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PROCEEDI NGS
SESSION | 11: DECONTAM NATI ON PROCESS EFFECTS ON
CELLULAR TRANSFUSI ON PRODUCTS

DR. VOSTAL: W WII| get started with the first
session, that will be evaluation of toxicity to platelets.

The noderator for this session, and the first
speaker wll be Dr. Scott Murphy. It's fitting that Dr.
Mur phy's here with us to help us evaluate platel ets because
he has spent his whole career trying to teach us how
pl atel ets work and how to understand them

So—br. Scott Mirphy.

EVALUATI ON OF DAMAGE TO PLATELET PRODUCTS

DR. MJRPHY: Thank you very nuch, Dr. Vostal for
inviting us to be here. | think this is an exciting and
tinmely event. And | was not able to be here yesterday. |
apol ogi ze for that. To the extent sone of ny comments may
reflect that, | apol ogi ze.

| think we have a |lot of material to go over, and
| have a feeling when we finish our discussion period there
will be nore to say.

So why don't we get started.

Actual Iy, according to the program the first
speaker is Dr. Edward Snyder from New Haven, Connecti cut,

and Yale University, who wll probably then introduce ne.
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Platelet Viability Evaul ation and Testing In Vitro

DR. SNYDER: Thank you very nmuch. It's a
pl easure to be here, and I'd like to thank Dr. Vostal and
t he Agency for holding this workshop.

What |'mgoing to do in a brief period of tinme is
to discuss the phase | testing. As we'll talk about in a
coupl e of seconds, the agency submtted a draft gui dance
docunent in 1999 about how pl atel ets should be eval uated
when submtting informati on for potential |icensure. And |
asked Jar about this, and he told ne that there's another
docunent that is working its way through the system So
what | intend to do is to structure nmy conments on the
response to the docunent from 1999, and to give sone
t houghts as to how at least the in vitro assays perhaps
shoul d be viewed with relation to pathogen reduction
t echnol ogi es.

First, the conflict of interest statenent: | am

conflicted up the proverbial wazzoo. The Pall Corporation—

Cerus—e did phase Il and Ill clinical trials for S59. 1In
the process of doing it, S$303 for red cell. W did the
radi o-1 abel survivals for phase Il for Vitex, and |'ve been

involved with clinical trials and advisory panels for
Baxt er.
| do not own any stock in any of these conpanies,

however, at all.
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[ Slide]

This is the platelet—+he entity that Scott has
spent his life teaching us about, and which we know is the
center of the universe. | think it's fairly famliar to
the group, so | don't need to discuss it very much, except
to say that the purpose of a platelet is to |let the goodies
inside get to the outside so it can do its good works, and
also to provide a surface for clotting to occur and
generation of fibroblasts and other things, which can be
hel pful or, at tinmes, harnful, dependi ng on what vessel
we' re tal king about.

A platelet should | ook sonmething |like a chocol ate
chip cookie on electron m croscopy, and generally
circulates as a disk. And this is what we want. So, with
pat hogen reducti on and technol ogy anal ysis, we want to be
sure that a platelet that's drawn out of a donor, processed
and then given back to a recipient is essentially the sane
entity that it was, and hasn't been transforned, during
that process, into a product that is basically either just
antigenic or useless.

[Slide.]

This is a slide froma paper that Sandy Shat eel
publ i shed several years ago, and basically just speaks to
t he concept of signal transduction; that there are

receptors on the outside of a platelet that tell the inside
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of a platelet what needs to be done; the nechani sns, the
vari ous mnetabolic processes I'mnot going to go into,
because | want to focus on the analysis of platelets in
vitro.

[ Slide.]

Again, this is an old slide from actually, a
Baxt er advertising slick, show ng what appropriate
pl atel ets | ook |like. Again, the disks that have chocol ate
chip, or these which, for those of us who live with
pl atelets, give you that enpty feeling—titerally and
figuratively. They' ve undergone the rel ease reaction, the
granul e contents have been expelled, the al pha granule and
t he dense granul es, which are the chocolate chips, if you
will, because of the cal ciumcontained therein. And you
have, basically, products that are not very functional
al t hough there's sone evidence that they actually m ght
wor k, and part of this guidance docunent was eval uati on of
pl atel et mcroparticles as a product, which |I'mnot going
to get into here at all.

[ Slide.]

This is an exanple of what Yale's going to be
nmoving to. W've joined forces with Betty Crocker --

[ Laught er. ]

—and we' ve decreased our platelet dose from12

unit random donor pools to four. This year we've gone to a
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virtual platelet transfusion, where we just show a picture
of platelets, and next year we're going to the Italian herb
form and we just add platelets for faster clotting. This,
| think, is not addressed in the gui dance docunent, but one
never knows.

So, all of this relates to the platelet storage
| esion, which is the untoward effects on platelet structure
and function that occurs after product collection in all of
its various aspects.

The mechani sm of action we now know is likely
multi-factorial. There is no one bullet that everyone
tal ks about. The bad news is that in vitro assays, per se,
are not very predictive of in vitro function. The good
news i s that, when used in conjunction with radi ol abeling
and in vivo post-transfusion assessnents, you do get a good
handl e on whether the platelets are usable or not.

Thi s concept of Phase |, Phase Il and Phase |11,

which is different fromthe classic Phase | safety and

Phase Il and Phase Il and IV post-marketing and so forth—
it's adifferent Phase I, Il, and II1I.
So, "Phase |I" I'mreferring to in vitro, Phase Il

is radi ol abel survivals in normal volunteers, and Phase |||
is transfusions to the thronbocytopenic recipients—er

patients.
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| think all discussions of platelets should doff
the fedora to Dr. Mdrad at the Red Cross, in '68, who
changed the way we do things. Part of that tinme they used
to add citric acid to platelets to prevent them from
clunping. Hi s decision was, in a physiologic way, to | eave
a tender nonent alone and just allow the platelets to rest
for 30 m nutes before re-suspendi ng, which we now
understand i s necessary to prevent the aggregates from
form ng.

So, basically, al of these studies are |ooking at
invitro testing, which was spelled out in this guidance
docunent which canme out in May of '99. And there were four
categories: in vitro norphol ogy, biochem stry and functi on;
in vivo—-which was Phase | —+n vivo circulation—+n vivo
survival in the circul ation, being radiol abeling; clinica
henostatic efficacy, being Phase Il1; and then the platel et
substitutes, which I nmention we're not going to discuss
here.

There al so had been a suggestion that rabid
pl atel ets m ght be useful to evaluate. This was from
Dottie Zucker Franklin's picture in the New Engl and
Journal, as well.

[Slide.]

So what are the assays? Now, these assays—

there's a large list here which were taken from a paper
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that Murphy et al. published in Transfusion Medicine
Revi ews, which really referred to what the Best commttee
had put forth as a lit of quality platelet assays.

The ones in yellow are the tones that are
general ly recommended as being reasonable or primary, if
you will. The ones in pink are those that would be
consi dered suppl enental, because this is a two-slide deal
her e.

So the first was pH, which | think is still the
best —Aeasurenent recommended at 22 degrees. And this
relates to swirl. And I'mgoing to get to these as we go
forward.

Swirl is the ability of platelets that are in the
disk formto refract light. And you can get a feeling of
this opal escence here, which inply that platelets are in
the disk form Wen they've undergone the disk-to-sphere
transformation, they | ose that ability and they becone this
sort of dull, sad |ooking entity here, which shows—ene
woul d assune that the pH has fallen, and the question cones
up, is this a poor-person's pH neter, the lack of swirl?

Well, this was addressed by Dr. Bertolini in
Transfusion in 1996, and those platelets lacking swirl are
to the left, and those that have swirl are to the right.

The problemis that here's pH and what you find

here is a | arge nunber —percentage of platelets in the 7-pH
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range—.5 and so forth—that don't have swirl which, if you
use this as a pH neter would be thrown out. And I don't
think there's any evidence these days that people would
just like to throw out platelets that are potentially
useful, because that does translate into financi al
reconpense for the blood center

So, | don't think platelet swrl —although severa
peopl e have recommended it, including sonme people from New
York have recommended that all platelets be eval uated by
swrl before they're handed out, because on the basis of
some |itigious problens that happened. | don't think swirl
is a very reasonable test of in vitro platelet function.
So | don't particularly feel that that's the case. And
this was |isted again—but | think it would be consi dered
supplenental; pHis still, |I think, the winner and stil
chanmpi on, at 22.

P2, PCQX2, bicarbonate all relate to platelet
met abolism We now know nuch about platel et netabolism and
the i nportance of oxygen. This is fromBaxter's slide, as
well, showing the increase in oxygen perneability. The
sanme is true for Med-Sep bags and for bags nade by Taruno
and so forth.

And we now know i f you have enough oxygen, the
pl at el et undergoes the Krebs cycle and produces CO2 and

water; if left toits own devices will undergo anaerobic
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nmet abolismand lactic acid will build up. And as Scott
Mur phy has again shown, if acetate is present it will use
that as its primary source for sonme of the platelet
additive solutions that are being eval uat ed.

This was not recommended necessarily in the
gui dance docunent, but is certainly sonething that we woul d
recommend be eval uat ed—bl ood gasses, basically.

Platelet count is critical. There are a variety
of machines to neasure platelets and not all of themare
created equal. But an electronic platelet counter—+n fact,
Dr. Mxroff as part of the Best G oup evaluated this in a
mul ti-center evaluation nany years ago.

Lactate and gl ucose, again relate to the concept
of netabolism The |actate generation would be considered
bad. {d ucose consunption would reflect that as well.

Mor phol ogy was recomended and oil - phase i s what
is reconmended generally as being the best, because this
tends to correlate as well as any in vitro assay woul d do,
with in vivo function norphol ogy, although many peopl e feel
the best of all of themis the extent-of -shape-change.

LDH is an eval uation of rupture of the platelet.
Bet a-t hronbogl obulin is an activation marker, or CD-62P if
you want to it by flow cytonetry is al so suggested.

[Slide.]
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This is a slide from R nder, show ng that fresh
pl atel ets have about a one percent, the GW140 was the term
Bruce Fury—granul ar nenbrane protein of 140 nol ecul ar
wei ght —whi ch i s now known as either P-selectin or CD 62P
and then with a four-day-old platelet it's about 40
percent.

Thi s was eval uat ed—sone peopl e—everyone of these
has its one little devotee who feels that's an appropriate
assay. It's fine. W don't really think you need to spend
too nmuch time | ooking at platelet activation because it
really doesn't correlate all that well.

Let me go back. QOops, |'m going ahead. There we
go.

[Slide.]

The hypot oni ¢ shock response, or osnotic
recovery, that Dr. Handon devel oped; the extent of shape
change—+ think these two are consi dered anong the best
assays to evaluate in vivo function.

The nean platelet volune is not particularly very
useful, although you get it every tinme you get a platelet
count with the right kind of machi ne.

Platel et factor 4, again, is not any better, or
doesn't give you that much nore information than the BTG or

the CD 62 woul d.
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Ot her assays here are listed in pink, because
they' re supplenmental, starting with the PF-4. The ATP
content, norphol ogy—el ectron m croscopy, not as— think I
have a picture here—

[ Slide.]

—again, it's much nore subjective than the phase
aspects are. So the light with oil -phase-o0il evaluation is
to be preferred over the scanning EM

Pl atel et aggravation data, as Ted Spate, nay he
rest in peace, used to talk about—-agoni st-activated
aggregation with dual agonists--ADP and col | agen,
epi nephrine and so forth—+s, again, considered
suppl enental , although in the gui dance docunent the agency
spent a fair anopunt of tine discussion that, | think nost
people feel it's not very helpful. The stored platelet
requires two agonists to activate it, and it really doesn't
gi ve you that much infornmation

The ot her assays: size distribution, GP1B and the
2B3A with the CD 63, pack one—that Sandy Shateel has the
anti body to, really are not very useful. Serotonin uptake
and releases—difficult assay to do, requires radioactivity
generally, and is not very much hel pful

Platelet mcro particles are very difficult to

guantitate, although that was nentioned, by flow or by
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ot her nmethods, and is not considered reasonabl e by the Best
Group and nysel f.

Swirl, we have discussed. Thronboxane B2 is not—
agai n, supplenental, not very hel pful platel et adenine
nucl eoti de content, this shape assay not hel pful as a
primry.

White cell content—again, if you' re |ooking at
| eukor eduction. And then what about 1 and 2-D gels? Wl
that's available. This is a map of a 2-D gel that we have
| ooked at. Again, if you're |ooking at certain aspects it
may be hel pful, but certainly supplenmental would be
primarily what you're interested in.

And then what about the new mar kers—apophtotic
mar kers. W all know about the various things that are
rel eased, and as is often the case, Dave Pruder has
publ i shed on this extensively, showi ng that platelets do
contai n cast phases; platelets do contain various cast
phase apophtotic, BacTs and BCL and so forth are al so
present, you know, in platelets as well.

These markers are very—are nice. It's high tech
but, again, not as a primary, nore as a supplenental type.
And this is a scanning EM+'m sorry, a fluorescent —a
pi cture of JG 1, which was used to stain platel ets—pl atel et
m tochondria, as shown in yellow. The red is the actual

platelet. And we did this to | ook at whether eval uation of
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JC-1 correlated with platelet function. And Pete Parada—we
col | aborated with Pete Parada from Stonybrook in this, and
we did not find that a platelet that was clearly activated
had any change in the—what this neasures is the nenbrane
potential. And as the nmenbrane potential changes due to

m t ochondrial death, you get a change in color. So the
guestion is, will this be a useful assay to show that

pl atel ets are not functional, and we found that platelets
had undergone activation, with release of BTG for exanple,
and next N-5 appeared on the surface, but the mtochondri al
menbrane potential didn't change. So we don't think that
there's—+t's very useful to nmeasure JC-1 change in nenbrane
potential, and that paper's been submtted to Transfusion.

So, that's sort of the forest.

So let's take a | ook very, very briefly at what
t he gui dance docunent recomended.

Looking at just the in vitro aspects, they wanted
pre- versus post-testing, platelet counts, norphol ogy was
di scussed, quantitative scoring they felt should be
required by Iight and by EM Biochem stry, they had |isted
ATP assays, glucose, lactate, LDH and pH-didn't nention
bl ood gasses as—down here, and bi carbonate was not
recommended.

| mportantly, | think that they started saying the

pH was critical and 6.0 was no | onger acceptable. It
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should be a m ninmumof 6.2. Many peopl e—sone on t he Best
comrittee, also felt that 6.8 would be a good ni ni mum

pl atel et pH, but | think many people would qui bble with
that, thinking platelets are hard enough to get these days,
and a platelet at pH 6.6 should do just fine. But this is
a nove in the right direction.

There was also, for the first tine, a listing of
the upper Iimt of 7.6—that it should be that or bel ow.
Agai n, Murphy had done sonme work showi ng that very al kaline
pl atel ets had decreased survival in vivo. Again,
menti oned, bl ood gasses weren't nentioned.

They al so had activation markers. They mentioned
CD-62, the CD 63 PAC-1 that | nention; the various other
assays.

Physi ol ogi ¢ responses: they did neasure a shock
response, shape change, but they also were fond of platelet
aggregation. Serotonin uptake and secreti on was nentioned.
Stimul ated CD 62—t hey thought that m ght be useful. The
Best conmittee felt that this was not optimal to do
stinmul ated assays for this.

And they discussed quantitation of mcro
particles also—very difficult.

The key issues to be considered—and this was from
a letter formthe nmenbers of the Best commttee—br. Mirphy

was the chair of that subcommttee, Dr. Rebulla, Moroff,
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Dunont and nyself—this is what we considered in our
response to the agency.

The origi nal guidance was issued in '81, and the
current one in "95 at that tine reaffirmed in vivo surviva
as the gold standard, which Dr. Murphy will talk about in a
m nut e.

There was no single best in vitro surrogate
assay. |If you have to pick one, pH seens to be a good—the
one that nost people use, and then platel et count.

A battery of in vitro assays shoul d be needed,
and they all should | ook positive—glean that it's okay to
nove to the second phase, which is to put a nornmal
vol unteer at risk by giving themradioactivity. So there
is arole for in vitro assays.

The assays, inportantly, need to be standardi zed
and reproducible fromlab to lab to lab. You have to be
abl e to conpare apples and appl es, and not appl es and
appl esauce.

And you al so—you need an assay that correl ates
with in vivo performance, which—ot many in vitro assays
do.

Tests, we all agree, should be—this, again, is
fromthe Best committee |etter—should be run as paired
conpari sons. Protocols should use FDA approved cont ai ners.

And they have a di scussion about vol unes, and cel
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concentrations, and conparabl e re-suspending nedia. And
this was a paper that Tracy Mondero and Dr. Vost al
publ i shed, discussing that aspect of the storage sol ution
and what the platelets were suspended in, which was agreed
to by the Best Committee that this was appropriate concern.

And then, again, the maximthat in vivo
circulation does not equal in vivo function. That's why
you need to do these additional types of assays.

So what was recommended is that we felt there
shoul d be one assay from each category. That a paired
protocol design is critical. | do not think you can do
these studies unless it's a paired design of test and
control, unless you have a humungous nunber of patients in
each arm

Serial assays need to be done, either on day-
zero, day-one and day-five or seven—nApre than just one
assay, obviously.

In vitro conditions should mmc in vivo. And in
pi nk, here—PowerPoint is wonderful. | actually |earned how
to use it, finally—platelet counts should be done for
nmet abol i ¢ assays, pH, bl ood gasses, bicarbonate, glucose
and | actate.

Activation markers: CD-62P is fine, and

measur enent of LDH rel ease.
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Functi on assays: hypotonic shock, extent-of-
shape-change, and oil-phase by norphol ogy. That, we felt
was the mnimumin vitro assays that should be submtted.
And then Phase Il and Phase |1l are needed, and then
paral | el suppl enental assays as necessary.

So, specific questions on the last slide is: does
pat hogen-reducti on present new concerns regardi ng pl atel et
function due to collection, processing, filtration, storage
and so forth? |If so, these supplenental assays shoul d be
ki cked in.

| s nore extensive testing therefore needed to
protect the safety of the volunteer donor, which is the
Phase | 1—+the radioactive giving to a normal volunteer.

And does the Phase I, Il and IIl paradigmstil
apply? And we believe that it does—er | believe it does.

And are suppl enental tests needed? And, if so,
whi ch ones? These are for the agency to discuss with the
corporations that are presenting pathogen-reduction
materials for potential |icensure.

So we have the core group here, and then
suppl enental ones as deened necessary.

Thank you very nuch.

[ Appl ause. ]
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DR. SNYDER Qur next speaker is well known to us
all —Bbr. Scott Murphy, who will be discussing the in vivo
radi o-1 abel survival aspects of platelet evaluation.

Platelet Viability Evaluation In Vivo - Phase I

DR. MJURPHY: My presentation will be a highly
per sonal one, about isotopic evaluation of platelets. Mich
of the data will be fromny own |ab, therefore it will be
predom nantly data using chrom um51, and the data will go
back as far as 40 years.

| think there's still—-sone of the principles
under which we operate evolved as | ong ago as 40 years, and
| think it's inportant to review them

My title—=Pl atelet viability eval uati on" —pst of
that activity over this 40-year period has been for
pl atel ets that have been stored for transfusion.

May | have the first slide, please?

[ Slide.]

And because the results go back so far, we're
tal ki ng predom nantly about platel et concentrates nmade from
pl atel et-rich plasma. And |I'msure you're all famliar
with this process by which we nmake platel et concentrates.

In the last 10 years, what | consider to be sone
very chal l engi ng data has cone forward from pheresis
systenms, which we'll have to discuss and deal wth.

Next sl i de.
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[Slide.]

It was Dick Aster who first successfully | abeled
Wi th chrom um human pl atelets, anti-coagulated with
citrate. He found the recoveries and survivals far
superior, conpared to the use of EDTA, but he noted sone
i mportant things.

First of all, he did not recover a hundred
percent of radioactivity after infusion, and that excess
radi o-|1 abel seened to be in the spleen.

Next slide.

[Slide.]

And when he studied patients congestive
spl enonegaly, he found that the recovery was markedly
reduced, and that the bulk of the radioactivity could be
| ocalized in the spl een.

Next slide.

[Slide.]

This slide is sonmehow or other—+here you go.
Thank you so nuch.

This is data fromour own |ab—-all in patients,
actually, wth normal size spleens, |arge spleens or
patients who had had their spleens renoved. W found a
mean recovery of about 70 percent if the spleen was of

normal size—fust as Dick did4ow recovery with
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spl enonegal y, and close to 90 percent if the spleen was
out .

Next sli de.

[Slide.]

This led to a concept diagranmed on this slide,
indicating that in the normal circulation, only two out of
every three of the body's platelets are in the circulation.
The other third are in a pool in the spleen, in free
communi cation with the circul ation; and, therefore, that
when you infuse | abeled platelet into this mlieu of
circulation and spleen, you only find two out of every
three of the platelets you infuse.

Now, | assune that if that was going on in 1962,

it's still going on in 2002. But, as the French woul d say,
"On vera." W'l see.

Next slide.

[Slide.]

Okay. These are studies that Frank Gardner and |
did i n—published in 1969. W |ooked at fresh platel ets—the
open circles—+resh platelet survival. Again, it's 69
percent recovery predictable fromthe presence of the
spl enic pool. These are nornmal volunteers. And then a
shorteni ng of survival at 18 hours of storage at 4 degrees

centi grade.
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From the very beginning of doing these studies, |
wasn't sure how to interpret these curves, because although
sone of them | ook reasonably linear, there were many that
did not fit a nodel very well. So we took a very
sinplistic approach--next slide—

[Slide.]

—of sinply getting the nean of the recovery
values in the first three hours after transfusion and
cal cul ating the percent yield, and sinply noting where the
survival curve crossed the 50 percent |ine, and reporting
the T-1/2, with four days being pretty good.

And this just shows the rel ationship between
tenperature of storage for 24 hours, and yield and T-1/2.

Next slide.

[ Slide.]

|"msorry this—+t may not project as well as it
should in the back.

| " ve never been convinced that the nodeling that
has been done since then has led to a great deal of new
under standi ng. There was a paper in Transfusion |ast nonth
from Dunont and col | eagues, who used a conputer programin
conpil ed BASIC for the | BM personal conputer to cal cul ate
the mean platelet survival tine with the nmultiple hit and

wei ght ed neans net hods.
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|'ve interpreted our survival curves wth both of
these. They give quite simlar results in many
circunstances. |'mnot sure we're |earning nore by using
this than just noting the T-1/2. The nodel didn't really
have anything to do with physiol ogy, that I know. They had
the great advantage that they take advantage of all the
data points that you collect going into the cal cul ati ons.

| believe that we should continue to use them
We shoul d choose one, stick with it, and use it
consistently. | don't think it's a fertile area for new
i nvestigation.

Next slide.

[Slide.]

Wen we tried to take platelet storage to 22
degrees, for platelet concentrates we found, as Ed
menti oned, that the pH often went down, even after three
days of storage—35 percent of the concentrates. But even
wi thout pH fall, the mean recovery was only 30 percent at

t hree days which woul d, of course, be totally unacceptable

t oday.

Next slide.

[Slide.]

And here you see the decline with three days of
storage of yield, and also of survival. Probably a

reduction of 75 percent of the life span
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Next slide.

[Slide.]

Now, the nmjor clue here was the—bringi ng on bags
with increased gas perneability. Ed has nmentioned that,
but there were other inprovenents going on at the sane tine
that I think were crucial, in addition to this concept, to
getting us to where we were in the md-'80s. And | want to
gi ve sone exanples of that, and also try to use the
exanples to establish a few principles.

Next sli de.

[Slide.]

There were other harsh conditions in the early
'70s. The small platelet concentrate vol une was used.

Poor plastics, PL-130 and PL-146, and poor agitation. 1In
our work—nitial work—we used 20 cycles per mnute on an
al i quot m xer.

Next slide.

[Slide.]

Wen we got to study a second generation
contai ner we found—-and these are just in vivo recoveri es—
low results with a 30 m volune. Got not such good results
with seven days storage, and we had poor results with
several types of agitation. And Ed Snyder did a | ot of
very inportant work in defining which ways worked and whi ch
didn't.
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But | —-when we published this, | drew a line
across here—what mght be considered a line in the sand—
bel ow which | thought we shouldn't go, in ternms of an in
vivo recovery. |It's at about 38 percent. And I'll talk
nore, as we nove on, about potential lines in the sand.

| also want to point out the wi de spread in
val ues anongst these normal donors. Cone back to that. It
reflects on Ed's contention that all of these studies need
to be paired.

Next sli de.

[Slide.]

Here you see this correlation, in a study of
pl atel et agitators—a consistent correlation between the
good-recovery people and the | esser recovery peopl e.

Next sli de.

[Slide.]

Let's just skip this one. It just shows the
superiority of PL-146 over PL-130—gradual inprovenment in

plastic, in addition to increased gas perneability.

Next sli de.
[ SlIide.]
Keep going, | guess. | don't know what happened

to the last slide, but it was another paired study.

[Slide.]
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This slide's fine—ontrasting PL-146 and CLX. And
what you see is, again, a paired study in which the
recoveries and survivals for each individual donor for the
two plastics were graphed, and you see these quite high r-
val ues, agai n suggesting the poor—the poor-recovery people
and the high-recovery people.

Next slide—again, | think mandating paired
studi es.

[Slide.]

Now this wide—this is studies in CLX going out to
seven days. Mean recovery at about 40 percent at seven
days. But | use it nore to, again, show that this w de
variation anong normal donors is present even with fresh
pl at el et s.

And | just—-not ever |et-ene thing Ed often says—
sonmetimes Sherrill—drop i s—+ooking for a correlation
between an in vitro test and in vivo results. Now, | would
expect that you would get extrenely good hypotoni c shock
response, extent-of-shape-change if you nmeasured themin
fresh platelets fromthese donors. And yet the
correlation—a rather tight standard deviation. But the r-
val ue i s bound to be poor because there's so nuch variation
in the chromumrecovery. And although I have no doubt

that the in vivo studies are the bottomline, | don't think
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t hese poor correlations necessarily invalidate the in vitro
st udi es.

Next sli de.

[Slide.]

This just shows hal f-lives—again, w de variation,
down to seven days.

Now, | think it's not known what these variations
i n inherent donor characteristics are. Do we really know
what their blood volunes are? W estimate them from hei ght
and weight, in general, and then that figure goes into the
cal cul ati on.

Do normal people have variations in the size of
their splenic pool? | suspect that's true.

Nonet hel ess, these kinds of data were used to, |
t hi nk, enunciate a rather unspoken paradigm-a line in the
sand—that 40 percent, after seven—-because the platelets
were |icensed for seven days—that 40 percent was okay. W
could live with what amounts to a two-thirds reduction in
viability, and a half-life of 2.6 days, which translates
into a 5.2-day nedian cell life—-also okay. W'Il|l cone back
and think about that in a m nute.

Then in the '90s there was news from apheresis.

Next slide.

[Slide.]
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Al'l these previous studies with PRP platel ets.
News from Dr. AuBuchon, from New Engl and, indicating that
CCl's in thronmbocytopenic patients which pheresis platelets
were just as good on day five as they were on day one. And
a group from Stockhol mvery shortly thereafter published a
paper saying exactly the sane thing.

Next slide.

[Slide.]

And then just in the past year, Dunont et al.

i ncl udi ng Ji m AuBuchon and the group fromRed Cross in
Norfol k showed a 63 percent recovery with platelets
prepared with a spectra, and a 6.7 day survival. And I
found this absolutely astounding. Wat happened to the
pl atel et storage lesion? This is what you woul d expect
wth fresh platelets.

CGerald Slichter at ASH, | ast Decenber, reported
79 percent for five day stored platelets in plasnm—again,
with a survival at six percent. Wat's happening to the
spl eni ¢ pool ?

And one wonders if a PRP concentrate control had
been included, whether the pheresis products would have
done substantially better. |Is the line in the sand drawn
fromthe data in the '80s too | ow?

And, nore inportant—for nme, anyhowwhat woul d the

results be wwth fresh platelets for these preparations?
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hate to think of the fact that the investigators mght find
that the recoveries were over a hundred percent, or a
hundred percent—er even a hundred percent.

Next sli de.

[ Slide.]

So the current paradigmindicates that you have
to have a paired control in the sane donor. Typica
control has been—+n quotes—ROP"—+egular old platelets, the
ol dest you can find that are licensed. At the end of the
i cense storage interval, perhaps you' re |ooking at the
wor st case scenari o.

| think this places at a di sadvantage the—hose
studyi ng ROPs that have a high in vivo recovery, if you
were going to | ook at an experinental mani pul ati on—pat hogen
i nactivation, what have you.

Next slide.

[ Slide.]

Problems with the paradigm-again, is there's
still no line in the sand, question 40 percent recovery,
five-day nean cell life. No delineation of acceptable
inferiority for test versus control +f any. ROP will vary
wi dely fromstudy to study, and you have a concern of
creeping inferiority. This is licensed. This has a |ower

result than this one, but it's not statistically different
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soit's licensed. This one—sane thing. So this gradua
inferiority creep—potenti al

Next slide, please.

[Slide.]

So here's a proposal. | think sonebody needs to
stand up and say, "This is what we should do,"” and then
hi de beneath the table over here.

| think that the control should be—the paired
control should be fresh platelets. And that the
experinental results should be expressed as a percentage of
that control. Ofered for thought as acceptable after
storage woul d be decrease in recovery to two-thirds of
fresh, and in the survival, half of fresh. And I'll cone
to why I"mso lenient on the survival.

And it's acceptable to have a pre-determ ned
reduction for the experinental, relative to the extent of
patient benefit that m ght accrue. A pathogen-reduction
nmet hod that would save lives; an extension to seven days to
al l ow i npl enment ati on of bacterial testing, which would save
lives. | would not favor weakening these standards just to
get seven-day storage for econom c advantages for the bl ood
center, even though the staff at my blood center would | ove
it.

Next slide.

[Slide.]
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So here are—perhaps there are nore recent
recoveries and survivals for fresh platelets, but | got
these fromblood in 1985, Sherrill Slichter's |lab and ny
| ab, and the recoveries then were 57 to 66 percent for
fresh platelets, with survivals of 80 to 96 percent. So
this is translating—+f the controls stay in this range—
fresh pl atel et s—+hen you woul d have a 41 percent projected
recovery in a 4.4 day survival

Next sli de.

[ Slide.]

The rationale for being a little Ienient on the
survival is really based on the thinking of Sherril
Slichter—+he data, rather, and her thinking about it, that
as patients becone thronbocytopenic, their platelet
survival tine declines, because an increasing fraction of

the platelets participate in henostasis.

Next slide.
[ SlIide.]
And, therefore, this study fromNeroll, in Paris,

giving fresh platelets to stable thronbocytopenic patients—
time to next transfusion was three or four or five days,
dependi ng on the dose of platelets given. And here the
patients are being transfused with very high doses, up to
100, 000—+arely done. And I'Il offer that the idea that

since in patients, patients don't survive for six to eight
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days, we really don't have to maintain that with storage
There are sone caveats which we nay want to tal k about.

Since | tal ked about recovery and survival, 'l
just say a word about corrected count increnents.

Next slide.

[Slide.]

This is a whole bunch of studies done from'86 to
2001; storage intervals, corrected count increnents tine
10-to-the-third. And you see that the results are
generally from 10,000 to 16,000. And think these are
difficult studies to do. The results are highly dependent
on the patient popul ati on you choose, hard to get
platelets. All the—sonetines inpossible, all of the sane
age. But | would suggest that a newly |icensed product
show sone CCI data where the nean was greater than 9, 000.

So, thank you for listening to this presentation.
| hope it, at m ninum provides sone food for thought.

And now it's ny pleasure to present—well --

[ Appl ause. ]

— hank you—a wonman who needs no introduction—
because |'ve already tal ked about her—br. Sherril
Slighter, who will talk about platelet viability eval uation
in vivo.

Platelet Viability Evaluation In Vivo - Phase |1
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DR. SLI CHTER: Thank you. It's nice to be here.

Just —the conflict of interest statements: | have
participated in a Phase Il study and Phase Il study wth
CERUS for pathogen inactivation. |'malso a consultant to

CERUS, and | think nmaybe on nore than half the days they
wish |l wasn't. So, | think I will present the data, and
the data speaks for itself.

[Slide.]

That's, | think, not the first slide. W need to
back up.

[Slide.]

There we go. Ckay.

My charge today is to tal k about in vivo platel et
transfusi on responses in thronmbocytopenic patients.
think a | ot of what you've already heard, it's as though, |
think, Ed, Scott and | are kind of all on the sanme page.

I'd |ike to make one comment about the in vitro
measurements. The in vitro nmeasurenents, as you've heard
di scuss, are extensive. They are expensive to perform
guess | woul d encourage the FDA to—and | think all of us
have been trying to find Ed's Holy Gail, which is the in
vitro assay that will correlate with either platelet
recovery or survival. | think none of us have seen it. |
personally think the value of in vitro assays is to allow

you to proceed to the next step, so that they should be
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done to prevent you fromgoing to in vivo studies of things
that aren't worth evaluating. But to actually require
extensive in vitro testing as a |icensing requirenment, when
they don't correlate with in vivo, except as a "yes/no"—
either they're acceptable and you can proceed, or they're
unaccept abl e and you're wasting your tine. | think other
than that, there shouldn't really be any requirenents for
in vitro assays or even suggesting. | think it's up to the
manuf acturer to do a variety of in vitro tests—whatever
they want to do—and then determ ne whet her they should go
ahead.

Now, with that said, we'll talk about in vivo
eval uation. Wat we're | ooking at here, in
t hronbocyt openi ¢ patients, is assessnent of nunber of
platelets circulating follow ng a transfusion; how | ong
t hey survive, and whether or not they function.

So, for platelet nunber neasurenent, these are
the things that we |look at. W |ook at the increnent,
which is the post-transfusion m nus the pre-transfusion.
And then two ot her neasurenents which basically incorporate
into a fornmul a sonme neasure of bl ood volunme, and nunber of
platel ets transfused. So this is now the corrected count
increnent, or the percent recovery.

And then, in thronbocytopenic patients, platelet

survival is neasured as the days to next transfusion.
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Can | have the next slide, please?

[Slide.]

In terns of platelet function there are three
ways to evaluate platelet function. The first is to |ook
at the bleeding tinme versus platel et count neasurenent, and
there's a direct inverse correlation between bleeding tine
and platelet count that can actually be determ ned by this
equation, so that for any platelet count you can say
follow ng transfusion, this is the correlative bl eedi ng
tinme that we should see, and therefore this product is
ei ther functional, which neans it fits this equation, or
it's dysfunctional, nmeaning the bleeding time is |onger
than predicted for the post-transfusion platelet count.

We've al so had a fair amount of experience—and
"Il show you the data—+ooking at fecal blood |oss as a
nmeasure of platelet henpstasis, so we can actually
guantitate the amount of blood lost in the stool as a
measure of bleeding risk through an intact vascul ar system
And then, as all of you know, you can actually do clinical
assessnent of bl eeding, based on sone criteria. And nost
peopl e use the Wrld Health O gani zati on gui deli nes.

Next slide, please.

[Slide.]

Now, | oss of platelets occurs actually by two

mechani sns. One i s senescence—+enoved in the RE system
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Maxi mum pl atel et |ife span has been cal cul ated to be about
10.3 days. And in addition to this senescent |oss, there's
a random | oss of about 7,000 platelets per mcroliter per
day, which we think is the nunber of platelets that you
really require as endothelial support, so that you don't
bl eed t hrough your vascul ar system

Next slide.

[Slide.]

As Scott has al ready shown, once you get to a
pl atel et count in the range where you would actually be
considering a transfusion, there's a direct relationship
bet ween pl atel et count and platelet survival, so the | ower
the platelet count the shorter is the platelet survival.
And | would concur with Scott that we need to make sure
that we have a survival of the transfused platelets that's
as long as the thrombocytopenic patient can use, and that's
not this.

However, we need to nmake sure that we keep in
mnd the fact that if we have pathogen-inactivated
pl atelets, or we have stored platelets, they not only go to
t hr ombocyt openi ¢ patients who are being transfused
prophyl actical |l y—eften at trigger levels that are very | ow,
and so we can anticipate a short survival—but they' re al so
going to be used for other patients, specifically, for

exanpl e, open-heart surgery patients who are bl eeding, so
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we have to make sure that we keep in mnd the broad range
of patients who require platelet transfusion.

Next slide, please.

[Slide.]

Now this just is kind of a caricature that | ooks
at the fact that the recovery of platelets follow ng
transfusion in normals is somewhere around 60 to 70
percent -- Scott's already gone through that—th a surviva
like nine or 10 days. In thronbocytopenic patients, with
pl atel et counts | ess than about 50,000, although the post-
transfusion response is about the sane, as we've al ready
said, the survival is reduced and averages about five days.

Next slide, please.

[Slide.]

Now, this is the relationship between bl eedi ng
time and platelet count that | previously discussed with
you, and just shows that at platelet counts of |ess than
100, 000, there's an inverse relationship predicted by this
equati on.

And then, next slide--

[Slide.]

—+this now | ooks at stool blood | oss, again at a
variety of platelet counts. This was studies done in the
late '70s. These patients were not being transfused with

platelets at the time the stool blood | oss nmeasurenents
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

were made, often because they were allo-immnized to

pl atel ets and we didn't have conpatible donors. But what's
of interest here is that at platelet counts above 10, 000,
basically you have no increase in stool blood |Ioss, start
to get some wiggle in the data here, and at | ess than 5, 000
there's a substantial increase in bleeding. And | think
this reflects the fact that you don't have the 7,000

pl atel ets that you need in order to plug the endothelium
and that's reflected in the increased stool blood |oss.

Now, what I'mgoing to do with the rest of the
talk here is just, in a sense, show you sonme exanpl es using
data that we've either generated in ny |aboratory, or from
the literature, about how you assess, on a practical |evel,
pl atel et transfusion therapy in thronbocytopenic patients.

Next slide, please.

[Slide.]

Now, the study popul ation that we usually | ook at
is patients with a hypo-proliferative thronbocytopeni a,
because that's the ngjority of platelet transfusi ons—about
80 percent, at least in our community, go to this
particul ar patient population. They should be patients who
are selected to require at |east two platelet transfusions,
and that's because the experinental design that you want to
use in patients—+the sanme as Scott discussed in normnal

vol unteers—+s to either do a cross-over design, in which
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the test transfusion is conpared to reference, so you
randomly give the test or reference as the first or second
transfusion. You want to nmake sure that these
transfusions, hopefully, are sequential transfusions, so
that the clinical condition of the patient doesn't change
dramatically because there are a |Iot of things, as we all
know, that can affect transfusion responses. O,
alternatively, you can assign all the patients in a—+to
receive all their transfusions as test or reference, over a
t hr onbocyt openic interval.

So, either one of these two designs is
accept abl e.

Next slide, please.

[Slide.]

Now, this is a study in which—+ think Scott
shoul d maybe pay ne for kind of following his |lead—but this
is a study in which we had two questions. The first one
was: how | ong can you store platel ets—either platelet
concentrates or apheresis platel ets—and get exactly the
same answer as fresh?

And so—and then the second question was: are
apheresis platelets better than platel et concentrates?

And so these are the nunber of thronbocytopenic

patients who were entered into each of these study
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assignnents. In the first 24 patients, their storage tine
for the stored product was only two days.

So this is fresh—naeaning these are | ess than 24-
hour -ol d product. These are reported as CCls. So this is
fresh platel et concentrate, stored platelet concentrate,
fresh apheresis, stored apheresis. Al four of these
t ransfusions were given in randomorder to these 24
recipients. And there's no difference anong the recipients
wi thin a product type for this short storage duration.

However, if you | ook at platelet concentrates
versus apheresis, the platel et +the apheresis platelets
consistently give a statistically significantly better CC
at one hour post-transfusion, but there's no difference
bet ween fresh and stored. So you pool this, pool this to
get—and then pool this, and pool this, to get fresh-versus-
stored, no significance; a trend starting to devel op, and
it only reaches statistical significance here, and that's
because within each group there's a statistically
significant difference between fresh and stored for
pl atel et concentrates and al so for apheresis platelets.

Next slide, please.

[ Slide.]

And then this is days to next transfusion. And
here what you see is in a very large group of

t hronbocyt openi c patients, you're tal king about average
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pl atel et survivals of somewhere around two to at nost three
days between platel et concentrates and apheresis
concentrates no significant differences. Between fresh and
stored you're trying to achieve statistical significance.
Don't make it—the only statistical significance between the
sanme product, over tinme, is a five day storage fresh, in
fact, is better than five-day stored.

Next slide, please.

[Slide.]

Now, this is a study in which we | ooked at 16
patients in a paired cross-over design, |ooking at standard
apheresis platelets conpared to CERUS, Baxter helinex-
treated pl atel ets—they keep changing the nane. So that's
one of the reasons I'monly good for themon half the days
that | consult with them because | have troubl e keeping up
with the nunbers.

But these are pre-transfusion platelet counts.

No difference between the two groups.

In the paired neasurenent at one to two hours
post -transfusion, this is the post-transfusion platel et
count for control versus treated—a statistically
significant difference.

This is platelet increment—again, a statistically

significant difference.
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And then cal culated as CCl, again a statistically

significant difference between treated and control.
Next slide, please.

[Slide.]

This is the 18 to 24 hour post-transfusion data.
Again, statistically significant differences in post-
t ransfusion platelet count increnment and CCl, but no
difference in days to next transfusion in this study.

Next sli de.

[ Slide.]

And the maj or reason why this study was done was
to actually ook at platelet function. And so this is 11
of the 16 patients fromthe prior slide who had bl eedi ng
ti me measurenents done at both one hour post-transfusion
and 18 to 24 hour post-transfusion. The pre-transfusion
bl eeding ti me was unneasurable in both groups at greater
than 30 m nutes, and that's because they had very | ow
pl atel et counts pre-transfusion.

Post -transfusi on, bleeding tines inproved in both
groups, with no statistically significant difference
bet ween the groups. And, again, in the subset that had
this done, there was a statistically significant difference
at one hour post-transfusion.

And | think what this data really says to ne is

that al though there is a clear and statistically
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significant difference in post-transfusion responses, in
terms of platelet increnments, those platelets that
circulate follow ng transfusion of the treated platelets
are henostatically actually quite effective.

Next slide, please.

[Slide.]
Now, I"'mgoing to—so | talked to you about
bl eeding time as a neasure of platelet function. |'m now

going to show you sone data | ooking at stool blood |oss as
a neasure of platelet function.

Again, this was a study in which we were trying
to determine what is the | owest platelet transfusion
trigger that mght be allowed to be used w thout
conprom sing the patient. And, renenber fromthe first
slide that | showed you on stool blood loss, it |ooked as
t hough a 5,000 | evel was where you needed to protect the
patient. So we |ooked at 5, 10 and 20. All patients had
an aliquot of their red cells | abeled with radi o-chrom um
and then all of their stools were collected foll ow ng
| abel i ng.

Next slide.

[Slide.]

And this just shows the data. Now, there were
bet ween 24 and 31 patients enrolled in the arm This is

the total stool blood | oss over their thronbocytopenic
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interval. And then this is the stool blood | oss corrected
for the days o thronbocytopenia, which was considered to be
any day in which their platelet count was | ess than 20, 000.

And what you can see is that, in fact, even at a
5,000 level, if they're transfused at that trigger, they
are protected from excess bl eedi ng.

Next slide, please.

[Slide.]

And then this just shows data on the effect of
the trigger on the nunber of platelets transfused, and just
shows that the |lower the trigger, the fewer the platel et
transfusions you give. And if you correct for
t hronbocyt openi ¢ day, there's no difference between 5 and
10, but both of these are different than 20,000. And this
just shows that the one-hour CCls, regardl ess of the
pl atel et count that you transfuse at, all turn out
basically to be the sane.

Next slide, please.

[Slide.]

And then this just |ooks at total red cel
transfusions given, which I think is a relatively surrogate
mar ker for, again, platelet henostatic function. And you
can see here that the red cell transfusions pe
t hr ombocyt openi c day were basically the sanme in all groups.

Next slide, please.
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[Slide.]

And then this just, now, |ooks at a clinical
henostatic assessnent as the primary end-point. This was
the recently conpleted Phase |11 CERUS Baxter study of the
hel i nex-treated platelets. Henobstatic eval uations were
done by trained observers daily. The evaluations were done
pre- and post- each transfusion. The observer was blinded
as to the product received. There were eight organ systens
| ooked at on a five point scale. And, basically, grade two
VWHO bl eeding is any bleeding that's nore than kind of just
peti chi ae and ecchynosis, but does not require a red-cel
transfusion, which puts it into the grade three category.

Next slide, please.

[Slide.]

And this just shows—agai n, as woul d have been
predi cted by the bleeding-tinme data, that within each arm
t here was about 58 percent of patients who had grade-two
bl eedi ng, but no difference between the arm Again, no
difference in grade-three or higher bleeding. G ade four
is basically substantial bleeding that nmay be associ at ed
with nortality.

The nean days of bl eeding was greater in this
arm but that was because of sone outliers. The nedian
days were the same. Duration of platelet support was

basically the sane between the arns.
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Next slide, please.

[Slide.]

And, again, as we saw in the Phase Il study,
where we did a cross-over design, there was a statistically
significant difference in all measures of post-transfusion
response; post-transfusion platelet count, corrected
increment, CCl, between treated and control at both one
your and 24 hours post-transfusion. And these were all
statistically different, wth a p-value of 0.001.

Next slide, please.

[Slide.]

And, again, as opposed to the 16 patients in the
I1-C study, now we're starting to see, actually, a decrease
in the transfusion interval in the treated conpared to the
control platelets, so that the nunber of platelet
transfusions required in the treated armis, in fact,
greater by about 25 to 30 percent. That's a reflection of
both a decreased increnent and a shorter survival, neaning
that you need to transfuse these people with nore
pl at el et s.

The average platelet dose is less in this arm
whi ch partially accounts for the differences in increnent
and interval between transfusion. As Larry Corash, |
t hi nk, nmentioned yesterday, there's about a 10 percent,

maybe 15 percent processing | oss. That accounts for sone
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of it, but it doesn't account for all of these. And, at

| east to my mnd, suggests that, in fact, there has been
sone danage to the platelets by the treatnent process which
affects both their recovery and their survival, but as

we' ve previously stated, the henostatic efficacy of those
platelets are, in fact, fine.

So, total dose of platelets has to be greater to
conpensate for the processing and damage recei ved by the
platelets. Mean platelet—+ed cell transfusions as another
mar ker of henostasis is the sane.

Next slide.

[ Slide.]

And that's it.

So, Thank you very much

[ Appl ause. ]

Panel Di scussion

DR. MJRPHY: Can we bring the panelists up,

pl ease?

[ Pause. ]

DR, SLICHTER | notice I'mthe only one with a
handwritten placard. | wonder if that's a nessage.

Laught er.
| think they didn't expect ne.
DR. MJURPHY: |f people will cone forward.
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I"d like to congratul ate Ed Snyder on sticking
exactly to tine. And to rap both ny wist and that of
Sherrill's for going over a bit. But Dr. Vostal thought
that this was so interesting that we could probably have a
little extra tinme for discussion.

And we have, behind us, sonme questions. And
t hought —you can all read them [|'Il read the first one,
and then ask the panel for coments, and then perhaps the
audi ence will want to comment and expand.

How many questions do we have total, Jar? Three?
Three total questions here?

“"Are current in vitro nethods of eval uating
pl atelets sufficient for evaluation of potential danage
from pat hogen-reducti on nmethods? Should be a |ist of
required in vitro tests for evaluation of platelet damge?
For pat hogen decontam nation, should there be additional in
vitro tests required?”

| think | would sinmply as Eric, who dealt wth

this extensively, perhaps to sumari ze and specifically try

to address the questions, and then I'lIl ask the panel to
conment .

DR. SNYDER Well, | think a—+ agree conpletely
wth Sherrill that we shouldn't make too much out of in

vitro testing, other than as a toggle—a go/no-go—for in

vivo eval uation for Phase |1
M LLER REPORTI NG COMPANY, | NC
735 8th Street, S.E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

So I would think platelet counts, a test of
nmet abol i ¢ assays, with one bl ood gas you get pH, your CQ2,
2 and bicarbonate. |If you want a marker for activation,
CD-62P is fairly well standardized. And then for function
assays, either extent-of-shape-change or hypotoni c shock
response, or both, and phase m croscopy under oil | think
woul d be sufficient—aybe LDH, as well, could be used
because it's relatively sinple. And then, we get netabolic
| act at e and/ or gl ucose.

Those are fairly sinple assays to do. |f they
all give you the sane good results, you have a good sense
of confidence.

As far as additional assays for pathogen-
reduction, you could nake a case, considering sone of the
toxicities we've tal ked about, naybe you'd want to | ook at
sone other nore high tech assays—apophtotic assays and so
forth.

| don't think it's necessary if you have good
results on what you' ve seen. Sherrill's point that if it
isn't worthwhile looking at in vitro, it's not worthwhile
| ooking at in vivo is probably appropriate. And I woul d
think starting with those sinple in vitro assays woul d
probably be sufficient, with additional ones that could be

done by the conpany as they saw fit.
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Possi bly to change sone aspects—this has been
publ i shed already in abstract form but we did in vivo
radi o-1 abel survivals, along with Dick Astor, nmany noons
ago, for S-59 platelets, and did find that there was a
decrease in recovery and survival with the S 59 treated.

So I'"'mnot surprised at the comments that were made. |
think it fits exactly what we're sayi ng.

| don't think, however—-and, again, | have no
financial relationship to the conpany—that -+ think there's
no free lunch. | think there is a price to be paid, and |
think Scott's point is if there's a benefit to the
addi ti onal therapy that nay have a benefit to the public
heal t h, consideration should be given to that. And I think
Vitex saw the sanme thing, with sone slight decreases in the
survival of their red cells, that this is nmaybe the nature
of the beast as we enter this field. So—keep-it-sinple-
stupid, | think, as has been said, is the way to go.

DR. MURPHY: Any ot her coments fromthe panel ?

DR SLICHTER Yes, |I'd—+ think we've all given
our assessnent of the in vitro assays, ny only point being
that | would encourage the FDA not to nandate sone
particular in vitro assay.

| nmean, | think the nessage to the people who are
interested in bringing new products is that they better

start with a variety of in vitro assays to nake sure
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they' re okay, but I'mnot sure why the FDA woul d even have
to see those in order to license the product, because that —
| think they're not going to |icense—er, at least, | think
they shouldn't |icense a product just based on in vitro
results. | think they should require, at a mnimm the
radi o-1 abel platelet recovery and survival nmeasurenents in
nor mal vol unt eers.

| think they only need to go to thronbocytopenic
patients if the change that's being proposed is
substantially out of the box. So I think they're
requi rement that the pathogen-inactivated platelets be
eval uated in thronbocytopenic patients is right on, because
that's out of the box.

| think, in addition, | would also concur that we
need to look at the quality of the product and what
advantage it's going to give to a patient. And so even
t hough the pat hogen-inactivated platel ets have taken a hit,
it my well be that that hit is not enornous, and that the
benefit to the patient with getting a pathogen-inactivated
platelet may justify sone danmage to the cell, in terns of
quantity. And | think the marketplace is ultimtely going
to deci de, probably, whether they want to pay for having to
transfuse nore platelets. But | think they should have
sonme—actual |y great deal of confidence that those

pl atel ets, even though they don't have the expected
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recovery and survival, they' re henostatically doing the job
whi ch we expect themto do.

DR. MJRPHY: |I'd like to ask two questions, and
then I'll recognize Dr. Reed.

Sherrill, in response to that—and it correl ates
with isotopic studies, in the CERUS study, the control
corrected count increnents were as high as you'll ever see
inthe literature—6,000. And the test was 11, 000, which
isinline with dozens of previous studies in the
literature.

How do you deal with a situation like that?

DR SLICHTER Well, Scott, | think you—+ nean, |
received by fax, l|ast night—-because ny | ab was so excited—
we had a nine day platelet storage in plasmalyte, with a 62
percent recovery and a seven day survival. And as you
poi nted out, fromthe studies of Dunont, and our recent
studies, | think unbeknownst to us, the manufacturers are
supplying us with a better product.

And so | think, you know, they are better, Scott,
than we've seen. But | think it again brings up the point
of doi ng paired observation

DR. MURPHY: Well, | think the point I wanted to
bring out is that when you're using regular old platelets
as your control, and the regular old platelets are changing

over time—which is, | think, what you're saying--
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DR. SLI CHTER: Mm hmm

DR. MJRPHY: —then you may, indeed, see a
substanti al difference between control and test, and yet
test may be a pretty good product.

And just in the interest of tinme | think we have
to keep novi ng.

Ed?--o0 f course |I'm hoggi ng the m crophone—but
you used a great term Ed, that the in vitro test should be
| ooki ng positive. Do you think we—the FDA woul d benefit
fromhaving a little better definition of what range of
results they shoul d expect to see fromthe in vitro assays?

DR. SNYDER Well, | disagree a little with
Sherrill. | think that Phase | should be Iimted, but I do
t hink the agency should see the data, and | think there
shoul d be sone tests listed—ninimal though it should be. |
don't think they should just do whatever they w sh.

t hi nk everyone should be held to a simlar standard.

| don't know—+to answer Scott's question—exactly
what those results should be. | think you could get a
group of people together, with a cup of coffee that they
woul d buy on their own dine, and cone up with the Iist and
exactly what the ranges ought be.

| think it's very difficult to nail things down.
It may be al nost |ike, you know—pornography, | know it when

| see it—what woul d be an accept abl e—
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[ Laugher . ]

—+ had to say sonet hing—+or those of you waiting,
| just said ny one thing.

DR. MJURPHY: The only point I'd nmake is, | think
know what's good for extent-of-shape-change, hypotonic
shock- -

DR. SNYDER: Ri ght.

DR. MURPHY: —but | have no clue what's god for
P2, PCO2- -

DR. SNYDER:. Right. Sone would be a little nore
open to discussion than others.

Dr. Heaton?

DR. HEATON: Yes-Andy Heat on, San Franci sco.

|"ve got a couple of comrents. One is a very
good predictor of platelet post-transfusion quality is
| actate production rate. And |I'mcurious to know whet her
you did either rates of glucose netabolismor |actate
production rate on the platelets that have been processed
into the helix solution.

And I'd nmake a second observati on--

DR. SLICHTER: Into the what?

DR. HEATON:. Lactate production rate, or glucose
consunption rate—either has a very, very strong correlation

wi th post-transfusion recovery.
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And then the second issue | think that we need to
| ook at carefully with the results that you' re presenting
is that you're looking at two different effects, one of
which is the soralin effect, and the other of which is for
the first time in the U S. we're now seeing platelet-
addi tive solutions containing acetate being used, and that
much of the outconme you're seeing is an offsetting effect
between the | oss of platelets and their activation during
processing, and then the addition of acetate in a nodified
PSM 3, in effect, which contains acetate, which affects
pl atel et recovery.

But 1'd be interested to know, have you got any
results of glucose consunption rates, Scott? O |actate
production rate?

DR. SLICHTER Specifically in the helinex

pl atel ets?

DR. HEATON: Yes.

DR, SLICHTER: 1'm sure the conpany does.

DR. HEATON. Ckay. But you didn't do them

DR. SLICHTER | didn't do them

DR HEATON: Ckay.

DR MJURPHY: | think we'll hear from Dr. Corash

and then one nore question, and then we'd better nove into

t he second questi on.
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DR. CORASH: It was done, and not very
substantially different between the two groups. | don't
remenber the exact nunbers, but very close together after
five days of storage-—actually, after seven days of storage
| actate and gl ucose | ooked pretty simlar in the two
groups.

MR. RAWLEY: Robert Rawl ey, Anul et
Phar maceuticals. Gven that the in vitro tests are such
bad predictors, is there anything that—er appropriate
ani mal nodel for pre-clinical studies?

DR. MJURPHY: 1'Ill just comment that the man with
whom | first worked studied freezing platelets in dogs over
about five years. And after he'd finally done that and
applied the nethod to humans, it didn't work.

The second thing I'll just say, for about the
fourteenth time, that some of the variability in conparing
in vivo studies with in vitro studies cones fromthe
inevitable variability in the in vivo studies, which
docunented on the slides.

Does the panel want to add anythi ng nore before
we go on? | think we should. Mark?

DR VEINSTEIN: First of all, I'msort of hunbled
sitting here with all these experts, but | agree with Ed
that keep-it-sinple-stupid, and I'msort of rem nded of a

tricycle—you know, the sort of three wheels, and that we
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shouldn't Iimt what tests—+the FDA should not stipulate
what tests we should do, but | think that there are three
areas that you ought to look at in vitro, which is sone
sort of functional assay, sonething that indicates
nmet abol i ¢ pat hways, and norphol ogy. And that's how | would
recommend that the FDA sort of outline it, and then | eave
the researchers sone latitude to do what they think is
rel evant. Because new tests are going to be com ng al ong.

DR. MJURPHY: Jinf

DR. AuBUCHON: You asked about animal nodels. |
don't have any personal experience with this nodel, but M
Bl ackman has done a | ot of work with thronbocytopenic
rabbits who have received different platelet preparations
and infusions of potential platelet substitutes, and has
shown sone nice data over the years with this ear bl eeding
nodel. | don't knowif it has been used in all of the
photochem cally treated platelets that are being considered
currently, but it's an interesting approach to consider.

My only comrent about in vitro testing is that |
think the place for the agency to | ook for those data woul d
primarily be when the IND is submtted, because that is an
appropriate tine to apply the go/no-go decision. And after
that, Phase Il and Phase IIl, | think in vitro data has
very little inpact and coul d probably be safely ignored if

everything el se was | ooki ng good in Phase Il and Phase |11
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Dr. Moroff wote—15, 20 years ago, Gary?—
sonething, if | may paraphrase you, sonething on the order
that if a platelet circulates, it's probably functioning
properly. And so far, that's pretty nuch what we have
seen.

DR. MURPHY: Yes, I'msorry, | was a little
narrow m nded in ny answer about the aninmal nodels. |
t hi nk nost nodel s—a very good one for neasuring
functionality, but | don't think it's predictive of
capacity of platelets to survive.

Very short, please.

MR, ????: 1'd like to make one coment about the
invitro studies. Despite the lack of correlation with in
vivo results, | think you al so have to keep in mnd that
there needs to be a quality check over tine for the process
met hodol ogy, so that a product that's nmade this year can be
assessed in sone way, other than doing a clinical trial, so
that next year's product is either changed or different.
And so that's a reason to have those data avail abl e—ot
just to the FDA, but also to the users.

DR. MURPHY: Thanks.

Let's nove--

DR, SLICHTER | think that's a good point.

DR. MJRPHY: | do, too.
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Let's nove on to the second question. In terns
of evaluating the platelet product viability in vivo, are
there m ni mum acceptable criteria for radio-| abel ed
platelets in vivo recovering survival? Wat is the anount
of danmage to a platelet froma decontam nation treatnent
that we can accept and still have a clinically useful
transfusion product? What is the appropriate control for
t hese studi es?

| think 1"d Iike to direct that directly to the
panel, if I may, since—+ tried to be as direct as | could
about that.

DR. AuBUCHON: | |iked your suggestions, Scott,
particul arly because they anchored a test result with a
sort of an immutable control; that is, a fresh platel et —
al though a fresh platelet may be slightly different if it
cones off an apheresis instrunent as opposed to a PRP or
opposed to a buffy-coat nethod. At least it's a standard
t hat should be able to be reproduced over tinme, free of any
interference with changes in storage conditions, storage
bags and the Ilike.

| would have to give a little bit of thought
about the practicalities of inplenenting that, however,
before endorsing it unequivocally, because it woul d cause a
change in the way that nost of these studies are currently

conducting, because platelets can be successfully | abel ed
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and tracked with both chrom um and indium The trend in
recent years has been to have a test versus a control,
using indiumfor one of the reinfusions, chromumin the
other, with appropriate random zati on, and using one
collection in both the test and the control nethods—for
exanple, splitting them between two bags. And that's a
nice way to renove a lot of the variability that can occur
in one subject over tine. So you really do get a very
appropriate paired conparison

Adding a fresh reinfusion causes a third
reinfusion then to be needed, if one still wants to conpare
what we're currently doing—say, five-day platelets with
what we mght want to do in the future, say, seven-day
pl atel ets, and then have a day-zero or day-one as well. W
don't have a third radio-1label that works well wth
platelets, and there's a limt to how nuch you can nake one
normal subject glowin the dark. And so we nmay have to re-
t hi nk exactly how we woul d construct these studies.

DR. MJURPHY: | guess ny proposal would be to skip
the standard five-day product, and just cone up with
nunbers reflecting the quality of—and this is when you're
proposing for licensure. | mean, there are other questions
you mght want to ask experinentally, where the control —you
want to conpare two plastics at five days, of course, you

do themat five days. But if you drawa line in the sand
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about a decontam nation product, conpare it to what the
patient would get if there was no nmani pul ati on what soever.

DR. AuBUCHON: | understand, although | believe
t he agency has generally | ooked for conparison with
something that's already |icensed, and it would require a
different thinking on their part, | believe. But | don't
wi sh to speak for the agency.

DR. MJURPHY: | hope that's why they're here.

DR SLICHTER If | could speak to the question,
am nmuch in favor of what Scott has proposed, and the reason
for that is because of the one slide that he showed with
the creep. You know, you |licensed five days, and then is
seven days different than five? Well, it's not really
different than five, but it may, in fact, be substantially
different than fresh.

And so | guess | didn't track exactly what you
were saying, Jim because we do only have two | abels, but
we can | abel one product fresh, and then one product stored
for the sane anmobunt of time, and at | east we' ve pretty nuch
done many of these studies using apheresis platelets where
you do an apheresis collection, pool theminto one bag, and
then re-split themin two bags so you' ve got exactly the
sanme product. And we've collected our donors in the late
afternoon so that our testing is done at night, and by the

next day, which is within what |I think is fresh, which is
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24-hours fromcollection, we're ready to radio-1abel and
re-infuse.

So—and | think even the thought that Scott had
that the recovery needs to be about what we woul d expect,
which is two-thirds of what we've got, and the survival
bei ng about five days—+ would agree with conpletely.

DR VEINSTEIN: | think we should take a | esson
fromred cells |licensure, where there is a distinct cut-
off. If you can go 75 percent, 24 hours survival, your
recovery, that's good enough. And then you | ook at-we're
going to 42 days, or 49 days. And | think we need to do
the sane for platelets. Just—there is a mninmmrecovery
and a m ninmum survival, and if you can acconplish that on
however many days, that would be acceptable, if you get
around the problem of bacteria contam nation.

DR. MJURPHY: But, Mark, | would just say that |
t hi nk—as |-+ don't do any red-cell work—but as | understand
it, it has the sane problem No |ab checks itself to see
what it would get for fresh red cells.

Supposi ng soneone's techni que, applied to fresh
red cells, gave in vivo recoveries of 120 percent. Then
surely nost of their stored red cells are going to give
greater than 75 percent.

| personally believe the sane thing about red

cells as | just enunciated for platelets.
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DR. SNYDER Actually, that's not exactly true.
W' ve—+ed cell radio-labels we've done, we do fresh—a
normal volunteer's fresh radio-|abels, and we've done sone
pl atel et studies fresh as well.

They're easily done, and you validate that you're
sort of burn-in, that your assay is working well, and your
| abel ing technique is appropriate. You' ve got a good
| abeling efficiency. So that's easily done.

| would have to agree with Jimand with Mark that
| think a nunber should be given. | think you want to
know—you want to conpare the test to the control, and |
think if your control is always fresh, and you ve got to go
two-thirds of sonething, it's sonewhat-not quite as
settling as being able to nake a direct conparison between
pl atel ets stored under exactly the sanme conditions, only
one's treated and one isn't.

Now, that's a little difficult if you' ve got
seven-day versus five-day, but if you want to get seven-day
pat hogen-reduced, you should conpare it to seven-day
st or ed.

| think it's an interesting thought. | would have
to consider it. But | think | agree with Jinmls point and
with Mark, in that regard.

DR. ADAMS: Chri stopher Adans, PurePul se

Technol ogi es in San D ego.
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My question is: we've heard a | ot about
decont am nati on met hods causi ng damage to pl atel ets,
however we haven't really heard anything about the
i nportance of investigating what the nature of the danmage
i s.

Coul d you just coment on what you think the
i nportance of those types of studies are for regul atory
subm ssi on?

DR SNYDER: No.

[ Laught er. ]

DR, SLICHTER Well, 1 think we've done a fair
anount of studies with UV irradiation to prevent platelet
all o-imuni zation. And they're in dogs, and there is a
study looking at UV irradiation to prevent platelet allo-
i muni zation in thronbocytopenic patients.

There is sone damage with UV irradiation,
regardl ess of whether or not there's a photochemcally
added agent. What the nmechani smof that damage is, |I'm
sorry, | don't know.

DR. AuBUCHON: You al so asked the question would
it be inportant to know, or would it be inportant for a
regul ator to know.

| mean, clearly, it would be interesting froman
acadeni c perspective to know what was happening in order to

try to aneliorate any damage in future versions of the
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treatnment. |If the platelets have been damaged in sone way
but seemto work acceptably clinically, then possibly a
bl ack-box approach is acceptabl e.

But to inprove the process, obviously, one would
need to know nore about it.

DR. MJURPHY: |I'mafraid nmy charge is to all ow one
nore question—sorry, Steve, and nove on to the third
question on the board.

DR. GOOCDRICH: 1'Il try to make it a good one.
Thanks, Scott.

Ray Goodrich, I'mw th Ganbro BCT

| was just—+n regards to the second questi on,
about the definition of the "routine-old-platelet” or
routine platelet that's being used, we've tal ked about the
control potentially being a product which is at day-zero of
st or age.

What about the considerations of +s a routine
pl atel et, you have random donor platelets, you have buffy-
coat platelets, you have apheresis platelets. Al of those
gi ve you acceptabl e perfornmance characteristics and they're
in routine use. Does the control need to be sonething which
is stored and treated under identical conditions to the
treated, except for the treatnment step? Could that contro
be taken from anything which is in routine use? For

exanple, if a control is a sanple that's stored in nedia.
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whi ch may not be a standard, that's used in sone
situations, and the treated is in nmedia with the treatnent
step is that appropriate?

Just looking at a definition of what that
"routine" platelet mght be?

DR. MURPHY: Well, ny proposal was an attenpt to
get around the problemyou're referring to.

Carry on, if anybody el se wants to--

DR. AuBUCHON: You raise a very good point, and
poi nt out one of the niceties of Scott's proposal.

We have seen this problem pop up nore, actually,
inred-cell storage studies than in platelets, where often
we end up picking as the control arma treatnent that is
licensed and that we can reference to the literature, and
use as a backstop in case we get a peculiar result in the
test arm And so if we end up with a particularly |ow
recovery--or survival, if we're neasuring it in the red-
cell study—+n the test arm and we see it also in the
control arm then we will tend—with a |lot of waving of the
hands, often-but tend to exclude that subject's data from
the final analysis, saying "There's sonething funny about
this person's red cells"—er platelets.

If we were to use a fresh control, and then nake
al | of our subsequent analyses in conparison to that

control we could get away fromthat perhaps.
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So that's one of the niceties of using the fresh
control.

DR. MJRPHY: Let's go on to the |ast question.

I f an inactivation process produces cells with a
hi gher rate of isotope elution in control cells, is it
appropriate to correct the increased elution in 24 hour
recovery cal cul ati ons?

| would i ke to get a response from people at the
table who are in the trenches doing these studies at this
tinme.

Jin? O Ed or Sherrill?

DR. SNYDER Well, | think the key issue is: is
the elution due to a danage to the red cell such that it is
no | onger appropriate for clinical use. |If it turns out
that the—and that may require that you actually go and do
clinical studies while you're still evaluating that.

| would think if you find that it is—the elution
is an artifact of sonme technique, then you should be
allowed to do that. |If you can—+ think it relates to what
the nechanismis of the elution.

I n one conmpany's work, incubation of the red
cells with the product for shorter periods of tinme was not
associated with a nore rapid elution. Longer periods were.

There are overriding issues relating to the

ability to pathogen-reduce, which—-and | think the whole
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i ssue of pat hogen-reduction comes down to: its inportance
will be nost inportant when there's a credible threat to
the blood supply. |If the credible threat is bacteria, then
you're already there. |If you're waiting for the Bin Laden
virus to be introduced and deci nate everyone, then that

wi |l be your particular point at which you take it.

So, | think you do have to have al |l owances for
the benefit of the pathogen-reduction technology. And I
think if you find that there's sonme slight danage, there
not being any free lunch it's often been said, to find out
what the problemis. And if correcting for that elution,
for exanple, is appropriate, | don't have any problemwth
t hat .

The key thing is are the red cells functional
clinically.

DR. VEI NSTEIN:  Anot her option-we saw this with
freeze-dried platelets where both chrom um and i ndi um
eluted off extensively. But we found yet a third radio-
| abel that would stick to the platelets. So you could try
di fferent | abels.

DR. WAGNER | have a conment and a question.

The first conmment is that for photosensitizing
agents that produce reactive oxygen species there's a | ot
of material in the literature that shows that the action on

menbranes results in a | eakage of ions—an ion | eakage. And
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so there's a potential for that to be associated with
phot ochem cal treatnent.

The second comment is a kind of a question, and
that is: why not nake parallel requirenents for survival
and require three-quarter survival rather than two-thirds
for platelets? That's a three-quarters recovery.

DR. MJRPHY: needl ess to say, | just decided that
in the mddle of the night one night when |I couldn't sleep.

[ Laught er. ]

DR. MURPHY: | don't think there's any good answer
to that one.

Jaro's on his feet. Larry, is it—35 seconds, do
you t hi nk?

DR. CORASH. 15 seconds. | think as a corollary
to itemnunber three, you really need to neasure radio-
| abel ing efficiency. You should actually do it as a
control. | nean, something we picked up from Andy Heaton's
work— think it's very inportant, because it tells you
whet her or not you're getting a good label. And they are
different, between chrom umand indium They're
dramatically different.

But both | abels work, I think. But | think you
shoul d characterize your product for |abeling efficiency

every time you do it.
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DR. MJURPHY: 1'd |like to nmake one nore conmment
before cl osing the session.

| think there's nore than enough roomat this
table for all the | aboratories in the Western Hem sphere to
do these kinds of studies. 1'd be delighted to be
corrected about that. And sonme of the people sitting here
are eligible for Social Security checks.

[ Laught er. ]

DR, SLICHTER | received ny first one |last nonth.

[ Laught er. ]

DR. MJURPHY: | think this is a concern for
everybody, including the agency.

DR. SLICHTER: Can | make one nore comment? And
that just is, again, to try and have the FDA help us. And
by that | nean that, you know, in the good old days when we
used to practice transfusion nedicine, we could nmake
clinical decisions and—about the products that we want to
transfuse. And | think in this whole discussion today
about pat hogen-inactivati on—+today and yesterday—ene
additional technology that really is available, that wll
allow us to extend platelet storage is the question about
whet her you can detect bacteria.

And the reason | bring this up is because, as |
ment i oned, we've got seven-day platelets that we've got 21

observations now, with 67 percent recovery and five-and-a-
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hal f day survivals. And with a pathogen detection system
we don't have to conprom se on platelet quality. W can do
t hat .

So | woul d hope that the FDA would |license a
variety of things, and let the narketplace and the
consuner, and the doc-in-the-box decide how he wants to
sol ve the probl em

So he may want to extend pl atel et storage by
havi ng a pat hogen-inactivated system O he may want to
extend pl atel et storage by doing bacterial detection. And
| woul d hope that the FDA would all ow us the opportunity to
make those kinds of decisions, because, as we've sai d—you
know, nost of the viral stuff is already in place, in terns
of | ooking at. There are other kinds of things that we
need to worry about that the pathogen-inactivated may take
care of.

But I would hope that they would all ow sonme—sone
ability to license a variety of things, and then kind of
| et peopl e deci de how and when and why they want to use it.

DR, MJRPHY: It's an appropriate tine to turn the
nmeeting over to Dr. Vostal.

DR VOSTAL: | think it's our intent to try to get
a reduce in pathogens in the blood supply, and how we get
there is—we don't really care which nethod will get us

there. And we would be happy to approve all of them
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However we need gui dance fromyou in ternms of, you know,
what is the acceptable platelet product that could be
mar keted. And this is why we're having that discussion.
You know, what will be the |east functional thing that
you'd be willing to transfuse and still call it a platelet?
You know.

Now, we coul d al so discuss whether there's a
di fferent product—a transfusion product that's |like a
pl atel et but not—simlar to a platelet, you know \Wether
sone of these things that produce platelets danmaged in sone
way could still be useful to make a product that woul d be
for specific clinical indications, but not be a platelet.

So—+ think we're running late. W're going to
try to take a quick break, nmaybe 15 m nutes. And then
we'll get started on the red cells.

Thank you.

[ Break. ]

DR. VOSTAL: Pl ease take your seats. Next session
dealing with red cell testing.

EVALUATI ON OF DAMAGE TO RED CELL PRODUCTS

DR MOROFF: We're ready to start the next
session, which will address issues pertaining to eval uation
of red cells.

And the way it's listed on the agenda is:

"Eval uation of Damage to Red Cell Products.” | like to
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| ook at it as "Evaluation of the Retention of Red Cel
Properties with Treatment."

Qur first speaker is Dr. Toby Sinon.

Dr. Sinon is the chief Medical Oficer and Chi ef
Operating O ficer of TriCore Reference Laboratories in
Al buquerque. And he has a longstanding interest in
measurenent of red cell properties going back to his days
wi th Bl ood Services.

H's topic is "Red Cell Viability Evaluation and
Testing In Vitro."

Toby?

Red Cell Viability Evaluation and Testing In Vitro

DR. SI MON: Thank you. It's a pleasure to be
here, and it's particularly tinely for nme, since | returned
to Al buguerque only about a year ago, and had, as Gary had
sai d, been doing these studies for many years, but had been
absent for about ten years, and now have resuned ny
interest, and resunmed the | aboratory that's doing these
st udi es.

So at the present tinme, | have no rel evant
conflict of interest, but I hope when | speak in the future
that 1'Il have many conflicts of interest to tal k about.

[ Laught er. ]

But this is an inportant topic, and | think it

buil ds very nicely on the sessions yesterday, because we
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have the standard ways of evaluating the in vitro aspects
of red cells on storage, and with different anticoagul ants,
and | look at that as sort of a passive effect that we have
seen in the past, whereas now we have, with the

i nactivation nethodol ogies, direct action on the cells that
coul d create additional problens.

So we need to |look at, | think, what the
cl assical neans of evaluating in vitro effects of storage
and anti coagul ants, and add to that, perhaps, sone
addi ti onal studi es based on the specific actions of the
inactivating material—wth the viral inactivation and
bacterial inactivation nethodol ogi es.

Now, also, in a tinely fashion, in the third
edition of Rocee's Principles of Transfusion in Medicine
that's just cone out, we again have two excellent chapters,
as in the previous two editions, by Ernest Boytler on this
subject. And for any of you who want a fairly brief review
that gets into nost of the major points, | would strongly
recommend those chapters.

We can sinplify this subject fairly readily, and
| ook at the red cell in vitro viability in three ways.
Nurmber one, does the cell circulate. And that is related
to the ATP |l evel s that we can neasure—and, to sone extent,

to gl ucose.

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

Does the cell function? Does it offload oxygen
to tissues? And we could | ook at the 2-3DPG neasurenent.

And then do the cells remain intact after they've
been transfused? And we could | ook at henolysis and
secondarily, also, at potassium

Now, if we focus first on the circulation, we
need to | ook at some rel evant—eference sone rel evant
bi ochem stry, the glycol ytic pathway, the Enbden-Myer hof,
and the energy that the red cell requires is derived al npbst
entirely through the breakdown of glucose to |actate or
pyruvate in this pathway. And this particular pathway is
phyl ogenetically very old, and so what the red cell is
doing is what is done in many, many earlier forns of |ife.

El even enzynes break glucose down to |actate. So
t he six-carbon sugar glucose is phosphoryl ated, isonerized
to fructose; phosphoryl ated again and cl eaved into three-
carbon sugars that are again phosphorylated. And the
phosphate gained is transferred to ADP, produci ng ATP—and
which is used ATP-ase to punp ions against concentration.
So it's the production of ATP that is critical to the red
cell's ability to circul ate.

Now, what the red cell does have that the
phyl ogenetically earlier pathways do not, is the production
of 2-3DPG through the Rappoport Luebering shunt. And 2-

3DPG—how, in sone articles, and by sone scientists is
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referred to as 2- 3BPG-hi phosphogl ycerate. But it's a
uni que feature of glycolysis in the red cell, and it's that
interaction of DPG wi th henogl obin that has the speci al
role in allowing the red cell to offload oxygen efficiently
to tissues. And there's a special side pathway, then of
the glycolytic pathway that allows the formation of 2-3DPG
There's al so t he hexose-nobnophosphat e pat hway,
which is the source of NADPH, and this becones inportant in
i ndi vidual s who | ack the enzyne G 6PD
But returning to ATP and goi ng through that
rather sinple paradigm it was Cenent Finch and his
col | eagues in Seattle in the 1950s who recogni zed that when
red cells | ose organi c phosphate, especially ATP, one has
conprom sed survival. And this nmakes the neasurenent of
ATP criti cal.
What this led to in a practical sense was
recogni zi ng that adenine could repl enish the adenine
nucl eoti de pool through adeni ne-phosphoryl ase transferase
reaction, and better maintain the |levels of ATP. And so
adeni ne becane an additive which inproved red cel
circul ation by—presumably by nmaintaining the | evels of ATP.
Now, with 2-3DPG we shift fromcirculation to
function. The 2-3DPG relates to the offl oading of oxygen,
and hi gher levels of 203DPG shift the oxygen offl oadi ng

curve of henoglobin rightward to rel ease nore oxygen
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

The inportant practical consideration here was
that CPD was better than ACD, because of its pH, in
mai ntai ning the | evels of 203DPG.  However, when adeni ne
was added to inprove the storage and allow us to keep red
cells for longer intervals, there was actually a little bit
faster fall in DPG

Now, the issue of the inportance of 2-3DPGis
|argely unresolved in the literature, despite the fact that
this has been a topic of interest since the 1970s, studied
related to the nassi ve transfusion in the Viet Nam War by a
nunber of the mlitary services.

2- 3DPG we know is inportant to of fl oad oxygen. W
know it's lost in stored red cells. But its inportance was
t hought to be di m nished when it was recogni zed that the
red cells rejuvenated the 2-3DPG after transfusion. So
wi t hi n about 24 hours, the individual who's been transfused
has red cells that have normal oxygen offl oadi ng
properties, or functional properties.

However, there are subsets of patients who need
i medi ate i nprovenent in their rel ease of oxygen, in whom
this mght be inportant. And there are no good clinical
data on this, but, in general, neonatol ogi sts are concerned
about this; some trauma surgeons; the treatnent of
hypot herm ¢ pati ents—there are nunber of situations. And

even though 2-3DPGis |lost wth storage, we know that red
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cells of |esser storage interval +ive to seven days—waoul d
still have good | evels of 2-3DPG so the clinician can
sel ect those in these instances.

If there is something in the process of the
i nactivation of pathogens such as—+o | ose 2-3DPG we would
have to think about the inability to respond to those
clinical situations. And the nunber of those patients
m ght be | arger than the nunber of patients who woul d
benefit from pathogen-inactivation. So that is a
consideration to keep in mnd and that requires, | think
t he nmeasurenment of 2-3DPG early in the storage interva
af ter pat hogen-inactivati on.

O her bi ochem cal changes of the red cells--as
t hey consume gl ucose, lactic and pyruvic acid are forned,
and these can be neasured. There's a |oss of potassium and
a gain of sodiumin the red cells that's unrelated to ATP
but relates to the nenbrane changes with storage. And you
can neasure the increased potassiumin the supernaten.

Measur enent of nenbrane proteins over the years
has not correlated with viability. However, if we see that
t he pat hogen-inactivation procedures chem cally affect
t hese nenbrane proteins, one mght want to add such a
measurenent in in vitro studies.

There are al so physical changes of the cells with

storage. Their shape changes from a di scoside to
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acsenosi de or sphero-asenoside. And lipid are shed to
vesi cl es.

Henol ysis al so occurs, but actually the
pl asticizer that is used nost comonly in red cell storage—
DHP—st abi | i zes the nmenbrane and reduces henolysis. And
mannitol, which is present in man of the additive
sol uti ons, al so reduces henol ysis.

Boytl er points out that osnotic fragility is not
actually increased, although red cells do I ose
deformability. Again, this has not been sonething we have
focused on, because it hasn't correlated well wth
viability function or circulation. But if there's a
specific effect fromthe pathogen-inactivation chem cal
process, this mght be an additional measurenent.

Now, what we do when we do these in vitro studies
is to measure ATP, 2-3DPG and free henogl obin, and these
nmeasurenents are readily done by neasuring the NADH to NAD
decreased absorbence at 340 nanoneters. And Sigma has kits
that do this for both ATP and 2-3DPG and also for free
henogl obi n—al | spectrophotonetric net hods.

And, as we have indicated, ATP is a very val uable
nmeasur enent, which we believe staringly should be done. It
is predictive of viability at low levels. But to continue

the theme fromthe platelet discussions, in vitro studies,
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we believe, cannot substitute for in vivo viability
st udi es.

I f you have | ow | evel s of ATP you can predict
poor viability. At better naintained |evels, you need to
do in vivo studies in order to assure that you have
adequat e circul ation.

And what |'ve listed on this slide are some
sanple results fromstudies that we have done in our
| aboratory over the years. And these studies have all been
publ i shed and presented publicly. And I've rounded off
sone of these results, and this is to create a feel for—and
per haps some definite nunbers that should be used in
evaluating red cells after any pathogen-inactivation.

And, in general, we anticipate that the henolysis
| evel should be Iow, but alnost certainly bel ow one
percent. ATP will generally decline to no |l ess than half
the initial values, so that one should be able to maintain
ATP at the end of storage at this |evel

2-3DPG, as we'd indicated before, is rapidly
lost. And 2-3DPG woul d have to be neasured shortly after
storage, at sone interval like five to seven days, in order
to assure there is adequate 2-3DPG for those limted
clinical instances in which a clinician it was inportant.

A ucose neasurenents will vary somewhat dependi ng

on the glucose that's in the initial storage nmedium And
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potassiumw || go up to a neasurenent of about 50—and we
woul d not want to see it nuch exceed that.

PH ranges are in the range of 6.6 to 6.9 at the
end of 42 days of storage, and is another neasurenent that
shoul d be nmade to assure this.

So these are what we woul d expect to be the
basi cs of measurenment, and then to this would reconended
that be added anything that is specifically indicated by
the specific process that's being used.

So that concludes a quick review of the in vitro
aspects of red cell viability that we believe are inportant
for an evaluation of any new nethod of red cel
preservation or red cells for transfusion.

[ Appl ause. ]

DR. MOROFF:. Toby, thanks for your presentation.

Qur next speaker is Dr. John Hess, who is
Associate Director of the Blood Bank at the University of
Maryl and Medical Center in Baltinmore. And previously, John
has been Chief of Blood Research for the U S. Army, and has
had al so a longstanding interest in red cell property
I Ssues.

The title of John's presentation is "Red Cel
Viability Evaluation and Testing In Vivo."

John.

Red Cell Viability Evaluation and Testing In Vivo
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DR. HESS: As Gary said, | used to be with the
US. Arny. That has a lot to do with conflict, and not
much with interest.

[ Laught er . ]

DR HESS: | was asked to talk about red cell
viability. And in the henogl obi n-baggi e view of red cells,
we assume that the body renoves dead red cells, so the ones
that circulate are alive. And the problemwth this is
that red cells, after you reinfuse stored red cells are
cleared rather quickly over the first 15 m nutes, sonewhat
nore slowy over the rest of the first day, and then al nost
uniformy at about one percent per day thereafter.

And so the common neasures that are used are the
recovery—that fraction of the infused cells that are still
circulating at 24 hours, and the survival—that fraction of

the recovered cells that continue to persist beyond 24

hours.

Now the problemw th this is that there is a
phenonenon called "red cell rejuvenation.”™ You can soak
red cells in solutions of materials that wll drive ATP

synthesis; materials |ike phosphate, and i nosine and
pyruvate and adenine. And under appropriate pH for a
coupl e of hours, and you can markedly inprove the recovery.
And so what this says is that sone cells are marked to die,

and in sonme way this marking can be renoved.
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What we don't knowis, is whether all solutions
or time points are equal in this process; whether better
rejuvenati on would safe nore cells, and what this really
means in terns of the definition of viability.

Now, the first red cell recovery neasurenents
were actually made with the first red cell storage study.
And Rouse just sinply nmeasured the increment in hematocrit
and corrected for the reticulocyte count. The first
survival measurenents were made by differentia
aggl utination, by Ashby. And what she did was she added O
cells to soneone who was B, and then agglutinated their B
cells, and foll owed the clearance of the background
unaggl utinated Ocells until they were gone, and plotted
this. And so she was able to show that normal red cells
live for a hundred days.

To i nprove these neasurenents, we have gone to
| abels. And there are a handful of classic ways of
| abeling red cells. One can use the existing genetic
| abel s. One can radioi sotope | abels. One can stable-

i sotope |label. One can use affinity |abels, Iike biotin.
And the problens are that biotin appears to cause inmune
response in at |east sone people. The genetic |abels

require allogeneic, which really becane inpossible in the

age of AIDS. The stable isotopes require nass-atroscopy,
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whi ch was not routinely available in nost red cell |abs.
And so radio-| abel s becane the de fact standard.

Davey has told us what an ideal |abel should be.
And certainly, Steve Wagner told us yesterday that the
world is far fromi deal

O the common red cell |abels, only chronme has
both the long half-life and the |ow elution that basically
make it stable and easy to use. And so it has becone the
standard. Eighteen years ago Dr. Miroff chaired a
commttee in which 15 maj or experts reviewed all of this
and agreed on two nethods which they said would certainly
make the world a far better place if everybody woul d use
one of the two.

|f you read the report carefully, 14 of them were
actual |y advocating one nethod, and that was the chrone-51
met hod.

There are two excellent reviews in the literature
of how to perform | abel s—apart formDr. Mroff's report—ene
by Dr. Davey and one by Andy Heaton. And between themthey
cont ai n about—pst of the collective wisdomon this subject
t hat exists.

Now, as | nmentioned there is an early phase of
fairly rapid renoval of effete or marked red cells, early
on after they're infused. And so the way chrome-51

| abeling is probably best done is to neasure the
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radi oactive counts at 5, 7-1/2, 10, 12 and 15 m nutes, and
then back regress to tinme-zero to cone up with a tinme-zero
absolute dilution neasurenent; that is, your zero tine.

And the problemwi th that is that actually in the
early phase, sone very effete cells, or very heavily marked
cells, or just unlucky cells, are renoved at an even faster
rate in the first five mnutes. This can be shown by using
a second | abel, and now the standard one is technetium 99,
to come up with a true tine-zero. This value will be 1 to
3 percent higher than the regression value if the—the tine-
zero point—f the recovery is above about 80 percent. And
it's usually not much larger even if it's bel ow

The problemwi th doing the double | abel is that
there are significant inaccuracies in both these
measurements. These inaccuracies result fromall the
various nmeasurenents that go into doing a red cell recovery
neasurenent. And if one adds all for the various sources
of error, one discovers that these neasurenents can't be
nore accurate than about 5 percent. But these tend to be
randomerrors. And so |arge nunbers of patients will allow
you to correct for them

Now, the current FDA thinking—as | was given it
to be for this talk—was, is that we would like to—+t |ooks
i ke ny machi ne put sone strange—

[ Laught er. ]
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—that the sanple recoveries should be—these are
"greater than" and--

[ Laught er. ]

—you know, that they want the mean recovery to be
greater than 75 percent with a strong statistical case that
it's better than 70 percent.

Now, when we | ook at the way these kinds of tests
have been used in the past, in the classic studies that
licensed CPDA-1 and AS-3—perforned by-what Dr. Zuck did,
back in 1977, was collected 37 patients from four different
sites, and nmeasured the single | abel chrone-51 recovery,
and found that it had a nean val ue of about 81 percent.

Now, you will notice that it ranges from95 to 66 in all of
the 37 individuals, and that what that nmeans is that the
fraction that's clears varies from5 to 36 percent, or
overal |, alnost a seven-fold range.

Now t he problemw th CPDA-1 was, by the tine—when
it was invented in 1968, the world used whol e bl ood. By
the tine it got licensed 11 years |later, we had gone to
packed cells, and the tighter you packed CPDA-1 bl ood, the
wor se the recovery becane. And so when you used CPDA-1
packed cells, the nmean recovery was down in the | ow 70s.

It was for this reason that we went to addi ng
constant vol unmes back to the stored red cells, in the form

of additive solutions. And here in a study of 20
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vol unteers at two | ocations, perforned by Dr. Sinon, you
can see that there is quite good nean recovery—about 85
percent —at si x weeks, but nuch poorer recovery at seven
weeks.

And so one can use these as historic, you know,
controls for other studies. And this is she original work
that Tybor Groenwald an | did on | ooking at systens that
drive ATP higher during storage. And so here are two smal
groups of 10 people each that suggest that these systens
can work out to seven and ei ght weeks.

But the problemof course is, is that there are a
few people, even in a systemthat appears to | ook bad, that
have val ues that are very simlar to those. And so it is
possible to bias these studies, either accidentally, or on
pur pose, by know ng who people who are good recovers are.
And so there are sonme tricks that you need to play to watch
t hese studi es.

And certainly one of the easiest is sinply to
i ncrease the nunbers. W repeated that study a year |ater
with 10 nore volunteers, and then 10 nore at ni ne weeks.
But here, when we actually got 20 people, we saw a
reasonabl e approxi mati on of the normal range of recovery.
And so by the tine you get out to 20 people, you hope to

see a fairly broad range of recoveries.
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About one person in—about 3 percent of people are
m ssi ng i nosine triphosphate pyruphosphatase, and are known
to have very poor ATPs, and correlates with poor recovery.
Not everybody who stores poorly has that enzyne defect,
but, you know, we're beginning to break down sonme of the
under st andi ng of what causes these w de popul ati on
di fferences.

Anot her way of using 20 studies to get
information is to use 10 people twi ce in cross-over
studies. And here is a study that we published two years
ago, conparing probably the nost studied solution in recent
ti mes-Adsol —wi th our 10-week storage sol ution.

Now, there are excellent studies of six-week
storage of Adsol by Dr. Heaton, Dr. Moroff, and ot hers—im
AuBuchon—that all have values that are right there in the
80 to 85 range. And so when you have a study that both has
a reasonabl e spread and gives you the answer that you've
cone to historically expect, that too can be convincing.

The problem w th doing | arge cross-over studies
that |l ook at lots of things—and this was a cross-over study
we did to look at warmng red cells up to 25 degrees for a
day—+s that essentially all of the variability in these
studies has to be with inter-donor variability. And when
you extend a study that has radiati on washout periods, and

multiple six to eight-week storage tines, and then do it
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for 16 donors in a center where you can do, nmaybe, two a
day, two days a week, one of these studies will drag out
over the course of a year. And so you suddenly have
vol unt eers droppi ng out—-sol diers who get reassigned, people
who cone in on a day in the mddle of a hurricane where,
you know, you lose the electrically so many tinmes that you
can't calibrate your radiation sources. It's a problem
Or, you know, snowstorns occur and people can't get in.

And so these becone quite difficult studies to
perform and tinme consum ng, and | abor intensive and
expensi ve.

[ Pause. ]

Havi ng said that about recovery neasurenents, |et
me just mention that survival nmeasurenents have, at | east
in my experience, always been normal in all the systens,
both liquid and frozen that we have tested; but that in
these com ng tests, where we're actually putting in things
that are potentially nmetabolic poi sons—hAow, they're
directed at DNA, but we really don't know that they don't
find appropriate activation sites in sone of the enzynes
that exist, and they may subtly poison things that wl|
affect survival. And so | think |ooking at some survival
studi es woul d be useful .

Just in conclusion, | think the conventi onal

chrome-51 study still remains the standard. W could | ook
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for changes in early loss that m ght be associated with the
process, with the doubl e-1abel systens and the nunbers that
we're going to be using to test. They really won't detract
fromthe precision of the nunbers that cone out. And so |

t hi nk several unequal ten studies is a perfectly reasonabl e
st udy.

Rej uvenation studies will probably just nuddy the
water, in the sense that the nore badly you store cells,
probably the nore you can rejuvenate them So that
measuring rejuvenation and calling the ability to
rejuvenate a positive value may, in fact, not be telling us
much.

| think red cell survivals for at |east a couple
of weeks, you know, during the washout phase of the chrone,
to watch to nake sure that the survivals approach the
nor mal hundred days woul d al so be useful —and certainly wll
be critical if we're going to use these products to treat
peopl e |Iike thal assem cs, where shortened survival would
i ncrease their exposure to iron

Unsaid in all of this is that apart fromjust
passi ve neasurenents of recovery and survival -you know, we
are beginning to realize that red cells have rea
functions; that they secrete ATP to | ead to m crovascul ar
vasodi l ation that may well affect the fact that they don't

flow very well early on, that caused our trauma surgeons to
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conpl ain about "old blood." And we know that stored bl ood
may contain breakdown products, such as phospholi pi ds and
fatty acids that are actually pro-inflamatory. And so,
you know, there are really no standard tests for |ooking at
those yet. But because they are related to issues like
trolley, and |ike the resuscitation of trauma—which
probably affect far nore people than are presently affected
by infectious di sease transm ssion—they are inportant and
we need to keep thinking about them

Thank you.

[ Appl ause. ]

DR. MOROFF: John, thank you

Panel Di scussion

We'll now turn to the panel discussion, and the
panel will consist of our two speakers, Toby Sinon and John
Hess, and Ji m AuBuchon, who is Chair of the Departnent of
Pat hol ogy at Dartnout h- Hi tchcock Medical Center, will join
t he panel al so.

Let me take 10 seconds before we put the
questions up to just review this slide, which is current
FDA t hi nking. And John Hess showed that for a few m nutes—
a few mnutes ago. And | just wanted to go over two
poi nts.

| wanted to go over two points. First of all

for henolysis levels at the end of this storage period: the
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current thinking is that all products in the study—n the
study arnms—shoul d have | ess than 1 percent henolysis. And
wWith regard to 24-hour in vivo recovery autol ogous at the
end of the storage period, a study at two separate sites
shoul d be conducted with at |east 10 vol unteer subjects per
Site.

In terns of the 75 percent |evel which we've
tal ked about a few tines this norning, the sanple nean
| evel should be equal to or greater than 75 percent, with
one side at 95 percent, |lower confidence limt greater than
70 percent.

This is current FDA thinking, and | just wanted
to start the discussion wth that.

We have three questions, and we're going to
change the order, in terns of how the platelet discussion
was approached. W're going to start with the in vivo
guestion, and then go to the in vitro question - in vivo
guestions related to in vivo studies.

The first question—and this really is a follow up
to John Hess's presentation: for the evaluation of in vivo
red cell viability with normal subjects, what nethods
shoul d be utilized to neasure the 24-hour recovery

paraneter, and should red cell survival be al so neasured?
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John, we heard your viewpoints. If you want to
maybe just summari ze your points, and then we can just go
ri ght down the panel

DR. HESS. yes, | would hope that everybody uses
at | east—dses chrone-51, with or without technitium and
reports the study both ways, if they use the second | abel.

Second, | hope that they will measure survival
out for at |east two weeks. And, certainly, if they're
t hi nki ng about using these products in thal assem c
chil dren, out sonewhat | onger.

And | think that's it.

DR. MOROFF: Let ne also say, if anyone in the
audi ence has sonme comments or questions, please cone to the
m crophone and we'll recognize you during the discussion.

Toby, you want to address this question?

DR. SI MON: No—+ would agree. | don't have
anything to add to that.

DR. MOROFF: Jin? Wuld you |ike to coment ?

DR. AuBUCHON: | think the proposal that John put
forward is entirely appropriate. One question as to what
to do with the results when sonetines they' re anonal ous.
For exanple, if the survival is close to the 75 percent
benchmark, it's indeed possible that the single-I|abel nean

survival mght be greater than 75 percent and the doubl e-
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| abel slightly Iless than 75 percent. And as | understand
it, the FDA does not usually round up, so 74.9 is not 75.0.

What do you do in a case |like that?

| f one has recovery data at the sane tine—'m
sorry, survival data at the same tine indicating surviva
is good, that m ght be an additional nudge to say go ahead
and accept this. But there are tines when the single-Iabel
and the doubl e-l abel are not exactly concordant.

And we have cone to accept using a double | abel,
particularly after sonme vigorous discussions 20 years ago,
surrounding the licensure of Adsol. And | don't know if
Dr. Heaton would |ike to engage in any of those discussions
again, but there certainly is a theoretical advantage to
usi ng the double | abel. However, in nost all subjects that
|'"ve reinfused, | really haven't seen that nmuch advant age;
have not really seen that the double-1abel technique gives
a nore accurat e—guot e- unquot e—determ nati on of red cel
volume in order to determne the t-zero point.

There are certainly sone tines when, for
techni cal reasons, the single-label study can't be
interpreted, and then the technitiumdetermnation of red
cell volume becones very inportant in terns of being able
to sal vage that subject.

But 1'mnot really sure that the doubl e | abel

hel ps all that mnuch.
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DR. SIMON: | think historically, if | renmenber
correctly, the double label that Dr. Valery was using at
that tinme was iodine—25, right?—

DR. MOROFF: | think he still is.

DR SIMON: —and he still uses that.

DR, MOROFF: He's still using that, which has been
giving himlower results than the other doubl e-1abe
procedures.

DR. SIMON: And then, you knowthen Dr. Heaton
devel oped, | think, the technitiumchrom um conbi nati on
whi ch then becanme favorite.

It seens to nme that the drift of the discussion
here is that we m ght be able to go back to the single
| abel, and it mght be—that it should be satisfactory.

DR. MOROFF:. Toby, | feel the sanme way, and | want
to put sone data up on the screen

This is sone data where the double | abel is the
technitium procedure, and the single is the chromum And
| ook at the bottom There are 10 studies with stored red
cells, and there's really very little difference with this
dat a—doubl e- 1 abel , single-label. And the neans are 2
percentage points different, which could tie in with the
errors that you were tal king about, John.

So | think this is a question.
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And also, if we do stay with the double |abel, |
think it's time that we standardi ze between the iodine
procedure and the technitium procedure, historically and it
continues to this date, to give |lower results than the
technitium procedure, when you're | ooking at doubl e-1abe
procedures.

There are sone questions—er sone coments and
questions pertaining to this fromthe audi ence. John? Dr.
Chapman?

DR. CHAPMAN: Hello. M nane is John Chapman.
l"mfrom Vitex.

| think we have about the collective w sdom of
experience in radio-labeled red cells and recovery, except
for Dr. Valery not being here.

And ny question is: tal king about stressing the
cells and how that may change things. Like we're using in
| nactine. But previously, we had been stressing cells with
gamma radi ati on.

And | was curious to know if there is data not
only of the red cell recovery after gamma radi ati on, but
what is the effect of gamma radiation on red cell survival?

DR. MOROFF: Jim do you want to answer that? You
did a ot of studies with us on that?

DR. AuBUCHON:. Yes—with irradiation, the study

that Gary masterm nded through the Rd Cross, |ooking at
M LLER REPORTI NG COMPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

irradiation and either at day-28, or of storage for 28 days
after irradiation, indicated good recovery, but we did not
assess survival in that study.

And, as John said, everyone's experience up to
the tine of using pathogen-reduction technology was that if
the red cells circulated at 24 hours, they had a norma
survival. So you didn't need to go beyond that 24-hour
poi nt .

But now we're seeing sone data that indicate
there mght be sonething different in the long term
survival of the chemcally treated cells.

So you raise a good point, John, that the |ong
termsurvival may be different in irradiated units. And we
don't know.

DR. MOROFF: | would say that there should be a
common protocol for neasuring the survival. There's a |ot
of different ways of expressing the data froma surviva
protocol, and there's different protocols for when you do
sanpl i ng.

So | think there needs to be a little
standardi zation, in ternms of how the |ong term survival of
red cells are neasured.

Dr. Heaton? Has a comment or question?

DR. HEATON: Yes, indeed |I do. Andrew Heaton, San

Franci sco.
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Bear in mnd that, you know, as you consider the
di fference between single and doubl e | abel, nopst of these
studi es have been perforned on rel atively nodest
differences in the red cells; AS-1 versus CPDA- 1, AS 2
versus AS-3. So you've been | ooking at relatively snal
differences, and it's true under those circumstances the
gap between single and double | abel is small.

But as you | ook at pathogen-reduction, you're
| ooking at major treatnent of red cells, and chem cal
activity which m ght conprom se—ause a very dramatic
reduction in early | oss and, secondly, which mght also
reduce survival.

So | woul d suggest that for sinple red cel
licensing studies there really is no difference between
single and double label. But if you're going to think to
pat hogen-i nactivation, you do want that absol ute standards
of having your red cell volunme. And so | would strongly
suggest that for pathogen-reduction, you should maintain
t he doubl e-1 abel standard.

And then on the survival—you know, John conments
14 days. | would suggest that you need to go 28 days or 35
days, depending on the anount of chrome, or IRB will allow
you to inject. Because long termsurvival is inportant.
You're transfusing red cells—+to keep the patient's red

cells in their circulation for a hundred days post -
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transfusion. And, again, in the context of pathogen-
reduction, we are adding highly active chem cal ingredients
to the red cells. | think survival over a 28-day period
woul d probably be inportant.

DR. MOROFF: Andy, in studies we've done with you
we' ve al ways neasured for at |east 28 days.

DR. HEATON: We have. Yes.

DR. MOROFF: | would say that should be part of a
st andar di zed protocol.

DR, AuBUCHON: But -+ agree with you, Andrew. Qur
measurenent of survival is fraught with sone not
necessarily obvious difficulties. Blood volumes change
over tinme, which could cause either dips or apparent
increases in the survival of the red cells. Any inter-
current blood | oss woul d obviously change the survival.
And since the Federal governnent, appropriately, would Iike
us to include subjects of all genders and all races and al
ages, that neans that we wll have some nenstruating
femal es whose red cell loss over tine will showup in a
| ong term survival study.

Then there's the rate of elution, which Dr.
Mowson told us was 1 percent, but even he knew that it was
anywhere— percent per day—but he knew that it was
potentially double that in some subjects, and was not

absol utely the sane over tine.
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So, what you see is not necessarily what you get.

DR. HEATON: You certainly will have to use
conputer nodeling to adjust for elution. And Gary's
suggestion that there be a standardi zed protocol and a
standardi zed net hod of data analysis, | think is entirely
appropri ate.

DR. MOROFF: One last comment and then we'll go to
question two.

Larry Corash?

DR. CORASH. Yes, I'd just like to ask the panel:
there's sone excellent work that was done years ago by
Knadl er and Block that's created a cubed hei ght - wei ght
formula for determ ning blood volune, that's based upon
both red cell mass and radio-iodi ne plasma vol une studi es.

| s that acceptable? That seens to ne to be a
very solid body of work, and | wonder what the panel thinks
of that for using a blood volunme—+o make bl ood vol une
cal cul ati on?

DR MOROFF: Any comment s?

DR, SIMON: We've used it, but it's an estimate.
And | think it's not precise, because it assunes the
aver age person, and you have variability.

DR. MOROFF: Let's go on to the second question.
And t he second question says: for Phase Il clinical

trials, what parameters should be neasured to eval uate any
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i nfl uence of the treatnent procedures on red cell viability
properties? Wat study design paraneters, such as the type
of appropriate control study, should be utilized?

Who wants to handle this first? John? Do you
want to handle this? W'Il just go right down the line.

DR HESS: | guess | |ike the cross-over study
designs. And | think, apart fromthat, you know, doing
themwell in a couple of centers that are good at doing
themis inportant.

DR. MOROFF: What paraneters woul d you neasure?

Frequency of transfusion? Nunber of units transfused?

This is for Phase Il1l, where you' re not going to be using
I sot opes.

[ Pause. ]

DR HESS: |I'mnot sure | have an answer.

DR MOROFF: Toby?

DR. SIMON. Well, you know, | think they are
difficult. Ido think that, you know, there are sone things
that we can neasure—and | think you nentioned them the
frequency of transfusion, the extent to which the
hemat ocrit and henogl obin are increase, and the various
oxygenation paraneters that have been suggested as
i ndi cators of the success of the—transfusion oxygen

content.
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DR. MOROFF: Coul d you el aborate on what would you
measure in terns of oxygen? Paraneters—ould you el aborate
on that a little bit, Toby?

DR. SIMON: Well, the ones | think that they used
in the fluosol studies which—+'mnot in detail—but the
oxygenation of the tissues, oxygen extraction rati os—
al t hough you have to have catheters in place and sanpl es,
so they get fairly conplicated, but those are the— think
the fluosol studies are probably the best nodel that we
have at the present tine.

And you woul d—+f you could cross over and do
controls with your standard red cell nethodol ogy, and then
t he pat hogen-inactivation red cells.

DR. MOROFF: | with the cross-over design. |
think that's a good way of approaching that.

Ji nP

DR. AuBUCHON: | have two different coments.

First, several years ago | had the opportunity to
participate in a clinical trial of enzymatic conversion of
group B cells to group O and then infusion of these
converted cells into group O patients to control —+t was a
pai red study. The control was infusion of native group O
cells to the recipients.

This was a radio-1abel ed survival study—ecovery

and survival study.
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The results with the enzymatically converted
cells were very interesting, and it seened that they
wor ked. But what | found al nbst nore interesting was the
out cone of transfusing conpatible group Ocells to these
group O recipients, and seeing the wide variability in
response, in terns of recovery, survival and tine to next
transfusion. It was, to put it mldly, all over the map.

Therefore, any clinical study that uses patients
is going to have to be extrenely large to take into account
this inherent variability, because patients who need
transfusion are, by definition, sick. And we had a nunber
of patients in the study die during the study—ot because
we did anything to themthat was terribl e—hankfully—but
because of their underlying ill nesses.

So all of this needs to be taken into account,
and that is going to really require nmonunental size studies
on the order of the sized studies that we've seen recently
with the S 59 platelets, in order to be able to assess
statistically what is really happen.

Anot her comrent pertains to sone di scussion we
had during the platel et panel about the creep of —ereep
downward, slide downward of our standards. And should we
t ake the opportunity of these various mani pul ations that we
are putting red cells to nowto inprove the quality of red

cells? You know, we have conme to accept, and | think
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clinicians have cone to accept, that the red cells we give
t hem have no DPG  There are sone data—admttedly
debat abl e—that that may not be the best thing for patients.
And just fromthe |ogical point of view, and |ooking at how
red cell transfusions are handl ed nowadays, it nmakes sense
that we may not be doing the best thing for our patients.

Anest hesi ol ogists wait until the very last mnute
to transfuse red cells in the hope of being able to avoid
the transfusion. And when they give the red cel
transfusion to a patient, that patient indeed needs oxygen
delivery to their tissues. But what we're transfusing them
are little red cell sponges—exygen sponges that pick up
oxygen in the lungs very well and don't offload it in the
tissues for the next 12 to 24 hours, instead just
i ncreasing the cardi ac workl oad.

So it's not surprising that there are data in the
literature suggesting that older red cells aren't as good
for patients as fresher red cells. |'mnot convinced that
that really has any clinical standing, but it's sonething
to think about.

So, as we begin to undertake significant chem ca
nodi fications of red cells, should we al so take the
opportunity to see if we can inprove then? And should we
make sure that we aren't doing anything worse for patients,

not just in ternms of having 75 percent of the red cells
M LLER REPORTI NG COVPANY, | NC
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

recovered the next day, but are we not precipitating nore
of a storage defect—+f you want to call it that for--red
cells that causes sone clinical harmto patients.

DR. MOROFF: Jim for the Phase Ill trials that
we' re tal king about now, what paraneters would you neasure?
Wul d you neasure frequency of transfusion? Wth the
caveats that you have nenti oned?

DR. AuBUCHON: | think for a cell that is being
mani pul ated in a way that there is a reasonable probability
that it will not survive as long, | think at |east survival
needs to be neasured. And if one could have a group of
patients who are relatively stable clinically, and who are
bei ng chronically transfused—sicklers and thal assem cs, one
m ght t hink of +o nmeasure the inter-transfusion interval. |
think that is going to
be very difficult, however, to get any neani ngful data out
of , because you would require hundreds of these patients,
probably. And the studies are just too daunting.

DR. MOROFF: Too difficult to do.

Any ot her comments on this question? Toby?

DR SI MON: Well, we've—you know, over the years
studyi ng anti coagul ants and bl ood bags and filters and
| eukocyte reduction, | think we've felt fairly confident
fromwhat, | guess, we're now calling our Phase |I and Phase

Il studies, and generally have not required these. And |I'm
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presum ng that the additional requirenent relates to kind
of a new phase of activity in the unit, in terns of the
chem cal inactivation, and suggests that we need these
studi es.

But | think the problemis—the issues that Dr.
Hess brought up in his presentation, about the things that
happen as a result of+ike the trolley and the fatty acids
t hat accunul ate and those ki nds of problens—+t would take a
very huge nunber to detect, | think, any kind of
di f f erence—eani ngful difference.

So, if one could do a smaller nunber and at | east
confirmthat oxygen extraction and consunption went the way
it should go with transfusion, or was conparable to the
control —and transfusion interval and other things—hen
hopefully you coul d get enough data to be confident and at
| east | ook for any toxicities that would be unusual.

DR. MOROFF: Larry Corash? Do you have question?
Then we'll go on to question three.

DR. CORASH yes, this is an issue that we've
actually had to deal with, because we are currently
enrolling patients in two Phase Il studies for our
product. One is an acute study, in which—-basically, it's
surgical patients, and it's largely a safety study, because

you really can't neasure henogl obin increnents or
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transfusion frequencies in surgical patients, because the
stuff goes in and out, and there are too many vari abl es.

But in the chronic transfusion setting of
sicklers and thals, to develop this study we went to
chronic transfusion clinics and got databases for patients
t hat characterize their chronic red cell requirenent--for
sonme of these people, going back 10 and 12 years.

And, in fact, there's a lot of information to
nodel off of, where you can | ook at granms of henogl obin
consuned per kilo of body wei ght, per day of support—and, |
t hi nk, get at sone very valuable information. And these
studies, | think, lend thenselves to be of a manageabl e
size, in fact, to get good statistical precision.

DR. MOROFF: Last—a point on this question? Sunny
Dzi k?

DR DZIK: Yes, Sunny Dzik. | just wanted to put
some word of caution into cross-over trials, which the
panel seemed to support. Just to echo what Larry just
said, that in surgical patients and i n—ou know, unl ess
you're in the thalassemc, sickler chronic nodel, even
there there's a lot of individual patient variability over
time. But once you're in the hospital nodel—surgical
patients—you just can't do a cross-over study.

So | don't think we should wal k away from our

talk today with the idea that all of these should be done
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usi ng cross-over only, because that puts you in a little
box just with out-patient sicklers and thal assenics.

And the other point | wanted to nake was just to
put in a pitch, perhaps for tissue oxygen levels. There
are—there is technol ogy and probes for denonstrating that
ti ssue PO2—ti ssue PO2—s el evated foll ow ng transfusion.
And that seens to be what the point of the exercise is
about .

So, you know, we m ght consider that.

DR. MOROFF: Thanks, Sunny.

Ri ch—+tast questi on.

RI CH? DR DAVEY: Again, with respect to red
cell function, has there been any thought to | ooking at the
equilibriumcurve to see if there are any bul k changes in
cooperatively or electropheresis to see if there are any
henogl obi n speci es—et her ones
—generated by these agents that are put into the red cells.

DR. MOROFF: Any conment s?

[ Pause. ]

The panel does not have any comments, Rich - on
your questi on.

Let's turn to the | ast question, which pertains
toin vitro testing

Should there be a list of required in vitro tests

to be used in initial studies prior to Phase |
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in vivo studies. If yes, what paraneters should be
measured? Should storage cells be subject to rejuvenation
to assess the functioning of the red cell netabolic
processes?

Toby, do you want to start this one?

DR. SIMON: Yes, | think—as | indicated, | think
there should be a set of in vitro tests that would be
requi red, and nost logically they would be Phase | and you
woul d do them before you did the in vivo, and that woul d be
the standards of ATP and potassi um and gl ucose and pH at
the end of the storage interval, and then | would check 2-
3DPG at an earlier point to see that at |east-—sonething
li ke five days of storage.

And then, | think, you would | ook at each of
t hese processes and determ ne whether there was anything
uni que that they did to the cell, or anything—any chem ca
process, nenbrane activity or whatever that you were
concerned about, and m ght require additional tests based
on that.

DR, MOROFF:. What about the use of rejuvenation

with storage cells, just to show that the ATP and 2-3DPG

machinery is still intact?

DR. SIMON: Well, | nean, | think it's
interesting. | don't think that I would—+o the point of
wanting to require that. It could nuddy the waters,
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t hi nk, as John indicated. And we haven't traditionally
done that, so it would be difficult to conpare—although I
guess one could conpare—+to do a trial and conpare it.

| think it would be of interest, but | don't know
that I—at this point | don't think I1'd recommend that it be
required, because | think if the cells are intact and
functioning and circulating in the way we expect themto,
then | think that should be the requirenent.

DR. MOROFF: John?

DR. HESS:. About 70 percent of all the infornation
that you can get out of an in vitro trial is in the ATP
concentrations--depending on how you | ook at it and what
you believe about the errors in those neasurenents to begin
with. They're not particularly accurate. And we're
tal king about differences over very snmall ranges.

As | say, ny reservations about the rejuvenation-

DR MOROFF: | think you've already stated those.

Ji n®?
DR. AuBUCHON: | have sone reservations about
rejuvenation, as well. What you put a red cell through in

rejuvenating in the laboratory is not exactly what the body
is going to put the red cell through. And | would like to

see sonme correlation experinents perfornmed in order to know
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that it really—that this test is actually show ng sonething
t hat has sone clinical relevance.

The other in vitro test—an in vitro test | would
like to nention also is just red cell norphology. Harry
Merriman, for many years, has advocated red cell norphol ogy
to be perfornmed at the end of storage, saying that the red
cell recovery that is seen with radio-labeling is usually
approxi mately the same, but is never better than the red
cel |l norphol ogy score, which is also given in a percentage
f ashi on.

And that appears to hold until you get to the
hypo- osnoti c storage solutions that both Harry and John and
Ti bbi have worked with. But in the standard sol utions that
we're used to using, that would appear to be potentially a
useful in vitro measurenent.

DR. MOROFF: Steve Wagner yesterday nentioned
about the depletion of glutathione by sone of the
treatnents that ware being used to pathogen-inactivate
conponents.

Are there any comments about neasuri ng
glutathione? W don't do that routinely. | don't think we
ever neasured gl utathi one, per new bags, per |eukocyte-red
cells. There's a lot of glutathione in red cells and you
can get rid of a |ot glutathione and probably still have

good redox potenti al .
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But is there any thought about neasuring
gl ut at hi one?

DR. HESS: Actually, we've done a little bit of
that. And as long as there's ATP, there wll be
gl ut at hi one.

DR. MOROFF: Harvey Kl ein?

DR, KLEIN. Well, | would argue that point, John,
because in the past the studies that nost of us have done
were in cells that have been stored, and they' ve sinply
been running down. But here we're actually putting in
conponents that may poison systens in the cell

And I'm+'d like to actually extend that question
to ask you-since we've heard that sone of these may result
in lowglutathione in cells, shouldn't we be | ooking for an
in vitro test of oxidative stress, especially since sone of
the cells we're going to be storing may be low in G 6PD,
because there are people who have | ow G 6PD and ot her
protective enzyme systens.

Maybe these cells will pass all of the various in
vitro studies, survive normally, deliver oxygen nornmally,
and be particularly susceptible to oxidative stress in
Vi vo.

DR. MOROFF: Harvey, what woul d you suggest as a

test of oxidative stress?
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Are there any coments? Probably sone drug—
there's all sorts of drugs that--

DR. HESS: Phenyl hydrazine woul d certainly be an
easy one.

DR. MOROFF: Jerry—ether conments in response to
Harvey's comments? Jerry Hol nberg?

DR. HOLMBERG | was heading up to the m ke at the
tinme that Ji mwas answering the question on the norphol ogy,
and I'mjust concern—+'d like to hear sonme other comments
there fromthe rest of the panel on the cell norphol ogy
scores, especially with a lot of the systens that are using
additive solutions at the end for re-suspendi ng.

DR. HESS:. Well, certainly we have shown that just
by maki ng very sinple salt gradients you can nmake the
rel ati onshi p between norphol ogy and recovery go away.

Kl aus Hugman has done a ot of work with the
nor phol ogy score, and he's had sonme scoring systens. And |
think there's sone value—+ agree with Jim | think there's
sone val ue to the norphol ogy score.

DR. MOROFF: Bernie Horowtz? Jerry, did you have
anot her point or--

DR. HOLMBERG | just wanted to hear what Toby

sai d.
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DR. SIMON: | don't have any experience with it.
And at least fromny reading, it didn't appear to be a
significant factor, but obviously--

DR. AuBUCHON: | wouldn't want to see the agency
di scard a proposed systemw th good in vivo recovery
because its norphol ogy score was bad. It should be used as
an early screening tool to indicate whether or not you've
got a probl em

DR, MOROFF: | agree with that.

Bernie Horow tz?

DR. HORONTZ: |I'mnot getting the sense of the
comrittee as to what you as individuals think is inmportant
in the neasurenents that are being nmade. Cbviously, if
there's no difference between the control and the treated,
everybody' s happy.

But what do you do when the neasurenents show a
difference? And there are real-life exanples of that. W
used to use a particular systemwhich is not being pursued
for a variety of reasons now, but as an exanple, potassium
| evel s went up, there were changes in osnotic fragility.

On the other hand, circulatory survival, at least in
ani mal s, appeared unchanged—er, you know, unnodifi ed.

So, for these in vitro measurenents—al t hough
agree with you as to what shoul d be neasured, |I'muncertain

as to how to handl e differences when they're observed.
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DR. MOROFF: That's a good point, Bernie. Are
there any cooments? You're right, there are no standards,
ot her than for henolysis—and that's an absol ute standard.

Toby?

DR. SIMON: Is the question you're asking the same
one that the prior panel discussed? That is, if you feel
there is an advantage to pat hogen-inactivation, how nuch
dimnution in the quality of the red cell do you accept?

I's that--

DR. MORCFF: In vitro.

DR. SIMON: Not in vivo, just in--

DR. MOROFF: He's tal king about the initial
testing, | think.

DR SIMON: In vitro.

DR. MOROFF: What woul d di scourage you—f your in
vitro results were way down, so to speak, for certain
tests, how far down do they have to be to di scourage you
fromgoing to in vivos? That's a tough--

DR SIMON: Yes, | think that's difficult. |
mean, | would be reluctant to proceed if the cells didn't
appear to—you know, if the ATP did not appear to be
mai ntai ned and we didn't have at |east sone, you know+tevel
DPG and | think it's suggested what this should be. |If
it's lower than that, then | would have some concerns about

proceedi ng, because, you know, we don't have an i deal
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product now for patients. And | would at |east be
concerned about proceeding if there's a significant
di fference.

DR, MOROFF: | think one point | want to make
here: controls are very inportant—+o do matched control s.
There's a |lot of inter-donor variability, as you talked
about. And | think controls are very inportant. W
didn't, maybe, stress that enough in the last half hour.

Last question, from Larry Corash.

DR. CORASH. Just a point of clarification, Gary.
In the beginning of this panel discussion you put up a
slide that you said was current FDA thinking about the 75
percent recovery |evel, and the confidence interval around
that, which | think is fine.

s that actually published and reference-able
sonepl ace? Because |'ve been asked that question, and |
can't find it in the literature

DR. MOROFF: It's not published, and that was the
reason why | wanted to show what current thinking is. |
call ed Jaro about that. And, to the best of ny know edge,
that is not published.

DR SIMON: And we've | ooked—'ve | ooked for it
also, and couldn't find it.

As far as | know, back in the—+ think with the

CPBA-1, around that time—Jom m ght know better. He's
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shaking his head, so | think that's correct—+the agency went
from70 to 75, as thinks were changing and they wanted to
make sure that they didn't get a | ess good product. And |
don't know.

DR. MOROFF: There was a workshop in 1988, and the
m nutes fromthat workshop—the transcript fromthat
wor kshop lists the 75 percent standard w t hout any
expl anation, and also lists the 1 percent standard w t hout
any expl anati on—whether it's a nmean, or whether it's for
all the units. That's the only place where | think there
is anything witten down, the way | understand it.

Jaro, do you want to conment on this?

Tonf

TOM | know they seemlike a long tinme ago, but
CVA-1 studi es—they did, when we had a pre-IND neeting to
qualify the first aniqua of viskine with adenine, we were
told the mean had to be 75, the standard deviation was |eft
open—+f mnmy nmenory serves ne right—-which it probably doesn't
because that was 30-odd years ago.

DR. MOROFF: Jaro Vostal ?

DR VOSTAL: Well, ny colleagues and | actually
inherited the 75 percent cutoff, but it was just that. It
was a nunber. And we've been approached by a nunber of
manuf acturers with studies, and they want to know, you

know, is that a plus-or-mnus sone standard devi ation? And
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so we had to, by necessity, add these statistical
paranmeters to nake it so it would be useful for these
studies—er interpretation of the studies.

So that is actually what we've conme up with, you
know, dealing with manufacturers. And that's what we're
going by now. But it is not published anywhere.

DR. MOROFF: Thanks, Jaro.

One | ast question. Are there any comments about
t he appropriateness of 75 percent for the 24 hour recovery?
s that the appropriate mninmnum|evel the way it is now
bei ng i nterpreted?

DR. AuBUCHON: So, Jaro, you're telling us that
it's not published but it is carved in stone.

[ Laught er. ]

DR. MOROFF: Jim do you have any conments about
t he appropri at eness?

DR. AuBUCHON: Yeah-80 is better than 75 and 85 is
better than 80, because it is clear that that's still a
| arge proportion of cells that are going to be renoved from
circulation, and that the patient is not going to get any
benefit out of.

But we have come to recogni ze, through a half -
century of blood banking, that a unit that can yield 70 to
75 percent recovery seens to do pretty well clinically.

That doesn't nmean we shouldn't try to nmake it better.
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DR. MOROFF: John, do you have a comment on this?
John Hess?

DR. HESS:. | think nost of the current liquid
systens, except CPDA-1 certainly have values that are
probably above 80. And whether that represents a kind of
operational standard—ae certainly accept |ower values, down
to the 70s—hi gh 70s—for the frozen systens.

DR. MOROFF: Question? M ke Busch?

DR. BUSCH: Just on that point—what's the
denom nator for calculating the percentage? Wat we're
seeing is additive loss of red cells through the
procedur es—+eukor educti on—Sone of these procedures involve
further mani pul ati ons, these adsorbents, etcetera. So, you
know, is the denom nator the nunber of cells that actually
are transfused, or is it the starting content of the red
cell unit before treatnent?

DR. MOROFF: John, you want to answer that?

DR. HESS: No—at each point, at |east the way the
recoveries are neasured, they're an i ndependent
measur ement—you know, whether one-as in the frozen systens,
uses the freeze for a wash. In vitro—you know, the whole
system recovery, we usually report that separately fromthe
actual measured in vivo recovery. But you report both

val ues.
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DR. AuBUCHON: But you raise a good point, M ke,
and 1"mgoing to get into this this afternoon when | speak.

Because cal cul ating the recovery based on what is
infused will allow us to predict the physiologic response
of the patient to the transfusion. However, if one takes
into account the initial nunber of cells that entered the
process before the treatnment or filtration or whatever, and
| ook at nore of a therapeutic efficacy standard, one may
find that one needs nore transfusions in order to get the
patient to where the patient needs to go. And that has
ram fications for the system-and possibly also for the
patient.

DR. MOROFF: Jim you have the last word—we're
beyond our tinme. W could have probably tal ked about this
i ssue for another hour, in different ways and forns.

But I now turn the m crophone over to Sukza
Hwangbo, from the FDA.

DR. VOSTAL: Thank you, Gary. That was a very
hel pful discussion—this one and the one for platelets.

And we'll be studying those responses as the tine
goes on.

SESSI ON |'V: EVALUATION OF TOXICI TY TO RECI PI ENTS AND TO

HANDLERS OF TREATED TRANSFUSI ON PRODUCTS

DR. VOSTAL: Now, we're going to switch a little

bit. W' ve been tal king about toxicity to the products
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t hensel ves, but now this upcom ng session wll | ook at
toxicity to the recipients of the products.

And to help us lead us off, we have Ms. Sukza
Hwangbo, who's a toxicologist in our group, and she has
been hel pi ng us eval uate sonme of these treatnents.

DR. HWANGBO In ternms of toxicity evaluation of a
product, this is a very unusual situation. Needless to
say, this is not a drug in a traditional sense, but a
chem cal residue that should be renmobved as nuch as
possi bl e.

Yest erday our three manufacturers described their
procedure very nicely. The nost |ikely procedure may be—
you know, if | can oversinplify—a chemcal is mxed with
the blood, and irradiated with UVA light, and incubated for
a certain period of tinme, and then washed.

So, the level may be very | ow, however we are
tal ki ng about nucleic acid targeting agents and, you know,
they may nodify DNA and RNA. So we are tal king about
genot oxi ng materi al .

When we design pre-clinical study protocol, we
sinul ate the actual use condition in clinical setting. So
the route of administration in this case will be IV. W

have five speakers today to discuss toxicity.
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First, I would like to introduce Dr. Anita
O Connor. She will give us an overview of how review in
CBER. She is a toxicologist in CBER FDA

Overview of Toxicity Studies for
Bi ol ogi ¢ Therapeutics

DR. O CONNOR:  Thank you, Sukza.

As Sukza nentioned, this norning I"mgoing to
give an overview on the types of toxicology studies that we
generally look for in biologic applications.

[ SIide presentation.]

So, how do we define the problenf? Biologic
products can be very conplicated. And they can have nmany
di fferent conponents. There's obviously the biologic
product itself—and we're frequently wondering whether this
product has been altered by the manufacturing process.

Does it have sone increased i nmunogenicity? Has it been
altered by chem cals and processing? Are there carry
along, ride along or carryover residual cellular conponents
in the product? Have these been altered sonehow by t he
manuf acturing so that they are nutated or i nmunogeni c.

And, lastly, are there chem cal inpurities which
are the result of in-process inpurities, and have they had
a direct or indirect effect on residual cellular conponents

or the host tissues?

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

So there are many things that—any different
conponents of the product that we | ook at in the toxicol ogy
evacuati on.

Well, why are we even | ooking at this problenf
Bl ood is perceived by many to be at a very low risk from
pat hogen infection, and there are nethods of preventing
this risk through donor screening and nucleic acid testing,
for exanple. So why do we even want to do toxicity studies
wi th transfusion products?

Well, one thing, obviously, the agency is concern
about is energing pathogens; bacteria, viruses, other
things that could enmerge as pathogens. W are concerned
about this.

So the role of the toxicity evaluation has a very
inportant role in risk assessnent, in safety package, and
we bal ance that will efficacy and ri sk comruni cati on—whi ch
is traditionally done with | abeling.

Wel |, biologic products have uni que chal |l enges;
we have a uni que gui dance docunment, |CH-S-6, which
concerns itself exclusively toxicological evaluation of
bi ol ogi cs.

biologics aren't traditionally thought of as
bei ng nut agens or carcinogens. So there haven't been a | ot
of carcinogenicity studies with traditional biologic

products.
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But one that is very challenging with biologics
is the i munogenicity concerns. Has the product acquired
sone altered i nmunogenicity, and will this affect—w Il it
becone an i mMmuno-toxi cant when given to the host—er the
patient.

Now, chem cals, which has been the focus of this
wor kshop to a | arge extent—ehem cals or in-process
inpurities, resenble nore traditional concerns. And the
type of toxicological testing that we do with these
chemcals is nore along the lines of the types of tox
testing that is asked for by the Center for Drugs. And
sonme of our speakers this afternoon are fromthe Center for
Drugs and will talk nore specifically about those types of
t ests.

So when we do a toxicol ogy eval uation, we | ook at
both general and specific toxicities. And for the genera
toxicities, we often have animal nodels, and we | ook at
basic effects on organ systens, such as bl ood pressure,
liver enzynes. But sonetinmes—sone bi ol ogics, we don't have
good animal nodels, and the risk is really verified by a
clinical creep approach. In the Phase | study we start
very slowy, and the risk is verified by an increasing
amount of clinical experience with the product.

There are special toxicities. W |ook very

closely at things |ike carcinogenicity and reproductive
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toxicity for chem cal s—Aore so than chemcal inpurities—
nore so than a traditional biologic product. And these
are—toxicities are rarely verified fromclinical trials.
W will go to aninmal nodels and then project the toxicity
fromthe pre-clinical study to the clinical situation.

Now, the results of the toxicity evaluation is
really—what's really inportant on the effects on the
popul ation of interest. The population that will receive
the product. And we | ook very closel y—what is an
acceptable risk for the population that will receive the
product? |Is this a product that will be used by—that there
will be chronic infusion? O is it just a product that—the
toxicity could result froman occupati onal exposure?

So there are many different situations. And we
relate the toxicities to acceptable risk relative to the
popul ation that will receive it.

Sone popul ations of concern are speci al
popul ati ons. Sone products will just be used in the
general popul ation, or healthy adults. Oher speci al
popul ations that we're frequently concerned about are
chil dren, who have an i mmature i mmune systeny pregnant
wonen, who have an altered i mmune systemas well as cancer
patients and trauma patients, which can have any-all sorts

of different physiol ogical inpairnents.
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So, these are—this cones into the equation when
we think about the risk of various infusion products.

When | speak of risk comrunications, we're
primarily tal king about [abeling. And we have sonme knew
efforts in |abeling products for pregnancy. As many of you
probably know, we are transitioning away from an
al phabeti cal categorical systemfor |abeling products for
pregnant wonen, into a process where the results of the
reproductive toxicol ogy studies are actually described, if

there are neaningful results, in the labeling. And there

is a new gui dance docunent out on this. |It's primarily a
CDER docunent, but we will be using it to sone extent in
CBER al so.

Just a couple of final coments.

When we evaluate the toxicity of a therapeutic—of
a biologic—e're going to |look at all the conponents.
Sonetimes we-we frequently | ook at the whole product in a

nodel , and/or we | ook at the individual conponents and

chem cal s.

And there are many ways to look at this. W wll
frequently | ook at the worst-case scenario. |If thereis a
chem cal product, we will calculate what is—+f this product

is going to be used in a chronic infusion situation, what

is the worst case? What i s the nmaxi num anount of that
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chem cal that a person could potentially receive over their

[ifetinme?
And, lastly, it is a risk versus benefit process.
And we' |l hear nore about that this afternoon, | believe.
And, with that, 1'll concl ude.
Thank you.
[ Appl ause. ]

M5. HWANGBO Questions for Dr. O Connor?

[ Pause. ]

Then we are going to adjourn our neeting. So we
will neet at 12:30? Okay. W will neet at 12: 30.

Thank you.

[ Luncheon recess. |

M5. HWANGBO. Pl ease have a seat.

We will continue our toxicity session.

Qur next speaker is Dr. Hanan Ghantous. She wll
di scuss nutagenicity and carcinogenicity studies.

She is wwth the office of New Drug Applications,
CDER, FDA.

Mut ageni ci ty/ Carci nogenicity Studies for Eval uation
Conmpounds To Be Added to Transfusion Products.

DR. GHANTQUS: Thank you.

Good afternoon, everybody. M talk today is
going to be on genotoxicity and carcinogenicity studies for

pharmaceuticals in COER+that's the Center for Drug
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Eval uation, which I don't think is different from what you
do at CBER

| will be tal king about the influence of
genotoxicity data and the need for carcinogenicity studies;
the influence of genotoxicity data on the dose sel ection,
the design and the interpretation of carcinogenicity
st udi es.

| will also talk about the timng of these
st udi es—when do we do them-and sone alternative nodels for
carcinogenicity testing.

This is a list of all the guidances—er nobst of
t he gui dances concerning carcinogenicity and genotoxicity
studies. | also have the safety study gui dance—the M.

Al'l these guidances are on our website. Their all ICH so
they're on the I CH website, too.

There's a new carcinogenicity guidance that's not
listed here. It just came out. It's about protocol
subm ssion to the Carcinogenic Executive Comm ttee.

The standard battery for genotoxicity testing—we
usually like to see three tests; two in vitro and one in
vivo. W like to have the tests that will show us gene
mut ati on and chronosone aberrati on.

Exanpl es of these tests are the Anes test, as an
invitro test; a nouse |ynphoma as an in vitro test, and

the mcronucleus test as an in vivo test. Any other tests
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are okay—as long as they show us the gene nutation and the
chronosonmal aberrati on.

Wiy do we like these tests? They are well -
established tests. There are internationally accepted
protocols out there: the OECD protocols. They're validated
agai nst rodent carcinogenicity tests—well, some people
believe in this and sone don't agree.

This battery—er these tests are conplenentary to
each other. Like | said, they show of gene nutation and
chronmosomal alterations. And we don't have one test that
shows us all the DNA damage, so we have to do nore than
one.

Interpretati on of data—ef genotoxic data. Wen
we have a positive result in any one test, identifies
genotoxi c potential. Well, what does that nean? A
positive result in one strain in the Ames test cannot be
ignored. At the sanme tinme, a negative result in an in vivo
test cannot overrule a positive result in an in vitro
assay-al t hough sone people think that the in vivo tests are
nmore accurate prediction of rodent carcinogenicity.

Qur carcinogenicity gui dance says, "The
assessnent of the genotoxic potential of a conpound shoul d
take into account the totality of the findings and

acknow edge the intrinsic value and Iimtation of both in
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vitro and in vivo tests.” W have to |ook at the whole
battery, and we have to take the wei ght of evidence.

The carcinogenicity guidance also states that "a
single positive result in any assay for genotoxicity does
not mean that the test conpound is going to be genotoxic to
humans." W have to S2A genotoxicity guidance, which
contains a checklist for evaluating rel evance of positive
results.

Tim ng of genotoxicity studi es—+he M3 gui dance
says "prior to first human exposure” we should have the in
vitro tests done. If we have a positive result there,
maybe nore testing should be done. But the whole battery,
including the in vivo and the in vitro should be done prior
to the initiation of Phase Il studies.

| f we have any concerns over the genotoxicity of
t he conmpound—we have positive results, and depending on the
i ndi cation and the dose, this mght result in a hold—=until
further testing is done.

Usually we start with the battery—-waith the two in
vitro and one in vivo tests. |If we get positive results,
we mght do additional studies with the same endpoints.
Then we might do a cell transformation assay, the CHO
assay, and then we go into carcinogenicity testing. A two

year rodent bio-assay or a short alternative nethod.
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The sponsor really doesn't have to go through
this sequence. They can go fromthe three-test battery
into the carcinogenicity testing if they want.

Now, the need for rodent carcinogenicity studi es—
why do we do carcinogenicity studies? To identify a
tunorogeni c potential in animals and, if possible, to
assess relevant risk to humans.

The drugs that are going to be given for nore
than three nonths in the U S., and six nonths in Europe,
shoul d be tested for carcinogenicity.

Drugs that are going to be used for |ess than six
nmont hs, but are going to be used repeatedly over a | ong
period of time—ike drugs taken for anxi ety or depression.
Drugs that are going to be used in a delivery system and
the patient is going to be exposed to themfor a | ong
period of tinme.

We have sone pharnaceuticals that are not used
for along tine, they' re used for a short period of tine,
but due to their nature, they m ght need to be tested.

The consi derations we need to take before we do
carcinogenicity testing is class alerts--if the drug we're
| ooking at comes froma class of drugs that show
carcinogenicity effects. Structure-activity relationship

shoul d be the first thing to | ook at; evidence from 90 day
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toxicity study, any evidence of pre-neoplastic |esion
shoul d be | ooked at.

Long termtissue retention of the parent conpound
or any of the netabolites, and any changes happening to the
ti ssue where the retention is occurring.

Genotoxicity—+f we have a conpound or a drug that
is known to be genotoxic in a nunber of species, and
inplies hazard to humans, or we know it m ght be genotoxic
to humans, then we really don't need to do carcinogenicity
testing. |If the drug is going to be used for a | ong period
of time, just a chronic study woul d be enough.

Experinmental approach—we usually ask for one
| ong-term rodent carcinogenicity study. The species
sel ecti on depends on the pharnmacol ogy, the repeated-dose
t oxi col ogy, netabolism Kkinetic, route of adm nistration.
This is usually a two-year rat study or could be a
di fferent species.

The second study we ask for is a short or a
medi umterm study in transgenic or neonatal mce, or a
|l ong-term study in second rodent species. Wat we used to
ask for is the twd-year rat study, and a two-year nouse
study. Now we have the alternative nodels that are
repl acing the two-year nouse study. So, the sponsor can

use these nodels with the two-year rat study.
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O her studies are nechanistic studies, which are
al ways useful, to know what's going on. [|f they can detect
cel lul ar changes, biochem cal neasurenents, nore genotoxic
testing to tell us nore of what's going on.

The dose sel ection for carcinogenicity—the high
dose sel ection could be done fromtoxicity-based endpoints.
W al ways have to get an MID-a maxi numtol erated dose—from
phar macoki neti ¢ endpoi nts; saturation of absorption;
phar macodynam ¢ endpoi nts; maxi mum feasi bl e dose, and limt
dose.

I"mnot going to talk nore about this. There's
t he gui dance—the S-1G-explains this very well.

The sel ection of the mddle and | ow dose—we
usually don't like to see those cal cul ated mat hemati cal | y.
W like to see these factors taken into consideration: the
linearity of pharmacokinetics, the human exposure, the
mechani stic informati on and the rest of the points here.

Genetically nodified mce—these are the nodels
that are being used now i nstead of the two-year nouse
studies. The p53 nodel, which is a tunor suppressor gene
knock-out nodel, which identifies the genotoxic
carcinogens, and it used nostly in the U S.; the Tg. AC
nodel , which is a tissue-specific oncogen nodel —exanpl e,

the skin-paint nodel. And it identifies the non-genotoxic
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carcinogens and pronoters. The TgRAS H2 nodel —and this
identifies genotoxic carcinogens. |It's used in Japan.

| nducti on and pronotion nodel—al so identified
nongenot oxi ¢ carci nogens; and the neonatal nouse nodel,
which is sensitive to genotoxic carcinogen, and it's being
used as an alternative to the P53S, say, for genotoxic
drugs.

Most of these nodels are still new and they're
still being validated by NTP—+he National Toxi col ogy
Program and ILSI.

What is the best choice for an alternative nodel ?
The nodel that will add the nost valuable information to
the safety evaluation when it conmes out negative. It's
good to have—+o test the drug in a nodel and have a
negative result, but what does that negative result nean?
We still have to take it case by case, and we still have to
take all these points into consideration. W still have to
| ook at the results of the genotoxicity batter, the route
of adm nistration, the netabolism So we have to | ook at
the whole picture and take the wei ght of evidence.

The protocol design—usually, a four week dose
rangi ng study is needed. It might be needed to be done in
transgenic aninmals, too. Standard positive controls is
al ways needed because, like |I said, these are all new

nodel s. They haven't been validated that well, so we have
M LLER REPORTI NG COMPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

to make sure that the nodel is working. So we need a
positive control.

The nunber of animals for the p53, between 20 to
25 for the Tg. AG 15. Nunber of dose group, 3 plus vehicle
plus a positive control. And we always need to achieve an
MID.

And the duration is six nonths, but now FDA is
tal ki ng about going out to nine nonths to nmake sure that
we're seeing sonmething there. And like | said, they're
still being validated by ILSI and NTP

This is fromthe European Agency for the
Eval uati on of Medicinal Products. It's their Safety
Working Group. This actually does not have anything to do
with FDA. But | put this here because it summarizes nicely
my tal k.

Thi s working group | ooked at the ILSI validation
of the nodels and canme up with this conclusion. And their
conclusion is: "In conpliance with the | CH docunent, the
TgRAS H-2 and the p53 nodel can be used as alternatives to
the nouse long-termstudy in conjunction with a long-term
rat study and genotoxicity studies.”" And that's exactly
what we ask for at FDA—the genotoxicity, the rat two-year
study, and then the nouse two-year or it can be replaced by

one of those nodel s.
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The outconme of an experinment with transgenic
ani mal s shoul d not be considered as the decisive factor in
assessnment of genotoxicity. | would say here
"carcinogenicity"—but rather as par of the weight of
evidence. The results of a transgenic assay nay be used to
prove or disprove a hypothesis derived from genotoxicity

data, rather than to deci de whether or not a conpound is

genotoxic or, | would say, carcinogenic.
Thank you very nmuch. [If you have any questions- -
[ Appl ause. ]

M5. HWANGBO. Do you have any questions?

DR. WAGNER: Yes, | have a question. Do you nake
di stinctions between whether a conpound by itself is
genotoxi ¢, or whether a conpound after it has been treated
in blood, and is ready to be transfused is genotoxic?

DR. GHANTQUS: A conmpound is treated by bl ood and
becomes—=2

DR. WAGNER: Treated i n—

DR GHANTQUS: You nean added to bl ood?

DR. WAGNER: Ri ght. The conpound may change when
it's added to blood, so you're always tal king about a
compound, but do you think it's inportant to | ook at the
genotoxicity of a starting conpound, or at the end of a

process?
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DR. GHANTOUS: Both-yes. | think both. The end
of the process is inportant, too. Yes.

M5. HWANGBO: W wi || have anot her question-and-
answer session at the end of the session. So--

Now we will nove to the next speaker.

Dr. Suzanne Thornton wi || di scuss reproductive
toxicity studies. And she is a nenber of Reproductive
Toxicity Subcomm ttee within CDER

Reproductive Toxicity Studies

DR. THORNTON: Thanks. | hope everyone's stil
awake after |unch.

As she said, |'m Suzanne Thornton, and |'m
currently in the D vision of Reproductive and U ol ogi cal
Drug Products at CDER

My talk today will basically be a brief history
of the reproductive toxicol ogy guidance. W'IlIl go through
t he actual study designs of the studies.

We' || al so—as Dr. Ghantous spoke—di scuss the
timng. Wen should these studies be conducted during the
clinical devel opnent?

We'll also tal k about sonme recent pediatric
| egi sl ation which inpacts new drugs which are trying to be
mar keted. And then we'll switch to special considerations

for these special pathogen-reduction products.
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So, prior to like md-1960s, there were really no
reproductive toxicol ogy standardi zed study designs.

However --1'mnot old enough to renmenber—but there was the
Thal i dom de i ncident, which raised a | ot of questions

about =W really need to get a standardi zed gui dance to
assess, in non-clinical aninml studies, these new drugs and
chemi cals before we actually give themto humans.” So
we're trying to assess the human reproductive risk
assessnent .

So in 1966, actually at the FDA which was
referred to—er he was in the Departnent of the Health
Education and Welfare—br. Edwin |I. Col denthal devel oped the
Cui del i nes for Reproductive Study for Safety Eval uation of
Drugs for Human Use.

And what Dr. Coldenthal identified were three
i mportant portions or segnents which he felt were inportant
to assess the reproductive hunman ri sk assessment —er
potential. And he called these segnents |, Il and IIlI.

The Segnment | was designed to identify the study of
fertility and general reproductive performance. Segnent ||
dealt primarily with teratol ogical study—er birth defects.
And Segrment 111 dealt with perinatal and postnatal study in

ani nal s.

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

Now, the Col denthal guidance, as this was
referred to—er "the Gol denthal rule"—actually was the Gold
Rul e of study designs from 1966 until the m d-1990s.

So, what happened in the m d-1990s was the
establishment of the ICH They were actually established
in 1990—and ICH, just in case you don't know, is the
| nt er nati onal Conference on Harnoni zati on.

The conposition of the ICH are basically
regul atory authorities in Europe, Japan, the United States,
as well as experts in the pharmaceutical industry. And
their objectives are mainly fourfold, but it's basically to
help with the registration of new chem cals and drugs to
al l evi ate any roadbl ocks that m ght be there, and by doi ng
this—+the way to do this is to harnoni ze your study designs
so that everybody is on the sane page.

And in 1994, the ICH rel eased their guidance,
which is the | CH S5A and—as |'m scrolling dow—you can see
that they basically kept the sane three segnents that
Gol denthal identified in 1966. They're divided into
Section 4.1.1-which is referred to as "the old Seg I,"
whi ch, again, deals with fertility and early enbryonic
devel opnment. The Section 4.1.2, which is the old Seg Il
deals wth pre- and postnatal developnent. And then the
4.1.3 deals with the enbryo-fetal devel opnent, which is the

old Seg I1I
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Now, these studies are primarily designed to be
conducted in rodent species, with the exception of the
4.1.3, or the old Seg Il, where is required a rodent and a
non-rodent speci es.

Now, in the U S. we generall y—the rodent species
is the rat. But in Europe and Japan, it tends to be the
nmouse, and the non-rodent species is generally the rabbit.

Now, since 1994, there really have been no
changes to this guidance, but there have been two addenduns
whi ch have been rel eased, and these are the | CH-S5B and
S5B(m. And these primarily affect changes in the dosing
for the fertility reproduction studies, or the old Seg I.

So let's ook at the design of these studies.

So this is the Seg I, and this is just
schematically represented, but I wanted to go through the
three study designs, talk about the dosing period, and then
tal k about what are the endpoints or outcones that you're
trying to get out of these studies?

So, for the Seg I, or the fertility reproductive
studies, there are three different study paradigns. One is
where you treat males during pre-mating, and then you nate
themw th untreated femal es and you see what happens.

Anot her paradigmis where you treat the fermales, pre-
mating, you mate themw th untreated and you see what

happens.
M LLER REPORTI NG COMPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

But the nobst comon design is where you treat
both the nmale and female—this is where the addenduns have
come in. The pre-mating can either be two or four weeks.
It depends on what you want to do, but you have to justify
in your protocol why you' re doing two or four weeks. And
for femal es, you dose for two weeks, then you have a mating
period, then you have a post-mating period. And for the
femal es, you actually conduct a caesarian section on
gestation day si x.

Now, as you can see, there's a problem here.
Because happens if, when you do a C-section in your
femal es, you find sonmething wong and you' ve treated both
your mal es and fermal es? How do you know who is the
contributing factor here?

So one way to do a slight nodification of this
protocol is to actually keep your males after you do your
C-section on your femal es—keep treating them and then, if
you see sonet hing on your C-section, you can go back and
now treat your mated females [sic] to untreated fenales.
And that's a way to try and tease apart—+s this due to a
male fertility problemor female fertility problem

So the reproductive paranmeters that you're trying
to achieve, or what are the answers you want to get from

this study for both males and fenal es—you' re | ooking at
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ganete maturation, as well as mating behavior. You're
| ooking at mating indices and fertility indices.

Now, for each of the genders—for males and fenale
rats, of course, there are additional outcones. For nale
rats, you're interest in spermatogenesis. You do this by
conducti ng sperm anal ysis, where you're | ooking at spermin
the testes, epididyms; you' re |ooking at spermviability,
notility and norphol ogy.

Now, according to the guidance this is optional,
but we are seeing nore and nore of the studies having this
conponent. And, tone, | really like to see the sperm
anal ysi s.

And al so you're | ooking at reproductive organ
wei ght and hi stopath, mainly testes and epi didym s.

In the female you're al so, during the study
desi gn, you do estrous cycling. You want to nake sure that
they are cycling properly. And then for Caesarian-section
data, you're |ooking at the nunber of inplants, the nunber
of resorptions or corpora lutea; the nunber of viable
fetuses, and you're also | ooking at reproductive organ
wei ght and hi st opat h.

When you go to the old Seg Il, or the enbryo-
fetal devel opnent, again, like | said, this is the only
study where you require a rodent and a non-rodent speci es.

And generally the dosing occurs during organogenesis, which
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is defined as the time frominplantation to closure of the
hard pal at e.

Now, inplantation in rodents, as well as non-
rodents, especially nmouse, rats and rabbits, happens about
gestation day six or seven. And the closure of the hard
pal ate i s anywhere fromgestation day 15 to 18.

So this is just an exanple of dosing. This is
actually dosing fromgestation day six to 17 in a rat. But
remenber that you can dose anywhere from gestation day siXx
to 15 to 18, dependi ng upon how you would care to design
your study.

The study endpoi nts—eh, and then again, you do a
Caesari an-section on gestation day 20, which the day right
before they would normally deliver.

St udy endpoi nts—again, optional is the gravid
uterine weight, which is a good idea to neasure. You don't
necessarily see that quite frequently but, again, it's a
good way to see are all the fetuses del ayed, is the weight
| ower .

Caesari an-section data is the sane thing. You're
| ooki ng at your nunber of inplantation sites, resorptions,
corpora |utea, your nunber of viable fetuses, as well as
your gender ratio. And you're also |ooking for body weight
in your fetus, as well as nmal formations and vari ations, and

you' re | ooking not only at external malformations and
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variations, as well as soft tissue or visceral and
skel et on.

Now, according to |ICH guidance, for skeleta
identification you only have to do one study— nean one
stain, which will stain the bone. But now we're seeing
where you're getting dual staining, where you can see
cartilage and bone, and that helps to determne if, say,
your fetal body weight is |low, you can | ook at the skel eton
and say, well, they' re devel opnentally del ayed. And CECD
gui dance actually requires doubl e staining.

This is just the rat. It's the same paradi gm

Now, for the prenatal and postnatal study, this
is probably the longest—er it is the |ongest of all three
studies. And the dosing period is fromgestation day 6 to
| actation day 21. And then on lactation day 21 you stop
dosi ng, but then you select the pups which have been
exposed in utero, as well as during lactation, say,
potentially through mlk during lactation, and you're
| ooking for indices as they grow, as they mate and then as
t hey reproduce.

So the endpoints that you' re |ooking at for both
generations are parturition difficulties. Do they have
difficulty in delivering the pups? Once they deliver them
are the nothers sick and don't take care of them so you

have total litter | oss?
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You're also looking at litter data—mminly pup
viability. How many pups survive after they' re born? For
this F-1 generation who were just chosen to grow up and
mate, you're |ooking for a |ot of |andmarks—pre-weaning
| andmar ks such as incisor eruption, eye-opening and pi nnae
detachnment. And if you have fetuses or pups that were born
and have low birth weight, you do see delays in these
devel opnental | andmarks.

You al so are | ooking for post-weaning | andmarks
i ke vagi nal opening and prepuceal separation.

You al so want to | ook at behavioral —are there
anyt hing behaviorally that's happened during in utero
exposure. The common paradi gns are | earni ng and nenory
study. You're |ooking at |oconotor activity, as well as
auditory startle.

And you're also |ooking at their mating behavior.
Again, mating indices, fertility, as well as estrous
cycling in the fenual es.

There are al so two additional speci al
reproductive tox assessnents that are not necessarily in
| CH gui dance, but dependi ng upon the application and the
conmpound or drug, you may want to do.

They are placental transfer and mlking. O
course, with placental transfer studies, they are

technically feasible, but it really does require a | ot of
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technician tine. But it's good in that you get both

mat ernal fetal exposure. You can actually collect the

bl ood, spin down the plasma, and actually get toxico-
kinetic analysis fromboth nother and the pup-which could
be very inportant, because that way you know how nuch you
gave the nom and you know how nuch was actual ly
transferred to the fetus.

And then there's also the mlking studies, if
you' re concerned that the drug is being transferred to the
pup or the offspring via the mlk. There are actually very
feasi bl e ways, where you separate the nomfromthe pups for
about four hours, and then you give her oxytocin, and you
actually mlk her like a cow They actually have little
sucker devices that you can do that.

In ny previous |ife, | had a great little—what we
call ed "Ecuadorean mlk maid." He had the right sized
hands, and he could like manually do it. So he had a
real ly good niche there.

So, when shoul d these reproductive toxicol ogy
studi es be conducted? As Dr. Ghantous inplied, the timng
of all of these studies are outlined in the ICH M3
gui dance. And for the fertility and repro studies, and the
enbryo-fetal devel opnent studies—+.e., Segnent | and Il —the
MB gui dance says that they nust be conducted prior to Phase

[l human clinical trials.
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For the pre and postnatal devel opnental studies—
i.e., Segnent |IIl—+they need to be conducted prior to
subm tting the NDA. However, the caveat that is outlined
in that guidance is that all of the reproductive tox
studi es should be conpleted prior to inclusion wonen of
chil dbearing potential with the caveats that if they're not

using highly effective birth control or pregnancy status is

unknown.

So, while it states that you don't really need
the Segnent | and Segnent |l before Phase |11, we generally
see it before Phase Il, because you're starting to enrol

addi ti onal people who are of chil dbearing potential.

Now, there are sone recent pediatric drug
| egislation, which | realize are for drugs. But since
t hese speci al pat hogen-reduction products are consi dered
conmpounds, then they wi Il probabl y—although I'mnot sure of
that —fal |l under these potentially.

So in 1009, there was a pediatric rule which
requi red manufacturers of new and marketed drugs or
bi ol ogics to evaluate safety and efficacy in children, if
t he product was going to be used in children. And then
recently, this year, there is the 2002 Best Pharmaceutics
Act for children, which actually reauthorized the pediatric
exclusivity reauthorization, meaning you could receive a

witten request if the agency—the FDA—+eels that the
M LLER REPORTI NG COVPANY, | NC
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

product will be used in pediatric patients. You could
receive a witten request that you nust do evaluation in
t hi s popul ati on.

So out of this legislation has al so cone a new
directive and a new need for guidances, because of course
before you go into a pediatric human popul ati on, you want
to do sonething in a non-clinical aninmal nodel. So it's
becom ng very inportant to design studies wth gui dances
using juvenile animal nodels to try and get an
understanding, is there a higher risk or a different risk
in pediatric patients before you actually go there.

So, to step back a mnute, reproductive and
toxicology in these juvenile ani mal study desi gns—why are
they even inportant? Well, of course devel opnent is a
conti nuous process. O course there are structural and
functional maturational differences which affect the drug
safety.

Postnatal toxicity is nore likely in tissues
undergoi ng this postnatal devel opnment. These are just sone
of the organ systens, of course, which are developing. O
course they're all developing during in utero.

And the studies really need to be designed so
that the critical w ndow of susceptibility is assessed. As
you saw in the study designs, we have nandat ed when we

think the optimal w ndow of dosing—such as in the enbryo-
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fetal devel opnent gestation day 6 through 18, because
that's organogenesis. But there are certain other w ndows
of susceptibility, such as if you know that your skel etal
systens is a target organ, then you will want to dose your
animal s during that nost susceptible tinme when the skel eton
i s devel opi ng—ust as an exanpl e.

So what are sone special considerations for these
speci al pat hogen-reduction products? The first thing that
came to ny mnd, of course, is dosing. And | know right
now t hat when you dose, just because the way these products
are given, you know, the products are in the bl ood
t hemsel ves. But the question is: do you really want to
sinmul ate the human exposure, or maybe, the other
alternative, that you want to mexi m ze your exposure. And
we know that you can't necessarily nmaxi m ze the exposure
Wi th these reduction products, because you're limted by
vol une that you can actually give.

So anot her consideration is the vehicle. Mybe
t he nost appropriate vehicl e—which, |ike you' re using now
are your platelets or your blood products. WMaybe to get
t hat maxi mum dose you nmay need to change the vehicl e—
sterile water, saline, etc.

Anot her consideration with dosing is your
appropriate dose levels. In CDER, |ike Dr. Ghantous said,

we're | ooking for the worst-case scenario; the maxi num
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tolerated or MID. And when we design or | ook at dose

sel ections for reproductive tox studies, our high dose we
want to just kiss that maternally toxic |level. Your high
dose shoul d be where you get sone maternally toxic dose,
whi ch could or could not inpact the fetus. Your |ow dose,
on the other hand—we don't want anything. And your md
dose, of course, is in between.

And anot her consideration: are you really
concerned about the parent chemical, which really is not
active until it's irradiated? O, maybe the thing is
you're | ooking at those irradi ated photo products.

And, again, coming froma different point of
view, nmaybe a single dose, even during these study designs
is not going to be enough. Wat happens—ekay, this is just
my non-clinical side comng out—+f you have a person cone
into the emergency room which will then have to go to the
OR, which could go to the ICR, they're going to potentially
be getting transfusions during this entire period. They're
going to get accunul ati on of these products.

Again, it conmes back to the worst-case scenario.
What's the highest nunber of units that potentially sonmeone
coul d be infused, and what's that going to do if you have
t hese products in there?

Some additional considerations are, of course

phar macoki netics and toxi cokinetics. It would be very
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hel pful to us to have both maternal PK or TK for the parent
and photo product.

And since these are DNA intercal ati ng agents,
especially in the fertility and reproductive studies--Ilike
| said, the spermanalysis is optional+ think it would
probably be prudent for these drugs, because of they're
actual pharnmacol ogi cal activity.

And one thing which we don't see, which | really—
it helps us alot, is to make sure that if you run a study
that you really have a maternal and fetal "no adverse
affect” |evel, because lot of tinmes we get studies, and
there's no—we can't really assess it, because there's no
| evel where there's no adverse event.

So, in conclusion, there's a new day that seens
to be dawning for studying the reproductive tox risks of
this class of drug, and that there are sone considerati ons—
these are just a few and, of course, they're open for
di scussi on—hi ch you need to consider, such as do you
really need to achieve or get the worst-case scenari o, such
as an MDT?

PK/ TK data is very useful, and you may al so need
to deternmine the critical w ndow of exposure and toxicity
for the devel opi ng enbryo.

And, in closing, | just wanted to |l et you know

that on the CDER website there is a new draft revi ewer
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gui dance which was rel eased in Cctober of |ast year. And
it's the integration of study results to assess concerns
about human reproductive and devel opnental toxicities. And
this is a reviewer guidance, in that it provides us with a
tool to take in account all of your non-clinical toxicity
studi es, your reproductive toxicity studies, your
reproductive toxicity studies, and actually assign or
determ ne what human risk is. And that is a draft, so it
is open for coment.

Thank you.

[ Appl ause. ]

M5. HWANGBO. Do you have any questions for Dr.
Thor nt on?

Pause. |

Qur next speaker is Dr. Walter Dzik. He wll
di scuss neoantigenicity. He is the co-director of
Transci pitant Bl ood Services, Massachusetts Ceneral
Hospital. He is also an Associate Professor of Pathol ogy
in Harvard Medi cal School

Studi es to Eval uate Neoantigenicity of

Bl ood Products

DR. DzZI K: Thank you. | have a new appreciation
for the work at CDER—i | king those rats every norni ng—

Laught er. ]

—sonet hi ng.
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It's a pleasure to be back at NIH again. And |
wanted to actually, maybe, point out first—n your
handouts, ny address is wong. This is the correct
address. And e-nmail address there is correct. So if you
want to take exception to what |I'mabout to say and wi sh to
e-mail nme sonething, just go ahead and use the e-mail in
your handout .

| want to address ny conflicts, also, up front.

" m chairman of the Scientific Advisory Board for Vitex
Corporation, and a paid consultant to Vitex. Though, to be
fair, I must say that | have not discussed what |'m about
to say, really, with anyone—so—ncl udi ng any of the people
from Vitex.

So, the opinions |I'mabout to offer are
conpletely ny own.

|"mgoing to tal k abut neoantigenicity and
neoanti bodies. And I'Il also use the term"imunotoxicity,"
ki nd of interchangeably with that. So if |I switch back and
forth between those two, you'll understand ne.

And | also, at least for ny presentation, would
i ke you to consider the word "drug"” and the word

"chemcal,” to be essentially the sane thing. | nean,

drugs are given with a therapeutic intent, but the topic
now that we're discussing is the immune systemand its

response to foreign nolecules. And so in this context of
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i mmune response to nolecules, it doesn't really matter
whet her they're chem cals or drugs, | believe.

| ant to start with a case exanple. There was a
53-year-old surgical patient, has a prior history of
ort hopedi ¢ surgery, who cones in now+s in the surgical |ICU
W th pancreatitis. He's got an arterial line in and
various other lines in his body. And on the sixth day he's
noted to have a |l ow platelet count, and soneone sharply
decides to test himfor heparin-induced thronbocytopeni c—
Hl T—and that test cones back positive.

A day later he's acutely short of breath and has
a inferior vena caval filter placed. A couple days after
that, he has positive blood cultures, and on day 12 he has
died, with multi organ failure and sepsis.

And if you work in a hospital, you Il understand
that this is not an unusual case. This is a real case, and
one abstracted from many epi sodes of hepari n-induced
t hronbocytopenia that are seen in ny institution.

HT with thronbosis is a very serious problem
It causes substantial norbidity and nortality in the United
States every year, and results in unexpected thronbotic
conplications and death. [It's an unexpected syndrom and
obvi ously an uni ntended syndronme, and it's due to an

anti body to a neoantigen. It\s also an exanple of a
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neoanti body problemwhich really would not be detected if
heparin were to begin its pre-market |icensure today.

The neoantigen is rather well understood. What
occurs is that an otherw se conpletely uninvol ved protein,
pl atel et factor 4, which has sone |acing residues, just
turns out that biologically, these positively charged
nol ecules will join up with the negatively residues on
heparin if there's at |east 10 of those heparin residues,
and formthis uni que new structure—this neoantigen to which
sonme people will forman antibody. If the patient does
make that antibody to the neoantigen, it results in
pl atel et activation and thronbocytopenia as these platelets
begin to clunp, and for certain unlucky patients, there's
probably al so cross-reacting anti bodies that bind to
hepari n-P4 on the surface of bl ood vessel s—en the
endot helial surface. And so you basically begin to get an
endot helial attack and endot helial danage, and increase
your opportunity for thronbotic conplications.

What is interesting, and quite relevant as an
exanpl e for today's discussion, is that this is not a dose
dependent feature. It certainly follows full dose heparin,
but has al so been described even with patients who are
just —who are not actually receiving heparin as a drug, but

who have indwelling catheters which are heparin-bonded, and

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

as the little bits of heparin |leach off of those catheters,
that's enough to trigger the antigen-antibody response.

It has all the typical characteristics of an
i mmune response, and naive individuals take about a week to
formtheir antibodies, whereas individuals who' ve been
previously exposed wll typically make an anti body in just
a couple days and forma higher titre DG type response—
just typical of the standard inmune response.

The antibody's not a rare event. Sone people
have fine that as many as 35 percent of patients who are
getting heparin repeatedly will make the anti body. But,
agai n, not everyone has the clinical syndrone. |In fact,
only a mnority of patients will have these devastating
t hronbotic conplications. And why sone people have the
clinical expression and others do not, is really sonmewhat
of a nystery, but there's certainly been a suggestion that
there are co-norbidities. And so now this further
conplicates concerns of clinical risk in neoanti body
probl ens because you nust consider not only the anti body,
but the context of the patient in which the antibody is
f or med.

So sone peopl e believe that during period of
sepsis and inflammtion that thronbosis is nore likely to

occur in HT; others believe that patients have underlying
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t hr onbophi | i as—per haps genetic thronbophilias—that wll
predi spose themto thronbotic conplications of HT.

So that's just as an exanple context where we
come to pathogen-reduction. And the cartoon—+'mgoing to
wal k you through a series of cartoons that kind of
conceptual i ze what m ght be the candi date neoanti gens which
could potentially form neoanti bodi es, and then give you
exanples fromother chem cal and drug literature of sone of
t hese concepts.

So, inits sinplest formthe idea would be that
you woul d take sone treatnment and treat a cell. And
cl everly made sonething that | ooks neither—+ hope—tike a
red cell or a platelet to you, but treat sone bl ood cel
and it mght alter that cell and the patient m ght nake an
antibody to it. And that's kind of your first-pass
t hi nki ng about neoantigen formati on and neoanti body.

And in this overly sinplified view, the assay
t hat you would want to do is to react serumfromrecipients
of pat hogen-inactivated bl ood conponents—so, |et sonme hunan
beings get this stuff, and then Il et sone tine pass, and
t hey m ght nmake an anti body —and react their serum agai nst
target cells that are treated with the chemcal. And you
can obviously include untreated target cells as a control.

And the kind of assays you m ght do, or the

readouts for this very straightforward approach—for red
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cells, obviously henpaggl utinati on woul d be probably the
best system It's tried and true. And for platelets you
m ght use either flowcytonetry or anepa assay—again, well -
descri bed assays for show ng anti body to pl atel ets.
Unfortunately, | think that is an
oversinplification. What the patients are actually being
adm nistered in these processes is a bit nore conpli cat ed.
It obviously includes sone | evel of residual chem cal which
may serve as an antigen for the recipient. But | think we
al so need to consider that there are both degraded cell ul ar
mat eri al of the intended product, or degraded red cell
pi eces, or degraded platel et pieces, as well as damaged
donor DNA—which may be part of the infusion. And then
there's al so a degraded residual chem cal —+he pat hogen-
i nactivation chem cal —either photo-aytics of it, or
br eakdown products of it which occur in a biologic system
So the patient gets all this stuff, and a nunber
of potential things mght arise. So this is the—+n the
center here, the blue cloud is neant to be the intended
t herapeutic product—the red cell or the platel et—but as the
resi dual —sone residual chemcal goes in, it may bind to a
conpl etel y i ndependent third-party protein. So, if you're
following ne, this is the concept, Iike, of how heparin

bound to platelet factor-4. And this could be anythi ng—
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third-party protein. 1It's not easy to predict what it
m ght be.

There's the residual drug itself, of course,
which may serve, itself, as an axis for an anti body
formation. But there's also the fate of that drug. It
binds to an enzynme to netabolize it, and then it gets
broken down into netabolites. And both the chem cal-enzyne
conplex are an interesting opportunity for neoantigen
formation, as are the netabolites, either thenselves or as
they bind to enzynes.

| f you then extend that to consider these little—
these are the residual cellular elenments or breakdown
products of the treatment, then you get this kind of very
conplex matrix of potential opportunities for different
cl asses of neoanti bodi es.

So the object here was just to not think of this
exclusively in this one context, but recognize that the
reality is that other possibilities may arise. And | want
to give you sonme exanples now, to show you that this is not
just conpletely m ndl ess inmagination.

So what are sone wel|-described exanpl es of
neoantigen formation,, in addition to the heparin PF4 one
we nentioned?

Well, to start with—an exanple at the very top—

where the person nmakes an antibody to the intended
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t herapeutic product. W don't actually have to stray too
far from hematol ogy circles because of the recent probl ens
whi ch occurred with the Eprex brand of erythropoietin, and
pati ents' nmaking antibodies for that EPO obviously well

al so recogni zed is the anti bodi es peopl e have made to

t hronbopoi etin or to interferon

Drugs or chem cals can also bind to blood cells
and forma conplex resulting in the i nmunol ogi ¢ drug
reactions. And drug purpuras are—there's hundreds of them
| mean they fill up pages in textbooks. So there are many
ki nds of drugs which can cause drug purpuras in sone
patients.

Quinidine is probably the granddaddy of this, and
has been heavily investigated drug for which peopl e nmake an
anti body and then devel op t hronbocyt openi a.

Drugs al so, because they are chiefly netabolized
in the liver—+his, again, chem cal-enzyne conplex often
becones the | ocus of the neoantigen. And a good exanple
there is hal othane. Hal othane hepatitis a well -recogni zed
probl em results—+the i Mmunogen, the target of the patient's
i mmunot oxi ¢ response is the joining of halothane to its
enzynme in the liver that netabolizes it.

O her organs outside the |liver also netabolize
drugs, and the skin and lung are primary sites. The skin

is especially a frequent site for problens where chemicals
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bind to their enzyne in the skin, because you add into that
soup the additional aspect of light. And because light can
change the way chem cals are structured, as a result of UV
energy, you have an additional opportunity for a neoantigen
there, and so there are photo-allergic reactions which

mani fest in the skin.

Al so—netabolites of drugs. Sonetinmes it's not
the chemcal itself, but it's what the chem cal gets turned
into that is actually the source of the new antigen to
whi ch patients will make anti bodies. And a good exanpl e of
that are sone of the henolytic anem as whi ch occur—and al so
t hr onbocyt openi as which occur in response to ingested
chem cal s and drugs.

Finally, there's this—ust an exanple, even a
little closer to hone—the issue of perhaps—ot perhaps—but
that the intended article itself undergoes a certain degree
of degradation as a result of the pathogen-inactivation
process, and that then alters the intended article so that
the patient makes an i nmune response to it. And we saw
that in one of the European experiences in their production
of plasma-derived Factor VIII, in which there was then an
out break of Factor VIII inhibitors—antibodies to Fact or
VI1I —and the problemwas attributed to degradation aspects.

So the clinical manifestations of these—'ve

al ready touched on them but just to give you a little
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flavor—the liver is a coomon site, as we already nentioned.
It's because drugs bi nd—drugs and chem cal s form adducts

w th hepatic enzynes, and then that conbination is the site
of the neoantigen. It's not just hal ot hane—and this slide
just lists as many as would visually look nice to a |arge
audi ence. Just understand that there are many exanpl es of
this; there are many different hepatic enzynes and
transformati on enzynes whi ch becone the antigenic site for
an i mune attack. And this has been nicely discussed in an
article in I munol ogy Today, if you want to do a little
nore reading on this.

The skin, as | nmentioned, is a commopn site
because of this activation aspect which occurs. Now, these
are called photo-allergic reactions. This is different
from photo-dermatoses. This is due truly to an i mune
response to an altered noiety of the ingested drug, and
it's expressed in the skin of the patient, and sone of them
are exfoliative.

| f you' ve ever seen a patient with Sevens-Johnson
syndrone, it's an unforgettable horror show of the worst
possi bl e thing that can happen as a drug reaction.

And then in the blood, for exanple, blood
cyt openi as. These often are either henolytic anem as o

t hronbocyt openi as, where the drug is binding to a bl ood
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cell and the conbination of drug and bl ood cell formthe
target.

What's interesting about these is that they're
of ten—+they are netabolites of the chemi cal, not the
original chemcal itself. And, just as an exanple of that,
is nomfensine. This was an oral antidepressant that was
used in Europe but never nmade it into the United States,
and it really never made it long in Europe. It was
wi t hdrawn due to nultiple episodes of this sever drug-

i nduced i ntravascul ar henvol ysi s.

And when it was studied and reported by Dr.

Sal ama in the New England Journal, it was shown that the
reci pient antibodies would really fail to react with drug-
coated cells. But if you took cells and coated themin
nmet abolites of the drug, and you could get those

nmet abolites by letter some normal person swallow the drug,
and then using either that individual's plasm, which would
contain the netabolites, or even his or her urine, which
woul d contain the metabolites—so you woul d coat innocent
red cells with urine froma nornmal person who took the
drug, and then the patient's antibodies would attach those
cells, because they were coated in the metabolite of the
drug. This is an old experience from Salama that's been
repeated nmany, many tinmes. A recent report in Transfusion

fromDick Astor's |l ab showed this in the case of a non-
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steroidal a | ady took and devel oped a severe henol ytic—
drug-induced henolytic anema, with an LDH over 1,000, and
she went into renal failure and required dialysis, and it
was an obvi ously severe case of henolysis. And when they
used flow-cytonmetry—and this is now degree of fluorescence
on the x-axis, and nunber of cells on the y-axis—the
positive response they've shown here is when you took the
patient's serum whi ch, of course, had the antibody, and
then reacted that against innocent red blood cells which
had been coated with urine froma vol unteer who took the
drug. And it was only in that circunstance that you could
get the i mrunol ogi c—that you could detect the neoanti body-
neoanti gen conbi nati on—because it was agai nst a netabolite.

So, to kind of summarize the assays—+ think when
we do a direct analysis of the recipient against altered
red cells, that's pretty straightforward, and you can use
cl assical henmagglutination for red cells, or nepa tests or
flow for platelets.

The problem | think, for all of us is that for
all these other kinds of antibody-antigen situations—which
are known to arise—we really don't normally have any way to
test for themduring pre-approval studies. Especially in
this kind—ike the heparin-PF-4, because you have no idea
what the chemcal is binding to, so you can't even—until a

problemfinally becomes—until it surfaces, you cannot guess
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in advance which of the mllion proteins in the body it's
going to pick out to bind to in order to formthe anti gen.

So, with that problemin mnd, you m ght wonder
are there higher risk groups? Could we get a better handle
on this by looking nore carefully at certain kinds of
people. And the literature here is very unsupportive.
There isn't a good way to identify people who are clearly
at higher risk for maki ng neoanti bodies to chem cal s.

Qovi ously, individuals with positive anti-nuclear

anti bodies mght be of interest to technol ogies that
involve alteration of DNA, and clearly people who are
atopic, and people with asthma—high allergic people-are
nore |ikely to make anti bodies, we think, in general.

Patients with repeated chem cal exposure are
obvi ously hi gher—er shoul d be at higher risk. Oher
medi cati ons may cause drug-drug interactions, which are
wel |l known in clinical nedicine.

Interestingly, patients wth defects in DNA
repair mechani sns mght be an interesting group to at | east
thi nk about, and it's certainly clear that there are
genetic risk groups—+n fact, there's a whole field that
time doesn't allow nme to tal k about of pharnmacogeneti cs,
which is seeking to identify certain risk groups for
toxicities to drugs. And we do know that there are certain

HLA types, for exanple, who are nore |likely to nmake
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antibodies to penicillin, and we know that there are sl ow
acetylators and people with inborn errors of beta oxidation
who are nore likely to encounter a drug inmmunotoxicity to a
variety of different hepatically-driven drugs.

And then there's the unexpected. |If you have
allergies, like ny wwfe, and you |ive on Seldane in the
spring, you' ve recently learned not to swall ow your Sel dane
wWith grapefruit juice because of its interaction.

So I"'mgoing to then just close up by tal king on
two i ssues, because having giving you a flavor for the—
really, the unpredictability of the probl em of
i mmunotoxicity, it's sonething that has to be considered in
the overall risk-benefit considerations we'll be hearing
nore about this afternoon.

To do that, it's necessary to set the stage, |
think. And it's inportant at this neeting to drop back and
understand that this is really the profession that we're
all, in one way or another, a part of. And it starts wth
t he donors and goes through to the recipients.

And, of course, in the |last 20 years—or, at
least, inny lifetime—+n this field, there has been from
the Food and Drug Adm nistration, a trenmendous enphasis on
the safety, purity and potency of the product-—get all those
"p's" inline. And while we've nade trenmendous progress, |

think, in inproving the quality of the fluid, I would want
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to rem nd everyone, fromny perspective, that we have a
tremendous probl em over here on this side of the equation
in many of the processes that are required for safe
clinical transfusion practice; and that unless we address
t hese problens as well, patients will not actually receive
benefits frominprovenents that occur in the product.

The anal ogy whi ch—for those of you who have heard
it too many tines fromne, | apol ogi ze—but the analogy with
air travel is very clear. |If you just have safer and safer
ai rpl anes, but no one knows howto fly them and there's no
air traffic control, and that sort of thing, then you wll
not have safer air travel.

So it's very inportant that Federal agencies —
whi ch actually once they speak people listen and practice
is dictated—that they be very sensitive to not making a
probl em worse rather than making it better

Now, | ooking at those risks, this is the Paling
scal e, which-Bbr. Blockman is in the audience, really taught
us to recogni ze—this is a nice way to show risk: vertica
lines. This is powers of 10. This is certainty, one in
10, one in 100, one in 1,000. Here is our viral risks.
That sort of thing.

In the neoanti body-neoanti gen consi derations, we
do have to recognize that if—=if"—supposition now—+f an

i mmunotoxicity resulted in norbid conplications, |like the
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way HI T does with heparin, even in one in 10,000 patients,
that woul d be a bad trade-off, obviously. And this very
fact teaches us about our inability to really detect |ow
frequency events in pre-approval studies.

An exanpl e—and | coul d have chosen from hundreds
of exanpl es—but an exanple you may recently be aware of, is
t he probl em of ticl opidine-induced thronbotic
t hr onbocyt openi ¢ pur pura—ITP—a nore dreadful ailnent, a bad
thing to have happen to you, you woul dn't want—does occur
at a low frequency in patients treated with Ticlid, and the
frequency is in this order of magnitude— in 1,000 to 1 in
5,000. Wwell, that's high, conpared to some of these other
viral concerns.

And so, this is just a challenge for all of us,
that | ow frequency conplications nmay be rel evant when
you're trying to fix a | ow frequency problem

So what is regulatory's responsibility? Well, in
ny view, one needs, of course, to consider the fact that
there's—and | apol ogi ze on the previous one not including
bacteria. This gives you a sense of its higher frequency.
We already tal ked about that yesterday. But there are a
vari ety of other transfusion m shaps which desperately need
attention. And, of course, my concern is that if we—that
we be cautious about our zeal to work on the product and to

pronote things which will cause billions of dollars to be
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invested in inproving that product, but in the fixed-
rei mbursenment health care world where | work, that noney
wll go over to here at the expense of noney that's over
here.

And if you don't believe that, maybe then we can
cone back to that in a question-and-answer period. But you
really should at |east be thoughtful of that concern.

So, in conclusion, there are drug-related immune
reactions, occur at a |ow frequency, anong many conmmonly-
used drugs. In fact, alnost all commonly used drugs sone
peopl e are going to nmake anti bodies to them whether its
t hi azi de diuretics or just sinple topicals.

| mmune responses are not dose related, which is a
problem for us. The clinical manifestations are not
predi ctable. Antibodies may react with the original test
article—you know, the chemcally treated therapeutic bl ood
cell =but, in fact, are nore likely to react with
met abolites, with third-party structures—i ke that heparin
PF-4 conplex, with drug-enzynme conpl exes, or with antigens
created ex-vivo as part of the products of a process.

The current assays that we have have | ow
sensitivity and are not standardized. And anti body
formation and its clinical side effects are really not
likely to be neasured or even observed during pre-narket

st udi es.
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Thank you very nuch.

Appl ause. |

M5. HWANGBO: Do you have any questions for Dr.
Dzi k?

Pause. ]

Maybe we will discuss further at the end of the
sessi on.

Qur next speaker is Dr. Albert Munson. He wll
di scuss environnental issues, and occupati onal safety
i ssues for handl ers.

He is the Director of Health Effects Laboratory
Di vision, National Institute for Cccupational Safety and
Heal t h.
Environnmental Toxicity and Occupational Safety for Wrkers

Deal i ng with Concentrates of
Decont am nati on Chem cal s

DR. MUNSON:. Thank you

NI OSH does not require the statenent on the
bott om+the disclainmer kind of thing, |ike sone of the
agencies do. In fact, we've had sone pressures at sone
time to do that.

But | put this down there because this is really
the first tine that a process |like this has been | ooked at
or actually tal ked about around NIOCSH. And nobody—

absol utel y nobody—and we have around 3,000 people in the
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National Institute of Occupational Safety and Health,
spread around the country—-nobody had heard of this
particul ar process.

Laught er. ]

And when | was asked to find soneone to do this—
as you m ght expect—+ got a lot of "no's" and so that's why
' m here.

Laughter. ]

But, you know, |'ve had an absol utely enjoyabl e
couple days, and I1'Il tell you way. It was that—+ guess —
| "' ma pharnmacol ogi st and toxicol ogi st by training, but when
| got out of the service a long time ago—and | guess
there's not many people here that are older than | am And
you can | ook at nmy hair or lack of hair and know t hat —that,
i ndeed, when | got out of the service | was a | ab tech.

And | found ny way to Roswell Park Menorial Institute as a
lab tech back in the late—+nid to |ate '50s.

Now, | ended up in the hematol ogy | ab, and at
that point intime this institution was still relatively
young, and there was a lot of bright, energetic scientists
and clinicians there. And they were all going to cure
cancer—n a relatively short period of tine.

So being a hematology tech, | was put in a |ot of
interesting positions. There was a young physician, his

name was Don Pi nkel —pediatrician. | don't know how many
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have heard of him But he was there. He ended up | eaving
there not too long after this incident occurred, and he
went down, called by Danny Thomas, and he was the first
director of St. Judes.

And one day—this was when he was at Roswel | Park—
he called up and he says, "I have this eight-year-old
child, and she has aplastic anema.” Now, | don't
remenber—many of you renenber—but cl oranpentocol was w dely
used at that point in tinme, and | believe—al though | don't
know for sure—+ think she was one of the individuals that
succunbed to that di sease of aplastic anemia. And he was
treating her with blood transfusions. And one day he says,
you know, "I can't give her nore blood transfusions. She's
bl eeding, and we really need to be giving her platelets.”

Now, in 1957 we had gl ass bottles that we drew
bl ood in, and we had to siliconize everything, and—so you
can inmagi ne the issues that were associated with it.

To make a very long story short—which is
interesting to ne, it my not be to you—+n these years—30
years has gone by since | thought about this—ny career went
inadfferent way. And what occurred is that just about
that time we worked really hard to isolate sone platelets,
and were sem -successful at it, and actually used sone
gradi ents and other kind of things, and we did infuse her

with platelets. And | think it was once or twice a week
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she got bl ood, and then we gave her these platel ets—er at
| east what we thought were platelets, or they appeared to
be platelets. And they seemto help to sone extent.

The whol e idea was, could we get this little girl
through a very critical period of tine, and try to
stinmulate the bone marrow at that point in tinme? This was
actually before we know that there was a T and B cel | ust
to give you an idea.

Level of success—and we were one of the first to
get sone of the plastic bags, and then we could do a little
differential centrifugation, and eventually |earned howto
get platelets a little bit better and infuse.

And this went on for, | think, six nonths—
sonething like that. She eventually had trenmendous
reactions—febrile reactions—and it turns out that we
weren't isolating the white cells away very well, and she
ended up with antibodies again white cells. And we
purified the white cells, and that really hel ped.

So, with blood transfusions, platelets and a | ack
of white cells—she got the white cells when she got the
whol e bl ood and that seenmed to be okay. She actually was
one of the first aplastic anem as that survived. And
t hi nk he published this in the Journal of the American

Medi cal Associ ati on many years back.
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| tell you this story because | stayed in the |ab
for awhile as | got ny graduate degrees, doing that kind of
thing. And now a whole period of time cane by and | see
the issues related to platelets, and I now see that we're
going to clean the platelets up and purify them even nore.
And this is truly exciting to see. The engineering that's
going to go into this is going to be an interesting kind of
t hi ng.

My job today is a very sinple one. | cane trying
to figure out what | could tal k about -the toxicol ogy of
t hese conpounds, not having seen the first piece of
i nformati on or being able to get very nuch.

But ny job is a sinple one—+the rem nder—and t hat
is to consider the worker.

| don't know how many of you—you don't have to
t hi nk about this generally on a day-to-day, when you're
t hi nki ng about individual patients, and individuals that
are sick. But every single day there's 9,000 peopl e—9, 000
wor kers that walk to work in the norning and they are
di sabl ed that day.

Now, albeit this is often very acute or traumatic
injuries —+t's often in the construction and farm ng and
t hi ngs such as that—but this does happen.

Every day that people go to work there's 17 of

themthat don't even cone hone alive. And nmaybe things
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that we deal with an awful lot is 137 of themdi e because
they went to work, but they die of diseases at sonme point
intime later. And what are they? And that's what N OSH
is sort of about.

Li nda Rosenstock came to NI OSH about eight years
ago. She's now left to take the deanship of the School of
Public Health at UCLA. But what she did is when she cane
on board she said, "Wat should we be doing in NIOSH? It's
a research organi zation. W're supposed to help as nuch as
we can by providing research help, in terns of occupational
safety and health.” And through a fair anmount of activity
for a year, 21 priority areas were identified, and there
was a national framework—+ have a reason for tal king about
this, soif youll bear with ne.

She went out and tal ked—the institution—this is
before I canme there five years ago, there was a strong
consensus that there was about 21 priority areas, and when
you see them+' m going to show you themyou' Il see that
many of them | ook |ike "notherhood" statenments, but they do
represent an awful ot of areas in which the worker is—has
problens: allergic and irritive dermatitis—billions of
dollars are lost, and a trenmendous anount of probl ens
associ ated, related to this. And you can go through this
list and see these areas that N OSH does deal with, in

terms of trying to do research in each of these areas.
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| put infectious disease here inred. W are a
part of the CDC, but when it cones to worker protection,
Nl OSH has a responsibility. And, as you probably have
seen, many of the alerts associated with worker health and
nur ses—whet her it be ergonom cs probl ens, needl e-sticks,
such as that +hese are things that are dealt with, or
research is being dealt with, whether it be field research
or surveillance in this area. And infectious disease
really woul d be one of the things that woul d—you have to
thi nk about, in terns of the problemthat we've been
tal king about for two days.

Now, if you look at the rest of these, nobst of
t hese i ssues—nApst of these areas—ould be a result of this
new t echnol ogy. And so any one of them m ght possibly be
i nportant.

There is one here called "energing technol ogi es.”
And t hi s—what happened is that when we had these 21
priority areas, conmttees were set up, both internal and
external conm ttees—stakehol ders, everything el se—and they
said, "What should we be doing in this area?" And they
said, when the 21 priority areas was established, sonebody
said, "We're going to have energi ng technol ogi es come on
and NI OSH should be there at the lead, trying to help out

as these energing technol ogies cone into play, so that
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maybe we can have sone inpact and protect, essentially, the
wor kers. "

Vell, | was on the | ead team and we've been
wor ki ng on energing technol ogies for, | think now, four or
five years, and had these committees working, and nobody
knows what to do with energing technologies. You start
going out and trying to find what the emerging technol ogi es
are, and you can find them but nobody wants to deal with
wor ker health and safety, you know, when they're trying to
get sonething off the ground.

And so this could be the opportunity—and probably
the main reason why | wanted to cone and talk to you today—
is that this is energing technology. 1It's going to be new
industry. Keep in mnd the worker as you're invol ved.

What things do we have avail able to us that we
know from history?

Well, the health care workers is a large area.
And NI CSH has many activities in |ooking at health care
wor kers. They're one of the highest at-risk groups in the
wor ker popul ati on. W have, of course, mners and
construction workers and ot her people, but the health care
wor kers as a whole group are one of the highest at-risk
groups.

Rel ated to the issue we're tal king about here—

we're tal king about infectious disease, HV, hepatitis,
M LLER REPORTI NG COMPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

t ubercul osi s—these are things that the health care worker
is at risk.

The short personal story is that when | was
working with blood, back then in the late '50s and the
early '60s, and did many other kind of things, | ended up
with hepatitis—serumhepatitis—ul mnating serum hepatitis,
spent two nonths in the hospital with every particul ar
flurd in ny body cane out yellow. And I got it form
wor ki ng wi th human bl ood. Back then it was called serum
hepatitis. | still have decent titres of hepatitis B
anti bodi es.

The health care worker is at risk, due to
i nfectious disease. They also are allergic to—not
allergic—+that's ny area of research—t+hey also are at risk
froma nunber of drugs that they have to deal with. In
this new industry—and | was going to tal k about this, the
new i ndustry that we've been hearing about —there's going to
be thousands of new workers, everybody fromthe | ab
personnel to the manufacturing, the blood banking, the
clinical staff that are all going to have certain at-risk
because of the new activities that are on-going.

| f we | ook at history—and this was one of the
bi ggest surprises to me—+s that, indeed, health care
wor kers have increase in cancers because of handling of the

cancer chenot herapy agents, and the handling of drugs that
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are used in the treatnent of AIDS. There is a whole
l[iterature on the risks and the diseases that health care
wor kers have because of being associated with these
particul ar agents.

This is a surprise—knowing full well that the way
we prepare drugs, and the way they are handled, both in the
pharmacy and on the floors, it is—+t never nmade nuch sense
to ne that these individuals have an increased incidence of
cancer, fertility problems—+ think we have a |ist of them—
yeah—these—there's literature for all of this. And it was
alluded to, | think, yesterday. | think Dr. Wagner had
i ndi cated that this—+these agents are—these are fairly
hazardous kind of drugs. They are all associated with the
i nhibition of cellular replication and grow h.

Nl OSH has a major activity, trying to figure out

where this exposure is really comng fromin the—pretty

much now in the clinical settings. | thought it would go
away. It doesn't seemto be going away. These individuals
are still at risk, the ones that are associated with these

particul ar hazardous drugs.

And so | cone back to just talking a bit about
the individuals, and raising the issue, for those that are
involved in this devel oping industry—+ |like the | ab techs,
because | was one, and | was injured by not know ng.

trained 17 graduate students to get their Ph.D., and they
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are the nost carel ess individuals that one wants to see.
And unl ess, you know, soneone is nonitoring, and soneone is
educating, they put thenself at a fair anount of risk, as
do post -docs.

Now, | suspect—although |I don't know-+that out
there in the community, devel oping these new agents, |
think what's it? 303 was the—+aybe the | ast one—the 320,
there's a chem st sonepl ace, and technician sonepl ace, and
they' re handling these conmpounds, and they're using W
light, and they're activating, and they're neasuring
bi ndi ng, and—adi es and gentlenen, they're at risk. And we
may save a |l ot of people by purifying the blood supply, and
we do not have to kill other people in that particular
process.

We heard yesterday-and it was alluded to a couple
of tinmes in the questions—that in preparing a new-er
devel oping a new i ndustry, we are going to end up with a
| ot of engineering. W're going to end up with plastic
bags, and we're going to be heating things, and breaking
of f tubes, and doing all kinds of great things to protect,
essentially, the worker to sone extent, but al so toe get
the product so that it's given to the patient.

And bl ood banki ng and what ever -however this
i ndustry goes, needs to have the attention not only to

protect them from maybe the material as it's being
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irradi ated or whatever, that the little drip off of the
tube may end up on the counter, but also as we do this we
have the opportunity to engi neer the bl ood banking facility
in such a way as maybe we can help a little bit with the
ergonom cs aspect because we have trenmendous anmount of
shoul der and arm pain and many ot her nuscul oskel et al
probl ens. And, indeed, if you' ve got to engi neer something
to do it, it may not cost very nuch, indeed, if you have
t hese things in m nd.

These are just sone other—+ don't know+ don't
t hi nk the honme nurses give blood transfusions or blood
products, do they? Do they? So, again, we have even
anot her place where this can be a problem Probably the
physi cians are the | east at risk.

Laughter. ]

Most of these things have been alluded to. | did
this slide before | heard the coments yesterday, and I
haven't had the opportunity to look, really, at the
toxi cology that's cone out. Sonme of these things—ust
| ooki ng at the conpounds, boy, | said, these are inherently
reactive nol ecul es, and indeed, the handling of these
nol ecul es one needs to be careful of. You actually m ght
t hi nk about this, particularly as they—+n the production

part, that some of the sane concerns that we had for cancer
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chenot her apy agents, you may want to think about in terns
of these.

And the other part is that | saw UVA bei ng used
an awful lot. One coment was nmade is that this is the
t hi ng—eaused suntans. |f you ask a dermatol ogi st, he says
"That's going to burn your skin. |It's bad. It's
injurious. It causes skin cancer.”™ And if we're going to
have UVA light and use it in the best protected kind of

way—this can certainly be done, but we have to be sensitive

toit.

We heard a | ot about hypersensitivity responses
of various sorts, particularly, in this case, type Il and
type Il hypersensitivity responses due to neoantigens.

But we al so have the activation of the psoralens, in this
case, which are known to be—eause contact dermatitis, and
i ndeed, this has to be something to think about.

| was trenmendously inpressed that, indeed, the
| ynphocytes fromthe UV activation of +he two conpounds, |
t hi nk, that were shown, the one-way MR response to
m togens were essentially flattened out totally. There was
no response—they really wi pe out the mtogenic activity, or
the proliferative activity of the | ynphocytes in this
blood. It's remarkable. |[|'ve done a lot of these, even

with irradiati on—gamma irradiation, or use sone mtanyacin
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C or many of the things—+t's really hard to totally w pe
out the one-way MLR.  You'll see a mmjor decrease.

This is obviously a trenendous reaction that's
occurring, that intercollates with the DNA and w pes that
out. And the question one mght ask is that even though
the | ynphocytes are there and they can't divide, wll there
be one or two of themthat escape, and they have had a
genotoxic kind of thing. And in the years down the road,
will there be a |ynphoma? But that's not worker health and
safety, that's a different issue.

| thought | was going to tal k about these things,
but they've all been tal ked about so nmuch that | don't need
to say nmuch nore.

Again, this is a new industry. These are sone of
the risks—at risk because of the specific product action;
at risk because of work organization.

| woul d suspect—-and, again, | don't know what
it's |like today, but |I renmenber being in the bl ood bank,
and it was a stressor situation—getting up in the m ddl e of
the night doing type-and-cross-matching, and trying to nmake
sure that you had the right kind of thing was very, very
stressful. Now, again, | think everything's pretty nuch
automat ed now, and sonme of these are—but | ook at the
stressors that you're going to create with this new

t echnol ogy—+rmaybe not with this new technol ogy, just maybe
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in blood banking in general, that one can nmake a real help
in this particular case. The physical stressors, which |
have alluded to; potentials for accidents—anything that can
happen wi || happen. WII| you have drippings on the
counters, and will bags break, etcetera.

"At risk because of——and you fill in the bl ank,
because | don't know what this industry is going to | ook
like. Al I can do is stand here and say it may be
sonet hing that you can see along the way, where it won't
cost that nuch additional noney, that may save lives or
save norbidity.

Some basi ¢ conment s—set up good safety prograns
in the [ ab, blood banking industry to the clinic; reduce
the potential exposure; |ook for the places for exposure.
And yesterday it was nentioned that, at |east with one of
the products, that the occupational safety and health
people are intimately involved fromthe beginning. This is
absol utely super. The industrial hygi ene people should be
able to devel op, or use sone of the assays that you have to
detect exposures in various places.

Personal protective equipnment is a bigitemin
NI OSH-but nobody uses it. And |I'm not sure—and |
understand why. For the nost part, nost of it's
unconfortable, even to the extent that—for the nost part,

we' ve even noved away from using sonme of the UV hoods
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because of the way we keep the | aboratories these days, we
don't really need to use themfor maintaining an aseptic
ar ea.

So, finally, just educate, educate, educate the
worker. Let's let this industry—t needs to be devel oped.
|"mreally excited about it being developed. And let's
make the place a safer place for the worker. Renenber the
worker. They're at risk.

It appears that there's going to be thousands,
maybe tens of thousands, of these individuals comng in
contact with it.

Thank you.

Appl ause. ]

M5. HWANGBO: Thank you.

"Il stay here just for a few m nutes, okay?

You said you had sone difficulty finding the
right person to talk for this session. 1'mglad you gave
us the talk. And | also had ny own difficulty finding you.

Laught er. ]

DR. MUNSON: | tried to stay hidden in Mrgantown.

M5. HWANGBO Yes, | found your nane, and the nane
of your division fromwebsite—N OSH website, and I
expl ained to you our need here for today. And | asked you—
"Am | calling the right person, or right place,"” and you

said "yes." 1I'mglad you gave us tal k. Ckay.
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Appl ause. |
Panel Di scussion

M5. HWANGBO: Pl ease cone all the toxicity
speakers to the podium W are going to have a little
di scussi on sessi on.

Pause. |

I nvite questions fromthe audi ence.

DR. SNYDER: Ed Snyder from New Haven

Dr. Munson, now that we've all net each other
and we know we each exist, what happens next? Now that we
know about you, you know about us.

In the blood bank field we're interested in—this
is the first time that we will be taking bl ood products and
sending it out to be processed, and then having it
returned. M understanding is that it is not intended for
many of these pathogen-reduction technol ogies to occur in
the hospital. It will be centralized.

What obligations do we have? Are there
nmechani sns —what are the nechanisns to ensure—+ nean, we're
concerned about | abeling to make sure that we send out, you
know, 55 units of O we get back 55 units of Oand it's
properly | abeled. Those are the things |'m sure that
peopl e involved with devel opi ng these technol ogi es invol ved
inthe field, they're intelligent, there's due diligence

bei ng done.
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But what about protection of the worker? Wat
i nvol verent woul d CBER or CDER have with this at all? If
anyt hi ng?

DR MUNSON: | don't know if | can answer that
right now Let me just—but "Il try.

This is a research organi zati on—N OSH i s.
That's—OSHA is in the Departnent of Labor, and they do the
ruling kind of things.

The resources that are available to you from
NI OSH, to some extent, would be scientists and individuals
that m ght be able to help, particularly when it comes to,
maybe, quality assurance. But | would think that quality
assurance is sonething that you would have built in pretty
strongl y—and al so the engi neering part.

We have physicians, but they would really have to
come up to speed on what you're tal king about here. W
don't have anybody that's dealt w th bl ood banking, per se.

But you have a really good point, and |I'm going
to take this back, because it may be the first place where
we mght be able to have an inpact and at |east assist in
sone fashion

DR LePARC. Yes, German LeParc from Fl orida Bl ood
Servi ces.

A couple of questions: one relates to toxicity.

One of the hottest issues now is therapies that include
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gene silencing—gene silencing by binding to RNA as opposed
to DNA. And that affects, of course, the expression of
certain genes.

There have been a | ot of studies about this
conmpounds interacting with DNA, but | wonder if there are
any—si nce these things are going to interact with
nucl eoti des, are three any toxicity studies that will be
required wth RNA and the possibility of gene silencing
side effects by these conmpounds?

DR. MUNSON: | don't—'ll take a shot at this,
because what you're tal king about-as | understood what |
heard yest erday—and we probably want to hear fromthe
i ndi vi dual s—+f you | ook at the nol ecul es—+the coupl e
nol ecul es, the reactivity, when they' re activated—yes, they
have a tendency to collate with DNA. And that's
essentially one of the places that's being targeted.

But it's ny understanding that they also wll —you
have sonmething that's going to bind pretty quickly, so I'm
sure they' Il bind to RNA, and they' Il bind to protein also.

So, | don't think that—+ don't think that there's
any probl em—

DR. LePARC. Sonebody will have the answer, then.

DR. MUNSON:. Maybe sonebody el se wants to.

DR DZIK: Gernman, just to al so—+ nean, | would

expect in the treated donor product there's a |ot of
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silencing going on in the bag, right? | think it would be
t he expectation that in the recipient, the quantity of
these chemcals that the recipient finally sees—assum ng

t he products have been handl ed as i ntended—woul d be so | ow
that you woul dn't expect to see that.

| mean, if you were going to get RNA shut-down,
then you' re—fromresidual chem cal, well then you' re going
to be—that's probably going to be an unacceptabl e | evel of
even DNA binding, |let alone the RNA binding.

So I woul d expect —<+'m not an expert here, but |
woul d expect that we wouldn't anticipate a ot of RNA
damage.

DR. LePARC. And the second question has to do
with environnental issues. At |east one of the compounds
w Il have to be washed away, and presumably wi Il generate
mllions of gallons, you know, when you—we collect 14
mllion units a year. |If we wash themall, or at | east
some of them we end up with mllions of gallons of wash
mat erial that—you know, | don't—f it has sone
carci nogeni c—+ know the State of Florida is not going to
allowne to put it down the drain.

So, | don't know how we're going to deal with
t hat .

DR DzIK: Well, you know, |I'm from Massachusetts,

and you know, you saw Erin Brockovich, where, you know,
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they had the glass of water and said, "you drink the
wat er . "

Laughter. ]

DR CORASH. A point of clarification about the
chem stry. And | can only speak for our chenm stry and our
conpounds.

Psoral ens—first of all, you eat psoral ens, so
you're getting your ow little occupational exposure every
time you have a sprite or a 7-Up, but not S-59. But the
process is an ex-vivo process that takes place in a device
whi ch has controls to prevent the worker from bei ng exposed
to UWVAlight. And it's done in a closed system under the
types of worker protections that are used for handling
bl ood products for protection agai nst bl ood-borne pathogens
whi ch, unfortunately, you obviously cane into contact with
many years ago—as many of us probably did.

But S-59 phot odegrades and then, of course, we
use a conpound absorption device to pull the residual down
to very low levels. And then it also has a very short
metabolic |ife, and doesn't appear to have any coval ent
chem stry, at |east when—you know, in the absence of |ong-
wave- |l ength ultraviolet Iight.

S-303 conpl etely degrades to the |evels that we
are able to neasure it. It was designed to be an unstable

conpound that in an aqueous environnment, with a half-life
M LLER REPORTI NG COMPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

of about 25 m nutes, would undergo nultiple half-lives down
to undetectable levels. So they' re —by design, sone safety
aspects have been built into this.

Now, | think that, you know, a nunber of speakers
have rai sed, obviously, very valid points. But in
addi ti on, extensive pre-clinical studies have been done.

But | think Dr. Dzik has touched on an inportant aspect
also that we face all the time in the devel opnent of new
phar maceuti cal conpounds.

DR. MUNSON: The question previously, |
interpreted that he was asking, "in the bag" did it bind to
RNA, not—

DR. CORASH: Onh, absolutely. Because you have RNA
viruses, and—

DR. MJUNSON: Ri ght.

DR. CORASH. —and so it's very effective.

DR. MUNSON:. That's what —

DR. CORASH Yes—absolutely right.

DR. MUNSON: And | think it's my understandi ng
that you may have done your carcinogenicity study by
binding it to plasma proteins?

DR. CORASH: No. There's very little reactivity
with plasma proteins. And in the carcinogenicity studies
that were done by transfusing animals wth plasna—because

it's very—+t's not really possible to expose these aninmals
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to chronic transfusions with platel ets because the animals
are too small and you can't harvest all of these platelets.
But exposing themto the conmpound itself, to plasm
contai ni ng the conpound that has not been photo-elim nated,
pl asma contai ning the conmpound that has been photo-
el imnated but w thout the conmpound-reduction process, and
then with the conplete product with the conpound-reduction
process as well—-so that the animals are seeing exposure of
all different types of —you try to sinulate—at |east we
tried to sinulate, the product that's being transfused as
cl ose as possible to be the test vehicle in these nodel
systens.

M5. HWANGBO. Do we have any nore questions?

Oh, yes. (ood.

DR. CHAN: Penny Chan, National Blood Safety
Counci | in Canada.

| was fascinated, | think, by Dr. Dzik's
presentati on where he raises the issue of neoantigenicity.
And | guess there's two main issues that that raised in ny
m nd. One was how do we assess for neoantigenicity. There
aren't particularly good animal nodels as far as | know for
| ooki ng for neoantigenicity. But then linking it to some
of the other effects—the non-infectious risks of —gquote—
"normal " bl ood, platelets, etcetera, and things that we

really don't have a very god handl e of the risk on.
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And surely we're tal ki ng about pre-narkets,
| ooking at all the drugs and things that are put on the
market. Aren't there any plans for post-market
surveillance, and really close follow-up of these? How are
we going to look for long-termeffects? How are we goi ng
to link themto transfusions? And that goes for the nornal
transfusions as well as the new products—and the things
that we really don't know what we're introducing,
particularly in the carcinogenicity, the terato—well, you
know—+the reproductive and the effects on enbryos and that
sort of thing.

So, is there any FDA efforts that are going to go
on, |ooking at post-market surveillance in a really close
way ?

DR DZIK: | nmean, | can't—+ think your question
is perfect. | nean, | can't speak for the agency, | don't
wor k for the FDA

But I —+he point of ny talk is reflected exactly
in your question, that we really—+ would agree with you, we
really need—we will a need post-narket surveillance system
to even observe and detect the—any | owfrequency adverse
effects with may arise. Because the assays for
i mmunotoxicity are—+ think we—everyone does the best they
can in the right spirit, but we would be foolish to take

t hose negative results and wal k away confident that there
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will be no problens. That would really be stupi d—and not
inline with what we know to be the facts in any nunber of
ot her circunstances.

So we need a post-nmarket thing, and |'m sure the
people fromthe FDA+they may not be answeri ng today, but
|"m sure they're |istening.

M5. HMANGBO  Yes, we do have post-nmarketing
surveillance, either for new drug application or pre-narket
approval. W have such a system

DR, DZIK: | think your question also speaks to
t he second question that's above us there, which is this
i ssue of being able to track events after approval —yes.

M5. HWANGBO | f we don't have any nore questions,
we would |ike to discuss the prepared questions.

Can you hear ne?

For this kind of chem cal we |ook at very carefu
of carcinogenicity study data. |In carcinogenicity studies,
the test ani mal s—+or exanple, m ce—have a small bl ood
volune. To deliver the chem cal repeatedly, m m cking
clinical circunstances, sufficient volume of the vehicle—
for exanple plasma for platelet study—+s needed.

Qur question: Can honol ogous pl asma—here, when |
say—when we say "honol ogous plasma," this nmeans anot her

nmouse plasma, there is no ABO typing. For exanple, nouse
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pl asma be used as a vehicle w thout causing inmunogenic
conplication in the animals during a |ong study period.

DR. GHANTQUS: To nme, | nean, it's both nouse to
nouse, so | don't think there will be any problem But |
will leave it to the i mmunotox expert to answer that.

For me, doing a carcinogenicity study, the
important thing is to reach an MID, and to go—and hi gh
doses, sane thing as Suzanne said here. So | don't know if
we can do that with platelets or with plasma, and |I'm not
sure if with these products you can use different vehicles,
or do you have to use the platelets or the plasna

DR DZIK: I'"mnot—+ wouldn't be concerned about
the fact that the plasma fromthe donor is not in any way
mat ched to the plasma of the recipient in an inbred nouse
nodel . That woul dn't concern ne too nuch.

| would have a little concern—and this i s not

based on know edge, | think—+ would have a little concern
about saying, "Well, we're going to use plasma and not
pl atel ets.” Because the—you get conforted when the final

product that you've prepared doesn't cause any toxicity in
the recipient. But if—using plasma as a surrogate for

pl atel ets assunes that the distribution of the chemcals
will be in plasma as they would be in platelets. So if,

for exanple, you had a very lipophilic conpound, it
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probably wouldn't be the sane distribution in plasma as it
woul d be in cellular nmenbrane.

So | would—+'m | ess—so there's kind of two
guestions here. The question is brought up in the sense of
t hese animal s' not being necessarily well-nmatched for each
ot her imunol ogically. That doesn't both ne so nmuch. But
I"'ma little bit troubled by the stand-in of using plasm
as a test stand-in for platelet transfusion, or for red
cell transfusion, for that matter.

From a neoantigen standpoint, it's no good at
all, because—you know, if you were doing quinidine
experinments, the quinidine antibody is to a glycoprotein-
qui nidine conplex. So if you don't have the glycoprotein
there you'll never see it.

So—but froma-=so it can't work at all froma
neoanti gen-anti body concern. | think it can work—grossly—
for carcinogenicity endpoint.

M5. HWANGBO:. Thank you.

Do we have any nore—ekay. Yes.

DR, McCULLQUGH: Tim McCul | ough from Cerus. And,
as you know, we've conpleted a six-nonth—

M5. HWANGBO. Can you talk a little closer to the—
| ouder, yes.

DR. McCULLOUGH: As you know, we've conpleted a

si x-nonth nouse study in transgenic mce, where the vehicle
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was 35 percent plasma. And as bl ood groups for, say,
canines are very, very well known and very well defi ned,
and for all of those studies we've done in that species we
have had to bl ood-match each individual dog to do the
study, which each unit to be transfused.

For rodents, it's less well-known. For rats,
there are, in the literature, about four bl ood groups
cited. For mce, there is essentially nothing.

And so when we began studies using this as a
vehicle that was a big question. There are nultiple
guestions using plasma as a vehicle: would the constant
vol une expansi on of daily dosing, or very frequent dosing
over a long time cause its own problenms? Wuld there be
i mmunogeni ¢ conplications and consequences? And it was
unknown when we began short-termtesting out through—up
t hrough six-nonth testing.

And t hroughout that period we found no
conplications fromlong-termtreatnent w th honol ogous
plasma in the m ce.

Wth respect to the other point you raised about
its appropriateness—ene thing for platelet concentrates,
our clinical vehicle is 35 percent plasma, and the
pl atel ets actually only conprise about 1 percent of the

vol une of the platelet concentrate. |f you do—equi val ent
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to hematocrit, if you do a platelet crit, spin them down
and neasure the volunme, they're only 1 percent.

So nost of what people are getting exposed to is
the additive solution and the plasna as the vehicle.

Further, we've done anal ytical characterization
to show that all the photoproducts, and all the products
all the sane in the vehicle, with or without platelets
present. So —to justify that as an appropriate vehicle.

And so, that supported this use as a vehicle, and
we were successful w thout any conplications in [ong-term
| V dosi ng of rodents.

Thank you.

DR DzZIK: That's hel pful information—yes.

M5. HWANGBO. Yes, thank you.

Ckay. W can go to the second question.

Pause. |

Wer e pat hogen-reducti on conmponents to be approved
for clinical use, is there an advantage to requiring the
standard, which is non-pathogen-reduction product, be
retained in nearly equal anounts nationally, thereby
permtting not only a ready alternative in case of toxicity
di scovered post-market, but also permitting post-market
anal ysis of the frequency of adverse events in pathogen-

reduced versus non-pat hogen-reduced products?
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DR. DZIK: |Is the question to the audience or the
panel ?

Laughter. ]

DR. PEHTA: |I'm Joan Pehta from Connecti cut.

Vel l, | have sonme questions regarding this. |'m
t hi nking of different patient categories that m ght have a
probl em that we woul dn't know about. And | woul d think,
those, in particular, patients wth autoi nmune henol ytic
anema. And | know Ed Snyder said yesterday he had sone
concerns regarding using these products in neonates if the
clinical studies didn't include them

But, in particular, patients who already have
anti bodi es on board, how they m ght react to this product

whi ch may affect blood group antigens in particular, little

e.
DR. BI ANCO WE are discussing question nunber
two, right?

DR DZI K: Yes.

DR. BIANCO So I'd like to ask the panel, that if
you were in the hospital and you were offered the choice to
receive a unit of blood that was pat hogen-reduced or one
t hat was not touched—that is, a standard one—what choice

you woul d make?
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DR DZIK: It just depends. | think—f the person
said, "Wuld you like a piece of blood that has a
carci nogen versus one that doesn't?" So, you know—+t's—

DR. BI ANCO W have confronted this type of
guestion. And, certainly, for those of you that have not
been so close to transfusion, over a nunber of years, since
the AIDS tragedy, and this happened—we noved to introduce
the test for HV too slowy. It took a few weeks. And
many centers were—and many transfusion services were sued
because it coincided that units that were not tested within
a short period of tine, to the point that we started
i ntroduci ng new tests overni ght.

And | think simlar questions will cone regarding
that. | don't think that the question has an answer. |
think the answer will cone fromyou, in terns of assessing
the risk associated with the conponents that are there.
Because fromthe perspective of the popul ation and the
reci pients, they would like to have the safest possible
pr oduct .

DR. THORNTON: But if you ask that question to a
normal person in a hospital, are they going to know what
you' re tal ki ng about?

DR. BIANCO Cnh, they don't.

DR. THORNTON: You know, that's nmy question. M,

as a toxicologist, I'"'mgoing to say, "Wll, how exactly did
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

you reduce that pathogen——f | was cognitive, of course,
and not intubated—you know, and then now we get into a
di scussion wth you.

But is a normal person off the street—they' re not
going to know, so they're going to trust you to make the
nost inportant decision for them Do you give one that's
reduced, or do you not? And you will have to nake that
deci si on, based on us regulators, in conjunction-have you
done the right testing on that? And | think that is our
concern, as a reqgulatory agency-—what is the right testing?
Because it's so new, it's—you' re breaking ground.

DR. BIANCO But if you did the right testing,
like you did with a drug, and you' ve approved that product
for transfusion—

DR. THORNTON: Mm hmm

DR. BI ANCO. —then, an issue—all of us will have
to confront and make that decision. | have two products on
t he shel f —

DR. THORNTON: All right.

DR. BIANCO —-and which patient will receive which
pr oduct ?

DR. THORNTON: But do you think that the decision
eventually won't be there? That it wll all be reduced

products.
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DR. BIANCO Wth honorabl e excepti ons—that has
been the tradition, particularly when it involves HV. In
ot her products that involve just nedical issues—for
i nstance, we have two products, some are | eukoreduced, sone
are not —

DR. THORNTON: Mm hmm

DR. BI ANCO -solvent detergent plasna—there were
concerns because it was a pool ed product, so there could be
a balance and it coexisted with regular plasma. But in all
the tested products—HIV, for instance, tested, or tested by
nucleic acid anplification, as we do now—those products did
not coexi st on the sane shelf.

DR. THORNTON: Right. But you know, to the
general public, they're trusting us to nmake those products
save. And so, really, the decision as to whether they're
safe it's going to rely with the physicians and the
regul ators, not necessarily, in ny opinion, with the
patient.

DR. BIANCO Onh, | was just giving you the
responsibility—

DR. THORNTON: Yes, | know. |I'mjust saying, you
know, normal —

DR. BI ANCO. —and saying that we will rely on you

for that deci sion.
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DR. THORNTON: Wel|l—and we'll rely on you, as

wel | .

Laughter. ]

DR. DzZIK: Dr. Bianco raises, | think—the rel evant
guestion is that, traditionally—you just said it, | think—

traditionally our response has been: do it for everything.
SD plasna was a bit of an exception there.

And the question is—the question is, is there an
advantage? Do you see an advantage in having the
opportunity to conpare two systens, or do you see an
advantage in an all-or-nothing approach? That's a good
guesti on.

DR. BIANCO | see an advantage in conparing, as a
physician, as a scientist. Unfortunately |I don't think
that ethically or legally we could do that. [It's very hard
to carry out a double-blinded trial today for certain
things, particularly when there are i ssues—where there are
dread issues, with a perception of safety.

And those are the concerns | have.

|'"d like to see it happen, and I'd like us to
have, actually, even a base-line of incidents that are
reported to date. That is, yesterday we were tal king about
potential anaphylactic reactions. They happen every day.
And ny fear is, if we don't have this base-line, is that

this product may be approved, two or three patients in the
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country die, and we renove a technol ogy that could be very,
very useful to protect for many things because of fear—ike

happens with sonme drugs and other things—that this is a

horri bl e.

And | think that this will depend on inforned
consent. It could only be done as an experinment, not as a
practice.

DR, DZIK: Correct.

DR. BI ANCO And how do you do the inforned
consent ?

????AUDI ENCE: Just to reiterate sonething Ed
Snyder said yesterday about pregnant patients—ene of the
probl ens, when we had SD plasna, was the package insert
said sonmething to the effect "nust be used with caution in
pregnant females.” And if that kind of wording, if a boxed
warni ng, that it has not been studied well in pregnant
femal es, goes on these products you're going to stuck—
you're going to have to have two inventories.

And | don't think we really want to get into that
situation where you have two inventories. Either we do it
or we don't. So the wording that goes into any approval,
we have to really think about that.

DR. HOROW TZ: Bernard Horowt z.

| also wanted to address the issue of two

i nventories, and whether we should strive, or set up as an
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obj ective, of having adequate data available in order to
elimnate the currently |icensed product sinmultaneous with
the licensure of the newvirally-inactivated product.

And | personally believe that's a mstake. It's
a m stake because the anount of data that are required to
fully replace the existing product is so large that it
woul d del ay the introduction of the new product.

Mor eover, you do | ose the capability of having
the additional data come available, in at |least a paralle
manner, and to the extent that it can be organi zed, a
si nmul t aneous manner, conparing the two products post-

i censure.

So, for those two reasons, | think it's an
awful Iy inportant discussion, because with SD plasma, in
particular, it caused a two-year delay, by having a
conf erence—nAeeti ng—such as this, cone away with the
conclusion that Vitex, the manufacturer had to be able to
satisfy the full nation's need for the product. And we
were not tal king, at that tinme, about not having data in
neonates. W were sinply tal king about manufacturing
capacity and distribution capacity.

And at this neeting we've raised a whol e host of
addi ti onal questions, including those in your own talk on

i mrunogeni city, nmany of which were not rel evant —er | ess
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rel evant—+or SD plasma than they are for these cellular
products.

So | think, as a community, we should be ready to
have dual inventories, and all of the difficulties that
that inplies a the bl ood banking |evel, but the alternative
is to cause undue del ays.

DR. GOLDMAN: Hi, I'm M ndy CGol dnan, from Canada.
| think I'd like to—

M5. HWANGBO A little |ouder, please.

DR GOLDMAN: Hi. 1'd like to agree with sone of
what Dr. Horowi tz has said

First of all, | think that adding a new test wl|
never be a risk to a patient, unless there's no bl ood
because you're elimnating all your donors, while changing
your product may have a risk. Not all patients are in the
sanme risk group. And probably about 30 percent of
prescription drugs—you know, all those "new and i nproved"

t hi ngs—end up with a "Dear Doctor" letter going out within
three years of being on the market, because sone side
effect, sonme rare thing has been picked up in a given

pati ent population or in a given circunstance.

And within one nonth of this thing being
approved, we'll have transfused nore patients than in al
the studies put together. And so we'll have nuch bi gger

data pool to say, "Yes, we could actually safely use this
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i n neonates, and pregnant | adi es and exchange transfusions,
and——you know, a whol e host of things that you will never
be able to really address in any way in the studies.

And we're conparing with a product that's very
safe at the nonent—+enenber. And so even if there is an
anaphyl actic risk, or an alloimmunization risk of 1 in
10,000, that's nore than the risk of the product at the
monment—perhaps with a little bacterial culture as done
there for the platelets

M5. HWANGBO Dr. Slichter?

DR. SLICHTER: Yes, | would just like to also, I
t hi nk, support what Dr. Horowitz has just said, in the
sense t hat—you know, when Dr. Bianco is tal king about
getting sued, | think there's a big difference between
concei vably transmtting Shiver's disease, or nalaria and
getting HHV. | nean, HV you' re gonzola, or at |east you
were when we were trying to institute the HV tests.

So | think there are risks which this technol ogy
shoul d hel p us avoid, but |I don't think there the kinds of
risk that we're tal ki ng about.

And | think as long as the FDA—and this supports
alittle bit what | said earlier today—doesn't require, or
mandate this, that it still becones sonmewhat of a
physi cian's choice, and there are certain patients that I

m ght very nmuch like to have this for. There are others
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that I'd like to wait a little bit and have nore

i nformation on what the | ong-term consequences are going to
be. And, you know, at blood centers we have nultiple
inventories of everything. |'mnot advocating that we have
even nore, but we can deal with those things. W deal with
ABO types, we deal wth | eukoreduced, non-I|eukoreduced.

And it's kind of—you know, to ny sense that, you
know, maybe the FDA w Il still let us practice a little
nmedicine. | nentioned that earlier, that when | started,
we got to do sone of those things. W don't get to do
nearly as nuch of them anynore.

And | think allowing things to kind of cone on
t he mar ket pl ace, see what the marketplace does with them+
t hi nk we had, you know—what Dr. Horowitz said about Vitex
and their plasma | think is very relevant, because, you
know, here was a fully pathogen-inactivated product, and
when we went out and tal ked to our hospitals we didn't get
a single order, you know, because they were concerned about
the cost, and also the issue about being a pool ed product.

So | think, as a community, we should try and get
t hese products out there. | nean, | think one of the
things that's happened at this conference today is that
sonebody got up and said, you know, we had the conference
three years ago and we're still in the sanme place. Let's

let things cone if they can neet the standards that have
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been di scussed here, but let's not nmandate that everybody
get them because we just—they are a new product. They're
brand new. W don't know what the potential |ong-term
consequences may or may not be, and, boy, we would sure be
in deep trouble if it turned out that, you know, we
converted the whol e market pl ace and then we found out there
was sone God-awful whatever —toenails turned pink, or
sonet hi ng—and that was what our bl ood supply was.

And so | think there's sonme value in letting
t hi ngs cone along as they becone avail abl e, and
i ncorporating them and naking sure that they' re okay and
safe to use, but not requiring that they just blanket —
everybody does it.

DR. SNYDER: Ed Snyder.

One of the concerns | have, al so—sone peopl e have
menti oned Thalidom de. There's also the problemthat
occurred with the DES daughters, and the fact that it
ski pped a generation and clear cell carcinoma occurred in
the children of the nothers—the wonen who received this
when they were pregnant.

| think the post-nmarketing surveillance needs to
be done to a degree that perhaps m ght be nore extensive
t han has been done in the past. And | think that's

sonet hing that' s—+ know t he transfusion conmunity woul d
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certainly be willing to work with both the conpani es and
t he agency to ensure that this was done.

And | agree conpletely with Sherrill and Bernie
that this should be brought it slowy, so that we can not
have converted everything and find out, "Ch ny God—=—
al t hough pink toenails mght not be so bad. It m ght be—
you know, it would be useful to have a little safety val ve
that we're not really as omi scient as you may think we
are.

So | agree with those two previous conmments.

M5. HWANGBO. W hear you.

DR. THORNTON: And there are nmany pregnancy
registries that are being established now, and that w ||
hel p us just with the post-marketing surveillance for wonen
who received—and their children.

DR. MARTINEZ: Bill Martinez, Gainesville,

Fl ori da.

| think that the way things are going to rol
out, it's going to be that platelets are going to cone out
in the market first. And when they cone out, pathogen-

i nactivated, there will probably only be one inventory, and
that will be pathogen-inactivated pl atel ets—before red

cells conme out.
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And maybe sone data that cones out of the use of
pl atel ets that would be pertinent to the use of red cells
| ater on.

And | just wanted to bring that up as an itemfor
di scussi on by the experts.

DR. DZIK: 1I'd just coment—you know, if the
processes were exactly he same we really would learn form
the first one. Because there are so many differences—
technical differences in the processes for platelets and
red cells, even wthin a single conpany, we may get great
know edge from whoever's out there first, but I wouldn't be
too hopeful, because | think the other techniques involve
different chem cals, different nmanipul ati ons, and what
wor ks in one setting m ght not work in another.

| woul d al nost argue the opposite: that each of
these—+t's alnost like a different drug, like a different
nmedi cation, and nay have its own toxicity profile and its
own advant ages and di sadvantages. So we may have to | earn
about these one by one.

And | think the fact that, you know, very
conpani es have nore than one object in the pipeline is a
very wise thing for the industry as a whol e, because the
one we start with may not be the one that we end with, you
know.

MS. HWANGBO Dr. Bi anco?
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DR. BIANCO Yes, | don't want to | eave you with
the wong inpression. | also support what Dr. Horowtz
said, Dr. Slichter, and Dr. Snyder.

| think that it should cone. It should conme as
t he manufacturers can do it—except to raise the i ssue—+wo
essential issues.

One is that we will have to nake decisions. And
t hose deci sions are not easy decisions to make. But we do
have to make—and we discussed it a lot at the tine of the
sol vent detergent plasma, which patients should get it if
not all the patients, with | eukoreduction.

And so that's our responsibility, not necessarily
yours as regul ators.

And the second issue is that you can hel p us,
too, with the issues of perception about HHV. HVis
different. And there is one case of transm ssion of HV,
or two cases of transmi ssion of H 'V after three years of
i ntroduction of the NAT—ucleic acid anplification testing—
and this makes the newspapers all over the country.

So, those are the two levels that we have to
consi der.

Thank you.

DR DZIK: 1'd like to just follow on Celso's
comrent, because | think you' re right about the—+ nean, if

we were to reach a consensus opinion that bringing these
M LLER REPORTI NG COMPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

out slowy rather than mandati ng them was the w ser choice,
that kind of takes it to the SD plasma concept. But we
m ght want to think through whether what we did with SD
plasma is the sane thing we'd want to do with these new
products. For exanple, in the case of SD plasma, | suspect
that nost places did what we probably all did, which was
this was discussed at either your pharmacy and therapeutics
committee, or wwthin the setting of a transfusion
commttee, or sonme other hospital quality-based commttee.
We didn't take it to our IRB. W didn't include
patient discussion. You knowwe were the wise nen in the
hospital conmttees who said, "Ckay, this is what we're
going to do or not going to do." And maybe that's what we
should do for this kind of technol ogy, but maybe we shoul d

t hi nk of other approaches, as well.

So, | think we have a lot of thinking still to
do. If we were to bring this in in a nore non-mandat ed
way, like in a nore dual inventory way, just how should we

come to our decision-naking about who gets what. There's a
couple ways to do it.

M5. HWANGBO. Ckay.

If we don't have any coments, we will close our

sessi on.

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

We are breaking here, and when we'll| restart
again? Thirty mnutes later, or three o' clock? | mean, we
can ask audi ence. Three o' clock? Ckay.

W will start our risk and benefit anal ysis at
three o' cl ock

Br eak. ]

DR. VOSTAL: Ckay.

So in the last two days we covered, initially,
the efficacy of these products, and today we covered the
risks that are associated wth these products—er these
met hods.

SESSI ON V: RI SK AND BENEFI T ANALYSI S

And so now we cone to the nost inportant part of
this nmeeting, is to find out the correct balance for risks
and benefits. And in order to do this we wanted sonmeone
who could give us the big picture, to |look at the | andscape
and tell us what he sees.

And so we recruited Dr. Harvey Klein, who has
seen just about everything in blood safety and transfusion
medi ci ne.

So here's Dr. Harvey Klein.

Benefits of Pathogen Reduction vs. Toxicity Risks

DR. KLEIN: Thank you very nmuch. 1'd like to

t hank the organizers for inviting ne to speak. It's a

pl easure to be here. And thank you all who are still
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remai ning in the audience. | can probably call each of you
by nanme, | think, at this point.

Laughter. ]

What | was asked to tal k about was a risk-benefit
anal ysis for these technol ogies. And when Dr. Vostal asked
me to speak about that | pointed out that 1'mnot really a
ri sk-benefit person, except insofar as, as a physician one
makes this kind of judgnent every day.

So | thought what | would do is to try to give
sone guidelines and to | ook at sone of the data that have
come up in the last alnost 48 hours now, and put together
sonme principles, perhaps, that m ght be hel pful.

Next slide, please.

Slide.]

| f someone is waiting for a nunber that they can
use to decide whether the benefit is sufficient so that the
risk is of little concern. |1'mnot going to give you such
a nunber.

Benefit to risk ratio is often used as a term
but nuneric predictions of benefit and risk don't really
exi st. And the mathenmatical division—+the so-called
"rati 0" —+s never perforned.

So what I'"'mgoing to try to give you is sone kind
of a risk analysis.

Next slide, please.
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Slide.]

In some instances this is relatively easy to do.
Certainly in the vaccine world—and this is probably
associate as children start to go back to school, and as
t here has been a shortage of some vaccines—to |ook at a
benefit-risk analysis for neasles, nmunps and rubel | a—the
MVWR vacci ne.

As you know, nobst everyone who's exposed to
nmeasl es is infect—unps and rubella. O those who contract
the di sease, about 1 in 20 devel op pneunonia, 1 in 2,000
devel op encephalitis, and about 1 in 3,000 die from
neasl es.

I f you | ook at nunps, encephalitis occurs about 1
in every 300. | didn't find a figure for orchitis, but
t hat does concern ne.

Laughter. ]

And, finally, for rubella, if a woman i s pregnant
and is infected by rubella at the appropriate tine, the
risk of the rubella syndrone is about one in four

So those are the things that would be elimnated
by a vaccine. And even though the vaccine is not a hundred
percent effective—between 95 and 100 percent effective—and
the risk of the vaccination is encephalitis or severe
allergic reactions occurring about one in a mllion, | don

t hink you need a cal culation to decide that we need to
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

vaccinate children. And, in fact, you can nmake a

cal culation. There are fornulae that have been derived to
give a nunber. But just by looking at that | think
everyone can see that the benefits far outweigh the risks.

Next slide, please.

Slide.]

Pat hogen-reduction technology is a little bit
different. First of all, we're not tal king about a single
technol ogy. Each technology is different. The agents
we' ve heard about are different chem cals. They have
di fferent chem cal and biol ogic characteristics. The
spectrum of pat hogen-reduction is different for each of the
agents. The activity for specific pathogens—og
i nactivation—+f | can use that term having berated those
who used it earlier, and when we define it for each of
t hese agents is different.

There's different activity in specific
conponents. For platelets we've been talking primarily
about apheresis platelets, but we know about buffy-coat
pl atel ets, and singl e-donor-derived pl atel ets.

We know that there are a variety of adducts.
They're different for each of these—and netabolites. And
we're not even famliar with all of those that exist, or
what they bind to, or what their toxicities mght be, or

how we m ght even neasure them
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And, finally, the profile of adverse reactions is
different for each of these, and so is the toxicity,
whether it's a long-termtoxicity or a short-termtoxicity.

Next slide, please.

Slide.]

There are other considerations. One of the
benefits m ght be the recogni zed conponent - specific
benefits. And clearly they are different for red cells
than they are for platelets.

There are the potential conponent-specific
benefits. And, again, we've heard a | ot about how this
will prevent the next agent, but we've also heard from Dr.
Busch that it probably wouldn't prevent the next agent,
unl ess the infectivity of the next agent is nuch | ower than
that of the agents we know about.

Havi ng t hese technol ogi es avail abl e woul d not
have prevented transfusion-transmtted H'V, HCV, or HBYV,
because the titres of infectivity at several stages in
t hese di seases—as we saw from Dr. Busch—woul d have been
much too high.

So, yes, it would be inportant, but it's not
going to prevent the next agent.

We worry about conponent quality —the biol ogic
activity and the recovery of the cells or the plasm

protei n—al though I'm | ess concerned about that than | am
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about the other issues. Certainly there are toxicity
i ssues.

And then we've heard tine and tine agai n about
t he vul nerabl e patient groups: the neonate, the prem e, the
pregnant woman. And | like to think of virtually woman
bet ween—n the child-bearing years as potentially a
pregnant woman bei ng transfused, because they don't know,
how do we know who the pregnant wonen are.

And then there are clearly issues that involve
geography in the blood systemrisk calculus. Certainly, if
you were in a country where there was a big problemwth
mal aria or with Shagus di sease, the risk-benefit analysis
woul d be quite different than it is here in the United
St at es.

Next slide, please.

Slide.]

W' ve heard about these risks, and I'Il just go
over them quickly for you again so that we have themin one
pl ace.

W' ve heard about the risk of transmtting HV
bei ng about one in two mllion to one in three mllion,
dependi ng upon whet her you use NAT testing for single units
of for mni-pools. HCV—again, in the range of one
infection in every two mllion units. HBV, probably about

one infection in every 200,000 units, or maybe every
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400, 000 units, if we used a single-unit NAT testing. No
one tal ked nmuch about HTLV, but it's about one in every
three mllion units—estinmated.

Then there's cytonegal ovirus, Epstein-Barr virus,
t he other herpes viruses, and sone of the other agents we
heard about.

Bact eri a—severe reactions about one in eery
50,000 units. So if we ook at transfusions, this fits in
wi th about what Roslyn Yontovian said for deaths. And if
you believe the literature that says it's not quite that
common, then I'Il say that these are severe reactions. But
that's the ball park

And then, of course, there are a variety of
parasites—the energi ng agents. And at |east several people
menti oned transfusion-associated graft versus host di sease
and other white-cell associated events which m ght be
el imnated by using sone of the technol ogies we've heard
about today and yesterday.

Next slide, please.

Slide.]

So those are the potential benefits.

| would rem nd you, though, in calculating the
benefit-risk analysis, that you al so have to think about
the survival of the patients. And the survival of the

patients, both in terns of whether or not they get an
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i nfectious di sease, and whether that di sease causes harm—
especially the chronic diseases—but also in terns of

whet her there is, in fact, tine for a chronic side effect—a
chronic toxicity.

And if we | ook at studies done back in 1984 in
New Zeal and, at the end of one year only about 80 percent
of individuals who'd been transfused were still alive. And
at the end of two years, about three-quarters. And the 25
percent that died, died obviously of their underlying
di sorder.

Vanvaki s and his associates at the Mayo Cinic
| ooked at survival after a year as 76 percent—-again, very
simlar—and at the end of five years, fewer than half a
cohort of individuals living in Mnnesota were still alive
after bl ood transfusion.

And you can see that this particular figure has
been repeated in other studies. In a study performed in
1993—perhaps a little bit nore relevant to today's care—at
the end of 40 nonths, 51 percent of the patients were
alive. In another study | ooking at patients in New York in
t he 1990s—agai n, done by Vanvaki s—showed at the end of five
years that only 41 percent of them were alive.

So, again, this feeds into our analysis. Not al

of those who are going to be transfused are going to live
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| onger than five years—and not because of H V transm ssion,
or hepatitis C

Next slide, please.

Slide.]

And, in fact, we can go even further in
determining who's likely to survive and who's not likely to
survive. W can use age, we can use gender. W can use
t he di sease and surgical procedure as predictors—+those who
get transfusion and, in fact, the transfusion dose. So
those that gets lots of transfusions are nuch nore |ikely
to be dead at the end of five years because they're nore
ill to begin with than those who receive fewer
transfusions. And, again, | think that could be factored
into the decision on whether to use a particular kind of
pr oduct .

Next slide, please.

Slide.]

Now, we al so heard that infection is not
equi valent to disease. And | don't want you to take these
remarks to nean that | don't care whether you get infected
wi th one of these agents, as long as you don't die fromit.
That's not what | mean at all.

But in |ooking at benefit and | ooking at risk, |
do think we have to renenber that H'V has a | ong

i ncubation, and those people who are dead at the end of
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five years are unlikely to have AIDS. On the other hand,
there is secondary spread fromthis agent, so it is an
i nportant one, even though it's unusual today.

Now, our speaker from NIOSH, who is very
unfortunate because he actually got severe di sease from
hepatitis B—and, in fact, you can get acute and chronic
di sease fromhepatitis B. But the vast najority of people,
of course, do not. They're infected and many of them have
absolutely no illness at all and are then inmune.

Hepatitis Cis, again, a disease that causes a
substantial anmount of chronic illness. About 20 percent of
people infected will develop chronic illness—after 20
years. So this may not be terribly relevant for the cancer
patient who's 70 years old and receiving bl ood
transfusions. And the nortality is very | ow.

For nost of the herpes viruses—ertainly CW and
Epstein-Barr virus—pst recipients were inmune. | think
Dr. Busch gave us the figure of 48 percent for
cytomegal ovirus, so it's only for selected popul ati ons that
this is, in fact, an issue. Again—for the preme, for the
transpl ant patient, the severely immunosuppressed patient,
and for pregnant wonen.

And parvovirus B-19 is very nmuch the same. Mbst
of the people in this roomare, in fact, imune. There's

little docunented di sease, except in the chil dhood peri od,
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except for specific populations and, again, we can identify
t hose.

We have heard that especially in the case of
pl atel ets, there are not only many exposures but there is a
substanti al anmount of di sease —probably the npbst common
i nfectious di sease today —+n red cells, nmuch I ess so. But
those are the fulmnant infections that do kill, and so
maybe that's an issue that we should be addressing.

| do think it's unfair to place the regul atory
agency on the spot that nothing has been done in the | ast
decade. Many things have been done. On the other hand,
there are a |l ot of other strategies that one could use—arm
prep has been nentioned, taking the first 30 cc's or so of
bl ood and deferring it has been nentioned. And there are
other strategies as well.

And finally, parasites are an issue, but not so
much in the United States as el sewhere.

Next slide, please.

Slide.]

What are the risks of the various technol ogi es
we' ve heard about? Well, certainly the | oss of cells.
We're always going to | ose cells whenever we mani pul ate a
product like this. 1'mless concerned about that. | think
we can deal with that. |It's not fair, perhaps, to say that

at a tinme when the country is seeing the |argest shortage
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of bl ood, perhaps since World War I, but still | think
that's an issue that can be dealt wth.

| mpaired cell function is a different issue,
especially if it has anything to do with the result of
transfusion. And | heard one of our prior speakers, in
tal ki ng about days of bl eeding, nmention that the days of
bl eeding were increased in a particular study, but that was
because of a couple of outliers.

| worry about "a couple of outliers,” especially
when studies are small, and 1'd like to know that those two
outliers didn't need a ot nore transfusion for a reason
related to the treatnment of the cells that they received.
Its possible.

Decreased cell survival is related to | oss of
cells, I think. And while that's an issue, it's nore of an
i ssue, perhaps, in patients who are receiving chronic red
cell transfusion and accunulated iron than in other
patients.

Dr. Dzik tal ked about all oi mmuni zation to a | arge
extent, and | think that is an issue we need to be
concerned about.

Then, of course, there is the long-termtoxicity
of any of the conmpounds that we're adding to blood. And
then I am concerned about errors—especially errors if a

systemis particularly conplex. W are tainting bl ood,
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after all. W' re adding toxic substances to blood. And
t hey have to be toxins because they're killing pathogens.
And then we're renoving them

But | am concerned that one error in the system
with 13 mllion or so collections per year, could negate
all the benefit that comes fromreduci ng pat hogens.

Next slide, please.

Slide.]

now, I'd like to give you a couple of paradi gmns,
if I mght. And the first has been discussed al ready at
sone length. 1t's the solvent detergent plasm paradi gm

Now, sol vent detergent plasma was not adopted in
the United States. It has been used wdely in Europe. And
per haps that was because of sone marketing m shaps, as many
people say. But | can tell you that we at the Nati onal
Institutes of Health did not adopt it for what we thought
were good nedical reasons. Five fairly experienced
physi ci ans, including one who's in the National Acadeny of
Sci ences, decided not to adopt it even though cost was not
an issue with us at all.

SD pl asma had several |arge advantages. It
i nactivated the major agents that cause di sease—viral
agents—n transfusion: H'V, hepatitis B and HOV. O
course, it had imted inactivation, in that it touched

only those agents that were |ipid encapsul at ed.
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It was a standardi zed conponent —and | thought
this was a great advantage —for protein content. And, in
fact, it reduced transfusion-related acute |lung injury—a
maj or benefit, | thought-which wasn't aggressively
mar ket ed, and that's a shane.

It was one of several available options in the
United States. There were several other kinds of fresh
frozen plasma avail able. And the di sadvantages of SD
pl asma was that it was a pool ed product. And, of course,
the next agent, in a pooled product, on a public health
basis, would be nmuch riskier than the next agent in a
si ngl e- donor product.

Then there were the recogni zed | oss of a nunber
of plasma proteins as a result of the SD treatnment. And
initially, we recognized these. They were very well
publicized, and didn't know whether or not this woul d make
any difference. Now, as nost of you know, recently there's

been a report of possible increase in thronbosis in

patients undergoing liver transplants. | believe that was
a physician's letter. It is now a black box on the package
i nsert.

| don't know whether that was related to the SD
treatnment. Possibly not. \Wether it was related to the
change in bal ance of plasma proteins? Possibly not. But

it was clearly sonething that was not recognized during the
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relatively small nunber of patients treated in the clinica
trials. And, of course, when you have clinical trials, you
are going to be treating a relatively small nunber of
patients conpared to what you will be doing when you
actually license the product.

And as has been stated earlier, if a side effect
occurs only once in eery ten thousand infusions, you' re not
going to see it inthe clinical trials, and yet it's going
to be far nore common than any risk of transfusion-
transmtted viruses.

Next slide, please.

Slide.]

Then there's another paradigmthat | think is
probably relevant, and that's the paradigm of red cel
substitutes. The red cell substitutes—this is a drug, if
one of themwere |icensed, would be dispensed either by the
pharmacy or by the transfusion service, and there woul d be
a nedical decision to use this. It would be a prescribed
drug. You could use it for a selected patient group,
whet her that was the patient group that was on the | abel or
not, you could make that nedical deci sion.

It would probably be limted indications. So
that if you could decide that if a trauma victimwho had no

access to blood m ght benefit, you could prescribe a red
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cell substitute. So even if it wasn't quite as safe,
you're using it as a physician uses a drug.

There is also the possibility of patient assent—
or what's known as inforned consent. |In npbst instances,
you could ask the patient and tell that patient what the
potential risks and benefits mght be. Now this would, of
course, be nore like a pooled biologic, and with all the
ri sks inherent in that.

Pat hogen-reduction | |ook at nore as a public
health decision. | don't think the agency is going to
mandate the first |icensed pathogen-reduction technol ogy
and de-license the conponents that aren't reduced. |
certainly hope that there is not that thought. | think the
mar ket pl ace will deci de whether or not a certain technol ogy
or anot her technol ogy is adopted universally.

But it is nmy suspicion that if we have a good
pat hogen-reduction technology it may well become a single
conponent in use throughout the country. |In that case, if
there is only one inventory, then it's no longer really a
medi cal decision, it is a public health decision and you
have obligatory use. All patient groups are going to
receive it. Again, the prem e, the pregnant worman, the
neonate, the patient that receives the exchange

transfusion, the patient who is chronically transfused. It

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

will be used for not only any indication but al
i ndi cati ons.

It will be, in fact, an inposed risk. And, once
again, it's thought of right now as being treatnent for
single units. Perhaps there would be nultiple units.

Maybe those woul d becone pooled units, but that remains to
be seen.

Next slide, please.

Slide.]

So, at the end, | suppose | should be giving you
concl usi ons, but you need data for conclusions and | don't
really have data. So, instead, |I'mgoing to give you
opi ni ons.

From a benefit-risk perspective, blood in the
U.S., and in other devel oped countries, is extraordinarily
safe—at | east froman infectious di sease perspective. And
| agree with Sunny Dzik that this nmay be the small est area
of risk of blood transfusion, but | disagree with Dr. Dzik
in thinking that we can't have both guns and butter. [If |
had ny way, | would like to have a totally inactivated,
Goup Ounit of red cells, with a standardi zed henogl obi n
concentrati on—and the equivalent in platelets and pl asna.

Certainly, pathogen-reduction could provide an
addi tional |ayer of safety.

Next slide, please.
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Slide.]

For a tolerable benefit-risk profile—and | prefer
the word "tolerable" to "acceptable.” | don't think we
really accept nost of the infectious risks but we do
tolerate themuntil something better conmes along. A
pat hogen-reducti on technol ogy should offer us broad
i nactivation, mninmal damage to cells, little toxicity
potential in the nost vulnerable patients and, finally, a
fair-safe manufacturing system

Next slide, please.

Slide.]

Now | think that risk perception counts. And
whil e bacteria in platelets nay be the nost inportant
infectious risk today, HV clearly is what's on the
public's mnd. And so, fromthat standpoint, it wouldn't
surprise ne to see a single inventory. But that will be a
mar ket deci si on.

And, finally, in looking at risk and benefit
anal ysis, geography is inportant. |If this were South
Anmerica, Central Anerica, the Far East or Africa, we'd be
so nmuch nore concerned about malaria that an inactivation
technol ogy m ght make a | ot nore sense.

Bl ood donor characteristics are inportant. The

robustness of the health care delivery systemis inportant.
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And certainly that may alter dramatically the benefit-risk

cal cul us.

Thank you very nuch.

Appl ause. |

DR. VOSTAL: Are there any questions for Dr.
Kl ei n?

Pause. ]

Thank you very nuch.

So the next speaker is Dr. JimAuBuchon. And
we' ve asked himto address the effects on bl ood bank
resour ces.

Ef fects on Bl ood Bank Resources and Bl ood Supply

DR. AuBUCHON:. Thank you very much, Jaro, for
inviting me to speak at this very interesting conference.

To begin with, my conflict of interest
statenents: | have consulted with or done research with
nost all the conpanies involved in these fields, probably
none of whom are going to be happy with what | have to say
this afternoon. But they shouldn't fear too nuch, because
one of the side effects—+the negative effects of being the
| ast speaker on the programis that soneone el se may have
said sonmething that you were going to say and, in ny case,
| think everyone has collectively said just about

everything that | was going to say.
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What | would Iike to do is to | ook at bringing
pat hogen-reduction technol ogy into practi cal
i npl ementation, with an eye toward what wll drive
acceptance—particularly by ny colleagues. ['Il talk a
little bit about what patients nay want, but what w Il nake
this technol ogy acceptable or tolerable to them and what
effect inplenentation will have on bl ood bank resources as
we try to deliver themto the patients who need our help.

| will look at this froma risk perspective, with
the intent of increasing the safety of transfusion, and
al so fromthe perspective of—yes, | wll talk about it—
cost.

So, to begin wth risk—ef course patients are
worried about the safety of a transfusion even. They want
to make sure that it's going to be safe. And | think we
nmust forgive them when they want this question answered in
a very sinplistic manner. And they want the right button
pushed here to have a safe outcone.

O course, we know that we can't make transfusion
entirely safe. W can try. And as a collective group of
individuals trying to inprove transfusion safety we have
had i ncredi bl e success in reducing viral risks over the
| ast two decades. This is a logarithmc scale, of course.
The good news is that we have dropped the risk for HCV and

HV by nultiple |l ogs, but the other side effect of a |og
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scale is that you never reach zero. And even with
pat hogen-reducti on technol ogy we probably won't reach zero.
But we're neking great headway.

But we now have risks that are so | ow for viruses
that the risks that we have been tal ki ng about, from
toxicity and the |like, represent significant conpeting
ri sks—+maybe not nunerically, but in conparison to the risks
that we're trying to avoid.

So, as we try to squeeze this balloon of risk
down, we run the risk of the balloon popping a bul ge
somewhere el se, and potentially creating nore of a problem
t han we sol ve.

| think it's inportant for these conpeting risks
that we recogni ze themas Harvey was trying to lay out in
his tal k—define themcarefully, and then with that
recognition and definition try to mnimze them

So, if one were to construct a decision tree,
trying to deci de whether or not to bring a new intervention
into practice—+n this case, pathogen-reduction technol ogy—
we would need to look at all the different outcones that
m ght conme fromusing it or not using it, sonme of which
m ght be better than others, and then | ooking at the costs
i nvol ved, and the health benefit outcones. And one could
| ook at the cost of delivering these outcones versus the

cost of delivering these, or just what health benefit would
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be associated by bringing in this intervention, versus the
heal th benefit of not using that intervention.

Now, in this kind of analysis, all effects are to
be consi dered, not just the desirable ones. And al
consequent costs need to be considered, not just the direct
costs. So you can probably see where I'm going on this—
that the conpeting risks will tend to reduce the overal
health benefit fromintroducing an intervention and drive
up the cost of that intervention, even beyond the direct
cost s.

We have seen this before in blood banking. In ny
first exposure to cost-effectiveness anal ysis, where we
| ooked at pre-operative autol ogous donation for coronary
artery bypass grafting, we had to deal with the possibility
that the patient, in donating a unit or two of blood for
t hensel ves, m ght have a peri-donation reaction, and this
reaction m ght cause themnorbidity or even nortality. Was
this a big problen? WAs this just a consequence that we
needed to acknow edge, or was it potentially a deal -
br eaker ?

Well, using data in terns of infectious disease
ri sks that were going to be avoi ded by autol ogous donati on—
that are now a decade ol d—ae found that a peri-donation
fatality risk of just 1 in 100,000 units collected on these

CABG patients negated all the health benefits. W haven't
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gone back to repeat these anal yses, but this nunber is
probably up nowin the mllion range. |In other words, a
patient is nore likely to be harmed froma peri-donation
reaction before coronary artery bypass surgery than being
harmed by having an allogeneic unit transfused. And,

i ndeed, one |ooks at the risks that one would have to
include in the analysis—+t's little bit scary. Look at a

| arge group of patients who were donating for thenselves
the risk of a serious reaction was 1 in 400—+those patients
who had cardi ac di sease. The risk of hospitalization is
one out of 17,000 autol ogous donations. And, of course, if
one was goi ng to donate bl ood before surgery, one may have
to delay surgery for a week or two, and you have to conpare
the risk of avoiding HV or HCV with the risk of dying
because you have del ayed your cardiac surgery. And that's
1 in 200 per nonth.

So, these kind of nunbers, | think, have caused
change in the practice of pre-operative autol ogous
donation—at |east at out institution. W rarely, if ever,
now see a patient being referred before coronary artery
surgery. And that may actually be to their benefit.

Harvey tal ked about the down-sides of solvent
detergent plasma. And, indeed, this was another conpeting
risk that we had to deal with. The potential for the

spread of a non-envel oped virus through the pool ed product
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was sonet hing that we knew was out there—+t was a potenti al
ri sk—but the primry non-envel ope viruses that we are aware
of as human pat hogens are not bad actors, for the nost

part. But that's not to say that the next AIDS-1ike virus
coul dn't be non-envel oped. And, again, using data that are
now ei ght years old, that kind of virus only had to be
present in one out of 71 mllion donors before all the
benefits of avoiding the envel oped viruses were negated.

To recal cul ate that nunber today, it would probably be

close to a billion. So, clearly there are risks which may
appear very small, but because the risk that you are trying
to avoid is so small, they nmay ultimately overwhel mthe
benefit.

We have seen this al so—having to be recogni zed—n
terns of the thronmbotic risk that nay be associated with
sol vent detergent plasna.

But we also have to deal with this on a daily
basis in making clinical decisions. Al of the physicians
who wite orders for red cells always think, "Do | need to
really do this? |Is this an appropriate transfusion?" At
| east | hope they think about it. And we've had sonme of
our beliefs challenged recently. For exanple, a study
publ i shed | ast year suggested that those patients who were
el derly and anemi c, after myocardial infarction—

particularly if they had a hematocrit |ess than 30 percent —
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m ght do better if they were transfused. So the decision
not to transfuse because of fear about H V or HCV m ght
actual ly have been the inappropriate decision. And the
conpeting risk of anemc norbidity actually overwhel ned the
risk of HHV and HCV in many of these cases.

So, for all these conmpeting risks I think we need
to bal ance the risks and the benefits with a certain dose
of circunspection, if we can achieve that.

| was very pleased yesterday to see the anopunt of
attention that was focused on bacteria in platelets.
Because clearly, that's where the problemis. [It's not
HV, it's not HCV—and arguably, it's not even HBV, because
of the relatively few | ong-term consequences of that
transm ssion. The primary risk from pathogens today is
clear bacteria, particularly in platelets. And this
represents one of the major risks that a transfused patient
faces. The other one, of course, is getting the wong unit
of red cells. And between the two of those risks, they
dwarf, by at |east an order of magnitude if not nore than
an order of magnitude, the risks of H'V and HCV that really
have brought us to pathogen-reduction technol ogy.

Though how nmuch protection do we want to
establish against HV? And instead, should we pay nore
attention to these conpeting risks and, indeed, the

potential for reducing risk wth respect to the agents that
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we have al ready focused so nuch attention on, is very
limted. In other words, if you have reduced the risks to
a smal |l anmount, you can't reduce it nmuch nore.

Looki ng, for exanple, at the difference between a
m ni - pool NAT and sol vent detergent NAT, yesterday M ke
Busch very clearly showed that there is just not nuch
potential for reducing exposure further by adding an
i nprovenent in the technol ogy that we're using. And,
indeed, if we totally elimnated the HV risk—wahet her
you're starting fromhere or here, that's not many cases.
Those reci pients who woul d have ot herw se gotten H 'V or HCV
will be exceedingly happy that we have done it, however, if
we put our resources in this basket, we may not have them
to use el sewhere.

|'ve been involved with two different groups that
have been | ooking at the cost effectiveness of nucleic acid
testing, and the nunbers are sobering. Wen you | ook at
going to mni-pool or solvent detergent testing, the
nunbers are in the mllions of dollars per quality-adjusted
life year. And if you tal k about going fromthis
technology to this technol ogy, the nunbers get even | arger.
Pl ease don't take these nunbers as final, because they're
under goi ng sonme revision, particularly with some nore
recent information about the cost of the testing. But

anytinme you have to list cost-effectiveness nunbers in
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scientific notation, or something that coul d be expressed
that way, it's probably not the best use of noney.

But, of course, what we're all trying to do is
we're trying to increase the health of the patients that
we're serving. And if we can do that, and if we do have
the resources to do it, well, that's great. My job isn't to
build bridges, nmy job isn't to put a man on the noon. My
job is to try to make transfusion possible for the patients
at ny institution. Ad if | can do that nore safely, and if
| have the resources to do it, I'll be happy to do it.

And, of course, not all of the arrows go up at
gquite that angle. Sone have only a slight rise, and that
will inmediately raise the question of is it worth the
effort to bring it in. But none of us want to have this
happen. None of us want to see the safety of transfusion
decline—ith our well-intentioned efforts to make it
better. And we face that, of course, with chem ca
i nactivation of pathogens, because this is a perfect
exanpl e of a conpeting risk, as we' ve been tal ki ng about .

Are the toxicity concerns going to outweigh the
benefits? And if the risk of HV, or HCV is one in several
mllion units, what new risks should be accepted? And how
can we prove that they're this small?

You know, we've heard tal k about confidence

intervals, in terns of viral inactivation potential. And
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we' ve heard tal k about confidence intervals in terns of red
cell recovery. W haven't heard any discussion of the
confidence intervals around the toxicity evaluations. In
fact, the toxicity data that have been rel eased for these
chenmical inactivation steps have been relatively linted
and rel atively condensed. Can we be sure that the risk of
causi ng cancer after adm nistering, admttedly, a very
smal | anmpbunt of a psoralen is less than one in two mllion?
And can we be sure with a 95 percent confidence that it's
less than one in two mllion. |In other words, are we
really going to be inproving the safety of our transfusion
recipients? 1 think that's a very tough question for the
toxicologists to try to address.

As | said, | was very happy to see that we are
focusing nore on bacterial contam nation of platelets as a
potential application of pathogen-reduction technol ogy,
because this is really the primary concern that many of us
have now, in ternms of bugs in blood.

And t he nunbers you saw yesterday are, indeed,
sobering. Wen we're talking about HV in terns of
fractions of cases per mllion, and yet we're talking
fataliti es—patients who are just as dead—n the tens per
mllion. This is not just an Anerican problem O her
countries that have | ooked at it have seen the sane thing

as well. And for those who prefer nunbers in a different
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format, you look at the French data, calculate it out,
that's 1 in 140,000. And yet we're tal king one in several
mllion for the viral diseases.

So, to return then to | ooking at different
potentials for intervention, we probably should restructure
this decision nodel a little bit, if we're actually going
to | ook at pat hogen-reduction technol ogy, because
particularly if we're going to focus on bacteria in
pl atelets, the bacterial detection nmethods need to be
considered in here as well.

Now, obviously, the bacterial detection nethods
aren't going to do anything to reduce viral infection. But
the probability of no intervention leading to a vira
infection is going to be very low. In fact, what's likely
to drive an analysis |like this is going to be the |evel of
bacterial infection |eading to norbidity or nortality, and
the toxicity of any pathogen-reduction technol ogy.

Now, ny next slide is not a cost-effectiveness
anal ysis based on this nodel, because it would probably
take a small arny of decision anal ysts several years to
consider all of the different ram fications that woul d have
to gointo a nodel like this. This is a conplex anal ysis,
to say the least. So you won't be seeing it in print
anytinme soon. But | think it's an inportant one to be

addr essed.
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Instead, | certainly ama strong advocate for
addressing the problem of bacteria in platelets with a
met hod that doesn't inject a new risk—and that is using
sone type of detection technology. W have been culturing
all of our platelets for the last three years. It wasn't
an original idea with ne. There are blood centers in
Eur ope that have been doing this for nore than half of a
decade, and yet nost of us have been content to just |et
t hi s happen, and not step up to the plate and address it.
That' s anot her i ssue.

But | think the potential here for applying a
technique like this—whether it's culturing or sone ot her
newer technique to come down the road, is providing
assurance of sterility and renoving, or at |east greatly
reducing, the major risks that platelet recipients are now
faci ng.

O course, there are other benefits, potentially,
to come out of making sure that the platelets don't have a
| ot of bacteria in themsuch as | onger storage, and storage
after pooling the platelets, as is done in Europe, and
reduci ng the cost for |eukocyte reduction.

So | et me change gears, then, with the
recognition that sone of these benefits have dollar-signs
attached to them They have benefits which deal with how

we use our resources, because | think that's going to be
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anot her issue in approaching the inplenmentation of
pat hogen-reducti on technol ogy—€ost.
We can certainly understand, after hearing al
the work that has been done on these techniques, that a | ot

of R&D noney has been spent in bringing themclose to

licensure. |It's only reasonable that the conpani es are not
going to be giving themaway. 1It's going to cost us
sonething to use this technology. It will cost us for the
reagents and the equi pment that may be needed. It wll

certainly cost us for the staff tine to handle this
addi tional step

There are many indirect costs to be considered,
as well. They've been nentioned—about product | oss, have
to consider turnaround time, and potentially product
pot ency concerns.

Now, sone of these data have been nentioned
before. Sone of them went by relatively quickly, but |et
me put ny spin on them For exanple, the Phase Il studies
that Drs. Mntz and Snyder presented at ASH | ast year,
showed that there was no statistically significant
difference in the 24 hour recovery, between red cells that
had been treated with Inactine and those that had not. But
t hat doesn't nean that these two forns of red cells are
entirely equivalent. That hasn't yet been proven. And,

i ndeed, there may be a difference between the recovery of
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red cells treated in this way. And there does appear to be
a statistically significant difference in the survival of
t hese cell s—potentially, about a one-third difference.

Wul d that make a difference in the use of these
cells? WII a surgeon or an anesthesi ol ogi st notice the
difference in the OR? Probably not. WII the hematol ogi st
taking care of a thalassemi c over a long period of tine
notice the difference? W'Ill see. And I'mglad sone |ong-
termstudies with S 303 are being established in this
manner .

Because the sanme question arises there, in the
study that has been presented in abstract form There was
a difference between the 24 hour recovery, between treated
and control cells. And this is only a 3 percent reduction
inclinical efficacy. Is that likely to have a clinica
inmpact? Well, we have far nore difference in the
henogl obi n content of our cells than—ef our units than just
3 percent. But, potentially, one could project that this
woul d have some i npact on our usage of red cells and the
overall cost of inplenenting this technol ogy.

We see this also with the use of psoralens for
pat hogen-reduction in platelets. The studies that have
been reported from Europe showed that the treated group

required nore transfusions. They had a | owered count
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increnent, in ternms of |ooking at how nuch the pl atel et
count actually rose.

Now, by using the statistical nethod that the
aut hors of the group decided to use, they were able to note
that the count increnent and corrected count increnent
clearly depended on the dose of platelets. But the dose of
pl atel ets was about 10 percent |ower in the group receiving
the treated platelets. So does that nmean we are going to
have to pay for the technol ogy, and pay for 10 percent nore
pl at el ets bei ng transfused.

In the U S. trial, as was noted, the platelet
content was, again, slightly |l ess. The post-transfusion
count increnents were a little bit lower. The group
receiving the treated pl atel ets needed nore transfusi on and
had shorter inter-transfusion intervals.

WI1l this cause our hematol ogi sts, and ot her
transfusers of platelets, to change the way that they
decide to practice? Because nost hematol ogi sts, in ny
experience, don't calculate corrected count increnents, or
they don't say, "Well, we gave a 10 percent small er dose,
therefore I'mnot surprised that the patient's platel et
count is a little bit lower." They'll say, "Did the
patient's platelet count get to X?" And if the answer is

no, they're going to order another transfusion.
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So, the count increnent is indeed sonething
that's inportant. And that may inpact, ultimately, the
cost to the institution--and put nore strains on our
availability of platelets. |In many parts of the country,
the collection of platelets really drives the bl ood
coll ection systemnot that red cells aren't used and aren't
inmportant. But platelets are what's in short supply nore
of ten than not.

And wi Il we have enough platelets in our system
to suffer the decrenent of these treatnents, and continue
providing the supports that patients need and that
hemat ol ogi sts expect? That is, indeed, a rhetorical
question. | don't have the answer.

So, we have been successful with reducing these
viral risks, and we are now the victins of our own success.
Because we can't really push these down any further w thout
causing these conpeting risks to rear their ugly heads.

W will have a bit nore roomto maneuver, wth
respect to potential toxicities if we conpare the benefits
to be gai ned by the pathogen-reduction technology to septic
fatality or bacterial contam nation concerns—n platelets.
Because here there is nore risk still inherent in the
current system Therefore we can tolerate nore risk in the

i npl enentation to renove it or reduce it.
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So, ny recipe for making transfusions safer is
that we should focus on the largest risks. As you have
heard today from others, the biggest risks are not viruses.
They' re bacteria in platelets and giving the wong unit of
bl ood to a patient—as well as others. And we should focus
on those largest risks; put our resources there, put our
time and effort there, put our national conferences there—
if we expect to really nake sone inroads and inprove
transfusi on safety.

Al so, when we try to inplenent a solution, let's
| ook for a solution that doesn't bring along with it new
risk—er at least try to pick a solution that has the
smal l est risk attached, so that the net benefit, after
you' ve subtracted the conpeting ri sk—the net benefit wll
be as | arge as possible.

Thank you very nuch.

Appl ause. |

DR. VOSTAL: Thank you, Jim

Are there any questions?

Pause. ]

Al'l right. Thank you.

Public Conments

DR. VOSTAL: Now, the next session is a public

comrent period. And the host for that will be Dr. Ed

Snyder. And |I'd like to take this opportunity right nowto
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t hank Dr. Snyder for hel ping us plan and organize this
wor kshop. His tireless efforts were invaluable in getting
this workshop put on.

Thank you.

Appl ause. ]

DR. SNYDER: Thank you very nuch for those kind
words. Steve Wagner was part of the group as well, as |I'm
sure Jar will be nentioning at the very end, plus the other
menbers of the teamthat are |isted on the back

We all tried to cone up with a conference that
woul d touch on the issues, to let not only the industry
menbers but also the industry recipients, if you will, know
what the state of the field was. So | think we've
certainly achieved a | ot of that.

The purpose of this session is public comment.
There were three people who had signed up to present. Dr.
Dzi k was one. He has since decided to dis-sign-up.

Laughter. ]

There were two others: one from Bi oneri eux.
don't know if that individual is here. Yes? You are?

Of mc remark from audi ence. ]

Laught er. ]

DR. SNYDER Hoi sted on his own petard. Yes.

There you go.
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And the third was—+ don't have ny sheet with ne.
Who was the—eh, yes, Steve Binion fromBaxter, who | think
has also told nme he woul d not be speaking.

Laught er. ]

DR. SNYDER. So—+'Il tell you about ny trip to
Mai ne - -

Laught er. ]

DR. SNYDER No. | think what we should probably
do is open this up to just statenents fromthe floor. |
always like to refer to a comment that Jack Hoke nade, who
was with NHLBI many years, and tal ked about people
suffering fromthe pain of undelivered speech. And | think
nowis the tinme to relieve yourself --

Laught er. ]

DR. SNYDER —ef your speech.

And the only ground rules are to limt yourself
to no nore than five mnutes. And the session is supposed
to run until 4:30. W obviously may not take that much
time. So—ust please identify yourself.

DR. LePARC. German LeParc from Fl ori da Bl ood
Servi ces.

| just thought that to give people here a
perspective, I'll tell you a short anecdote that happened

just recently.
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As you may have heard in the newspapers, TV or
everywhere, our institution had the sad experience—a
wr enchi ng experience—ef having had one of the—the second
case of HV transmtted through transfusion during a w ndow
case—whi |l e doing that.

The week after this broke out in the nedia, |
could go back to see patients again. You know+that whol e
week was just gone. And we had a young patient who was
di agnosed with TTP, and we are in a nmulti-center study that
is ongoing with one of these conpanies, where we recruit
our patients to treat with pathogen-reduced pl asna.
Actually, it's a double-blind, so we give sonething that we
think has it or not. You never know.

But, part of it is you have to present to the
patient an informed consent, which is a five-page docunent,
that tells himabout the known risks of plasma transfusion,
and the unknown ri sk of pathogen-inactivation, or pathogen-
reduction. And the patient—a very intelligent person—was
still with it, and knew what the situation was, and started
to ask nme questions, "Well, what about this risk," and you
have to say, "Well, we don't know. That's why we're doing
the study.” And "WII| this work the sanme as plasna?"

"Well, we don't know. That's why we're doing the study."”

| nmean, my answer was that kind of thing.
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And | really wanted to bring this person into the
study, because that's the only way you make progress. And
at the end, the patient said, "You know what, Doctor—+ know
that the risk, fromwhat you say, of getting H 'V and what
the risk of getting HCV and HBV—and |'d rather take known
ri sks rather than the unknown risk of this new treatnent"—
and denied us recruitment into the study.

And this is—you know, in the mddle of a frenzy
where, you know, there were people that woul dn't get
transfused for anything in the world, or were banging on
doors—1 want autol ogous bl ood only," even though they were
with three nitro-patches and an oxygen tank.

Laughter. ]

DR. LePARC. So, you know, | think you need to
know that the public has different expectations, depending
on what their outlook on things are. And, you know, we nmay
t hi nk t hat —sone peopl e may think that pathogen-reduction is
the way to go. And other people say, "You know, there are
so many unknowns, | don't want to take that risk, and I'd
rather go with what we have now. "

DR. SNYDER: Cel so Bi anco?

DR BIANCO Anerica's Blood Center.

This was a wonderful workshop. And you made only
one mstake. | think that Harvey's and Jinis presentations

shoul d have opened the workshop. They were very sobering.
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac
They were superb—and set the tone, in retrospect, for al
the things that we heard.

???AUDI ENCE: Harvey made one statenent that 1'd
like either himto explore, or perhaps sonme of the people
who are fromthe conpani es—and that is the issue of the
pat hogen-reducti on net hodol ogi es' not being able to help
with an energing infection?

DR. KLEIN: No, I'd like to clarify what | neant
by that, just so that it won't be m sunderstood.

| think that if you have a pat hogen-reduction
technol ogy that reduces sonething by four or five or six
| ogs, and your energing agent has 10 to the 8'™" |, then
you're still going to transmt infection.

Now, if we go back and we | ook at M ke Busch's
data, |looking at hepatitis C, there's a chronic phase with
a very high infectivity. |If we |look at hepatitis B, there
are several times in the course of the infection where
there's very high infectivity. |If you ook at H'V, in the
early phases of the ranmp-up, there's a lot of virus
circul ating.

| f we have a pat hogen-reduction technology that's
capabl e of addressing 10 to the 14'" or so, then | think we
can feel fairly confident that the next infection is not

going to be an issue-and only fairly confident at that.

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

Now, | don't nmean to say do nothing because you
can't do everything. But |I think we need to be very sober
inrealizing that it's very easy to say "W're going to add
sonething to kill viruses and prevent the next HV." |
t hink that based on the data we have, that's very unlikely
to be the case.

DR. AuBUCHON:. But —oul d request a clarification
from manuf acturers about the capabilities of their
t echni ques?

It was ny understandi ng—and |I'm not a virologist.
| may have this wong—that when the viral reduction
capacities were shown as greater than 5.7 | ogs, the reason
that that wasn't |isted as greater than 8 |l ogs or greater
than 10 | ogs was not necessarily because the technol ogy
could not go to greater lengths at inactivation, but
because the test systens did not allowthemto test at
hi gher concentrations than that. They had reached zero.
They couldn't start any higher than what they started.

| woul d request sone clarification as to just how
much of a concern Mke's projections and Harvey's comments
really are.

DR. CORASH. yes, | think—you know, M ke's data,
which are --

DR. SNYDER: Pl ease identify yourself for the --
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DR. CORASH: Larry Corash, from Cerus Corporation
in California.

| think Mke's data, obviously are very
i nformative, but you have to nmake a distinction between
genone equi valents and infectivity. And what Mke is
measuri ng are genone equivalents that are in the—you know,
the plasma of those donors.

What' s being neasured in the pathogen-reduction
assays are infectivity. And so you can only, you know,
denonstration elimnation in the sanple that you're testing
for infectivity that the highest titre that you can grow it
t o.

And the wild-type viruses frequently are not
anenabl e to—they' re not—+they will not plaque in these assay
systens. So you can't denonstrate it.

| think the situation is really pertinent in, you
know, the hepatitis field, where Harvey Alter has
calibrated, you know, viruses that have been proven
infectious multiple times over. And the titres of those
run between four and five |logs, you know, per ml, because
that's what's infectious in those plasnas.

That's not to say we don't know that in those
pl asmas—+hose—you know, those genone equival ents, although

we know that in general there's a m smatch between
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infectivity and genonme equivalent. So we can neither prove
or disprove that—unfortunately.

But | think, you know, in Mke's exanple of the
very early phase of infection in these still vul nerable
wi ndow peri ods, where he's finding, you know, genone
equi val ents, which we woul d have to assune exceed
infectivity, they seemto be in the range of sonewhere
bet ween three and four log per M —+f |I'mquoting you
correctly. | mean, you can state your own dat a.

And so, in that range, at |east we know for
infectivity we have sonething which seens to be—have sone
capacity.

DR. BUSCH. M ke Busch.

| nmean, obviously this issue of the relationship
bet ween infectious units and genone equivalents is critica
to not only pathogen-reduction, but toward the need to
i npl enent enhanced sensitivity NAT.

So we' ve been focused on this, both in ani nmal
nodel studies, and in trying to acquire data in real human
transm ssion settings to answer it.

And | —+n the animal studies that—we've done sone
in collaboration with Harvey—and certainly, even worse, in
vitro infectivity assays—+ really think are just sinply
insensitive. The in vitro assays are fundanental ly

insensitive to—particularly primary isolates, and then the
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ani mal nodel s—+or exanple, in the HV studies we did
several years ago with Chris Murphy and Harvey—t was very
clear that the kinetics of primary infection in the chinp
is so dramatically different. And then we went back and
attenpted to transmit primary isolates to chinp PBMC and
could never even find and acute plasma panel that woul d

i nfect chi nps.

So those animal nodels, to ne, are really
difficult to extrapolate, which is why our focus, recently,
has been on acquiring data from human transm ssi on
settings—either these | ook-back cases that have been
observed, where | ook-back has found recipients who got pre-
sero conversion, even mni-pool net negative units, and
either did or didn't get infected. And trying to generate
the data to ask "What was the viral load—= in this case, in
t he wi ndow period, "—that was associated wth
transm ssion?" And were surprised to see, you know,
transm ssi on seens to be happening with |evels of primary
virem a that are extraordinarily low, at the limts of
detecti on of NAT—essentially, single-copy, or certainly,
bel ow detection in mni-pool.

So, tonme, | infer fromthat that during the
ranp- up w ndow phase, that all of that virus that we're

detecting with genetic nmethods is alnost certainly
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infectious. You' ve got an exponential growth, it's just
i ke bacteria. You're in a nassive growh phase.

What's really surprised ne, though, is that the
work that we've been doing recently, |ooking at—eorrelating
infectious units with transm ssion in people with chronic
i nfections--H YV, HCV--where once again we're finding
transm ssions with concentrations by genone anal yses as | ow
as 10 or 1 or even sub-detectible by genetic mnethods.

And, to me, again, the inference | draw is that
the theory that a ot of this virus was non-infectious,
neutralized-effective is wong. And that even in chronic
phase, | think to be conservative—and | think, you know,
accur at e—we have to assune that genone equivalents are a
pretty good reflection of infectivity of these hunan
viruses in the context of transfusion.

DR. CHAPMAN: |'m John Chaprman from Vitex.

| appreciate the points that are bei ng nmade.

| think one thing I would say is that our
virol ogists spend a ot of their effort trying to get to
very high titres that they can produce. And then when we
have those at the highest |evel that we can nake, then we
do our experinental designs to | ook at the kinetics of
i nactivation, so as to understand what is the rate of

i nacti vati on.
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And | think that tells you a | ot about what the
power of the technology is against that particular virus.

And al so, in sone cases, |ike human pavo-B-19, we
have data which is show ng—because our nechani sm of action
is to disrupt nucleic acids, we can show by PCR—ong-range
PCR—whet her we're damagi ng the pavo-B-19. And there we can
have titres of 10 to the 11'" being rendered to have no
detectible PCR inplication after treatnent.

So, | think it's a case of virus by virus you
have to look at. And you have to use all the technol ogy
that's available to assess what is the power of that
t echnol ogy.

DR. SNYDER: Dr. Goodrich?

DR. GOCDRI CH: Ray Goodrich, Ganbro BCT

| think Harvey Klein raises a very valid and
interesting point. And | think that there is data that is
avail able to be able to address sonme of these questions.

For a long time, we've approached this fromthe
st andpoi nt + know M ke does these cal cul ati ons—has done
them has published them+tooking at detection limts as the
issue. And there you're working at high titres and going
down, and aski ng where does your sensitivity, to be able to
detect these viruses, becone negligible, and no | onger

effecti ve.
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And that defines a wi ndow period. And it
defines, as a result, the nunmber of transm ssions that
m ght occur—and have occurred in sone cases—and you could
cal cul ate and determ ne what those are.

Wth pat hogen-inactivation, you're taking a
slightly different approach. And | don't know if we've
| ooked at this fromthe standpoint of saying, "W kil
different viruses to different levels.” And we're starting
at the low end—+the | ow anobunts that are present at certain
periods we may kill very effectively. At what point on the
upper end do we | ose effectiveness? And what are the titres
during various stages of virema in donors, who m ght be
i nfected and m ght be donating bl ood.

| think that information is available. And
maybe, if we ook at it, if we analyze that data, we could
conme up with sone estimtes of how nany cases, based on
performance |l evels with a variety of different types of
viruses, whether it's three logs, four logs, five logs, six
log per m, inactivation that's achieved, how many cases
you m ght be able to interdict.

| don't think that that's been done, and | think
it would be a very worthwhil e exerci se.

DR. SNYDER: Roger ?

DR. DODD: Roger Dodd.
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Yes, | really got up, I think, to support
Harvey's point. | think it's a very inportant one. And
t he level of the discussion clearly indicates what the
outcome of this positionis: and that is that we really do
not know and we cannot predict what will happen with the
next virus.

| remenber—-and | know that things have changed—+
remenber working for sonme tine in the area of pathogen-

i nactivation and | ooked, along with Steve and others, at a
nunber of different agents—ot the refined agents that

we' ve heard about over the last couple of days. But it was
very clear to us at that tinme that when you were deal i ng
with five or six logs of a relatively sensitive virus, you
were also at the imt of survivability or functionality of
the cells in the system whether they be red cells or

pl atel et s.

And certainly in the systens with which | was
famliar, you were in a very narrow w ndow, where on the
one hand you had | ess inactivation, and on the other you
had | ess platelets, basically. So | think that that's
sonmething to be borne in m nd.

| think it's very creditable that such high
| evel s of inactivation can be shown, but we don't really

know what they nean.
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And the other thing that I—+two other things I
wanted to comment on. And, again, | agree with Ray and
with John, that you can tell a |ot by | ooking at
i nactivation kinetics, but there have been a nunber of
cases that many people in this agency—er used to renenber
quite well —ef predicting infectivity or inactivation
resulting in an infectious vaccine, because it just did not
continue along the predicted straight line. That's a
matter of concern.

And the other thing, as a historical note, | find
nmyself sitting beside Lew Barker. And Lew, many years ago,
publ i shed really quite a sem nal study, which couldn't be
done anynore—and | don't think he was responsible for the
study, but rather for the analysis. And in that study it
was shown that a mlliliter of serumfroma hepatitis B
carrier was infectious out to 10 to the 7'" dilution; in
ot her words, at least 10 to the 7 infectious doses per
milliliter of HBV in that plasma. And again, | think that
enphasi zes the point that Harvey made when he stood up that
even the materials with which we're famliar will probably
only be effectively inactivated in the presence of current
| evel s of highly effective testing.

DR. SNYDER: Bernie?

DR. HORON TZ: Bernard Horow t z.
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Well, | think to answer the question in part, we
shoul d go back to the 1980s. Because factor-8
concentrates—every vial of factor-8 concentrate transmtted
hepatitis C. And that could be shown in chinpanzees, and,
unfortunately, could also be shown in man

Every vi al —aot every vial, but many vials
contai ned hepatitis B. And as we sadly | earned, nmany
cont ai ned HI V.

Viral inactivation came. W know the data
associated with those early nethods. Al of the nethods
stopped H'V, even though many of them-several of themwere
not that potent. Does that nean that they will stop the
next, or the current nethodol ogies will stop the next
virus? O course we don't know what the virus is.

But, nonet hel ess, we do know what the potency of
t hose early nmethods were, and they inactivated about four
| ogs of virus, for a variety of viruses that it would spike
wi th—not greater than four—greater than and equal to—they
i nactivated four |ogs.

The better nethods inactivated greater than six
| ogs of inactivation, and they al so stopped hepatitis C.

So what can we infer from-hAow, those are data
that we can |l ook at. Wat can we infer as to the current

nmet hodol ogi es?
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| think the current methods—he ones that

i nactivate greater than six, have a good shot at stopping
the next virus. No guarantees. But they really do have a
good shot at it. And yesterday, when | was asked the
guestion—er, in fact, the entire assenbly was asked the
guestion: "Wiat should we aimat —target at—for
i nactivation?" And | said, "Well, at least six |ogs, and
preferably eight." And | didn't go into all of the reasons
for it, but those are sone of the reasons that stood behind
t he nunbers.

Some of them just come from the nunerol ogy, and
definition of a TCID-50, which I don't think I'll bore the
audi ence with at this point—but—and probability analysis
that's associated with it.

But fromwhat | can see, at |east of the Cerus
data and the Vitex data, they at |east have a good shot at
st oppi ng the next virus.

DR. SIVAN My nane is Yariv Sivan, from Maco
Phar ma.

| have a question that could have sone influence
on the cost analysis of these systens.

Post - mar ket surveill ance was mentioned, but what
ki nd of size of post-market surveillance would be

acceptabl e for these kind of things? Are we talking about
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one in ten thousand, one in a mllion, depending on
Vi ruses?

DR. SNYDER |'msorry - what kind of what?

DR. SI VAN. What size of post-market surveillance
woul d be required?

DR. SNYDER Wbuld our PMA specialists like to
respond to that?

No response. ]

That will have to be worked out.

Pause. ]

Dr. Busch approaches.

DR. BUSCH. | just wanted to follow up, both on
Roger's and Bernie's comment. | nean, | think the
unfortunate reality for this conference, to ne, is that,
you know, testing is going to have to stay in place; that
t hese nethods wi Il achieve, hopefully, four, six |ogs, but
will not allow us to disband current testing nor, with
every new agent, assess whether testing is needed in
addi ti on.

Now, | don't think that you can extrapolate from
the pool derivative inpact of these nethods to single
units, because you have the dilution factor, where you're
actual ly pooling, you know, one infectious unit into
hundreds or thousands. And so your ending titre that

i nactivation needed to kill, was substantially |ower than
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m ght be present in a single donor who's in the w ndow or
chronic carrier stage.

I f you |l ook at the distributions of virema in
the wi ndow or chronic carriers, you know, | think four to
six logs killed will elimnate infectivity—per m Kill—will
elimnate infectivity in probably 80, 90 percent of chronic
carriers. And, you know, during nost of the primry
wi ndow, elimnate infectivity there as well.

But it's not going to safeguard from your high
titre carriers in either context.

DR. HOROWN TZ: M ke, as far as—+t's Bernard
Horowitz again, for the record

As far as | know, there's absolutely no data to
support the dilution effect. |1've heard it quoted at so
many neetings. But, in fact, the total anmount of virus
that you put into any of these systens is what's the
controlling the outconme of whether or not you're killing
all of it, some of it or none of it.

And | have never seen any data to say that if you
have 10 to the 3% virus in 10 nl's, is any different from 10
to the 4" virus in 1 nl.

DR. SNYDER: Mo, is your comment directed—el so or
Mo, are your comments directed at this? Okay.

DR. Bl ANCO Cel so Bi anco.
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| think that this discussion brings up what I
think is a marketing lesson to all of us. That is what we
heard yesterday and today, that if there is one thing that
is inmportant, and where pat hogen-reduction could help, is
with bacterial contam nation

What the conpani es have marketed until today, is
"the next virus," is the fear of the population. And I
think that that's the big change that we attained with this
nmeet i ng.

And | wish that's the way that the real things

were the object of the clainms and marketing of those

product s.

DR. BLAJCHVAN. Mo Bl aj chman.

| was | ooking around the room because Tom Zuck
was here earlier. | think he's gone now.

But Tomwote an article that nmany of you
renmenbered, that was entitled "Can we have a zero-risk
bl ood suppl y?"—er sone such thing.

And his conclusion, as best | can renenber, was
that this was not possible.

It's still probably not possible. The only
problemis, we have technol ogi es that have been tal ked
about in the |ast 24 of 48 hours, that bring us nuch closer

to a zero-risk blood supply than has ever been possible.
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Now, Harvey Klein criticized nme during his tal k—
and possibly appropriately so—because | took to task the
regul atory agencies for not regul ati ng sone of these
technologies. And I think he was right to criticize ne.

But | think you have to understand the notive of
where | was comng from The notive—what is inhibiting the
institution of these new technologies is the econom c side
of things—the potential costs of these things, which are
not inconsiderable. These costs are significant.

But it's that that's stopping us fromreaching
closer to that zero-risk blood supply. To leave it to the
mar ket pl ace to decide to spend the noney perpetuates this
delay in reaching the zero-risk blood supply possibility.
And as far as | can see—and this happens in our country—n
Canada—and is likely going to happen in the United States—
unl ess the FDA or simlar regulatory agenci es nandates sone
of these things—+ike doing sonething with bacteri al
testing, like introducing other innovations, we are not—we
inthe United States and Canada and el sewhere in the worl d—
are not going to be able to achieve the zero-risk bl ood
supply because the problemis that there aren't good
nmechani snms in place, particularly in the United States, for

recovering that noney.
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As | understand the reinbursenent system it's a
system that allows—+that doesn't readily allow for recovery
of those funds. And that is the problem

So, | took to task Jay Epstein for not doing
anything, because | felt that that is the only way that we
in transfusion can advocate, and do our job in delivering
the safest possible blood to the patients. In order to do
that we need to encourage the regul atory agencies to do
t hat .

At a May ABV neeting a few years back, | spoke
for the institution of |eukoreduction—universa
| eukoreduction. | certainly acknow edge that the data
aren't all there, but I think this is going to be a mgjor
advance for our patients—and that is universa
| eukor educt i on.

| was criticized by sonebody who I have had a | ot
of respect, and still have, because they tried to paint ne
as being on the payroll of one of the corporations.

And that's fine. But what | wanted to do, but
have too nuch request for this person to respond
appropriately, or the way | really wanted to—that he too
has a conflict of interest, and nost of us in this room
i ncluding nyself, have conflicts of interests, because we
represent the institutions that we work for—he hospitals

that we work for.
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We are protecting those budgets.

| think we are behaving somewhat unet hical when
we don't do the best job we can for the patients that we
| ook after. It is not up to us to decide where the noney
is spent. It is up tous, inm view, to argue, to nake
the case, for attaining a zero-risk blood supply. And
until we take that position as a group, we will not have a
zero-risk blood supply, and not even get close to it.

DR. SNYDER: Ckay. |I'mbiting nmy tongue here.

Go ahead.

Pause. |

You were in notion. You get to go.

DR. FARSHI D: Mahnood Farshi d from FDA

| would Iike to comrent on Dr. Horowitz's point
that + think the conparison of the single unit reduction
with the manufactured plasma derivative nmay not be
conpl etely accurate, because there—even if you have five or
six log reduction, the manufacturing fractionation process
al so contributes to the viral renoval. And in a plasna
derivative, we require, as indicated yesterday, at |east
two steps for clearance—+enoval and inactivation, which
shoul d provi de sonewhere about 10 | og reduction in case of

envel ope viruses.
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So the level wth indicated for the single unit—
five to six | og—does not appear to be sufficient to provide
assurance that no virus will be in the unit.

And for the limt of clearance, it should be
sufficient to basically inactivate or clear the |evel of
the virus at the peak, basically taking worst-case

scenari o, which would be the viral | oad at the w ndow

peri od.

DR. SNYDER 1'Il let Bernie comrent.

DR. HOROW TZ: | apol ogize, too. This is such a
techni cal question for, | think, the audience. And yet the
i mpact is significant enough, |I think, to warrant a

response. Because if we believe that the inactivation
systens are not going to inactivate the next virus, then—
aside fromthe comment of bacteria—you know, we shoul dn't
really pursue them in ny mnd.

Just as a rem nder—+ was referring to the 1980s,
in part—+n |large part, not only because we had the viral
data, but factor-8 concentrates were little nore than
cryoprecipitate in the 1980s. And there's evidence that in
the cryoprecipitate, the virus was concentrated rather than
di | ut ed.

So, as a challenge for the system+t was a very
adequate chall enge, despite the fact that it was a process

derivative. The only step that really had any inpact at
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all was the cryoprecipitate. And sonme viruses were
removed, and others were concentrated. And, in any case,
there were relatively high titres.

So, | think that the evidence fromthe 1980s
still holds for today, and we still have a good shot of
i nactivating those viruses wth the nmethods that |'ve seen
in the rom

DR. SNYDER: Dr. W I konmren.

DR, WLLKOMVEN: W I I komren, the Ehrlich
I nstitute.

| want to say, the safety of products cones from
t he conbi nati on of neasurements—a conbi nati on of acti ons.
In the case of plasma derivatives, we have the testings —
testing of plasma pools. W have the different
fractionation nethods. W have two inactive—er we have two
nmet hods which are effective for inactivation or renoval of
the viruses and this has to be denonstrated.

In the case of the single donation product, I
think we have a little bit different situation, because we
have not so nuch opportunity to conbine different
nmeasurenents. We have—but we have two. Also, we have the
testing. The testing is enhanced by the established—er the
i ntroduction of the obligatory testing of the genones, and

AT testing.
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And then we have, if we are speaking here about
the inactivation nethods--pathogen-inactivation in
conponent s—we have then the inactivation nethod.

On the other side—and | think we have a safe
product then, and the inactivation—although enhance the
saf ety.

On the other side, |I'malways vary cautious with
any concl usi ons on unknown viruses. W know from al
i nactivation nethods—and we have seen it here also, that
the different methods have sone Iimtations, and we have to
consi der that, and we have to test that, and we should know
that, so that we can nake real predictions.

| agree conplete, if the inactivation—+f a
donation contains 10 to the 11 maybe povuviruses, it is
possi bl e that the inactivation nmethod cannot conpletely
inactivate it. But we will see it fromthe kinetic, from
the real good investigati on of this method, which what we
can predict fromthis, and what we can conclude or assune
fromthat.

And so | think this—this, altogether, | think
give us a feeling or give us information, and the know edge
about the safety of the products.

DR. SNYDER: Dr. Brecher.

DR. BRECHER: Thank you, Dr. Snyder.
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One the one hand, | think we've done a very good
job at this neeting, tal king about viral inactivation, and
arguing the various nerits. And we've nentioned pat hogen-
reduction in regard to bacteria, but we sort of blew past
detection systenms. And |I'ma little disappointed that that
didn't get alittle nore play in this neeting.

But, in any case, whatever we do, we have to do
sonething. And to quote a wise man fromthe 1999 neeti ng,
"The inperative is to act so we don't have to explain
ourselves on Nightline." Ed Snyder said that.

DR. SNYDER Let ne respond to M.

In the United States we have Casey Kasim |
don't know if you know Casey Kasim Casey Kasimhas this
top 40—er at |east, |ast—when | stopped listening to him
And he used to end every show with a comment, which | think
is germane. It says, "Keep your feet on the ground and
keep reaching for the stars.”

So | can go back to ny institution and tell them
zero-risk, zero-risk. And they're |ooking at cutting our
cooki es, our paper goods, travel budgets—there's really
nothing left to cut, except the $7 nmillion bl ood budget and
26 people that work in it.

So, it's difficult. W can't, | think, |ose

credibility. And |I'msure you understand. | understand
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the "Mb-isns" when you get going. You're very passionate
about your points of view

But | think this is sonmething that we have to
tenper reality with reaching for the stars here.

| would |ike to raise a question. And | naybe
peeking into Pandora's box. | wasn't sure whether | should
do this or not. If it's not appropriate I'll close the box
and just turn the podiumover to Dr. Vostal.

In talking to sone of the pathogen-reduction
conpany folk, |'ve asked them how close they think they are
to licensure of various materials. And they tell ne that—
as far as toxicity is concerned—that's an issue for ne.

And the response | get is that "W've done
everyt hing the agency has asked us to do."

When | talk to the agency, | kind of get the
feeling they may want themto do nore.

And | can't quite put this all together. | just
feel 4+'d i ke to know, to sone degree—and this is where it
may be inappropriate to discuss this in an open forum
which is why I'm continuing --

Laughter. ]

—what expectation should we have? Are the
conpani es correct that they've submtted everything they
need to, and you're going to think, and it may take you

several years to finish thinking --
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Laughter. ]

—or is there an expectation, based on this
conference, you know, there are whole areas that have yet
to be | ooked at. Because part of this has to do what
Mar k' s conment was about do we want to put in pathogen
detection systens before inactivation systens, and so
forth.

And | think as, you know, people in the United
States | ooking at this, what m ght we be reasonably wlling
to expect in the com ng nonths or years.

DR CHAPMAN: | would correct your statenent, |
think, Dr. Snyder —fespectfully—+n that |I don't believe
we' ve ever said that we think we're finished. This is an
ongoi ng toxicology program In fact, when | presented ny
results, | indicated that our carcinogenicity study is
ongoing. And that's—we're at a point now that we're ready
to start sharing our toxicology data with the scientific
community. We'll be presenting reproductive talks at the
| SBT and at the ABB neeting.

So we want to start sharing our data. | think
we're at the very beginning of that, not at the end.

DR. SNYDER: | actually wasn't referring to
anything you had said, but | appreciate the conment.

Dr. Vostal, are you able to respond to this, or

should I just go away.
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Laughter. ]

DR. VOSTAL: You shoul d have kept that box closed.

Well, | think—these are really conplicated
bi ol ogi ¢ products that we're |ooking at toxicity of. And
what we wanted to do at this neeting was to present the way
that we're looking at toxicity currently. And we wanted to
open up the forumto see, you know, whether we were doing
it appropriately? Were there's opinions about how it
shoul d be done ot herw se.

And | think one—ene thing that |I'mhearing is
t hat -you know, this is an ongoi ng process, and it—post-
mar ket surveillance may be a bit factor in evaluation of
t hese products.

For the other stuff—-you know, there was a | ot of
thi ngs presented, and a | ot of opinions presented, so we'll
have to go back and go over the transcripts and see if we
find something el se.

DR. SNYDER Ckay. | think I wll thank you all.
Unl ess anyone has any other burning issues, I'll turn this
back to Dr. Vostal to close us and take us hone.

FDA PERSPECTI VE ON DAY TWO

DR VOSTAL: Ckay. Well, that was two days of
di scussi on of pathogen-reduction. | think we covered al
we set out to do, and we finished on tinme. And that's how

t he FDA does worKk.
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Laughter. ]

Appl ause. |

So, the objective for us was to have an open
forumfor discussion of how to eval uate these net hods—you
know, toxicity and efficacy. And then also to get input
fromthe transfusion commttee on how they woul d | ook at
the risks and benefits. And | think we've achieved al
that, and it's exceeded our expectations—ertainly ny
expect ati ons.

|"d just like to al so address Mark's point that
he made about bacterial detection.

You know, our objective is to sonehow reduce
bacterial contam nation in these products. You know,
however we get there is not really that inportant to us as
| ong as we get reduction of those.

Thi s wor kshop—the point of it was to help us
eval uat e decontam nati on because it's one of the npst
difficult things we've dealt with before, in terns of, you
know, having a device and a biol ogi c product and novel
i ssues—though judging efficacy and toxicity.

So, we needed—this is the one that we needed nost
hel p on, so that's why we focused on this one first.

Let nme just—so we went through the objectives.

| just wanted to bring up one nore point that

didn't get brought up in the |ast two days.
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S. E.
Washi ngton, D.C. 20003- 2802
(202) 546- 6666



cac

This is term nol ogy—the current term nol ogy
that's being debated at the FDA. And we have the—you know,
what's "in" and what's "out."

O course, what's "out"—-nRow, because | don't
think we're going to be able to ever claimsterility in
t hese products after, you know, pathogen-reduction. |
t hi nk we shoul d not call them pat hogen-decontamni nati on,
pat hogen-i nactivati on, pathogen-free, or sone of these
other ternms is better than "clean,” "ultrapure,” "clean as
a whistle," "pure as the driven snow. "

| think the inpression should not be made, just
by calling it sonething, that there is zero risk.

So we would prefer if we stuck to pathogen-
reducti on.

Wth that, 1'd like to also than the pl anni ng
conm ttee that helped to plan and organize this neeting.
Fromthe FDA, there was Nat Wlins, Betsy Poi ndexter, Sukze
Hwangbo, Mahnmood Farshid, Joe WIczek and Trevor Pendl ey.

And | think the best thing this group did was to
call Steve Wagner and Ed Snyder to help us plan and
organi ze this. Those two guys really were invaluable to
us.

So, with that, I'd like to close. And thank you
all very much for attending and participating.

[ Appl ause. ]
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[ Wher eupon, at 4:35 p.m, the proceedi ngs were

adj our ned. ]
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