. W first induced antibodies to Factor
VI1l in them and essentially all of them becanme
sensitized in this reginen.

Then the groups received either 110 or 100 units
per kilo either the plasm-derived Hyate: C or the
recombi nant OBl -1 weekly for four doses and then were

tested two weeks | ater. The anti bodi es were tested both
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in the Bethesda assay and by ELI SA. The ELI SA was done
by two nethods, one a specific 1gG ELI SA and anot her that
is an 1gG specific for Factor VIII ELI SA.

In this slide, this is the results of the ELISA
testing. You can see fromthis slide, the left three
colums are the 1, 10 and 100 dose exposures to the
reconmbi nant product and the right three colums are the
exposure to the plasma-derived porcine Factor VIII
product. You can see that, at 10 and at 100 units per
kilo, there was a significant difference in the amount of
anti body produced agai nst the products by ELI SA.

Now, you would say, well, you woul d expect that.
We know that Hyate:C is an internedi ate-purity product at
best and has many extraneous proteins, but this graph,
this slide that | picked, depicts only the Factor VIII
specific 1gG that was tested in the ELISA, not against
any other proteins but Factor VIII.

Looking at the inhibitors, the inhibitory
anti bodi es, of these same mce, we see that there was no
difference. At 1, at 10 or at 100 there was no
difference in inhibitor titers that were generated

agai nst the reconbi nant versus the plasma-derived
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product. At 10 units per kilo, it |ooked as though there
m ght be a trend, but it certainly did not carry over to
t he hi gher dose.

So the conclusion here was that Hyate: C
generated greater nonspecific as well as Factor VIII
specific 1gG when tested in an ELI SA and the reconbi nant
in plasma-derived products showed no difference in
i mmunogeni city when you | ooked at the inhibitor formation
by a Bethesda assay. Okay; that was very reassuring to
us.

Then, as part of our preclinical developnent in
order to be able to study this product in humans, we did
a 90-day study in primates in which we gave them either
just the vehicle for OBI-1 or Hyate or three different
doses of OBI-1. A portion were necropsied at different
intervals as indicated, but blood sanples were also drawn
at Days 7, 28, 56 and 90 for a variety of safety measures
i ncludi ng sone that we are going to focus on,
specifically the preclinical aPPT |evels and the Factor
VIl levels at baseline before their next daily

injections for up to 90 days in this toxicol ogy study.
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The preclinical aPPT values and Factor VIII
|l evels are a reflection of either excessive anounts of
Factor VIIIl in the circulation, which you will see
because the higher the Factor VIII |evel, the | ower the
aPPT, or cross-reactivity of antibodi es generated agai nst
the porcine nolecule are cross reacted with their
endogenous Factor VIII. Keep in mnd that these nonkeys
don't have henophilia. They have their own nornal
anounts on Factor VIII on board and, after daily
exposures for a certain length of tinme, they devel oped
ant i bodi es agai nst porcine that cross-reacted with their
own.

We al so | ooked at Factor VIII recovery val ues at
one hour and six hours post-infusion at specified tine
points to see whether we could identify and characterize
t he inhibitor antibodi es devel oped in the groups agai nst
the injected porcine product that they got. These
i nhibitors, we measured both in the qualitative m xing
study, yes/no, as well as neasuring them by inhibitor
titers.

In this slide, you have three bars representing

the results fromvehicle, Hyate:C and OBI-1--1 think that
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this shows up very nicely with the col ors--showi ng the
aPTT values on Days 1, 7, 28, 56 and 90. Notice that, on
Day 1, that is prior to the exposure to any product, that
the three groups have essentially conparable aPTT val ues
and, by Day 7, they are essentially unchanged.

But, by Day 28, both the nobnkeys exposed to
Hyate and those exposed to the reconbi nant product have a
prol onged aPTT and pretty nuch it stays at the sane
levels for the rest of the tine that they were foll owed.
This inplied to us cross-reactivity of the antibody that
was being fornmed after 28 days of exposure that cross-
reacted with their endogenous Factor VIII.

Looki ng both by a chronogenic assay and a one-
stage clotting assay, we | ooked at the baseline Factor
VIl levels prior to their next dose on each of these
days. So, on Day 1, you can see that there was a
difference in the way the that products--this is before
injection. So this shows you what the nonkeys'
endogenous Factor VIII levels were by one stage and
chromogeni ¢ assays. The groups differed slightly but not
statistically, obviously, Hyate being in red and OBI-1 in

green, if you can't see the |egend.
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You can see that by Day 7, the Factor VIII
| evel s are slightly higher in both groups and that
probably represents a little bit of carryover fromday to
day of their daily injections. But, by Day 28, the
basel ine Factor VIII levels are lowin both, lower in the
reconbi nant than in the plasma-derived group. By Day 90,
the Factor VIII level in the reconbinant stays | ow and,
in the Hyate group, it starts to rise but doesn't cone
back up to baseli ne.

Now, that would indicate that there is a
difference in the cross-reactivity that we observed
agai nst the nonkey Factor VIII. You will see that was a
little hard to denonstrate, however

One of the things that we observed in | ooking at
t he post-infusion recovery val ues--again, these are by
one-stage assay--was that there was a difference in the
recovery val ues of the reconbi nant versus the pl asma-
derived product. On this slide, the reconbi nant product
is on the left, the plasm-derived is on the right. The
white bar is the one-hour and the clear bar is the six-

hour val ue.
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So, prior to any exposure, the first two bars on
the | eft of each graph, just represent the variability
from nonkey to nonkey prior to--right after their first
injection. So you notice that the recovery of OBI-1 is
much greater than it is for Hyate. Actually, for OBI-1,
it is about what would be expected whereas for Hyate, it
is much | ess than one woul d expect and probably has to do
with the mlieu of m xing porcine Factor VIII into a
nmonkey plasma with all the other porcine plasm proteins
t hat are present.

You see that, by Day 7, the one-hour recoveries
for both products are reduced, nuch nore so for Hyate
than for OBI-1, again inplying nmaybe the anti body
specifically against the porcine product infused was
greater for the Hyate than it was for OBlI-1, sort of
conflicting with what we have seen prior. Then, on Days

28 and 90, we essentially got no recovery in either.

So, baseline Factor VIII |levels were associ at ed-
-the decrease in the baseline Factor VIII |evels inplying
cross-reactivity with endogenous nonkey Factor VIII was

substantiated by the clinical findings in the nonkeys of

an acquired henophilia-like picture with bl eeding at
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veni puncture sites, joint and soft-tissue bleeding. This
suggested that both groups that were exposed to porcine
Factor VII1 devel oped cross-reacting anti bodi es.

However, when we tried to identify them when we
tried to neasure them we could only identify themin
very few of the nonkeys and, even then, at very |ow
titer.

In the qualitative screen, the m xing screen,
for | ooking at the presence of antibodi es against the
porci ne product that they received, you can see that, at
each tinme point that we neasured, there was no difference
in the two groups, that, by Day 7, only one nonkey
devel oped a neasurabl e anti body by the m xi ng test but,
by Day 28, they all had.

This shows the Bethesda titers, when we neasured
Bet hesda titers in the two groups. Again, in this slide,
the Hyate:Cis in red and the OBI-1 is the clear. You
will notice that, by Day 28, the anti-porcine Factor VII
titer in the OBl group was higher than it was in the
Hyate: C group, the Hyate: C group being in red, again.

But, by Day 90, there is a reversal of that. By Day 90,

the Hyate: C group has a higher titer antibody against the
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Hyate: C Factor VIII as opposed to the reconbi nant--the
nonkeys who received the reconbi nant porcine Factor VIII.

| will caution you, don't take the error bars to
mean statistical significance because, as you recall,
these are very small nunmbers in each group. But it is
interesting to make these observati ons.

On the toxicol ogical evaluation of the nonkeys,
| also want to point out that those nonkeys that received
Hyate: C had a significant pathological finding not see in
the OBl groups; that is, they devel oped splenonegaly wth
| ynphoid hyperplasia in the spleen. |In sone cases, the
spl een was dramatically enlarged in those exposed to
Hyate: C, particularly over the long term Again, this
was attributed to the extraneous plasm proteins present
in the plasma-derived product.

So here is a sort of summary slide. Conparing
what we saw, all these findings in the nonkeys, trying to
put together a conclusion. Day 1 increnental recovery
val ue was al nost two- to three-fold greater for OBl than
it was for the Hyate. So, therefore, maybe the dose that

we exposed the two groups to wasn't really conparable.
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The nonkeys devel oped splenic | ynphoid
hyper pl asi a and spl enonegal y, again, a nonspecific inmmune
response to the contam nating proteins and, in sone ways,
suggesting there was sonme i mrunosuppressi on coul d have
taken place in that group.

The cross-reactivity; both groups devel oped
cross-reactivity to their endogenous Factor VIII and
devel oped the acquired henophilia-like picture.

So, in summry, the nonkey studies suggested
t hat maybe there were sonme indicators that the
reconbi nant product was nore imunogenic and, if so, that
could be due to several possibilities. One is that the
nonkeys that were given the reconbi nant product, it is
possi bl e the product has an increased intrinsic
i munogenicity. But it is also possible that the nonkeys
that received the OBlI-1 actually received a nuch hi gher
dose to their immune system because of the increased
bi oavail ability.

It is also possible that the Hyate: C group, the
group exposed to Hyate:C, actually has sone
i munosuppression and didn't nount the reaction that was

normal and seen in the reconbinant group. So it is not
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clear which of those and to what extent any of those are
true.

In the mce, on the other hand, if you recall,
there was no difference by Bethesda assay in the
inhibitor titers that were devel oped and there was a
greater anti-Factor VIl specific 1gGelicited by ELISA in
the m ce.

If we are trying to | ook at which nodels we can
use, one of the things that we have an interest in is
trying to make nodifications in the Factor VIII nolecul e,
itself, to make it | ess inmmunogenic. Many of you, or
nost of you, or all of you, know that this work is being
done, again, by Pete Lawl er at Enory University because
t hey have published several papers in this area.

So, in guiding us in devel oping such a | ower
i mmunogeni ¢ product, we are taking the B-donai n-del eted
human Factor VIII, the A2 and the C2 domain are the two
domai ns where nost of the antibodies are directed. The
theory is, or the hypothesis is, that, by making specific
i ndi vi dual changes in those epitopes that we m ght nmake a

nol ecul e that is | ess inmunogenic.
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Pete made a series of different constructs in
whi ch he substituted a single or two am no acids in one
or both of the domains of interest. So you can see,
here, there are a nunber of different constructs that
have our A2, C2, epil, A2, C2 epi2, just our nanme for the
different constructs that he made. The am no-acid
substitutions in some of the cases mmc the
substitutions that are found in nature in other aninmal
speci es.

We used the henmpphilia knockout m ce and exposed
cohorts of mce to each of these constructs. | would
like to point out, at the very center, HSQ is a B-domain-
del eted human Factor VIII nolecule and that group of mce
devel oped a titer of 290 Bethesda units against the
human. So the A2, C2, epi2, to its immediate |eft,
really showed no difference in the inhibitor titer that
was devel oped against it.

However, if you | ook at the one immediately to
the right, the A2, C2, epi3, you will see that only |ess
than a third of the nonkeys devel oped any anti body, and
inhibitor, and the average titer was 6.8. So, if we were

to guess, we would think that that nol ecule m ght be

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

something we would like to carry forth into additional
studies as a potentially |ower imunogenic Factor VIII
product.

| believe that is it. Thank you.

(Appl ause.) ]

DR. VEEI NSTEIN: Thank you very nuch, Garrett.
Any questions?

Not seeing any, our next speaker will be Dr. Jay
Feingold. He is the Senior Director of G obal Medica
Affairs for Weth. He will discuss data obtained in the
devel opnent of ReFacto.

Wet h

DR. FEI NGOLD: Good afternoon. | would like to
t hank the FDA organizers for inviting me to speak on
behal f of Weth Pharmaceuticals. Weth, as you all know,
is the manufacturer and marketer of ReFacto, a B-domain-
del eted reconbi nant Factor VIII nolecule that has been on
the market in the United States since 2001 and in Europe
since 1999.

At the tinme of initial |icensure, ReFacto had
the | argest clinical program and database for any factor

concentrate. Weth regards postmarketing safety to be a
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natural extension of the careful safety nonitoring that
is part of all clinical trials. Wat has becone
abundantly cl ear today and what we think we knew
previously is that there are no universal standards for
collecting or interpreting postmarketing reports of
inhibitor formation or even for interpreting reports and
information fromdifferent clinical studies in different
publ i cati ons.

We recogni ze that henophilia patients wl|
remai n on replacenent products for their entire life and,
in many cases, will receive thousands of infusions.

| nhi bitors are one of the nost inportant safety
concerns for all henophilia patients. But reconbi nant
Factor VIII and plasma-derived Factor VIII products have

a simlar incidence of inhibitors in clinical trials, as

you have seen earlier today. Reconbinant Factor VIII and
pl asma-derived Factor VIII both have a | ow but rea
i ncidence of high-titer inhibitors and PTPs as well, and

| think you have seen some information today and | will
show you sone nore shortly that will substantiate that.
VWhat the comrunity needs for both patient safety

and for better surveillance is to establish uniform
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standards of what is an inhibitor and what does a high-
titer and a lowtiter inhibitor mean. Weth believes,
and | think Donna DiMchele will talk nore about this
|ater as well, that a global surveillance program shoul d
be inplemented for all henophilia A patients regardl ess
of what product they are being treated with in an effort
to better understand the incidence of inhibitor
formation.

Wth that background, | would like to talk about
t he ReFacto nol ecule as well as the preclinical and
clinical devel opnent progranms. As you all know, ReFacto
is a B-domai n-del eted reconbi nant Factor VIII nol ecule
whi ch is produced through a genetically engineered
Chi nese-hanster ovary cell line. It is designed to
correspond to the smallest of the nmultiple active forns
of Factor VIII found in plasnma-derived concentrates.

The conplexity and heterogeneity have been
greatly reduced through the elimnation of the
nonessential B domain which is very heterogeneous and is
not necessary for henostatic function.

This diagram shows a full-length Factor VIII

nmol ecul e as well as ReFacto and, as you can see, the
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maj or difference is that the full length has the B domain
and the ReFacto does not. However, after processing, the
deacti vated Factor VIII is the same heterodi nmer

regardl ess of what type of nolecule you start wth.
ReFact o conparability of the full-Ilength Factor
VIIl was acconplished in preclinical trials in which in
vitro functional assessnment of von Wl ebrand' s factor
bi ndi ng, thronbin activation, inactivation by APC and its
ability to act as cofactor in Factor X-A generation were
all anal yzed.
Additionally, primary protein structure,
carbohydrate structure and ot her posttransl ati onal

modi ficati ons were consi stent with what would be seen for

a full-length factor nolecule, or what was seen for a
full -1ength factor nol ecul e, produced through a CHO |ine
as well. Phar macoki netic studies in canine

nodel s of henophilia A denonstrated conparability with
regard to secondary critical bleeding-tinme correction and
pr ol onged whol e-bl ood and clotting-time correction using
t he same dose and schedule as with the full-Iength Factor
VI1l nmolecule. Additionally, single and repeated-dose

toxicity studies denonstrated conparability in rat and
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nmonkey studies with a toxicity profile simlar to that
observed with the plasma-derived Factor VIII nol ecul es.

Fol | owi ng conpl etion of the preclinical
anal ysi s, an extensive clinical devel opment program was
desi gned. This was discussed and agreed to with
regul atory authorities prior to its initiation. PK
conparability was established with plasma-derived Factor
VIIl nmolecule in two cross-over PK studies. The safety
and efficacy of ReFacto was established for bleeding
control and prevention on PTPs and PUPs and surgery,
routi ne prophyl axis and on-demand treat nent.

The clinical trials denonstrated that ReFacto
was both safe and efficacious in the treatnent of
hemophilia A

As you can see, Factor VIII concentration over
time is identical for ReFacto and plasma-derived Factor
VII1l. Additionally, the recovery and half-life data are
essentially identical for both nolecules as well.

The PUP and PTP trials were designed to
denonstrate long-term safety and efficacy of prophyl axis
and on-demand treatnent. Both were open-I| abel

nonconparative trials and patients could be followed for

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

up to six years. Patients has to have severe Factor ViI
deficiency with less than 2 percent circul ati ng Factor
VIl at study entry.

To be considered for the PUP trial, patients had
to have no prior transfusions with bl ood, bl ood-product
derivatives or other Factor VIII concentrates. To be
considered for the PTP trial, patients had to be greater
t han or equal to seven years of age, had to have a one-
year history of previous prophylactic treatnent or at
| east 30 exposure days per year, and they had to have no
docunmented history either at the tinme of study entry or
in the past of a Bethesda titer of greater than or equal
to 0.6 BU.

101 patients were treated on the PUP study with
a nedian age at entry of eight nmonths. 113 patients were
treated in the PTP study with a nedian age at entry of 26
years.

ReFacto efficacy was denonstrated for both and
t he duration of treatnent is shown on this slide. As you
can see, in the PTP trial, nore than 75 percent of
patients remai ned on the trial for four years and 40

percent, approximately, remained on the trial for six
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years. In the PUP trial, 54 percent of patients remained
on the trial for four years and 29 percent for five
years. This does not include the patients who devel op
i nhibitors.

The nmedi an nunber of exposure days in the PTP
trial was 313 and in the PUP trial it was 197. 47,649
i nfusions were given in the PTP trial and 32,442 in the
PUP trial. 1In the PUP study, 85 percent of bl eeding
epi sodes during the on-demand period resolved with one to
two i nfusions and, in the PTP trial, 88 percent of
bl eedi ng epi sodes resolved with one or two infusions.
The excellent good ratings in both trials were
92 percent.

This slide is neant to show the difference
bet ween t he nean nunber of bl eeds during on-demand
peri ods and prophylaxis periods in the PUP and PTP trial.
As you can see, the nean nunber of bl eeds decreased from
11.4 during the on-demand periods to 6.2 in the PUP tri al
and from24.5 to 10.3 in the PTP trial.

Keep in mnd that sonme of the patients in these
trials received prophylaxis as infrequently as once a

week. O hers were treated twice a week, three tines a
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week, and in the PTP trial, sonme even nore than three
times a week.

| would like to now turn to our extensive safety
nmonitoring first in the clinical trials and later in the
post marketing setting. During the clinical trial, we
extensively nmonitored--and | am going to focus really on
i nhi bitors because that was the purpose of today's forum
During the clinical trial, extensive inhibitor nonitoring
was done. Patients were nonitored at baseline, two weeks
into the trial, one nonth into the trial and then every
three nonths for the first three years.

In the PUP trial, they continued to be nonitored
every three nonths. In the PTP trial, they were
noni tored every six nonths. The precision of the nethod
was within 11 percent and the limt of quantitation was
0.6 Bethesda units. A negative report of inhibitor or no
i nhi bitor was considered to be present if the titer was
| ess than 0. 6.

Three i ndependent Bet hesda inhibitor assays were
perfornmed centrally, one against the normal human pl asma
test base, a second against the ReFacto test base. The

Ni j megen inhibitor assay was used to confirmlowtiter
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inhibitors. Additionally, all sanples were tested in an
ELI SA assay agai nst ReFacto.

In the PUP trial, 16 patients devel oped high-
titer inhibitors and 16 lowtiter inhibitors. This data
was consistent with what had been seen in PUP trials for
ot her Factor VIII products already approved. The nedian
nunber of exposure days prior to devel opi ng inhibitor was
12. In 25 and 32 of these patients, the inhibitor
resol ved, nmeaning the titer returned to 0, 20 or 25 of
whom had received | TT therapy or ITT, and five of seven
who did not.

In the PTP trial, as previously nentioned, one
of 113 patients developed an inhibitor, initially a | ow
titer inhibitor. This patient devel oped a high-titer
inhibitor after an additional 18 nonths. The patient
w thdrew fromthe study but later clinical follow up
reveal ed that he was doing well clinically.

| thinit is inportant to discuss the clinical
data from other studies at this tinme because we have
heard some information about this and I would like to
give you sonme nore. |If you |look at the Schwartz data

from 1990 reported on a first-generation, full-length
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reconmbi nant Factor VIII nolecule, two of 86 patients
devel oped high-titer de novo inhibitors. One of these
did have a positive Western bl ot but all the inhibitor
assays were negative. This gave an incidence of 2.3
percent and a confidence interval up to 8 percent.

White and col |l eagues in 1997 descri bed anot her
pi votal study for a different first-generation full-
| ength reconmbi nant Factor VIII. In this trial, two of 69
patients, for an incidence of 2.9 percent and a
confidence interval up to 10 percent, had anamnestic
inhibitors during the trial, one patient with a renote
hi story of a previous low-titer inhibitor and one patient
who had a lowtiter inhibitor at baseline that becane
high titer during trial.

Abshire and his coll eagues in Thronmbosis and
Henostasis in 2000 reported on a second-generation full-
| ength reconbi nant Factor VIII in which one of 71
patients devel oped an anamestic response to a previously
noted low-titer inhibitor. That was nenti oned before by
Dr. Larson. This gave an incidence of 1.4 percent with a

confidence interval up to 7.6 percent.
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Courter and Bedrosian in 2001 in Sem nars in
Hemat ol ogy reported on the ReFacto experience and they
descri bed the patient | had previously nentioned.

What about in the postmarketing setting? 1In
1998, MacM Il an and his coll eagues in Bl ood reported on
t he prospective observational trial that |ooked at 919
PTPs anongst the patients in the program 3.2 percent of
t hese patients devel oped inhibitors, 26 with docunented
greater than or equal to 25 exposure days. Fourteen
PTPs, for 1.6 percent, devel oped high-titer inhibitors
greater than 5. All of these patients, obviously, were
treated with plasma-derived Factor VIII

Gles, et al, as nmentioned previously by Dr
Carcao and others, described in Transfusion Science in
1998 the | arge Canadi an experience in switching PTPs from
a plasma-derived product to a reconbi nant product and the
fact that they saw a 3 percent incidence of new
i nhi bitors devel oping at two years, all lowtiter.

Earlier this year, MASAC conducted a survey for
the NHF in which henophilia treatnment centers in the
United States were asked if they had seen an high-titer

inhibitors in the past three years develop in patients
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t hat they knew had no history of previous inhibitor and
had greater than or equal to 50 exposure days.

Forty-five centers responded representing
approxi mately 3500 patients. Twelve PTPs, for an
i nci dence of 0.35 percent, were found to have had greater
t han 50 exposure days and who devel oped high-titer
inhibitors during that tinme period, ten nore on
reconmbi nant product, two on plasma-derived product which
probably reflects market share. Interestingly, six of 12
of these inhibitor patients have nove than 250 exposure
days.

If I can, just for one second, go back here to
just nention one thing | forgot to say. |If you |ook at
t hese confidence intervals, based on the results here in
an intent-to-treat analysis, none of these products, wth
t he exception of ReFacto and Kogenate FS--no; sorry.
Just ReFacto--would have been approved as well as, of
course, currently Advate.

So the conclusions fromthe literature are that
there is a broad range for inhibitor devel opment PTPs of
0.2 to 3.2 percent. The reported range for high-titer

inhibitors in the reports that | descri bed range fromO
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to 2.3 percent. What is clear is that there are broad
and overl appi ng confidence intervals and, if one |ooks at
themin an intent-to-treat analysis, they clearly would
not neet the guidelines being established.

What is also clear is that there are no good
definitions out there for inhibitors with respect to what
is a high-titer inhibitor and what is a lowtiter
inhibitor. Are only de novo inhibitors inportant or are
anammestic inhibitors just as inportant? 1In clinical
trials, do we care about patients--well, of course we
care about them but do we care about results when a
patient has a recurrent inhibitor or are we only
interested in new inhibitors.

It is clear that we need a consistent standard
for reporting inhibitors and collecting this information
so that we can provide inportant safety information for
pati ents and heal thcare providers.

The Weth postnmarketing surveillance for
inhibitors is very extensive. Weth reports any
spont aneous event of inhibitor devel opnment whether or not

we receive supportive clinical or |aboratory data. |If we
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receive a report that says inhibitor, it goes into our
dat abase.

We do extensive follow up data coll ection.
Anybody who reports an inhibitor to us is asked to
conplete a specific questionnaire regarding inhibitor

formation so that we can gather as nmuch information as

possi bl e about the patient. |If this information is not
forthcomng or if there is still information we are
| acking, we will follow up with tel ephone calls.

In order to better analyze these reports once
they are received and we have the data, we do set up sone
definitions based on consensus from key opi nion | eaders
as well as what is available in the literature. First, |
would like to note that there is no central -l aboratory
testing perforned on these postnmarketing reports.

| should also nention that postnmarketing reports
i ncl udes both spontaneous reporting and phase |V studies.
We regard a positive titer as any that is greater than or
equal to 0.6 and a high titer is greater than or equal to
5.0. A positive history inhibitor is any docunented
report any tinme in the patient's life of greater than or

equal to 0.6 Bethesda units. A patient is only
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consi dered de novo if we can docunment no prior history,
meani ng we cannot find any in the chart of greater than
or equal to 0.6 Bethesda units on a BIA

Our data | ooks like this through April 2003. We
approxi mate that 5800 patients have been treated
wor | dw de. We nmke that approximtion based on nunber of
units sold as well as sone market research. Perhaps this
is wong, but we have assuned that we have a hi gher
nunmber of PUPs based on the nunber of patients that
participated in our clinical trial and when our product
becane avail able in Europe and the United States.

We assune that 1450 PUPs and 4350 PTPs have been
treated with ReFacto. W do not define PUPs as |ess than
50 exposure days. The PUP definition that we use is a
little bit nore stringent. We define it as a patient who
has never received any bl ood product prior to going onto
ReFact o.

We have received 83 reports of inhibitors in the
post marketing setting including the phase IV studies.
Renmenmber, this is all reports regardl ess of whether we
have supportive clinical or laboratory information. 31

of these are in PUPs and | won't discuss them any
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further. Twelve have either unknown nunmber of exposure
days or |ess than 50 exposure days to all Factor VIII
products.

Seven had a history of inhibitor prior to
initiating ReFacto therapy. For four patients, we have
been unable to get any additional nedical information
ot her than the report which didn't tell us nmuch. 1n one
patient, no titers were drawn. The diagnosis was based
on increased factor consunption.

Therefore, we have 28 reports that we call de
novo inhibitors in PTPs with greater than 50 exposure
days to all Factor VIII products that devel oped their
inhibitors in the postnmarketing setting while on ReFacto.
Twenty of these were low-titer and eight were high-titer
inhibitors for a reporting rate of 0.5 percent and 0.2
percent respectively, keeping in mnd that | have no idea
how many exposure days any of these PTPs m ght have had.

Many initiatives in PTP inhibitor nonitoring are
ongoi ng. We heard today about the Canadi an prospective
i nhibitor surveillance. | |earned today that when you
are not sure if sonebody is going to show up, you

shoul dn't put themin your slide. But Charlie did
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present this data at the | STH Factor VIII/Factor 1X
Subcommi ttee back in July and it did show that there was
no product specificity and that the incidence appeared
the sanme across a ten-year review of the U K database
regardl ess of plasnma-derived or recombi nant products.

I nterestingly enough, his data showed that, of
course, nost inhibitors occurred in the first decade of
life and there was a very |low |level for the next several
decades with a small peak again in the sixth and seventh
decades.

Also | just gave you sone data from the MASAC
survey that high-titer inhibitors have been seen with
bot h pl asma-derived and reconbi nant Factor VIII. | think
shortly we are going to hear from Donna that the | STH has
sone interest in the global surveillance program W, at
Wet h agree whol eheartedly with such a program

My concl usions are that reconbi nant Factor VIII
and plasma-derived Factor VIII products have a simlar
i ncidence of inhibitor formation and that both have a | ow
but real incidence of high-titer inhibitors formng in
mul tiply infused PTPs. Weth believes that a gl obal

perspective surveillance programis needed to assess the
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i nci dence of inhibitor developnent. This would allow for
a defined period of patient observation, standardized
data-col |l ection techni ques and definitions and the
gat hering of conplete information including serial
inhibitor testing, genotyping and other rel evant data
such as epitope mappi ng.

St andar di zed spont aneous data collection wl
|l ead to data-driven |abeling which will provide accurate
and inportant safety information to healthcare providers
and patients.

| would like to thank, again, the FDA for
inviting nme to speak today.

(Appl ause.) ]

DR. WEI NSTEI N: Thanks, Jay. Again, we have
time for a few questions. Ross?

AUDI ENCE: (FDA.) The package insert for
ReFacto in tal king about the conparison that you showed
in your slide of the frequency of bl eeding episodes while
on routing prophylaxis conpared in the sane patients to
the frequency of bl eeding episodes while on demand
t herapy, the package insert nmentions that those data in

t hat conparison should be made with caution because of
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t he nonrandom zed nature of that conparison. There was
no systematic manner in which patients went on and off
prophylaxis during that trial and I didn't hear you
mention that.

The question that | wanted to ask is if you
coul d show us the distribution of previous exposure days
to other Factor VIII products in the MacM || an experience
t hat you all uded to.

DR. FEINGOLD: I'msorry. | amnot sure |--

AUDI ENCE: The 1988 MacM Il an study with the 3.2
percent incidence of inhibitors, if you could talk about
the distribution of previous exposure days as of when
peopl e began that observation period in that study.

DR. FEINGOLD: | think sonmebody nentioned
earlier that 75 percent of the inhibitors in that
particul ar evaluation occurred within the first 75 days
of evaluation--no; within the first 50 days. All the
inhibitors that they saw happened within the first 250
exposure days.

But | think this points out a |larger issue which
is obviously that was, A, a plasma-derived product.

Second of all, none of those patients were on prinmary
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prophy. Probably virtually none were on secondary
prophy. They were problem nostly treated with on-demand
t her apy.

The paradi gm of treatnent has shifted. |
probably shoul d have nmentioned it as | described all
t hese studies. Even fromthe tine the first-generation
recombi nant Factor VIII was studied until now, the
paradi gm of treatnment has shifted so far because,
especially in kids, many nore of them in the United
States, at least, are on primary prophylaxis. But that
is a good point. In that particular study, all the
patients devel oped their inhibitors by 250 exposure days.

DR. KEY: | am Nigel Key fromthe University of
M nnesota. Just listening to your presentation and the
Baxter and Bayer, do you have any data that continuous
infusion is a problem for PTP patients, or is that
sonet hing that we are going to forget about at this
poi nt ?

DR. FEI NGOLD: There were certainly sone
patients who were treated with conti nuous infusion for
surgery during the pivotal trial, but not enough to nmake

any concl usions nor to ask a regul atory agency to give us
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an approval for that indication. But it certainly has
been done and effective.

DR. KEY: Do you think that this issue that cane
out of Germany is a non-issue? It may not be fair to ask
you but | am just sort of listening to the various
presentations on this. There were, | think, eleven or
twel ve cases that were reported at the | STH and they were
all in PTP patients. | think eleven out of the twelve
patients had nore than 50 exposure days. So | am just
wonderi ng whet her continuous infusion is really a
variable or not in the risk devel opnent.

DR. FEINGOLD: That is a really good question. |
actually discussed that with Cl aude Negre because, as you
may know, he is a big proponent of the continuous
infusion in surgery and he doesn't have that experience.
So | guess the answer | could give you is larger trials,
nore prospective data, would probably be the best way to
| ook at it.]

DR. VAEI NSTEI N: Dr. White?

DR. WHITE: | wanted to show a slide. | just
wanted to nake a comment about postmarketing surveillance

studies. | just wanted to take you through ny talk
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again. | think we are going to have sonme di scussion
about postmarketing inhibitor surveillance. 1 think we
may have a nonencl ature issue here. What | amreally
tal king about is the kind of--what I want to nake sone
comment s about are the kind of postmarketing |icensing
i nhi bitor surveillance that has been done to date.

| think what Donna is going to talk about is
probably something quite different although |I think she
will call that a surveillance study. | think if you | ook
at the studies that have been done, we heard about the
MASAC, the Weth and the Baxter studies. The rate of
i nhi bitor devel opnent, or the preval ence of inhibitor
devel opnent, was all down here around anywhere from 0.3
to 1 percent.

We heard about the Canadi an study which is up
here around 3 percent and the MacM Il an study which
actually was a post-licensing prospective but
surveill ance-type study which is up here around 3.2
per cent.

| think the point that this slide makes is that
t hese are all probably underestimating, because of the

vol unteer nature of them what is probably a nore
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realistic prevalence of inhibitor formation. This, in
particul ar, was a study that probably has a fair anpunt
of accuracy to it, and | think this one did, too.

| think that these postmarketing surveillance
studi es are probably only capturing about 10 percent of
what they should be capturing. That question cane up
earlier and | think this data speaks to that to sone
extent and says they are probably pretty | ow,

Trying to conpare them which has been done in
t he past, probably doesn't make a whole | ot of sense when
you get right down to it.]

DR. VEINSTEIN: | think we are ready now for a
fifteen-m nute break and we will reconvene at ten m nutes
after 4:00. Thank you.

(Break.)

DR. LOZIER: We would like to get started with
our speakers and then proceed into our panel session
which | think may be one of the nore rewardi ng parts of
t he day.

First, | would like to thank ny fellow nmenbers
of the Workshop Pl anning Comm ttee including Mark

Wei nstein, Andrew Chang, Ni sha Jain, Tony Meyers Lew s
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and M. Joe WIlczek who has kept the conputers running
and worked very hard to keep this workshop operating
snmoot hl y.

As you have heard, this conference is
cosponsored and supported by the 1 ABS which is the
| nt ernati onal Associ ation of Biol ogics which gave an
unrestricted grant for this conference to proceed. W
al so are grateful for support fromthe Courtesy
Associ ates that has hel ped defray some of the expenses in
bringi ng our international guests here.

Now t he proceedi ngs, as far as a transcript,
will be available on the web in about fifteen working
days, we are led to believe. W would like to have
coments from nenbers of the audi ence or participants and
we will |eave that option available for let's say the
next 30 days or so, and you can e-nmmil that either to ne,
which is | ozier@ber.fda.gov which should be in your
handout, and ny contact information, or Joe WI czek whose
e-mail |ikewise is there.

So we will try to incorporate coments fromthe
participants or the registrants for any proceedi ngs that

we may eventual ly publish.
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The i ssue has come up regarding slides. The
policy of FDA is that we will be putting our slides out
on our web page and, if you want to get slides from any

of the other speakers, you can contact themdirectly

t hrough their e-mail to get them It is not an issue of
| egal propriety or anything. It is sinply a server space
i ssue.

So, our next speaker is Donna DiMchele who is
at Cornell Medical Center. She will be talking to us
about prelimnary ideas on a proposal for
phar macovi gi | ance which is very, very inportant to what
we are tal king about. | would like to thank her for a
ot of help in getting this organized and getting the
proposal s in good working order and getting things
f ocused.

Donna?

Prelim nary |Ideas on Prospective International

Studi es of Product-Rel ated Factor VIII

I nhi bi tor Formation

DR. Di M CHELE: Thank you, Jay. | want to thank

the FDA as well for inviting me to participate in what |

think is a very inportant conference. Qur hope is, once
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| finish nmy presentation, we are going to go straight
into a panel discussion which I will introduce at that
time. OQur hope is that, after listening to the greater
part of the day and the presentations and the wonderf ul
information that we have received during the course of
the day, that we can begin to nake sone very cruci al
deci sions, or at least offer crucial input, into the
deci si on-maki ng process that will affect future studies,
hopefully prelicensure and postlicensure.

But, before | do that, | was asked by the FDA to
comment on a proposal for prospective
pharmacosurveillance. | just want to say that this
project has arisen primarily out of the Factor
VI11/Factor | X Subcomm ttee which devel oped a previously
treated patient inhibitor working group in response to
t he greater awareness of the problem of PTP inhibitors
that was raised over the |ast year or so. Sone of the
input into this proposal has certainly come fromthat
wor ki ng group.

So, although these are sone of ny ideas and |
only speak for nyself, please know that there are a group

of people who are really thinking about this.
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The mmj or question that we ask, that remains to
be asked, is even with the nore perfect design of
prelicensure clinical trials, will they ever have the
power to ascertain the true--and | amsort of glad |I used
the word--the true PTP inhibitor incidence or will we
arrive at that information only with further data, both
fromthe standpoint of greater subjects and a | onger
observation period through a postlicensure program

When we talk, and I am going to be com ng back
to this in the latter part of ny tal k--when we tal k about
true inhibitor incidence, | want to add that underlying
t hat question remains another vital question that was
asked this nmorning and that was, when we tal k about the
devel opment of an inhibitor in a PTP, is it product or is
it the host, or how nmuch of it is product, how much of it
is host, and not only host but host-treatnent
interaction. | use that rather than host-product
i nteraction.

So | am going to be com ng back to what | think
is a very subtle difference and potentially how a
phar macosurveil | ance program ought to be structured

keepi ng both of those in m nd.
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Now, the issue is why pharmacosurveillance. The
whol e concept of postnmarketing pharmacosurveill ance has
al ready been recogni zed by industry and regul atory
organi zations as inportant to the identification of not
only ongoi ng safety and efficacy concerns but a constant
refinement or redefinition of the risk/benefit ratio and
t hat was published by nore of a pharnmacol ogy group in the
British Journal of Clinical Pharmacol ogy in 1998.

So, certainly, the inportance of
phar macosurvei |l |l ance has been underscored in the
literature and several tines already today. Currently,
the |l arge part of that involves mandatory spontaneous
adverse-event reporting of clinical safety and efficacy
concerns and this heretofore remains the primary way that
this surveillance has been conducted so far.

| would like to just, before going into the
phar macosurveil l ance program sort of divert into this
i ssue of spontaneous adverse-event reporting because the
validity of spontaneous adverse-event reporting has,
agai n, been discussed and questioned several tinmes during

the course of this conference.
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Again, there is a literature in the pharmacol ogy
literature, in the clinical therapeutics literature,
addressing this of spontaneous adverse-event reporting.
It is certainly recognized that it does serve an
i nportant function in ternms of alerting both physicians
and regul ators as well as industry, itself, to potential
early and very strong drug-event causal associations. It
is in that function that spontaneous adverse-event
reporting serves a very inportant function as well as to
del i neate very severe and/ or unexpected adverse events.

Now, another inportant function, as, again,
witten in the literature, is to foster suspicions. 1In
ot her words, adverse-event reporting can actually begin
to give us pause, or give us cause, to question the
potential safety and efficacy of a |icensed product and
pronpt further warranted investigation. | think, in many
ways, that is what has happened here and what has
prompted this conference.

Of course, as has again been alluded to several
times and this is, again, docunented in sone of the
literature, spontaneous adverse-event reporting has its

limtations. | ndeed, estimated in the literature, is
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that | ess than 4 percent, and this was a question that
was raised earlier, really, what percent of adverse
events are actually reported.

The estimations in the literature are | ess than
4 percent of adverse events are reported and, very
interestingly, potentially |less than 10 percent of even
severe adverse events are actually reported post-
i censure

The other thing is that reporting appears not to
be a constant event. In other words, it usually is
greatest immediately post-licensure and that there is a
preci pitous decline in reporting after the second
post marketing year. Again, that is not necessarily for
bi ol ogics. That is, indeed, for all of the drug
i ndustry.

More inmportantly, there are confounders and
bi ases. The reporting environnment and the inportance of
reporting within the medical comrunities very nuch
affects how much is reported and, certainly, the quality
of the data. Spontaneous adverse-event reporting has
problens with respect to establishing not only a good

numer at or but also a denom nator in assessing true risk.
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Frequently, it also |lacks tenporally associ ated
clinical and | aboratory data and chal |l enge and
rechall enge information is often mssing as is the
ultimate patient outcone.

So what are the alternatives? Once again, there
are several different alternatives. One is that
random zed clinical trials can continue post-Ilicensure
and, in sone cases, they are. They are frequently
i ndustry sponsored and they usually involve a | arger
subj ect accrual than the pre-licensure study. But, if
conducted to GCP specs, as has been suggested, they are
certainly very expensive to do.

There has al so been sonme history, again, outside
of biologics, with postmarketing cohort studies that are
primarily industry sponsored. They have really suffered
fromvery slow recruitnent and al so, of course, the | ack
of a control arm which any kind of surveillance study has
t he potential of having.

Now, the other option, indeed, is long-term
gl obal pharnmacosurveill ance prograns. These can either
be industry sponsored or independent of but potentially

supported by industry. As we begin to tal k about the
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potential for global pharmacosurveillance, | just want to
add, and | want to reiterate, that it would be greatly
facilitated--if, indeed, we decide to go with this
option, it would be greatly facilitated by regul atory

har noni zation. So | know that, as Dr. Seitz was
mentioning, that there certainly is a direction in which
t he European regul atory agency appears to be going with
respect to making decisions in this area but | believe

t hat the ongoi ng communi cati on between U.S. and

i nternational regul atory agencies would be very inportant
in order for such a programto succeed.

Assum ng that the answer to the first question
is yes, and that a |ong-term pharnmacosurveillance program
is necessary, | think there are certain questions as to
Proj ect Scope, who should initiate such a surveill ance.
Should it be physician-initiated? What is the role of
government agenci es and, certainly, of industry? What
type of data should be collected and how | ong should this
occur for?

Most inportantly, what is the clinical and
| aboratory data that should be collected? How w Il it be

anal yzed? How will it be reported? Should this be done
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on a national basis or an international basis and, once
again, in terns of interpreting and reporting this data,
what is the role of the various stakehol ders? VWhat is
the role of physician organizations, government agencies
and i ndustry?

Of course, not to be left out, where is the
funding for all of this going to cone fronf

So, in beginning to potentially put out sone
i deas for a gl obal pharmacosurveill ance program |
propose the following. Wth respect to participation, |
t hink that one thing beconmes very clear in hearing about
the different prograns and trying to conpare data from
one product to another appears to be not quite |ike
conparing apples and oranges but certainly it doesn't
appear to be |ike conparing, really, the same event for
t he sane type of product.

So one of the things that | would propose is
that the data-collection system be universal and that it
occur for all Factor VIII products. Now, whether that be
international or national really depends on the different
products and whet her they are globally distributed or

whet her they have a nore limted distribution within sone
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national markets. So, depending on the distribution, the
di stribution of the product should really dictate the
dat abase and the extent of the database.

One of the things that I would |like to propose,
however, is that the database, the prospective
phar macosurveil |l ance, indeed be industry driven by really
be driven by clinicians and by the henophilia treaters.
Actually, | amnot the first one to propose this. This
was actually proposed in a Lancet article shortly after--
in terms of a comment on the reconbinant inhibitor
probl em and the need for ongoing surveillance. This was
a Lancet article and an editorial that was witten by
Drs. Vernylen and Briet in 1993.

Now, the other issue that is of critical
i nportance beconmes subject selection. Obviously, we are
tal ki ng about PTPs and who shoul d be included. Well,
PTPs, all PTPs, as defined by prelicensure clinical
trials. Wat | mean by "as defined by prelicensure
clinical trials,” and we are going to cone to this in
part of the panel discussion, the question is does the

definition need to be revised. What is a PTP? Is it
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going to be soneone who has had over 50 exposures, over
150 exposures, over 250 exposures?

| think, as a community, we are going to have to
make that decision. Mst inportantly, how is an
i nhi bitor-negative PTP defined as something that is going
to bear, hopefully, a |lot nore discussion and | am goi ng
to come back to that in a little bit. But, regardl ess,

t he PTP and postmarketing surveill ance should be defined
in the same way as the PTP is defined in prelicensure
clinical trials because it is data verification.

As | said before, | believe the PTPs on al
Factor VII1 products should be included whether they are
pl asma-derived, reconmbinant. As was nmentioned, certainly
any of the future further-nodified products also ought to
be included in this.

The observation period is up for discussion but
appears to need definition primarily on the basis of
cunul ati ve Factor VIII exposure days and not necessarily
time, although there may be sone practicalities there.

What about the dataset? This is where | propose
we really separate or try to separate issues related to

product and issues related to host or host-treatnent
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interaction. In that way, | have sort of divided this
into what | think is a m ninum dataset and a nore
conprehensi ve dataset. | would |like to discuss the

m ni nrum dataset to begin wth.

| believe that the m nimum dataset is the
dataset that will really focus on product imunogenicity;
in other words, what role does the product play in PTP
i nhi bi tor devel opnent. Obviously, given that this is a
very inmportant issue for regulatory and industry
perspective, indeed, this mnimm dataset may have to be
defined by regulatory agencies with industry input.

In trying to ascertain product inmunogenicity,
obvi ously, the focus is going to be need be on incidence
and preval ence of both high-titer and lowtiter
inhibitors. | think that they are--1 would beg to differ
inthat | think that high titer and low titer is defined.
I nhi bitor may not be defined, particular the lowtiter
i nhi bitor may bear some nodified definition, but,
certainly in ternms of when you get to high titers, |
think we are all in agreenent about what we are tal king

about .
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Certainly, the goal of such a dataset woul d be
to define and further define the at-risk PTP popul ation
and the risk period as well as incorporate the outcones
of patients who go on to develop inhibitors post-

i censure. Obviously, the goal of this dataset is the
ongoi ng reassessnment of product risk-benefit ratio.

What are the tools, in ny opinion, the are
required for this m ninum dataset? Obviously, and this
is, again, sonething that is going to bear nore
di scussion, is that these surveillance tools have to be
adequately powered. The cohort size has to be adequately
powered as does the observation period to really give us
t he kinds of answers we want.

Agai n, we have to refocus the goals of such a
phar macosurveill ance program Is it going to be to pick
up inhibitor clustering that may be product rel ated or
are we really looking for the true inhibitor baseline.

If we are | ooking at the true inhibitor baseline, then
t he pharmacosurveillance has to be powered for that
rather than these rare severe events.

The database has to be reliable with respect to

bot h nunerator and denomi nator. In my opinion, the
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nunmerator will be very dependent on reporting and the
universality of reporting, whereas the denom nator, which
may be otherw se very difficult to ascertain, my require
i nput fromindustry with respect to factor distribution
data. |In fact, distribution data has been proposed in
the pharmacologic literature as a way to ascertain

denom nator and we now see that Baxter has done that in

t he study that was reported by Bruce Ewenstein.

Wth respect to the dataset, there really need
to be strict definitions. | think where there has been
tremendous controversy, and | think we have heard it
again today, is in basically how a positive inhibitor
titer--basically how a PTP with a negative inhibitor has
been defined in terms of the patient going on study and,
certainly, whether the patient has devel oped an inhibitor
or not has been the subject of a |ot of debate in the
post-study analysis. That is where we see all of these
nunbers kind of being constantly revised by industry in
terms of whether this was truly an inhibitor or not.

As Jay said, the question is what do we include
in here. Do we include absolute de novo inhibitors, at

whi ch the PTP, w thout a previous inhibitor, may need to
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be much nmore strictly defined or are we also interested
in the patient who doesn't have a clinical inhibitor but
who may have had nore subclinical evidence of antibody
who then has and develops a clinically relevant inhibitor
on a new product. And that has to be further defined.

| think, in defining inhibitor, like | said,
both high titer and lowtiter, we are going to have to
make sone deci sions about the assay. | think that
redi scussing the assay with respect to sensitivity and
specificity and the ability to potentially now, with Dr
Ver bruggen's data, to pick up even much nore |lowtiter
inhibitors, is this, again, going to inportant with
respect to not only defining the cohort but al so defining
t he out cones.

Utimtely, are we going to have to include
recovery and survival data in order to define our PTP
i nhi bi tor popul ati on both com ng and, certainly, com ng
out. Again, facility of nonitoring and defining outcomes
is going to have to be crucial.

How coul d such a collection system actual ly be
organi zed. Since, like | said, this dataset is inportant

to regulators and industry, | think it has to occur under
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the unbrella of regulators or industries, but, as we have
heard today, there are many wel | -established and energing
nati onal databases that are run by henophilia physicians
in many, many different countries and the potential is
certainly for establishing sone of these in countries in
countries in which they don't exist. Wth nodification,

t hese dat abases can provide wealth of informtion.

In the U S., our database is not strictly
physician run. It is with the CDC, but | know that the
CDC and the Henophilia and Thronmbosis Research Society
have been havi ng di scussi ons about potentially
col | aborating and creating a U. S. database that wll
actually give us a |lot nore information than we are
currently getting and m ght certainly be able to well
contribute to this with its structure, contribute to the
information that we are seeking.

Now, obviously, this would involve national data
coll ection and analysis. | propose that the clearing
house for all of these national databases actually be the
| STH Factor VIII1/Factor | X Subconmttee and a working
group that is established to really take in all of the

national data and to report it as an international data
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anal ysis and report it not only globally but specifically
al so report it to industry and report it to regulatory
agencies so that they can nake deci sions.

Obvi ously, the question is who is going to fund
this. Even the existing databases--if we really are
going to have universality of data collection, even the
exi sting databases are going to have to be revised and
that is going to take funding. Any of the analysis work
is going to take funding. Obviously, the funding is
probably going to need to cone froma conbinati on of
resources, not the least of which | amsure will be
i ndustry.

Now, | think, however, that there is other data
that we need to collect. | refer to this as the
conprehensi ve dataset. Here is where | think we will
have to opportunity to really focus on the role of the
host and the host-treatnment interaction and PTP inhibitor
formation.

This is where, | believe, this ancillary dataset
needs to be defined nore so by clinical investigators and
scientists and needs to collect and focus on, in sort of

answering this question, the host with respect to
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hemophi l i a and i munol ogi ¢ genotype and phenot ype,
pertinent non-product-related inhibitor risk factors,
henorrhage and treatnent specifics as well as anti-Factor
VI11 antibody characterization.

The data-collection analysis and reporting for
such a conprehensi ve dat abase obviously needs to
interface with the national databases but can actually
occur through independent study or independent study
desi gns proposed by clinician-scientist-research teans
and, hopefully, would yield an expanded anal ysis conbi ned
with a sanple repository to hel p answer sonme of these
vexi ng probl ens.

| believe that certainly sone of these
organi zations are already being formed. This is
scientific data that, again, | believe, should be
reported through the I STH and the scientific synposia.
Once again, if these are independent studies, there m ght
be nmore reliance on private and public research grants to
fund these ancillary studies but they would have to work
hand-in-hand with the national databases which woul d be

i nvol ved with m ni nrum dat aset devel opment as wel | .
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This is all | have to say at this point and | do
think that this is a unique opportunity to nove forward
and to really develop a systemthat is going to give us
the answers rather than our continuing to raise the
guestions. So, with that, | would |like to nove on to the
panel di scussion and, hopefully, the crucial decisions
that need to be made.

Thank you very nuch.

(Appl ause.)

| guess | will take one or two questions but
then | think we should really nove on to the panel
di scussi on. Mark?

MR. SKINNER: Mark Skinner, Washington, D.C. |
think it is interesting proposal that you put forward.
That are a couple of very inportant dynam cs which are
m ssing fromthere not the |east of which is the
i nformed- consent process for the consunmer for their data
to go into this process, something with which we are very
famliar with UDC and creating another process wll be
very difficult to persuade consuners to participate in

t he broader perspective.
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Certainly, on the back end of the process, the
reporting back, the linkage is back to--the consunmers who
do get good data and good reports out of the data we are
m ssing on the back end.

Then | guess just my other observation on the
proposal; it seenms highly conplicated and vast for the
problemthat we are trying to solve here. | wonder if we
are not trying to create a structure either to conpete
with the existing research nmechanisms or, if there isn't
sone ot her design for this process down the road. So |
am not sure why it needs to be this elaborate to at | east
our questions in the short run.

DR. DIMCHELE: It may not need to be this
el aborate. Maybe | am making it nore conplicated than it
needs to be, but | thank you for your comments fromthe
consuner perspective. Certainly, there is no place |ike
the U S. in terns of where patient consent and HI PAA
regul ations really will interface on this data
collection. That is why | do propose to use this UDC in
col | aboration with the henophilia treaters group to

really establish an expanded dat abase as well as the
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mechani sm for anal ysis and also reporting into a | arger
or gani zati on.

So I think, fromthat perspective, | agree with
you. Fromthe perspective of how conplicated does it
need to be, | think this is the issue that we faced in
doi ng the i munetol erance study. W are dealing with a
| ow i nci dence di sease, a |low incidence conplication, now
even a | ower incidence conplication when we were dealing
with inhibitors and PUPs.

So, what needs to happen, as you can see, even
with | arge databases |ike the UDC, we may not have the
power to answer the questions and, obviously, at this
point in time, the community thinks that the questions
are inportant. So, unfortunately, | think the scope of
this is probably going to have to be a | arge scope. But
it may need to be broken down into individual pieces. |
think that is where sort of the feeding in of individual
dat abases conmes in. That was ny concept but it certainly
may be nmuch nore--it nmay need to be nmuch | ess conplicated
than that, |1'm sure.

| will take one nore question and then we wl|

go on to the panel discussion.
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AUDI ENCE: (Queens) | really like your
presentation very nuch. | think, unfortunately, it needs
to be global and it needs to involve the conplexity that
you have shown us because | think that the inherent
het erogeneity of this problem both on the host side and
t he product side, nmeans that this interaction between the
dat abases and the clinician-scientist research groups is
absolutely necessary if we are going to understand why
sonme of these events occur.

Not all hosts are equally susceptible and not
all exposure days are equally likely to lead to this sort
of problem So, unless we |ook at those things very
carefully, we will never understand this.

DR. Di M CHELE: Yes.

AUDI ENCE: (Queens) So | |ike your proposal
very much, i ndeed.

DR. Di M CHELE: Thank you.

Panel Di scussion

DR. DiM CHELE: | guess we would |ike to nove
on. Just so everybody in the audi ence understands, in
noderating this discussion, the panel discussion, you see

here before you the regulators fromthe FDA and EMEA.
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Because this is a regulatory conference, we have
deci ded that the regulators really need the first crack
at asking the very difficult questions and getting the
answers that they are going to need to make regul atory
decisions. So we will begin by having the regul ators
prioritize the questions with respect to both preclinical
trials and postlicensure surveillance and then we woul d
like to open it up for greater discussion. They wll be
posing their questions primarily to the speakers, but we
will definitely greater audience input after that.

So, with that, I was wondering if anybody on the
panel would |ike to begin. You can either group your
guestions or nake it a free-for-all, whichever you would
like.

DR. LOZIER: | thought, during the workshop,
that there were basically three areas of discussion, one
bei ng the assay for the inhibitor, the next issue being
the patients involved in the trials that are invol ved
with testing these products and, finally, how we assess
the trials. | thought we could ask questions maybe first
with regard to the factor assays. | had a couple that I

could start with and others could junmp in and then nmaybe
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we can nove into the bigger questions of the patients and
the trials, thenselves.

One question or point | guess | would make about
lab testing is we always have a problem in every trial
where there is a discrepancy between the |local |ab and
the central lab. | wonder if either Dr. Raut or Dr.

Ver bruggen could comment as to whether or not you have

| ooked at all at the issues of, let's say, shipping

sanpl es, noving them across continents or across
countries, any possibility that there could be any issues
or problens with how these sanples are stored.

| know Dr. Seitz has comrented on finding sonme
problens with good |ab practice in certain central
| aboratories and that sort of thing.

DR. DiMCHELE: Dr. Raut, do you want to take
t hat question to begin with? You can cone up to the
m crophone here.

DR. RAUT: Wth respect to the sanples, | should
have pointed out in ny study that the materials that were
| yophilized and were actually concentrate, we found that
these materials behaved slightly better than the sanpl es,

the patient sanples, that were sent out. | suspect we
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could simlarly anmpule these sanples for tests, and we
have very good degradati on studies on these sanples, if
t hat was the concern.

DR. Di M CHELE: Dr. Verbruggen, do you have any
comrent s?

DR. VERBRUGGEN: | think we don't have very nuch
experience with transporter sanples, of course. | think
you are the experienced one in this audience. But, when
you are tal king about sanples, frozen sanples, then
sanpl es have to be transported at m nus-80 degrees, |
think. That is an absolute requirement and under GLP or
GWP condi tions.

DR. Di M CHELE: Jay, will you take a conmment

with respect to your question fromthe audience at this

poi nt ?

DR. LOZI ER:  Yes.

DR. Di M CHELE: Davi d?

AUDI ENCE: It was just about, actually, the
conplexity of sending the sanples. |In Canada, the
sanples that conme to Kingston, | know that, A, they have

to come by courier because of the frozen issue and

because many of them are bi ohazardous. The docunentation
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and what the courier services will accept is sonetines
also a bit of a chall enge.
So | think there are sone issues actually even

within a country |let alone across borders noving sanpl es

around.
DR. DiMCHELE: Dr. Seitz, the next question.
DR. SEITZ: | think, of course, the question of
assay is very inmportant. But ny question is what do we

want to have at the end or what are we doing all this
for. | think what we want to have is to protect the
patients fromrisk that they have. So I think the
guestion of assay immedi ately relates back to the
clinician severity of all this.

| learned in this conference, again, that the
definitions are still not clear. It is not yet clear
what is a positive inhibitor. It is defined with a val ue
of a test and we have learned that this test is not at
all reliable, that the values are not really very solid
i nformation.

So ny question is to the treaters and also to
the ISTH. |Is there a possibility to define the clinical

severity of inhibitors a little bit better than just by
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Bet hesda values. Also the question, |ow responders, high
responders, the frontier is 5 Bethesda units but, when we
see the results of collaborative trials, the variations
are so high that one | aboratory may neasure 4, the other

| aborat ory nmay measure 6.

| wonder whether it is really so inportant to
have the exact accurate value. | wouldn't care. | think
it is much nore inportant to have a feeling of the
clinical severity and how could we define this better.
That is nmy question.

DR. DiMCHELE: W are going to start with sonme
of the speaker panel first and then we will get sone
comments fromthe audi ence, but--1 guess you are a
speaker. But, actually, in terns of phrasing the
gquestion, | think Dr. Seitz brings up a very good point.
The question is, what are we interested in as clinicians.
VWhat is the problem here? | think understandi ng what the
problemis here, | think, will beg the definition.

The question is, what is our threshold for
concern. Maybe | would like G| to coment on this first
and then we will kind of go through some of the

clinicians who are on the panel.
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DR. WHITE: | think that is a good question. |
do believe that inhibitors have been defined based on
what we, as clinicians, think is inportant. The attenpt
to distinguish between the high and |ow-titer inhibitor
relates directly to treatnment. If it is alowtiter, you
have got a chance of treating with Factor VIII. If it is
a high titer, you don't.

| think that is why, when we tried to arrive at
sonme definition, that we were trying to put clinical
paranmeters on that definition.

For a study, it is quite different. For a
study, you want reproducibility and something that
transfers fromone |lab to another. | think the clinical
definitions there are probably |ess inportant than just
havi ng sonet hing that you get simlar results from one
lab to another or fromone lab to a central I ab.

So | think the issues are a little bit
different. | think the clinician paranmeters are
reasonably well defined. Mbst of us have a good feeling
for what will respond to Factor VIII and what won't.

VWhat we don't have is a good feeling for how ny

| aboratory result conpares with Donna's | aboratory result
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what do you do when you are witing a paper when | get 2
Bet hesda units and Donna gets 5 Bethesda units and the
central |lab gets 8 Bethesda units. Do we call it a |ow
titer or a high titer or a | ow responder or a high
responder ?

| think you have hit a nail on the head. The
ot her inportant problemis on the Iow end. Wat do we
call an inhibitor? To nme, that is harder to define than
even what do you do when you have got a 4 and a 6. | can
deal with a 4 and a 6. | can nmke sone arbitrary rule
and say that is the way we are going to do it for a
study. But the sensitivity of your assay really does
reflect your nunerator and really does have pal pabl e
effect on a study.

DR. Di M CHELE: Dr. Carcao?

DR. CARCAC | think that is where we need to
work is on the sensitivity of the assay and maki ng sure
we have got something that we are all happy with. |
certainly don't have nuch nore to add to that, but |

think, certainly, the nunber is not that inportant, |
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think, if somebody has 50 Bethesda units or 70. Nobody
cares.

It is really the clinical inpact and, as Dr.
White was saying, it is how does the presence of that
i nhi bitor cause us, as treaters, to treat that patient
differently. Certainly, in pediatrics, it causes us to
not put them on prophylaxis and that has a trenmendous
i npact on their getting bleeds or not and then how do you
treat those bl eeds.

So | think when you tal k about clinical
severity, the nost that we can say is that it is high
titer and, hence, clinically severe or it is, for now | ow
titer and hence not very clinically severe if that
particul ar patient we continue doi ng what we were doing,
meani ng we continue to prophylax himand we continue to
treat bl eeds as we were previously.

DR. Di M CHELE: Bruce?

DR. EVENSTEIN: | think GI is right about the
| evel being the practical |evel above which you can't
treat but | think we have sort of |ost the other piece of
it, when we went from |l ow responder just to low titer,

because | think that is inportant both for treatnent as
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wel | as sonething biologic because | really consider the
| ow responder to have two conponents, not just being
bel ow 5, but not being subject to anamnesis.

That actually has both inplications. It is
telling us sonmething about the inmmune systembut it is
also telling us whether we want to treat a lowtiter
patient with Factor VIII or not because if it is going to
turn into a 20, then that is going to be a problem

DR. Di M CHELE: Although the question of
anamesis actually m ght need to be broadened because we
may be assum ng, then, these PTPs who are entered on
study as not having had an inhibitor and then go on to
have an inhibitor on the product and then they are
disqualified fromthe final analysis because, well, maybe
they did have a lowtiter inhibitor and here they are
anammesi ng.

So | agree. | think the issue of response is an
i nportant one and is it inmportant enough to really try to
defi ne even the | owest common denom nator up front.

DR. EVENSTEIN: | would just maybe say you could
| ook at the | ow responders into subcategories. The other

guestion | had was nore technical, especially as we get
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down into the sub-1 inhibitor titers, and that has to do
with do we know that they are all directed agai nst Factor
VI1l. When you get down to 0.1 Nijmegen units or
Bet hesda units, do we know that these are not
anti phospholipid protein types of antibodies. | guess
this is really just sort of a technical question.

Anot her technical question |I have, although it
m ght have a lot of inplication, is we talk about the
gold standard. W haven't really tal ked about the role
of non-neutralizing anti bodies. | wonder if we are sort
of just touching the tip of the iceberg here. W know
there are all these antibodies that don't show up in
t hese assays and, when we are tal king about an inmmune
response, we are mssing, like, three-quarters of the
response just because we are sort of thinking like Gl is
sayi ng over what affects treatnent, although it may
affect treatnment in terms of a half-life.

But if we are trying to understand the inmmune
response, maybe the person who has one of these kinds of
anti bodi es and then devel ops a very low titer, now of

neutralizing anti body, naybe he hasn't done anything but
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nodul ate his i mmune response a little bit. The somatic
mut ati on has changed just a little bit now.

DR. DiMCHELE: Dr. Seitz; did you get the
answers to your questions? Okay. Dr. White? Maybe, Dr.
Ver bruggen, if you want to comment on mai ntaini ng
specificity while increasing sensitivity in terns of the
assays.

DR. WHITE: | neglected to say sonething el se
when | was tal king about clinical inportance and that is
| don't know what the clinical inportance of the | ow
titer inhibitors are. | aminpressed that an inhibitor
t hat was | ow enough not to be detected by the Nijnmegen or
Bet hesda assay affected half-life.

| renmenmber when we were doi ng the BeneFl X study,
t hat Bonni e Rupp devel oped a very sensitive ELISA for
anti bodies to Factor I X. | don't know that we ever
| ooked carefully enough at what the half-life of Factor
| X was in those individuals who had inhibitors that could
only be detected by her ELISA assay.

But | think what we have now are assays that are
so sensitive that we may begin to detect the antibodies

that all of us are supposed to have. Clearly, that is
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noi se. That is not inportant. But sonmewhere, as your
anti body titer goes up, it becones of sone inportance in
that it affects the half-life but you can give Factor
VIl clinically nore often and certainly do what you need
to do clinically.

So, as a clinician, that doesn't bother ne too
much. The ones that really start to bother ne are the
ones where | can't get neasurable |levels of Factor VIII
or Factor I X in themand, therefore, | can't do what |
need to do in them

So, clinically, there is a big spectrum here
that | think we have sonme clues as to what they are
clinically, but we still need nore information about them
and we still need to study them and we still need to know
what the half-life is in those antibodies that are way
down at the bottom | evel of detection.

DR. DiMCHELE: Can | just say, Bert, before you
comment--1 just want to add, G|, we know that the assays
t hat we have currently are have not sensitive. W know,
very well, when we do immunetol erance that we can have
zero inhibitor titers for a year before we actually

reestablish a normal recovery and survival so that there
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isn't anti body that we are neasuring even with the
Ni j megen assay.

| think that is what Berg was presenting is that
there may be a reason for these decreased recoveries and
survivals that go beyond what we can nmeasure currently
and we may need, unless we want to keep doing recovery
and survival studies which are very onerous, we m ght
need a nore sensitive assay that really does correspond
to normal recovery and survival. Wuldn't you agree with
t hat ?

DR. WHITE: | do. And | think, actually, the
ELI SA assay that Bonnie devel oped for Factor |X that we
used in the BeneFl X study was exquisitely sensitive.

DR. Di M CHELE: Bert?

DR. VERBRUGGEN: | want to remenber that we only
evaluated two patients and, in these two patients, we saw
an increased inhibitor titer with the lowtiter assay in
conmbi nation with a decreased half-life time. That is
what sensitivity--so, in these two patients, the assay
was very sensitive and we think clinically relevant.

This morning, | forgot to tell that we al so, of

course, | ooked at the specificity of the assay and we
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have carried out the assay in a nunber of henophilic,
severe henophilic, patients, wi thout any sign of an

i nhi bitor for the last six nonths or so. Always, we
found inhibitor activity in this lowtiter assay of O,
exactly 0, not 0.2. So | think the assay is-- the
specificity of the assay is correct.

DR. JAIN:. The other thing which we should keep
in mnd is how often are the inhibitor assays |ooked at,
whether it is three nonths, six nonths. They are
transient inhibitors which m ght disappear. This is all,
agai n, going back to what the true rate would be if you
had peri ods when you were | ooking at this.

DR. VEI NSTEIN: Bert, just a question about the
assay. You not only | ooked at patients with henophili a.
You | ooked at a | arge cohort of normal individuals? Was
t hat done?

DR. VERBRUGGEN: Not yet; no. W are planning
to do that, but we had sone problenms with samples that
cont ai ned residual Factor VIII and, of course, with
normal plasm sanpl es, because of the residual Factor
VIl in the plasma was disturbing our lowtiter assay.

But | think we have resolved, now, this problemso we can
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go on now with nmeasuring the inhibitor activity in the
nor mal popul ati on.

|, once again, want to stress the fact that we
have to validate both assays, not only the lowtiter
assay but also the Nijnmegen-Bethesda assay because there
is no evidence-based reason for the 0.4 cutoff val ue.

But we need the support of other people, of other
institutes, because we have two |l ess patients in our
institute.

At this nmonent, currently, we are performng
this evaluation of these tests and we are now assayi ng
patients, severe henophiliacs, without inhibitor to set
the normal value for the kinetic studies. But, in a
| ater phase, we need patients, we need nore patients,
with ow inhibitor titers.

DR. Di M CHELE: But, based on the comments you
made, | think it is very inportant that we al so consider
not only the absolute definition but the absol ute
definition over time. | just wanted to tell you that
this issue of transient or, as sone people refer to it as
"di sappearing,” inhibitors has been discussed previously.

Trying to arrive at a definition has not been easy
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her et of ore because there is a |lot of controversy. But we
need work on that one.

Andr ew?

DR. CHANG | have a feeling that, at |east |
get fromthis particular workshop, that there is a
general consensus that inhibitor titer and clinical
significance should be related and that we should | ook at
titer based upon clinical significance. W also heard
conflicting opinions on the low titer, whether or not
that is significant to the clinical aspect.

Sonme people felt it is significant and the
maj ority probably felt it is not significant. So ny
personal suggestion is that | don't know whet her or not
clinicians in this field can discuss this area and then
cone up with some kind of a position paper or
recommendation in this area that will be very helpful, in
my view, to help the regul ator.

DR. DiMCHELE: If | could make a conment on
that, Andrew. | think that one of the things that we
m ght keep in mnd is that, with a gl obal
phar macovi gi | ance problem we m ght be able to coll ect

both pieces of data at the sane tine. W may want to
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collect the | owest common denom nator in ternms of what we
define as an inhibitor but, at the same tinme, in
collecting treatnent data and bl eedi ng data, cone up,
after the fact, with a definition of what we believe to
be clinically significant if, indeed, it will differ from
what the gestalt is, but maybe defining it in a nuch nore
guantitative way.

So it is very possible that, like |I said, with
an adequate study in terns of pharmacosurveillance over a
| ong period of tine that we can collect both pieces of
data without having to define a clinically rel evant
inhibitor up front. | don't know what any of the other
partici pants think, but--

DR. JAIN. This |leads ne onto the next question,
what shoul d be the definition of PTPs. W have heard
various rates depending on 50 exposure days, 100 exposure
days, 150, 250. | think that is the inmportant definition
whi ch we should all have.

DR. DIMCHELE: | will open that to any of the
speakers. Jay, you would like to start with that?

DR. FEINGOLD: | think that is a crucial

guestion, but I am if | can, going to add one to that
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whi ch is--and even if we define what a PTP is, because
what you are trying to do is define a PTP to figure out
at what point it beconmes less |likely that sonebody is
going to get an inhibitor.

But, given what we know about the denobgraphics
of patients these days, you are not likely to be able to
have the entire patient chart avail able so you are not
likely to know, even if you can docunent the |ast 500
exposure days, whether they got in the 5 000 before that
and whether there was ever an inhibitor, a lowtiter
i nhibitor, anything like that.

So, while |I believe that the definition of what
is a PTP is inportant, |I think we al so have to determ ne
how i nportant an anammestic response i s when eval uating
what happens to a patient when they switch between
products and things |ike that as well. So you can pick a
poi nt but, with that point, whether it is 150 or 250
days, | think the corollary to that is that you have to
deci de whether you are only going to accept patients
where you can docunent the history back to Day 1 exposure
or whether you are going to accept the fact that you--

because testing is intermttent at best any, you have
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m ssed the possibility that they have had a transient
low-titer inhibitor at some point, and transient only in
terms of being able to find it, because | don't think
that the i mune system forgets sonething it has formed an
i nhibitor to before.

DR. Di M CHELE: Good point. Actually, Dr.

Bergman, you have your light on. Did you want to nmake a

comment ?

Coul d people who want to make a comment turn
their mcrophone lights on so I will kind of know who you
are.

DR. BERGVAN: In response to the issue of
defining PTP based on the nunber of exposures, would it
not be possible to just have a mathematical correction or
wei ghting if you know what percentage had 100, what
per cent age had 250, what percentage--and so forth.

DR. Di M CHELE: In other words, an
extrapol ati on?

DR. BERGVAN: No, not an extrapol ation.

DR. LOZIER: WMaybe a stratification. The
guestion | woul d have along the sane the same |ines, not

only for degree of previously treatedness--it is
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axiomatic in clinical-trial design if you have a big
enough n, in random zation, all this comes out in the
wash. But we are not doing TPA trials with 10,000 in
each arm We are an orphan disease. W are | ooking at
trials where we have 58, 80, 100. Maybe sone
stratification m ght be useful in regards to that.

The other issue relating to the patient is
whet her, Dr. G|, do you think we are going go be, at
sone point--1 know you don't think we are now, but are we
going to be at a point where we should be stratifying for
genetic factors like HLA, that sort of thing?

DR. Di M CHELE: Dr. White, Dr. Larson, Dr.
ol di ng.

DR. WHITE: Peter has his light on before | did,
but | just want to rephrase your question because | am
afraid there is a little anbiguity init. PTP is
defined. It is anybody who has gotten a single treatnent
or nore. \What you are asking is what are the critical
nunber of exposure days that a PTP should have for a
st udy.

DR. Di M CHELE: Right.
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DR. WHITE: So |I want to nmake sure we don't try
to redefine what a PTP is; anybody who has gotten a
singl e dose of factor of any formis the PTP.

DR. Di M CHELE: Sorry about that. Dr. Larson?

DR. LARSON: All these points are kind of com ng
together in one thought in my mnd and that is | ooking
forward, again, as we tal k about nodifying the Factor
VI1l nolecule, there may be sone | evel of changes in
anti body that will be acceptable in order to get the nuch
better benefit froma different nolecule.

You have just brought up a point that | made in
my tal k about a patient who had an inhibitor detected on
t he study and, when you went back and | ooked really hard,
you could find there was evidence of an inhibitor in the
past. So it just challenged people to think about what
sorts of patients like that would not factor into these
el egant cal cul ations that were defined by the FDA earlier
in terns of what is going to be acceptable and not
accept abl e.

| think we are going to need to think about that
goi ng forward.

DR. Di M CHELE: Dr. Gol ding.
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DR. GOLDI NG | have a question and the question
is could the studies be designed sonewhat differently.
I n other words, instead of taking PTPs and starting with
a new drug, with a new Factor VIII, imediately, what
stops you from having a period of time, whether it is a
week, a nonth, or whatever the experts say is required,
to establish that this person is not making inhibitors to
t he previous product, to the old product, and then
switching them over so that there would be a period of
time before you change it.

But | would Iike to make a comment related to
sone of the previous discussion. Wen it conmes to
anti bodi es and what their inmportance is, clearly, you can
make anti bodies to Factor VIII and sonme of them are going
to neutralize, sone of themare going to have an effect
on PK, and that you can establish. It sounds like it is
easy to establish that clinically while the PK studies
are maybe a little bit nmore conplicated.

But, in ternms of high titers and which | evels of
i nhibitors are going to have a clinical effect, you can
see very quickly in your patients. So those are the

endpoints that are nuch nore inportant than | ooking at
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Bet hesda units and whether it is 0.5 or 0.6 is an
i nportant cutoff. So the cutoff should be determ ned by
the clinical outcome and not by the nunmber of Bethesda
units and the trials should be designed to | ook at that
rat her than | ooking at assays and variability of assays
bet ween | abs.

DR. Di M CHELE: | nportant conment. Wth
respect to this definition of the PTP, or the not at
ri sk, or the presumably not-at-risk PTP, | am wonderi ng
if the regulators would mind if we open this up to sonme
comment from the audi ence because | think this is a very
i nportant question. Does anybody out there have any
ot her comments with respect to how one woul d define the
not-at-risk or the presumably not-at-risk PTP. Dr.
Law er?

DR. LAWLER: It seens |ike the prospective
trials of actuarial incidence of inhibitor devel opnent
t hat have been done are fairly consistent in the nunber
of exposure days at which you start to see a plateau. So
if you arbitrarily said that--1 don't renenber the
nunbers, but after ten exposure days, 90 percent of the

patients that are going to develop inhibitor will devel op
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inhibitor. Then, if you build some safety nunber on top
of that, then you could use that as the definition of
PTPs who are not at risk

Al'l that good data is out there, the ReFacto
data, the Kogenate data and the Reconbi nate dat a.

DR. DiMCHELE: It is there. | think the
guestion is in the interpretation. As we have seen
peopl e present these studies, even today, they will cone
up with the variable nunbers as the analysis differs. |
think a ot of it has to do with the definition up front
which is why | think, in my opinion, the up-front
definition is very inportant.

But you are right. There is certainly sonme data
there that can be | ooked at.

DR. LAWLER: No; | was tal king about the PUP
trials that show- -

DR. DiMCHELE: Onh; I'msorry. The PUP trials.

DR. LAW.ER: After you get exposed, things |evel
of f where, then, the incidence of inhibitor devel opnment
becones very | ow.

DR. Di M CHELE: Right.
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DR. LAWLER: It seens |ike 50 exposure days is
very generous if you just | ook at that data al one.

DR. DiMCHELE: | think the biggest issue there
is that there are gaps because they are only foll owed for
a certain period of time and then there are major gaps in
that followup. | think it that interimfollow up period
that we are--after the major risk period that I think we
really don't have a lot of the data for, at |east,

certainly, inconplete data. But | think your point is a

good one.

| believe Dr. Hoots?

DR. HOOTS: | am not sure we ever reach a point
where it is truly asynptotic. | think that is what the

| at est data woul d suggest, both the survey data and the
data that came fromthe retro | ook at the MacM I | an
paper. So | think what Pete said is probably right.
There is a point beyond which you have a very high risk.
But | think in ternms of designing the inpact of
treatment prospectively, | wonder if we don't need to
think of it slightly differently. Instead of
statistically setting a risk threshold, why not |ook at

it the way that it was presented in the MacM Il an dat a,
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the way it has been presented in the Lusher Reconbinate
data, as Kapl an- Mei ers over |onger periods of tinme
because we have forgotten certain confounders that we
know, in ternms of taking this into consideration.

Exposure days don't define time. You said that,
Donna. You said that you thought exposure days, and |
agree, that is probably a very relevant thing. But tinme
may be inportant as well. |If you follow a group for four
years, the risk that they will have an inflammtory up-
regul ation is probably four-fold greater than if you
follow them for one year. Those inflammtory up-
regul ati ons nmay be very inportant onto whether they have
a predi sposition to inhibitors.

If this were a cancer trial, you would do a
prospective Kapl an-Meier and you wouldn't worry if you
got too sudden inhibitors but if it |leveled off for the
next five years. But the way it is set up now, that is
not the way it is designed. | would make a strong plea
that at least the statisticians |ook at possibly defining
it in that way.

It means they nmay have to follow patients | onger

before they can make their decision but better that than
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prematurely closing out a potentially good product for
reasons of early inhibitor devel opnent.

DR. DiMCHELE: If | could just make a comment
on that before we go to Dr. Carcao. | think you make a
very good point and | am going to have to rescind

sonmething | said in terms of ny schema because | think

there are two issues, then. One becones the issue of, in
a short-termtrial, how do you define a PTP, like in
prelicensure trials. But, let's say, in the

postlicensure pharmacosurveill ance, maybe, indeed, the
PTP shoul dn't be defined as it is in a preclinical trial
but rather actually the surveillance should pick up where
the prelicensure clinical trials left off and, you are
right, establish this--as Pete was suggesting, try to
figure out where the prelicensure data ends and let's
pick that up so we can ascertain the risk, after 50
exposure days, never mnd after 150 or 250 exposure days,
in terns of the long-termand for a greater nunber of
patients. That is a good point.

Dr. Carcao.

DR. CARCAO M comrent was really, | guess,

sort of sinple. Just |ooking at the nomencl ature of PTP,
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| think, as Dr. Wiite said, anybody who has had one
exposure is no longer a PUP because that patient is now a
PTP, if you strictly go by the English | anguage, because
it not a useful termanynore. W know that, if you are
within your first ten exposures, you are totally
different than if you are between your 250th and your
260t h exposure.

So, perhaps, we should either abandon the term
and maybe substitute it with mnimally treated patients
and extensively treated patients or sinply just |ook at
t he nunber of exposure days that you have had.

DR. DIMCHELE: | think that is a good point. |
think if you really think about the way the definition
arose, previously untreated patients neant totally
previously untreated but, in nmany ways, we may have
patients who were virgin to treatnent, to any treatnent
at all. Then we have patients who may be previously
untreated with respect to a particul ar product, or
previously treated with respect to a particul ar product,
so there are many |layers to that definition. But you are

right.
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DR. JAIN. Let me just clarify fromthe
regul atory standpoint. The PTPs, what we are talking
about here are previously heavily treated. The reason we
are using this, in a very small trial, any patient which,
not due to the previous treatnent, devel ops inhibitor and
devel ops in that 50 exposure days, these are very snal
trials.

You have to start sonmewhere. That was the
reason we had this at least treated for 150 exposure
days.

DR. Di M CHELE: Understandably, | think what you
are saying is you need an i mrunogenicity nodel. You need
a prelicensure imunogenicity nodel

DR. JAI N: Ri ght .

DR. DiMCHELE: | think the other question,

t hough, is how do we test out the definition that you may
or may not continue to use at this point. | think that
is with some | ongitudinal studies that nmaybe avoid that
definition altogether. W nmay begin to tal king about
appl es and oranges.

| guess there is a comment from Dr. Ewenstein.

Dr. Chang, do you have a question?
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DR. EVENSTEIN: | was going to second what Keith
said. | think it is just obvious. |If you try to
i muni ze someone agai nst hepatitis A or B, you can't give
all the doses in the first three days and say, | got ny
three doses in. W know that is not the optiml way and
| think we sort of forget sonetines that 50 exposure days
in 50 days and 50 exposure days over four years is
probably i mmnol ogically not identical. But | think we
have gotten a little bit too hung up on just the EDs and
forgotten the Disease.

He is right. | think the other point that he is
ri ght about and maybe this needs to be built into the
trial designs prospectively are these other risk factors.
Qbvi ously, the folks up front and everyone else, really,
are interested in product-specific effects. So we, right
off the bat, talk about a product-related AE and an
unrel ated AE and we assune that certain things don't
matter, like getting hit by a bus--it matters to the
patient but not to the product eval uation--whereas other
things are clearly, at |east potentially, product

r el at ed.
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If we were smarter and coul d think ahead of
time--it has to be a priori, obviously--what sort of
hi gh-ri sk events m ght happen to a patient that woul d not
necessarily count against the product. Wat we heard
today is really having a pretty strict definition of
failure in the study where only a couple of patients
m ght actually end in an unsuccessful trial.

But if we could think ahead of tinme of what
special circunstances mght--it my be premature, and
this may take additional research, but | think it is
going to be necessary, if we are really going to try to
under stand what is product-rel ated and what you called
host/treated-rel ated. That could include sever
i nfection, surgery, that kind of think.

DR. DiMCHELE: | think the question is, Bruce,
and maybe you will give sone thought to this, is that the
guestion is whether that can actually be studied in a
product -specific, even a product-specific,
phar macosurveill ance, in terns of there being enough
nunbers to really tease out, in a nultifactorial way,

what is going on here.
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That is where, again, a globa
phar macosurveil |l ance programthat is |ooking at al
products and | ooking at all of these host factors and
t hese specific treatnment factors in a nuch nore gl oba
popul ati on mi ght be able to tease out that information.

DR. EVENSTEIN: | agree. It is probably
premature, but what | was thinking about is in terns of a
goal of what you were proposing, was to have enough of a
feeling about what those what we call environnental
factors but that are non-product-related, that it would
really be hel pful, then, when you evaluate a product, to
sort of know what the other risk factors were and not
just assunme it was all the product.

DR. Di M CHELE: Does anybody el se on the panel
want to ask a question at this point? Go ahead, Mark.

DR. VEINSTEIN: | think an inportant el enent of
our discussion here, in thinking of the future, was one
of the ones that were raised here by Sanj about the
notion of a standard, sonething to help us standardize
our assay, sonething that could be used by industry and
regulators and so forth. | was just wondering if there

was further discussion about--in other words, a question
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about whet her polyclonal rabbit antibody is reasonabl e,
or nonocl onal anti body, what steps do we see that are
necessary to try to pronote this, or, in fact, do other
fol ks see this as one of the critical issues in

st andardi zi ng the assay.

s there any question that that isn't the proper
way to go forward. So there are two parts here; should
we do it and what should we do if we decide to do it.

DR. RAUT: So, with respect to standardi zati on,
if we agree that a standard would help in these assays,
the question really is what should we put into our
standard. A nunmber of people have expressed various
opi nions as to what we could put in.

Cbvi ously, we have the rabbit polyclonal and
certain humani zed nonocl onal s, but the suggestion was why
can't we put in patients', inhibitor patients', sanples
if it is possible to collect them

Really, the clinicians here could help us answer
if it is practically possible to, perhaps, pool together
i nhi bitor-patient sanples. Wuld that be useful ?

Per haps peopl e could comrent on that
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The second question; what sort of |evel may be
useful for the clinician to get a clinically rel evant
answer from these assays.

DR. Di M CHELE: Do any of the speakers--we wl|
give it to the speakers first. Do any of the speakers
want to answer that question? Do you want to answer that
guestion?

AUDI ENCE: Yes. | guess | just want to clarify
t he questi on about whether you are tal king about a
standard or a control that will be used to cross all
| aboratories because, if you are really tal king about
readi ng Bethesda units off of a standard curve, that
really can't be done because the different patient
sanpl es won't have the sanme potency.

So, if you tested two different concentrates,
you will get two different nunbers. But | think having
sone controls that you can conpare across |aboratories to
see how different the | aboratories perform would be
useful. However, | think that that has al ready kind of
been done by sending out sanples that nmultiple
| aborat ori es have tested and shown to get different

nunbers.
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So | think that what you are really talking
about is not necessarily having a standard, being able to
resolve the problem across | aboratory differences, but
| aboratories have to sort of standardize the way they are
actually running the assay and that can include things
i ke really understanding how different |ots of reagents
conpare, and so on.

So |l think it is a lot nore conplex than just
saying if we had a standard, all the assays would perform
the same and the nunmbers woul d be the sane.

DR. DiMCHELE: Dr. Raut, do you want to answer
that? Are we tal king about controls or standards? Do
you have a response?

DR. RAUT: Oobviously, a control would be
inportant. | am not saying here that standard is the
only--a reference preparation isn't an only issue here.
| think, in ny talk, | sort of alluded to the fact that
there is a whole nunber of reasons why we nay get
variability. These also would need to be addressed at
sone point. But we need to possibly start somewhere in
terns of getting--we may have it within sort of |ab

position, but, in order to clinically say one clinical
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| ab has X and the other Y, certainly these coll aborative
studi es have shown that we do get a slightly better
result, and perhaps we should have a di scussion on the
potential guidelines as to these inhibitor assays,
itsel f.

Essentially, we are neasuring residual Factor
VIl activity and relating to a particular unit, in this
case, Bethesda units. So, really, we should be | ooking
at those sort of factors. And | agree with you, that
there are other factors like dilution steps, activation
steps, of Factor VIII assays.

The Factor VIII assay, on its own, is an area,
mne-field area, really, in terms of interlab
variability, or certainly can be. So if l|abs are
actually having problenms with just neasuring residual
Factor VIIIl activity, perhaps we should | ook at that,
al so.

DR. DiMCHELE: Dr. Chang? Maybe you can ask

the | ast question. W are comng to the end of the tine.

DR. CHANG  Actually, I just want to make a
comment. | think you already have data to denonstrate

t he standardi zati on of the method will reduce the
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variation. But the real question that whether or not you
are going to have a standardi zed assay nethod that is
clinically relevant.

You may standardize it, but it has drifted out
fromthe clinical relevance. That is not a proffered
outcone. So then you cone to the reference standard.
think the reference standard probably can link to the
clinical outconme in sonme degree But using the rabbit
anti body, that probably is not the best choice. But you
rai sed several tines, what are the other ways to get the
mat eri al s.

So | have no idea whether there is a possibility
to create several nobnoclonal antibodies by using the
human gene, then conbining themtogether. But it is not
a small project to do.

DR. DiMCHELE: | think the assay becones a very
conplicated question. Dr. Law er?

DR. LAWLER: | have two conments. One is one of
my col | eagues at | psen who had to | eave nade a suggestion
about pooling plasma. | don't know if that is what you
are alluding to but, ideally, if you had 25 or 30

inhibitor patients that were basically randomy sel ected
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and then pooled that plasm, that would, to nme, be the
best standard one could come up with. It would be very
simlar to a pooled plasma that is used to define the
Factor VIIIl standard.

The second comment | would make regards the
i nherent inprecision in the assay. |In our |aboratory, on
a research-grade basis, we have three different assays
which we call the Vol kswagen assay, the Cadillac net hod
and the Rolls Royce nmethod. The Vol kswagen nethod is
defi ned one datapoint that falls in that 25 to 70 percent
range. We call that Bethesda unit which is the published
met hod.

The way we typically do it, which is the
Cadillac nethod, is we get three points that are between
40 and 60 percent which nmeans the technician spends a | ot
of time trying to hit the target. And then, the nore
rigorous way, is we try to get at |east ten points
bet ween 90 and 10 percent and then we do a regression
line, which I nmentioned earlier this norning.

| am not saying one should do that, but what you
find, in our hands, anyway, with an experienced

technician doing it, is that the scatter is scary. The
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regressi on coefficients that you get in that, when you do
that, are typically about 0.7 or 0.8. which, to ne, neans
that there is an inherent inprecision in the assay, the
way it is done, which neans that the coefficient of
variation is going to be pretty high regardl ess of

whet her you have a standard or not.

| don't know if anyone el se has that experience.
| was just reading a paper the other night that said that
the coefficient of variation on the Bethesda assays was
7 percent. | don't think that is possible. | think
there is too much noise inherent in the antibody, in the
way the antibodies work in the the assay.

DR. Di M CHELE: Thank you for your comments. A
reference pooled, sort of a pooled patient plasm
reference?

DR. RAUT: | think your coment on that respect
is a good one. The only practical question is are we
able to get hold of such material. | think it was
suggested that, perhaps, 20 inhibitor patients or so
coul d perhaps donate a liter or so of blood towards this.

If that is possible, and this is really where we

need comments fromclinicians here, can we extract that
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amount of, perhaps, 40, in order to pool together. And
then are we | ooking at the question of low titer or high
titer? This is a decision just to be arrived together
with some sort of a body and needs backi ng before we
could carry out.

AUDI ENCE: The good news is that | would
probably recomend having a plasma that has a Bet hesda
titer of about 10 or so would be what you woul d define as
a high-titer plasma. You could actually go in and
characterize it in terms of heavy-chain and |ight-chain
specificity to make sure that it is typical with the
popul ati on.

Dor ot hea Skandel a's group defined heavy-chain
and light-chain specificity. You could do that. One of
t he good things about working with the inhibitor plasnma
as opposed to the patient plasm as you do to define
Factor VIII standards is that, if you have a ten-unit per
m Bethesda titer, that means you are diluting it
substantially to get it on scale so that you would need
| ess plasma than when you are trying to get your pool ed

pl asma to define Factor VIII standards.
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DR. RAUT: Point taken. | think the second
point, with respect to--sorry; the second point you were
maki ng about the assays, itself?

AUDI ENCE: The fundamental limts to the
preci sion or the--

DR. RAUT: Right; of course. Sorry. | nean,
you are probably aware, but there are currently a nunber
of assays bei ng devel oped which are getting away from
| ooki ng at Bethesda titers as such but for |ooking at the
ki netics of these inhibitors, whether it is type 1, type
2, and that has been defined as type 2 and type 2.

We may need help here fromclinicians, from
i nhi bitor sanples, to ook at, in nore detail; for
exanpl e, how a type 1, whatever type of inhibitor we
have, how it actually behaves kinetically and should we--
| mean, there are assays. | am basically saying that
there are assays being devel oped which are able to | ook
at these factors fairly sinply. The idea is to get these
assays on board as well, but this is sonmething that we
haven't really discussed so far, which may be very

relevant within the next two years.
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DR. Di M CHELE: Bert, did you have a coment? |
was just going to have you nake one very brief coment
before we have Dr. Jain ask the |l ast question of the
sessi on.

DR. VERBRUGGEN: Thank you. | want to comment
on the standards. | think we need a standard which is
about 1 Bethesda unit or Nijmegen-Bethesda, if you w sh,
because when you have a hi gher standard, then you al so
i ntroduce dilution problens.

| would like to give an exanple. \When you
anal yze an inhibitor and you get the data of 0.8 or 1.2,
where you have diluted the plasma ten tinmes, then you
have a tremendous difference between these results. They
vary from 8 Bethesda units to 12 Bethesda units. So it
is really inportant, also in the | ower range, to have a
very reproduci bl e and standardi zed net hod.

| think, whether you need a Vol kswagen or a
Cadillac or a Rolls Royce, it depends on what you want to
know and where you come from So, if you want to nonitor
a patient, you need an assay which is also specific in
t he higher region. Wen you want to di agnose a pati ent

for the first time, you want to know whether this patient
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has an inhibitor or not. When you want to do sone
research on the reliability of low inhibitors, then you
need a very sensitive nethod.

DR. Di M CHELE: Good point.

Dr. Jain, your last question to the audience.

DR. JAIN: One last question, and | prom se it
is the last one. | thought | had to ask this question
before | leave this room This question is for all the
treaters present in the roomhere. The question is,

t oday we have seen different observed inhibitor rates in-
-let's consider it only in PTPs--based on clinical

trials, on pharmacovigilance data, and we have heard

di fferent ways, right now, for assessing true or observed
inhibitor rates in the future.

Now, the question to the treaters is what woul d
you expect, or accept, as for any new product as your
safety acceptable rate of inhibitors for any new product?

DR. BERGWAN:. | don't want to even guess at
answering it, but I do want to ask you to just specify,
when you say the rate of inhibitor in a PTP, do you nean

per year, per exposure or during the course of a study?

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

DR. JAIN:. Let's start with at |east a m ni num
of 50 exposure days, PTPs. W put out sone nunbers here
based on our experience in the clinical trials. The
ot her nunbers we have put on for other speakers.
| ndustry had--you put on their nunmbers based on their

phar macovi gi | ance dat a.

| think we should now have--for any product, new

product, what should be the safety Iimt which we are
| ooking for as treater?

DR. BERGVWAN. The question, just a follow up,
what is the historical data on the rate of inhibitor in
PTP for acceptable products on a per-exposure day basis?

DR. DIMCHELE: O | guess--well, go ahead, Dr.
Jain. You define it.

DR. JAIN. We have heard that; right? W have

heard all this, what was the historical rate, the

observed rate, the true rate or whatever we call it as
the incidence rate here. | am not tal king about the
preval ence at all. | amtal king about the incidence
rate.

Any new product com ng on the market, we have

set our limts as 6.8 we said we woul d accept as--out of
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this sanple size, we would accept that as our safety
limt. As a treater, what do you think you would allow
for a new product?

DR. Di M CHELE: Dr. White?

DR. WHITE: | think you have the answer to that
already. | think we have done studies and you know t he
nunmber of inhibitors that have occurred. | think you
need to take that as your road map. | don't see any
reason to necessarily change it. As Jay said, if you use
t he nunmber that you are currently proposing, you would
not have approved a couple of products. So | think you
have to be careful with that nunber.

| think, as we get to know some of the risk
factors for inhibitor--and whatever nunber you do pick
you have got to build into that nunmber enough wobble so
that if one study happens to have 50 percent significant
del etion nmutations, and 35 percent African Anerican, that
that study at | east has a chance to give you a result
t hat could be an approvable result conpared to a study
t hat has 95 percent Caucasi ans and 75 percent m ssense

mut at i ons.
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Those two studies are going to have a big
difference in the risk of inhibitor formation and, until
we know enough about real risk of inhibitor formation
that we can start stratifying these studies, | think you
are going to have to allow sone wobble in the popul ations
that go into making up those studies. Does that make
sense?

DR. JAIN. That is one good suggestion. It is
not basically relying on nunbers. You would | ook at
ot her stratification and come up with sonme sort of a |ist
here.

DR. WHITE: | think you have to use your good
sense, as you always have. You have to | ook at the
results that you get and you have to say, this is
bot hersome to me. | am seeing too many inhibitors in
this study. Let's look very carefully at the next couple
of patients that are studi ed.

DR. JAIN. But, see, now we are com ng back--in
a clinical study, we are com ng back to retrospective
anal ysis now. Either you define it prospectively that

t hese are--
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DR. WHITE: | amnot going to retrospective.
What | am saying applies to a prospective study. You
just ook at the data as it cones in and, if you see two
inhibitors in the first five patients that you study, you
have got to | ook at those patients. You have got to see
what their risk factors were. You have got to see if
they had prior inhibitors and you have to nake a
deci si on.

DR. Di M CHELE: Dr. Evatt?

DR. EVATT: | have to agree with GIl. You don't
really have enough data to set this and, if you set it at
the 6.8 at 95 percentile, you are going to reject 1 out
of 20 products that are good because you are going to
kill the study i medi ately when that second patient
occurs. It is based upon assunptions that the data we
are putting on the board is really truth. W don't have
any idea whether it is truth or not.

They are observations. The data is real, but it
is our interpretations that nmay not be correct at this
point. | think it really needs sone really good cl ose
exam nation before the limts are defined exactly and I

woul d have to agree with G| on that.

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



at

DR. JAIN. See, that is the point of ny
guestion. W have, from a previous experience, seen
this. So that neans we now have to go al ong and change
sone criteria which you have set in a previous
experience. That is the real question here.

DR. DiM CHELE: Dr. Jain, maybe that is why the
phar macovi gi |l ance is going to be of critical inportance
because it may be the pharmacovigilance that may defi ne,
up front, the prelicensure criteria that we need to use
in terns of really seeing problens as they develop | ater
on and leading it back to the prelicensure data.

DR. JAIN. Exactly.

DR. DiMCHELE: Let nme give Dr. Feingold one
| ast conmment and then | amgoing to turn this over to Dr.
Lozier for closing comments.

DR. FEINGOLD: | think that, in sone ways, your
fundament al assunptions that you made in your talk are
i ncorrect because you spoke about an intent-to-treat
anal ysis but you reviewed the data fromthe clinical
studi es that you showed w thout an intent-to-treat

anal ysis. You can't have it both ways.
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If it is intent-to-treat, then every product up
t here except for one would not have been |icensed
according to your guidelines. |If it is de novo
inhibitors or inhibitors that occur after, with no
hi story, then you are tal king about a different group of
patients. So | think you can't have it both ways. You
are either going to | ook back at the previous studies and
say you are going to use an intent-to-treat, in which
case you better change your confidence interval, or you
are going to say that it is based, in the study, with
patients that were appropriate to the study.

DR. JAIN: | think that our statisticians can
answer that question. But, as far as | know, | think al
our studies have been licensed on intent-to-treat. As a
regul atory standard, we use intent-to-treat. That is
what our regulatory standard is.

Cl osi ng Comment s

DR. LOZIER: | think, at this point, we will go
ahead and cl ose the conference. W are over tinme, but I
think profitably so. Thank you all for com ng. Please
send in coments. We will give, let's say, 30 days of

time for people to comment witten or e-mail, as per your
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handout. If you can turn in evaluations as you |eave,
woul d t hank you.

Thank you very nuch.

(Appl ause.)

(Wher eupon, at 5:44 p.m, the neeting was

adj our ned.)

M LLER REPORTI NG CO., I NC
735 8th STREET, S.E
WASHI NGTON, D.C. 20003- 2802
(202) 546- 6666



