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PROCEEDI NGS
(8:31 a.m)

DR. SCOTT: Thank you. Good norni ng,
everyone. | see our audi ence continues to grow,
but we're going to get started now. W' re going
to begin with welcomng remarks. And the first
person - |I'mpleased to introduce Dr. Peter Marks,
who is the director of the Center for Biologics
Eval uation and Research. And we're very gratefu
to himfor sparing a few nonents to speak with
you.

DR. MARKS: So, thanks, Dot. And |
first of all want to thank everyone who's tuned in
this nmorning. | really appreciate the nunber of
peopl e who are joining us. Thanks also to all of
our partners and to our FDA staff who' ve hel ped
put this together -- really appreciate the work of
t he I mmune Deficiency Foundation, Plasma Protein
Ther apeutics Association or PPTA, and our staff
and Dr. Scott for putting together a really nice
wor kshop agenda.

Really, this is sonething that is an
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| nportant issue to address. This is one of those
-- many of the things that our center -- | may not
have had up cl ose and personal experience wth.
But as a hemat ol ogi st -oncol ogi st who used to give
a lot of immunoglobulins for a variety of
different conditions, to be honest, on |abel and
off label, | have seen what can happen. And so,
under st andi ng hypersensitivity reactions and
trying to mtigate against themis really an

i nportant thing for this class of products, which
has a trenendously broad application in so nany
different conditions, and is -- you know, it's the
mai nstay of therapy for several conditions, but
also finds its way in use for literally dozens
upon dozens of other diseases for which it is a
preferred treatnment, so -- even if it is off

| abel .

So, really appreciate everyone taking
the tine. | don't want to take too nuch nore tine
away fromthe neeting to say anything el se other
than thank you so nmuch for joining. Really | ook

forward to great presentations and great dial ogue
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today. Thank you.

DR. SCOIT: Thanks, Peter. Thanks very
much. Next, we'll go on to Jorey Berry, who is
the president and CEO of the Inmmune Defi ci ency
Foundat i on.

M5. BERRY: Thank you. 1|'magoing to
share ny screen. | just have a couple of slides.
And hopeful ly, everyone can see that.

Ckay. Well, good norning. On the -- on
behal f of the Immune Deficiency Foundation -- and
nost people refer to us as IDF -- | just wanted to
share a quick word on who IDF is and why we're so
pl eased that today's workshop i s happening.

M ssion statenents can be words on paper for a |ot
of organi zations. | don't think that you're
supposed to say that, but | can tell you they are
not words on paper at | DF.

We are | aser-focused on inproving the
di agnosi s, treatnent, and quality of life of
peopl e affected by primary inmunodeficiency. And
we strive to do that by fostering a conmunity - a

comunity that's enpowered by advocacy, educati on,
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and research. |IDF serves as the trusted
organi zation for the primary i nmunodeficiency
comunity. And we not only value our role as a
pati ent advocacy organi zation, we take it very
seriously. There are people -- there are people
counting on us.

| f you have a primary i mmune defici ency
or Pl, it nmeans you're born mssing part of your
| Mmune system or your inmmune system doesn't
function properly. Pl is actually, as many people
on this call may know, an unbrella termthat
represents about 450 rare conditions, but they all
have one thing in common -- the body's inability
to fight infection. And |IDF has been fighting for
people with a Primary | mmune Deficiency since
1980.

For many people wth rare diseases,
i ncluding PlI, plasna-derived therapies are the
only option for life-saving and really |ifelong
treatnent. In fact, it takes 130 plasnma donations
to treat one adult for one year who's affected by

Pl. The plasna-derived treatnment for nmany with
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primary inmmunodeficiency is inmunogl obulin
repl acenent therapy -- so nmuch so that we | aunched
Plasma Hero. It's an initiative designed to
educate the general public on the critical need
for plasma and to connect potential donors wth
resources to get started.

Because of our mssion, IDF is invested
i n ensuring the safety of plasma products and of
pl asma donors, as well as ensuring an adequate
supply of plasma, all through a |Iens of
transparency. And as an active nenber of the
American Plasma Users Coalition or APLUS, for
decades, | DF has joi ned other organizations that
rely on plasna source therapies to engage with the
FDA to ensure the health and safety of individuals
who rely on these |ife-saving nedications. So,
t hank you to everyone for joining the workshop
today, and to the FDA for inviting the | mune
Defi ci ency Foundation to participate.

DR. SCOIT: Thank you, Jorey. And we'l]l
now go on to the Plasnma Protein Therapeutics

Association for remarks. And this will be nmade by
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Dom ni ka M sztela, representing the PPTA.

M5. M SZTELA: Good norning -- good
afternoon to the audience. M nane is Dom ni ka
Msztela, and |'mthe head of d obal Regul atory
Policy for the Plasma Protein Therapeutics
Association. It is nmy honor and pleasure to be
here today and say a few words on behal f of PPTA,
our nmenbers, and the plasnma products industry.

So, for those of you who do not know
PPTA, we represent the manufacturers of
pl asma-derived therapies, as well as reconbi nant
anal ogs. They are collectively referred to as
pl asma protein therapies. W also represent the
coll ectors of source plasma, which is actually
then used to manufacture therapies such as
| mmunogl obulins. And as you have heard from | DF,
t hese therapies are essential, and they are used
by a very snmall patient popul ation worldw de to
treat a variety of serious and rare di seases.

And | can only echo IDF -- our m ssion
statenent is not only just a m ssion statenent.

W remain commtted to advocate for access to safe
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and effective and affordable therapies to all
patients, and we engage in constructive dial ogue
with regul atory agencies. And we coll aborate very
closely with patient advocacy organi zations. So,
first of all, many thanks fromny side to the
organi zers of this workshop, especially Dr. Scott,
as well as the steering conmttee to say a few
wor ds here today.

So, first of all, the safety and the
ef fi cacy of immunogl obulin therapies is of
paranount inportance to the plasma industry. The
safety and the efficacy of these essenti al
| i fe-saving therapi es has been denonstrated and
wel | - docunent ed over several decades now. Over
t he past years, as you have w tnessed throughout
COvVI D-19, there have been concerns with access to
t hese therapies for patients, not only in the
U S., but certainly worldw de. Despite these
chal l enges, the plasma industry has continued to
provi de safe and effective therapies to patients,
and is committed to ensure that patients receive

the treatnents that they so desperately need.
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Today, you will hear fromthree
manuf acturers on their efforts over the past years
to identify the root causes and provide
expl anati ons on what we refer to as
hypersensitivity reactions, which occurred with
specific lots of immunogl obulin therapies since
2018. These hypersensitivity reactions occurred
at a higher rate than usually associated wth
adm ni stration of 1G nedications. And this
actually has led to voluntary w thdrawal s of
| mmunogl obul in therapy |ots out of precaution.

So, the three manufacturers have since
t hen been actually working together to address the
root causes of these reactions, ensure the safety
of i mmunogl obulin therapies, and at the sane tine,
maki ng sure that patients continue to receive
products. The work has resulted in robust
scientific exchanges in the formof data,
research, and know edge. The individual, as well
as conbined efforts and conmtnent to identify the
root causes of these reactions are reflected in

the presentations that you will see here today.
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| can assure you that the presentations
you Wil see a little bit |ater on represent
t remendous resources, countless hours of nanpower
and research, and experinental investigations.

For instance, the manufacturers have established
new R&D net hodol ogies to identify the affected
plasma units and | ots, have conducted

| nvestigations into entire manufacturing chains
and net hods, and many, many others. |In addition,
t he manufacturers have been working very closely
with the USFDA and other regqulators to share their
| nvestigations and their research.

Wth this, on behalf of PPTA, our nenber
conpani es, and the plasma industry, | would Iike
to assure you that we remain conmtted to work
with all stakeholders, including scientific
experts, the USFDA, as well as patients to ensure
that patients receive safe and efficaci ous
t her api es, and have conti nuous access to those.
And it is ny pleasure again to welcone, all of you
to what really | ooks |like very interesting and

i nsi ghtful discussions, and the insights that we

Anderson Court Reporting -- 703-519-7180 -- ww. andersonreporting. net



| mmune d obulin Hypersensitivity Reactions: Root Causes and Mtigation Page' 13

[

10

11

12

13

14

15

16

17

18

19

20

21

22

will gain here today. Thank you very nuch, and
good nor ni ng.

DR. SCOTT: Thank you very nuch. That
was -- we've had sone excellent introductions.
There's one nore introduction to go, and that is
mne. So, | think we'll get started with ny
slides. |'mDorothy Scott fromthe Center for
Bi ol ogi cs Eval uati on Research and the Ofice of
Therapeutic Products. My division is the Division
of Plasma Derivatives. This is just a disclainer
that my comments are informal communi cati ons and
represent nmy own best judgnent, and do not bind or
obligate the FDA. Next slide.

So, what | intend to convey here is why
we' re having this workshop and what we hope to
achieve, but | want to give you a little bit of
background. So, inmune globulin lot- specific
hypersensitivity reactions are discovered through
i nformation collected by the FDA Adverse Event
Reporting System And these consist of voluntary
reports of adverse events for any product to the

Center for Biologics frommnufacturers, from
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patients, and from health care providers. Since
t hese are voluntary spontaneous reports, as you
wi |l hear, we probably underestimate the nunber of
t hese adverse reactions.

Typi cal inmune gl obulin hypersensitivity
reactions commonly involve urticaria or hives,
i tching, other sorts of rashes, sonetines
or opharyngeal edema, and | ess comonly, nore
serious things, such as hypotension, nausea, chest
pai n, shortness of breath. And occasionally,
t hese are descri bed as anaphyl actic-1ike
reactions. The treatnents for these are
di phenhydram ne, corticosteroids, Hl bl ockers,
epi nephrine -- and the intensity of treatnents and
the nunber of treatnents are based on the severity
of the reaction. Next slide, please.

So, what are the consequences of these
reactions? W think first about our patients.
And these include physical disconfort and al so
anxiety, particularly with the nore intense
reactions. They have to get additi onal

medi cations to treat the synptons of their
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allergic-like response. They also nay be
undertreated, because sonetines, these reactions
occur during the infusion of inmmune gl obulin, and
the infusion very often is not conpl et ed.

I n sone cases, they may be admtted to
an enmergency roomor have to go -- or admtted to
the hospital. And then they're left with
subsequent concerns about IGtreatnents and if
they will be able to continue, and if this is
going to happen again. And | woul dn't
underestimate that particular anxiety that ['m
sure many patients have. Wth respect to the
product, these |ot-specific hypersensitivity
events result in voluntary wthdrawal s by the
manuf acturer of that |ot of the product, which
i ncl udes, obviously, |oss of that product, at
| east those lots, and puts us at risk for an
| mmune gl obulin shortage if there nmust be a | ot of
wi t hdrawal s. Next slide, please.

So, this is not new. Lot-specific
clusters of hypersensitivity events have recently

had a greater inpact than previously, | think,
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per haps because -- well, there are many possible
factors, but perhaps because we al so see increased
use of immune globulin over the years, and for
many different indications. But we do have a
nunber of historical reports of immune globulin

| ot-specific clusters of hypersensitivity adverse
events in between 2004 and 2018. And you wll be
heari ng about 2018 until the present in this

wor kshop in great detail.

What you can see here is that we have
five different types of products. And these
enconpass five different manufacturing processes
over the years, which inplies to us that this is
not a process-specific problem It could happen
to any manufacturer at any tine. Now, in the
past, inplicated product |ots have been
voluntarily w thdrawn. But investigations,
al t hough sonmewhat thorough, did not reveal a root
cause. And | think one of the nobst exciting
aspects of today is that we're going to hear about
progress in these investigations to a nuch greater

extent than previously. Next slide, please.
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So, the purpose of this workshop is to
descri be the clinical presentation of
hypersensitivity reactions, to review the
pat hogenesi s of hypersensitivity reactions -- we
have sone excellent experts here to do that in the
first half of the workshop -- to present
scientific investigations to determ ne the basis
of hypersensitivity reactions in this scenario.
And again, we're very grateful to our
manuf acturers for all they have done and for
agreeing to present their results at this
wor kshop. We will discuss the |ikely causes of
t hese reactions and potential mtigation
strategies. And at the end, the grand finale wl|l
be to seek opinions of clinical and research
experts on risk mtigation and directions for
future scientific investigations. Next slide,
pl ease.

The workshop is structured in the first
part to describe the hypersensitivity events and
their effects on patients; in the second part, to

have expert presentations on the pathogenesis of
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t hese types of reactions; and the third part after
| unch will be manufacturers research seeking root
causes of these hypersensitivity reactions. And
this will be very exciting. | prom se you. And

| astly, we'll have the expert panel discussion,

I ncluding all of the workshop speakers and a
couple of extra experts as well. Next slide,

pl ease.

So, the questions for the expert panel
are, what are the nost |ikely biological causes of
these | ot-specific i mune gl obulin nedi ated
hypersensitivity reactions? Wat in-vitro nethods
are nost promsing for identification of plasm
units, plasnma pools, or final products that
contain hypersensitivity pronoting activity? And
what can be done in the future to mnimze the
nunber of patients affected by hypersensitivity
| ots? Next slide, please.

So, | want to rem nd you, the audience,
of whomthere are 259 present now, that you are
very inportant to this workshop as well. For

sessions 1 through 3, we'll have audi ence
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participation, and we expect your avid attention
and participation in these question and answer
sessions and these panel sessions. |If there's
extra tinme after the expert panel, the chat room
wi || be open again for audi ence participation.
It's sinply a matter of tine. So, hopefully, we
will have that tinme. And we wel cone your coments
and questions and your thoughts and attention.
Next sli de.

There are a nunber of people to thank.
| cannot nane all of them w thout spending a | ot
of time. But we wish to thank our speakers who've
gone to extra efforts to nake these presentations
and spent a lot of time on them and our
addi tional experts for the expert panel. Next
slide. The workshop steering commttee who hel ped
formul ate the agenda and gave us ideas and al so
hel ped us find the expert speakers, we appreciate
that. Next slide. And the FDA workshop support
staff. And | can't say enough about their
assi stance, their handhol ding, in ny case, at

| east, and their attention to making this workshop
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work in the virtual format. Next slide.

So, | want to thank you, again,
everybody. And now, we're going to proceed to a
description of the patient experience with these
hypersensitivity events. And we're very fortunate
to have Kara, who is a regular recipient of inmune
gl obulin infusions, to tell us what these
reactions are like and to remnd us that we're
doing all of this for the patients. Kara?

KARA: Hi there.

DR. SCOIT: Hi.

KARA: | was asked to share ny
experience wth you, which occurred on Septenber
19, 2022. |"'mtreated for CVIDwth IVIG every
four weeks. M first IVIGwas July 10, 2019. And
i n Septenber of this past year, for the end of ny
| nfusion, | experienced a rash wai st-up, including
ny scal p, shortness of breath, and a cough. So,
we stopped the treatnent. And | was treated with
Al | egra, Pepcid, Benadryl, steroids, and they
observed ne for a couple of hours.

| went honme and was pretty nmuch up all
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night with shortness of breath, and hard to
breathe. | should have gone to the energency
room but | didn't. But what ensued was a
bronchial -- | would say, bronchial event for two
weeks after that, which was very bad. But that's
what happened. And so, subsequently, ny
treatnent, | get pretreatnent of steroids, Zyrtec.
We' ve changed from Ganunex to Gammagard. And |
get the slowest possible pace. And so far, that's
been going well. So, that's -- that was ny

experi ence.

DR. SCOTT: Yes. And I'd like Dr.

Cunni ngham Rundl e say -- nake comments. But | did
want to ask you if you' d ever experienced this
before in your years of infusions wth i mmune

gl obul i n.

KARA:  No, never.

DR. SCOIT: And | think you nmay have
nmentioned that they had the epi nephrine out when
you - -

KARA:  Yes.

DR. SCOIT: -- were experiencing this
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reaction, and there was obviously a question of
whet her or not to treat you in that fashion.

KARA: Yes, that was the question. So,
t hey observed ne, and maybe | shoul d have, but
anyway - -

DR. SCOTT: Dr. Cunni ngham Rundl es, did
you have any remarks?

DR. CUNNI NGHAM RUNDLES: Well, Kara is a
-- has been a patient here of ours at Munt Sinai
before she, during the COVID period, relocated for
di fferent reasons to Boston, where she was getting
i nfused during that period. And at the Munt
Sinai Center, using basically the sane product and
the sanme rate with no prenedi cation, she had not
had reactions. So, this was very unl ooked for.
In the Boston area, she's at a very good nedi cal
connection there. And | think it was a conplete
surprise that she had that.

Kara, you -- what was your subsequent
| nfusions? Just remnd the group. You had this
one on that date. And then what about subsequent

I nf usi ons?
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KARA: | was pretreated with really al
that stuff, the steroids -- well, Tylenol, |'ve
al ways taken -- Zyrtec. And they added fl uids,
and we changed t he product.

DR.  CUNNI NGHAM RUNDLES: Ri ght.

KARA: And it slowed the rate down. So,
it's now, |ike, a five-hour infusion instead of,
you know, two and a hal f.

DR. CUNNI NGHAM RUNDLES: And so, you've
had no nore reactions, or you' ve had --

KARA: So far, no. So far, no.

DR. CUNNI NGHAM RUNDLES: So, it was one
reaction only to this one occasion?

KARA: Correct.

DR CUNNI NGHAM RUNDLES: Right. The
ot her thing, which, to ne, was very interesting,
whi ch was that you had asked if they had reported
it. And the answer was no.

KARA: Correct.

DR. CUNNI NGHAM RUNDLES: And so --

KARA: The infusion center said, we

don't do that. And the doctor's office said, your
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I nfusi on was given at the infusion center, so they

woul d be the ones to report it. But we don't do
that. So --

DR, CUNNI NGHAM RUNDLES: | see. So, |
found that interesting nyself, is that it just
points out that there's so little that we know
about reactions that occur, to be honest, because
everyone thinks it's not their job, | think.

KARA: That was ny feeling too.

DR. CUNNI NGHAM RUNDLES: Ckay.

KARA: But it was scary. It was very
scary.

DR. CUNNI NGHAM RUNDLES: Yeah. It is
scary. Are you still scared when you go get it?

KARA: Ch, goodness. Yes.

DR. CUNNI NGHAM RUNDLES: You are still?

KARA: Yeah, but I'Il still go. Yes.

DR. CUNNI NGHAM RUNDLES: ©h, ny. Ckay.

KARA: But |'Il never get a hone
treatnent. That's for sure.

DR. CUNNI NGHAM RUNDLES: That's anot her

very inportant point to bring out, | think, is
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that it sort of limts your choices and certainly
cuts out one nore long blast of tine in every
nmont h.

KARA: Right.

DR. CUNNI NGHAM RUNDLES: Yeah. Yeah,
those are just inportant points to bring out.

KARA: Yeah, | always want to be in a
medi cal facility.

DR. CUNNI NGHAM RUNDLES: Yeah.

DR. SCOTT. Well, Kara --

DR. CUNNI NGHAM RUNDLES: So, thanks,

Kara, for sharing that, because --

KARA:  Sure.

DR. CUNNI NGHAM RUNDLES: -- we have to
check. |It's areality here.

KARA: Well, it's -- | hope it's

hel pful .

DR. CUNNI NGHAM RUNDLES:  Ckay.

KARA: And keep up the good work.

M5. NORTON: This is Margaret Norton.
Dot, we have sone questions fromthe audi ence.

Wul d you like to read them now? They're for
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Kara, actually.

DR.  CUNNI NGHAM RUNDLES:  Good.

M5. NORTON: | can read themif you'd
li ke.

DR. SCOTT: Ckay.

M5. NORTON: Yeah. The first one is,
“Can the patient describe how the adverse events
affected her life besides physically? For
exanple, did it inpact work?"

KARA: It inpacted work in that | really
couldn't work that week very well. And the
bronchi al response that | had -- | do have ast hm,
very bad asthma, just so you know. The bronchi al
response | had really -- | was in bed for the rest
of the week. And the follow ng week, | was able
to, you know, sort of get out of bed, but | was
really limted.

DR. CUNNI NGHAM RUNDLES:  Yeah.

M5. NORTON: And there's one nore.
"Thank you, Kara, for sharing your experience.
Have | understood correctly, in order to prevent

recurrence of the reaction, you now receive IVIG
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at a very slow infusion rate?"

KARA: That's one of the things that
they do, but | also receive Sol u-Medrol and Pepcid
and Zyrtec, which | had not previously done
regul arly.

DR. CUNNI NGHAM RUNDLES: Yeah.

M5. NORTON. And one nobre just cane in.
"Did the patient report adverse reaction to the
FDA or manufacturer?"

KARA: The patient did not. No.

M5. NORTON: That's all we have for now.
Thank you.

KARA: Well, I'mreporting it now
How s that?

(Laught er)

DR. SCOIT: So -- okay. And -- right.
| think the other thing to nention is that Kara
al ready said she switched products as wel|.

KARA: There was a recommendation to
make sure that the | ot nunber was different. And
then we sort of furthered that and said, let's

j ust change product.
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DR. SCOTT: Right.

KARA: Right.
DR. SCOTT. Well,

t hank you very, very

much, Kara. This is a reality check, and we

appreciate you comng to do -- comng to speak

with the audience. And | think everybody

appreciates it, because --

KARA: No problem

DR. SCOTT. Ckay.

Thank you.

KARA: Thank you for having ne.

DR. SCOTT: Al right.

KARA: Have a good day. Thank you.

DR. SCOIT: You too. Bye-bye. So,

we're going to nove on to our first presentation.

This is by Dr. Meghna Alinthandani. She's going

to tal k about the clinical

presentation of these

hypersensitivity reactions that have been reported

before or after imune gl obulin infusions. And we

can -- you can start.
DR. ALl MCHANDANI :
me okay?

DR. SCOIT: Yes.

Sorry. Can you hear

Ander son Court Reporting -- 703-519-7180 --

www. ander sonr eporti ng. net



| mmune d obulin Hypersensitivity Reactions: Root Causes and Mtigation page

29

10

11

12

13

14

15

16

17

18

19

20

21

22

DR. ALI MCHANDANI : Ckay, great. Ckay.
So, good norning, everyone. M nane is Meghna
Al'inchandani. | work in the Division of
Phar macovi gi | ance, which is within the Ofice of
Bi ostati stics and Pharnacovi gilance in CBER  And
our role is to conduct post-nmarketing safety
nmonitoring for all of CBER s regul ated products,

whi ch i ncludes the i mune gl obuli ns.

| wanted to thank Ms. dynn for sharing

her personal experience of the allergic reaction
t hat she experienced. And as Kara said, her
report was not supported -- was not submtted to
the FDA or the manufacturer. | just want to

rem nd peopl e again that anyone can submt
MedWat ch reports to the FDA. And it is inportant
to include the I ot nunber if you have that

I nformati on avail abl e.

So, the goal of ny presentation is to
provi de an overview of the clinical presentations
of i medi ate hypersensitivity reactions that have
been reported to the FDA Adverse Event Reporting

System or FAERS during or after inmune globulin
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i nfusion. Next slide, please. This is ny
i nformal communi cation disclainmer. Next slide,
Ckay. So, this is the outline for ny
presentation. W wll go over sone background
i nformation for the 1 G product class. Then | w |
spend a few m nutes providing an overvi ew of the
phar macovi gi |l ance for immune globulins. Follow ng
this, we wll focus on the post-narketing adverse
event data from our FAERS database. And again, to
keep in mnd, there is underreporting always in
post - mar ket safety reporting. We wll provide
sone exanples of clinical presentations of
hypersensitivity reactions that have been reported
during or after IGinfusion, and we will end wth
summary and concl usions. Next slide. Ckay, next.
Ckay. So, |G products are manufactured
fromvery | arge pools of human pl asma.
Hypersensitivity reaction is a known risk for this
product class. So, very inportant to keep in mnd
this is a known risk. It's labeled. And | wll
show you a sanpl e package insert for the -- to

show you exanpl es of the sections of the | abel
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that include information about allergic reactions.
Anot her thing to keep in mnd is that sone
subcut aneous | Gs may be associated with increased
| ocal infusion reactions conpared to intravenous
| Gs.

And the third bullet on the slide
hi ghli ghts the goal for this workshop, as
i ntroduced earlier by Dr. Scott and others. So,
fromtinme to tinme, we have seen tenporal
clustering of immedi ate hypersensitivity reactions
W th specific lots. And we have seen this wth
different 1G products -- both IV and subcut aneous
products. This occurs episodically and
unpredi ctably, as Dr. Scott said, leading to
voluntary lot withdrawals in sone cases. Next
slide, please.

Ckay. So, the next couple of slides
di splay different brands of imune gl obulin
products manufactured by different sponsors.
| nformati on on these products is avail able on CBER
webpages. The point that | wanted to nake is that

we have many different products in this class that
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are approved for different routes of

adm ni stration, either intravenous or

subcut aneous, and that are approved for many
different indications as well. Exanpl es of
approved indications include primry hunoral

| mmunodefi ci ency, chronic inflanmmatory
denyel i nati ng pol yneuropathy or ClIDP, idiopathic
t hr onbocyt openi ¢ purpura or | TP, nultifocal notor
neur opat hy, dermatonyositis, et cetera. Next
slide.

Ckay. This is just another continuing
the listing of 1Gs. Next -- yes, thanks. So,
this slide is displaying sanple sections of the
| abel that include information on hypersensitivity
reactions for IGs. They are contraindicated in
t hose who have previous history of allergic
reactions to human 1G And notably, information
I S i ncluded under warnings and precautions. And
|"mgoing to read it out to you.

So, "Severe hypersensitivity reactions
may occur with AV products, including whichever

the product is that the | abel belongs to. In case
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of hypersensitivity discontinue the product

i nfusion imediately, institute appropriate
treatment, have nedications, such as epi nephrine,
avai l able for immedi ate treatnment of acute
hypersensitivity reaction.” And you wll find
sone wording simlar to this in all of the IG

| abel s.

It is also described in the adverse
reaction section of the label, if there are
post - marketing reports of hypersensitivity, it
wi |l be included under the subsection 6.2,
post - marketi ng experience. And if there were
hypersensitivity reactions in clinical trial
subj ects, then that would be included under

subsection 6.1, clinical trials experience. So,

again, the point is that this is a known risk with

| G products. What is -- the clustering is what is

unexpected. Next slide, please.

Ckay. So, the next few slides, |I'm
going to give you an overview of the
phar macovi gi |l ance activities to nonitor the

post - mar ket safety of immunogl obulins. So,
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phar macovi gi l ance is defined by the Wrld Health
Organi zation as the science and activities rel ated
to the detection, assessnent, understanding, and
preventi on of adverse drug effects or any other
possi bl e drug-rel ated probl ens.

FDA' s phar macovi gi | ance dat abase for
t herapeutic products is FAERS -- the FDA Adverse
Event Reporting Systemor FAERS. This is a
passi ve surveillance database. These are
spont aneous reports that are reported voluntarily,
which is very different from adverse events froma
study where you would have solicited reporting of
adverse events from active foll owup of patients.

We have two broad sources of reports.
We have manufacturer reports, and we have
non- manuf acturer reports. The non-nmanufacturer
reports are also known as direct reports. They
are submtted by the public by patients,
heal t hcare providers. W have nunerous reports
for allergic reactions, for exanple, submtted by
phar maci st s.

The sponsor -- for the manufacturer
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reports, the sponsor has to conply with mandatory
reporting requirenents under our Code of Federal
Regul ations. The manufacturer submts expedited
reports, what are also known as 15-day reports,
for serious and unl abel ed events, or if FDA has
requi red expedited reporting for a particular
adverse event of special interest. So, this is

| nportant, because hypersensitivity, as | showed
you, is a | abeled event. So, even serious events
of hypersensitivity would fall under that unbrella
of serious and | abel ed events, and woul d not
necessarily be submtted as expedited reports to
t he FDA, unless we have nmade that requirenent of
t he sponsor.

So, the database includes serious and
non-serious reports. An adverse event is
considered serious if it results in any of the
follow ng outcones -- death, a life threatening
event, in-patient hospitalization, prolongation of
hospitalization, disability, congenital anomaly,
birth defect, or other nedically inportant events.

Next slide, please.
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Ckay. So, it is inportant to understand
the strengths and limtations of this passive
survei |l | ance dat abase, because it provides
| nportant context for the FAERS data that | w |
be show ng you in subsequent slides. So, firstly
keep in mnd that FDA accepts adverse event
reports regardless of the plausibility of the
product causing the event or the clinical
seriousness of the event. And there are many
strengths and limtations of this database.

One of the mmjor strengths which we have
seen tinme and again with the i nmunogl obulin
products is that we can rapidly detect potenti al
safety issues. There is a dramatic difference in
reporting trends when we do have lots that are
associated with a spi ke of hypersensitivity
reactions. W can also detect rare AEs on this
dat abase. It is open-ended for hypothesis
generation. There is great geographic diversity
not only within the U S., but we also have foreign
reports that the manufacturer submts. And we

have, again, an exanple. A very good exanpl e of
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this capability to nonitor product lots is the
story of the inmmunogl obulins and how we are abl e
to detect these inpacted |ots.

Now, there are many |imtations of the
passi ve surveillance database. One of the key
limtations is that we often have m ssing or
| naccurate data, inconplete data. Again, this is
not a report that is being generated froma
clinical trial. So, there is often m ssing data.
|f we don't have the | ot nunber, then we cannot do
a lot analysis. So, very inportant to provide as
much i nformation as possible in these spontaneous
adver se event reports.

Anot her inportant point is that the
reported di agnoses are not verified. W are not
-- the anaphylactic reactions or the allergic
reactions that you hear ne tal ki ng about, we have
not confirmed themw th Brighton case definitions.
We are taking the diagnoses as they are comng in
t hese spontaneous adverse event reports.

And as you saw from Kara's story, there

I s underreporting. Not all adverse events are
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reported to the FDA or the manufacturer, and there
Is reporting bias in different forns. W may have
stinmul ated reporting or may have -- or we have
underreporting.

There is no control groups. So, there
I s absence of control group. Patient exposure
data may not be available. And this is especially
true for the 1 G products. The manufacturer is
able to provide us with distribution data for the
quantity of I G distributed over a period of tine.
But because the dosage varies so nuch by
I ndi cation and the age of the patient and the
wei ght of the patient, it is not possible to
really estinate a patient exposure. So, we don't
have any denom nat or.

And this is often a challenge. And I
often rem nd people, we cannot cal cul ate incidence
rates from passive surveillance data. There's not
I nci dence rates, but we can |look for trends in
reporting. And we'll go over that nore on the
next slide. Next slide, please. Thanks.

So, this next slide discusses sone of
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the things we |ook for during our review of FAERS
reports of hypersensitivity reactions for |IG
products. |In screening post-nmarket data, we take
i nto consideration the baseline reporting rate
across lots over tine. And this information is
very product-specific, because reporting practices
vary. Use of the product, nmarket shares, may
vary.

So, it is really product-specific
i nformation. The baseline for one product may not
be the sane as for a different product. W
conduct analysis by lot to see if there are spikes
in reporting for only certain lots. And | have a
sanpl e graph on the next slide to display this.

W | ook at the seriousness of the event,
the source of the reports. There are manufacturer
reports that include, as | said before, U S. and
foreign reports. And then there are
non- manuf acturer reports fromthe public. W take
i nto consideration whether the reports are com ng
froma single site or a single reporter versus

multiple sites and nultiple reporters to see if
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there is any bias in -- for -- by reporter.

And we al so take into consideration the
route of admnistration. W try to understand if
there is sone factor that is leading to stinul ated
reporting. For exanple, after one |ot w thdrawal
has been initiated, or if there are public
postings that have been made, we wll |ikely see a
spi ke in reporting.

Anot her big factor that | want to

mention that inpacts reporting is whether the IG
| ot was distributed by a patient support program
And this often happens. And if it was, then the
pati ent support program may be a source of
solicited reporting. And this may lead to a
dramatic increase in the nunber of reports,
because, again, this is solicited reporting.
There is patient contact by representatives of the
pati ent support program who are asking actively
about adverse events and reporting that to the
FDA.

Ckay. And then the last bullet is the

i nformation that we seek fromthe manufacturer as
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we do our eval uation of concerning trends. And
t hese are sonme of the things that we ask about --

were there any manufacturing deviations, are you

able to identify additional l[ots that contain sone

| G derived fromthe sane plasma pools as the
i nplicated lot, the dates of manufacture,
di stribution, and expiration, the nunber of vials
in the lot, which can vary very wdely, what is
the manufacturer's estimate of how many vials are
still in circulation, et cetera.

And then, finally, the sponsors' root
cause anal ysis and consi derations for | ot
wi t hdrawal are di scussed with the FDA, and
potential thresholds for -- that would trigger
signal evaluation or lot withdrawal for future.
Ckay. Next slide.

Ckay. So, this is a graphical -- this
Is a sanple. It's not any real product. This is
a sanple graphical display, but it shows you the
hypersensitivity reactions by lot for a -- over a
given tine period. So, on the X axis, you have

the IGlots. On the Y axis, you have the nunber
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of hypersensitivity reports. And there are two
things you can see. Firstly, the baseline
reporting rate is very low for this product. Most
| ots have zero to two hypersensitivity reports.
And secondly, when you have a tenporal clustering
of reports with inplicated lots, that's indicated
by the red arrows, the spikes in reporting are
very dramati c and way hi gher than the baseline
reporting rate. Next slide.

Ckay. So, as you saw fromthe | ast
slide, because there is such a dramatic difference
in the reporting trends for inplicated lots
conpared to the lots that are not withdrawn, this
slide shows a suggested approach for
considerations of thresholds to initiate signal
eval uation and investigation, which nmay | ead
ultimately to lot withdrawal. So, one coul d
potentially conpare the data on the
hypersensitivity reports fromnon-w thdrawn | ots
and conpare that to the inplicated |ots that were
wi thdrawn. And we can | ook at the total nunber of

hypersensitivity reports -- nean, nedi an,
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percentiles, ranges. And using this information,
we can arrive at a threshold for the nunber of
hypersensitivity reports that would trigger
addi ti onal assessnments. And again, it is

| nportant to point out that this type of data is
very product-specific. So, thresholds such as
this would vary from product to product. Next
slide.

Ckay. So, we will spend the next few
slides | ooking at post-narketing data on
hypersensitivity reports for |G products. Next
slide, please.

Ckay. So, Dr. Scott went over the |G
| ot withdrawal s that happened prior to 2018. And
then this slide shows sone of the nore recent |G
| ots that have happened from 2018 to date. So,
one very inportant point to keep in mnd is that

not all of these |lots were associated wth

| ncreased reporting of hypersensitivity reactions.

Some of the |lots were I ndeed associated wth

i ncreased reactions and wi thdrawn by the sponsors.

Additional lots were also withdrawn by
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t he sponsors as a precautionary neasure, or
gquarantined if initial assessnents reveal ed that
they may contain i mmunogl obulin derived fromthe
sane plasnma pools as the inplicated lots. So, |
really want to stress this point that several |ot
wthdrawals in this |ist were i nplenented by the
sponsors out of an abundance of caution as a
precautionary neasure. Next slide.

Ckay. So, the next few slides capture
slices of FAERS data for a specific tine period
for different wthdrawn lots. And the point of
these slides is to give you a flavor of the
clinical presentation of immediate
hypersensitivity reactions that have been reported
for lots that subsequently underwent voluntary | ot
withdrawal. And | wanted to point out sone
caveats. This is not a conprehensive anal ysis.
You should think of this as a snapshot of FAERS
data for different IG. And you will see that the
outcones are reported in slightly different ways
for different products on these slides, because

over time, review of adverse events were
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classified in slightly different ways.
| also want to take a nonment to thank ny
coll eagues in the Ofice of Biostatistics and
Phar macovi gi | ance, Division of Pharnmacovigil ance,
who provided the data for these slides and who
spent hours carefully review ng and anal yzing the
very large vol unes of adverse event reports and
t he sponsor subm ssions that were related to the
| ot withdrawals. So, |'mpresenting, really, on
behal f of a |arge pharmacovigilance team Thanks.
Ckay. So, this first slide goes over
the FAERS data for Ganmunex-C. So, beginning in
2018, an increased reporting rate of
hypersensitivity reactions was identified for
specific lots of Ganunex-C. And this slide
captures information for the first eight |ot
wi thdrawal s that occurred from 2018 to '19. There
were a total of 23 Iots of Ganmunex-C that were
wi t hdrawn fromthe market between 2018 and 2021.
Ganmunex- C was al so presented to the
Pedi atric Advisory Commttee in 2020. And the | ot

wi t hdrawal s were di scussed at the public neeting
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as well. And another thing to keep in mnd is

t hat Ganmunex-C nay be adm nistered via |V or

subcut aneous routes dependi ng on the indication.

It is IV only for | TP and CIDP indications, and IV
or sub-Q for a primary hunoral i1 mmunodefi ciency.

So, as you can see fromthis slide,
there were 271 reports of hypersensitivity events,
and 39 percent or 107 were serious adverse events.
There were no deaths due to hypersensitivity
reports. We had pediatric as well as adult
reports. The nbst conmon events were urticari a,
pruritus, rash, lip swelling.

The serious adverse events incl uded
dyspnea, bronchospasm | aryngeal edena, throat
tightness, swelling, lip and/or tongue swelling,
airway closure. Onset was -- again, there is
strong tenporal association. Onset was during
I nfusion or shortly thereafter. Sone resolve
spontaneously. Qhers require treatnent on-site
or in the energency departnent with antihi stam nes
or steroids.

Anot her thing that we noted during
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review of these reports was that the pretreatnent
protocols really varied by institution, and that
really inpacts the severity of the reaction. So,
sone patients had been pretreated and ot hers had
not. Gkay. Next slide.

Ckay. So, the next two slides go over
the FAERS data for Privigen, which has |V route of
adm nistration. So, as you can see fromthis
slide, there were 261 reports of hypersensitivity
adverse events, of which, about a little bit nore
than half, to 59 percent, were serious events.
Again, there were no deaths due to an allergic
reaction. The nbst commobn adverse events were
urticaria rash, infusion-related reaction -- and
the next slide actually shows you a graph of the
top referred terns that we see in the FAERS
reports.

Serious adverse events included dyspnea,
lip swelling, anaphylactic reaction. W had
reports in pediatric patients and adults. Tine to
onset, again, is during infusion or shortly

thereafter. And there were patients who were
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hospitalized and required intervention. Next
slide. So, this is just showi ng a graphical

di splay of the common preferred terns that were
seen with the withdrawn I ots. Next slide.

Ckay. So, Hi zentra is a subcutaneous
|G Fromthis -- this is a slide of --
summari zing data fromtwo withdrawn |ots. There
were 73 cases of hypersensitivity adverse events,
and this exclude any duplicate reports. About 41
percent were serious events. Again, there were no
deaths causally related to an allergic reaction.
The nost common events were infusion
site/injection site erythema, infusion site
pruritus, infusion site swelling, injection site
pruritus, injection site swelling. So, a |ot of
| ocal infusion site reactions that we see with a
subcut aneous product |ike Hi zentra.

About 20 percent cases reported systemnmc
synptons, including four cases with airway
synptons, throat tightness, dyspnea, mld
shortness of breath, tongue swelling. There were

no cases reported of epinephrine adm nistrati on,
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anaphyl axis, or hospitalization fromthis data
set. And the age range, again, included pediatric
and adult patients. Next slide.

Ckay. So, the next slide, this is data
summari zed for Octagam 10 percent. There were 39
cases -- and this is an IV admnistration. There
were 39 cases of hypersensitivity adverse events,
of which, 64 percent were serious events. There
were no deaths due to allergic reactions.
Majority of reports categorized as serious
I nvol ved rash, pruritus -- nost were treated with
Benadryl, Pepcid, steroids, and recovered on the
sane day. So, again, there is sone judgnent in
subm ssion of serious reports and what is
categorized as serious by the reporter.

One | ot invol ved anaphyl axi s and use of
epi nephrine. The age range was -- the -- it was
27 to 88 years old. So, it reported adults. And
again, tinme to onset shows cl ose tenpora
association with the infusion. Next slide.

Ckay. So, nobving on to sunmary and

conclusions. Next slide. GCkay. So, what have we
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| earned from our post- marketing experience with

| ot analysis for |G products? There are many
factors inpacting reporting to the FAERS dat abase.
And again, it depends on the use of the product,
the market shares of different brands, reporting
practices vary. There may be stinul ated
reporting, solicited reporting through patient
support prograns, and underreporting.

Anot her thing that we | earned is that
clinical practice varies. And this varies by
institution with respect to prenedication prior to
|Ginfusion. And this really has an inpact on the
severity and the seriousness of the
hypersensitivity reaction. Fromthe w thdrawn
| ots, we saw that the majority of hypersensitivity
reacti ons were non- serious, and the nobst conmon
are rash and pruritus. But it covers the spectrum
fromrash to anaphylaxis with system c synptons
that can be life-threatening -- lead to life-
threatening events. To death, there are no deaths
that were attributed to an allergic reaction. And

then clustering was not associated with indication
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or route of adm nistration. Next slide.

Ckay. So, FDA, you know, and
manuf acturers work very closely. And you'll hear
nore about this during the workshop, very -- work
very closely on these safety signals. So,
voluntary ot wthdrawals nmay be initiated by the
manuf acturer. Website postings and conmuni cati ons
may be done by the sponsors. FDA may post safety
comuni cati ons and potential signals of serious
risk. And I'lIl show you a few exanpl es of the
postings that FDA has done.

W may require enhanced
phar macovi gi l ance for a period of tine, given that
you would not [ordinarily have to] to submt
expedited reports, since this is a | abel ed event.
W may say that for reports, after |ot wthdrawal
has occurred for a particular period of tine,
submt all reports of hypersensitivity, including
t he non-serious reports, as 15-day reports. And
this reduces the lag period in FDA being able to
review t hese types of reports.

FDA may al so ask the sponsor to propose
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certain criteria for a threshold to initiate
signal evaluation and consider | ot wthdrawals.
And this is really based -- this is

product -specific data. It would be based on a
basel i ne historical data about baseline reporting
rates of hypersensitivity conpared to the
reporting rates for the withdrawn | ots.

And then, finally, the sponsor conducts
root cause investigation and provi des updates to
the FDA. So, very inportant nessage is that FDA
and the sponsors work col |l aboratively on signal
| dentification and eval uation, risk comuni cati on,
and mtigation. Next.

Ckay. So, this is an exanple of a CBER
safety comunication that we did. This is on the
CBER webpage, listing out all the voluntary | ot
wi thdrawal s of 1AV and I GSC that were associ ated
with increased reports of allergic and
hypersensitivity reactions. Next slide.

And then we provide sone infornmation on
t he webpage about reporting to the FDA as well and

what to do with -- if you have a wthdrawn lot in
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your stock. Next slide.

And this is an exanple of what is known
as a 921 posting. This is a posting for a
potential signal of serious risk that was
i dentified by FAERS data. And this is a posting
that was done in 2019 for Ganunex-C.

And | believe that is ny last slide.
Thanks so nuch. Back to you, Dr. Scott. Happy to
take any questions.

DR. SCOIT: Thank you very nuch, Dr.

Al i nthandani. And let's see if we have any
gquesti ons.

M5. NORTON:. Dot, would you like ne to
read those?

DR. SCOTT: Yes, please.

M5. NORTON:. kay. So, we have sone
gquestions for Meghna, but also one nore for the
patient. So, maybe | could ask that one at the
end. So, we have, "Does the FDA collect data on
t he ABO bl ood group of recipient and reported
reacti ons?"

DR ALI MCHANDANI :  No, the -- we don't.
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W don't. W -- there is information that you can
provide in the narrative when you submt MedWatch
forms, but we don't collect that information.

DR. SCOIT. Ckay. The next question is,
"What is the difference between a w thdrawal
versus a recall?"

DR. ALI MCHANDANI : That's a really good
guestion. Let ne read out to you. G ve ne one
second. GCkay. So, |I'magoing to read out to you.
This is fromthe FDA's -- fromthe CBER webpage
for recalls. So, Recalls are a firms renoval or
correction of a marketed product that the FDA
considers to be in violation of the laws it
adm ni sters, and agai nst which the agency would
initiate legal action -- for exanple, seizure.
Recalls may be conducted on a firms own
initiative by FDA request or by FDA order under
statutory authority.

Mar ket withdrawals are a firm s renoval
or correction of a distributed product, which
I nvol ves a mnor violation that would not be

subject to legal action by the FDA, or which
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i nvol ves no violation. So, really, for these |ot
wi t hdrawal s, there were no [rel evant]
manuf acturi ng deviations. And you wll hear |ater
the conpl ex process for identifying the root
cause. So, the violation -- there was no
violation at the level that would initiate a
recall. And | don't know, Dr. Scott, if you have
ot her conmments on that.

DR, SCOTT: Well, | would say that the
firms invol ved have al ways been agreeable to a
voluntary withdrawal, that they initiate. And
that's the way it's been working at |east since
2004. W present themw th the information, and
sonetines, they cone to us, and they have received
a lot of adverse event reports that we haven't
received. And those naturally would flowto us in
a longer time frame, but they will bring it to our
attention. So, either FDA or the manufacturer
di scovers these clusters, or both, very often
both, and then we discuss the need for voluntary
wi t hdrawal , which then takes pl ace.

M5. NORTON: Gkay. The next question
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I's, "Injection site pruritus is not included in
SMQ for HSN anaphyl actic reactions. |Is this event
consi dered as so0?"

DR. ALI MCHANDANI : So, the question was
that it's not -- why is it not included in the
SMY I'msorry, | mssed the --

M5. NORTON: It says it's -- "is not
i ncluded. " And --

DR. ALI MCHANDANI : Ckay. So, we are
really | ooking at -- we're not just doing the
queries by the SMxl. W're |Iooking at any
hypersensitive-related AEs. So, it's really a
very broad approach when we're | ooking at these
reports.

M5. NORTON: Okay. The next one is, "Is
site of care taken into considerati on when
noni toring adverse events?"

DR. ALI MCHANDANI :  The -- as in whether
the i nfusion happened in the hospital site or
whet her it happened at honme? Yes, if that
information is available in the report, we wll

take it into consideration. And it is -- you
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know, it is nore scary for the withdrawn lots if
it Is sonmething that the patient is adm nistering
at hone.

M5. NORTON:. Gkay. The next one is,
"Does FDA have experience of any sim/lar adverse
events patterns associated with parenteral
| nfusi on of other |arge volune products, not IVIG
not pl asma-derived?"

DR. ALI MCHANDANI :  No. We haven't seen
this pattern. It's really been a pattern for the
| G products.

M5. NORTON: Looks |ike we have two
nore, and then a raised hand. "Does the FDA
receive data from EMA for those products that are
marketed in the U S and in the EU al so?"

DR. ALI MCHANDANI : Mmthmm No, that's a
good question. So, we have received information
from sponsors, for sure, that have -- you know,
that are selling the product outside U S. And
occasionally, there will be -- the root cause
I nvestigation involves product both fromthe U S,

As well as outside U S. So, we have that data
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fromthe sponsor, and that conmes up when we

di scuss that with the sponsors. W do have
standi ng neetings wth EMA, and we have had
meetings before on discussions of these allergic
reacti ons associated with specific lots. So,
there is, you know, information being exchanged
with the EMA, and the sponsor al so provides us
with foreign information when it's rel evant.

M5. NORTON: How is a cluster of adverse
events defined per FDA?

DR. ALI MCHANDANI :  Yeah. There is no
formal definition for a cluster of adverse events.
As you saw fromthe graph, you know, we're | ooking
at reporting trends, and it becones very obvi ous
when there is a sudden increase in adverse events
for a particular lot. And as Dr. Scott nentioned,
you know, sonetines, the sponsor sees it first.

If they're not doing expedited reporting, we may
not have eyes on those reports until they let us
know. And sonetines, we see it first, because we
get direct reports from healthcare providers that

t he sponsor hasn't seen and that have cone to the
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FDA directly. And then we share that with the
sponsor through FO A requests.

So, it is very -- it becones very
obvi ous very qui ckly once we see, you know -- it
sort of snowballs. One day, you have 10 reports.
And you do a query in a couple of days, and you
have 30 reports. And for that particul ar product,
maybe the baseline is zero to two reports. So,
that is -- you know, that is how we do our
analysis for a cluster, but there is no fornal
definition that FDA has.

M5. NORTON:. Ckay. | see Dr. Macd ashan
has his hand up.

DR. MACGLASHAN: Yes. Hi. Quick detail
in -- did your team who was reviewi ng the -- these
reports differentiate between a reaction that was
occurring during adm nistration versus afterward
In the context of |V adm nistration versus sub-Q?
And |'mjust getting at the rapidity of the
response and whether the sub-Q -- the reported
reaction occurs after the sub-Q adm ni stration

maybe because of diffusion tine or sonething like
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that versus IVIG where -- | nean, where it's
comng inIV. And -- just a question whether you
could see that detail there.

DR. ALI MCHANDANI :  Mmthmm  So, you
know, for H zentra, it is sub-Qonly. And there
were nore -- you know, there were these | ocal
I nfusi on reactions. There were just nore of
these. And nmany of them were nonserious when you
conpare that to the |V products.

For Ganmunex-C, we tried to do a little
bit of what you were saying, Dr. Macd ashan,
because Gamunex-C is adm nistered both IV and
sub-Q depending on the indication. W did not
find a pattern. And that may be because we often

have, you know, mssing information in these

reports. So, | think, you know, that sort of, you

know, prevents us fromseeing a pattern. | think
It's a good hypot hesis --

DR. MACGLASHAN:  Ckay.

DR. ALI MCHANDANI : -- what you're
saying. W just didn't see it. W didn't | ook

for it. And often, as | said, we just don't have
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1 all the data in the FAERS reports.

2 DR. MACGAASHAN. Ckay. Thank you.
3 M5. NORTON: W have four nore

4 guestions. Do we have tinme for those?

S DR. SCOTT: Let's just -- well,

6 basically, we have one mnute left. So, for

7 guestions that haven't been answered, we wll also

8 have a list of all the questions in the chat room

9 And we'l|l endeavor to answer those if there is

10 tinme, or after the neeting. So, why don't we do

11 t wo.

12 M5. NORTON: Okay. | have a comment

13 from Caroline Voltz fromEMA. She says, "At EMA,

14 we have not received reports on hypersensitivity

15 reactions fromthe conpanies. Perhaps the

16 guestion to be asked to the conpanies if they can

17 explain why this is the case." Perhaps |ater on?

18 SPEAKER: Yeah, very | oaded questi on.

19 That's fine. Let's --

20 DR SCOIT: Yeah, | think that's for
21 | ater on. Yes. NMm hmm
22 M5. NORTON: Ckay.
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DR. SCOIT: It's a good question, but
we'll get into that -- we can get into that under
t he manufacturers' discussions in the afternoon.

M5. NORTON: Ckay. And then one nore.
| guess if we have -- so, there's three nore, but
"Il read one nore. "Did you take a cl oser | ook
at the cases with pretreated patients, in
particular, in conparison to those who did not
recei ve prenedi cation?"

DR. ALI MCHANDANI :  Yes, we did. And the
reviewer for Ganmunex-C, for the initial 1ot
withdrawal s, is the one who pointed that out that
there were sone patients where it would be |isted
that, you know, the patient was prenedi cated, and
usual Iy, those reactions were |less -- were not
serious or less severe. And that is, you know,
sonething -- it is the practice of nedicine. It
just -- institutional practice varies wth regards
to prenedi cation.

DR. SCOIT: GCkay. |I'msorry that we'l
have to nove on. And we'll have a | ook at those

ot her questions and try to answer themif there's
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time, or after the workshop, to the individual.

So, we need to nove on. And I'd like to
i ntroduce Dr. Fred Finkel man, a physician and
prof essor of internal nedicine eneritus at the
Uni versity of Cincinnati, as well as an adj unct
professor of pediatrics at Cncinnati Children's
Hospital Medical Center. But the reason he is
here today is because of his vast experience of
| mmunol ogy, particularly where it cones to the
types of processes that underlie hypersensitivity
and ot her types of events. So, Fred, take it
awnay.

DR. FI NKELMAN. Thank you, Dot, and
t hanks for organizing this workshop. And | want
to nention that recently, | becone a consultant
for CSL Behring with regard to IVIG probl ens.
Next slide, please.

The goals of this talk really to go over
t he pat hogeni c nechani sns for i nmmedi ate
hypersensitivity reactions, and to then consi der
how [ VIG mght initiate these nechani sns. Next

slide, please.
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This is data fromone case report. And
it really underlines the information that you
heard about fromKara. This is one patient who,
Wi thin | ess than an hour of the start of an IVIG
| nfusi on, devel oped urticarial rash, difficulty
br eat hi ng, nausea, vomting, abdom nal cranping,
hypot ensi on consi stent wi th anaphyl axi s, and
flushing. Al of these are synptons associ at ed
with i nmedi ate hypersensitivity reactions, and are
reason for considering i mmedi ate hypersensitivity
mechani sns as a reason for adverse events that
could be associated with a particular ot of IVIG
Next slide, please.

So, then it raises the question of what
accounts for the rapidity of these reactions. And
probably, the nost inportant reason is the very
rapid rel ease by activated cells of vasoactive
medi at ors, including histam ne, platelet-
activating factor, |eukotrienes, serotonin,
prost agl andi ns, but especially, according to
research that several people have done in this

area, histam ne and platelet-activating factor.
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This is not all that's released. There
are a nunber of cytokines and chenoki nes, a nunber
of proteolytic enzynes. But the major effect of
all of these, especially the vasoactive nedi ators,
I s increased vascul ar perneability with fluid | eak
t hat can cause vascul ar collapse. And this can be
furthered by decreased cardiac contractility and
by vasodilation. And in patients, as you heard
from Kara today, increased airway snooth nuscle
contraction, which can be underlined by epithelial
-- increased epithelial secretion, producing an
asthma-li ke reaction. And the rashes that you
see, such as urticaria, are accounted for by this
| ncreased vascul ar perneability with fluid |eak.
Next slide, please.

Wel |, that raises the question, what
cells produce these nediators? And at least in
experinental systens, the two nost inportant cells
are mast cells and nmacrophages. Mast cells
produce hi stam ne, PAF, and everything el se that
|'ve nentioned. Basophils are cells that are

circulating |like mast cells, but have many
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simlarities to mast cells, and can al so rel ease
hi stam ne. Macrophages produce many of the sane
medi ators, but very little histamne. And there's
argunent s about whet her neutrophils and platelets
are inportant parts of these reactions. Next
slide, please.

Wel |, what activates these cells? And
probably the nost inportant activation conmes from
crosslinking of Fc receptors, either by antibodies
that then bind to antigen to cause crosslinking,
or by antibodies to the Fc receptors thensel ves.
And the nost inportant Fc receptors are FcRI,
which is the high-affinity receptor for IgE and
several FcRs that you'll hear nore about |ater.
In mce, the nost inportant one seens to be
FCRIIl -- in humans, FcRIIA. The I gE receptor
binds IgE with extrenely high affinity. The FcRs
bind IgE -- 1gGwth relatively low affinity. And
they're conpeted with by circul ating nononeric
| gG

But there are al so anaphyl axi s reactions

that can be caused by conpl enent receptors --

Anderson Court Reporting -- 703-519-7180 -- ww. andersonreporting. net



| mmune d obulin Hypersensitivity Reactions: Root Causes and Mtigation Page'

67

1

10

11

12

13

14

15

16

17

18

19

20

21

22

receptors for the anaphyl atoxins C3a and Csa. And
cytokines, particularly IL-3, can cause an
anaphyl actic-1i ke reaction with activation of sone
of these cells. Mrre recently, a G coupl ed
receptor called MRGPRX2 has been shown to be
activated by a nunber of drugs, particularly,
agents that are used during general anesthesia for
neur onuscul ar bl ockade, and sone types of
antibiotics -- and can al so cause nast cell
degranul ati on and these types of reactions. LPS
has been descri bed to cause mast cel
degranul ation. And detergents by perturbing cel
menbr anes can affect mast cells, basophils, and
ot her cell types, including nmacrophages. Next
slide, please.

It's inportant to realize that a | ot of
what we know about anaphyl axis cones from nodel s
that are easily studied. You can't do these
studies easily in people. So, by default, studies
have been done in rodent nodels in which rapid
devel opnent of hyponobility and hypotherm a are

easily observed features. The next slide, if you
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can activate the left-hand panel, these are BALB/c
m ce that are happily wandering around their cage.
You can see that they neander fairly quickly.

| f you |l ook at the next slide, please,
and activate that, now, you're |ooking at mce 10
m nutes after they've received an agent that's
causi ng an anaphylactic reaction. And you can see
that they're still nmeandering, but nuch nore
slowy. By 15 mnutes, as shown in the next
slide, they're hardly noving at all. These mce
are very lethargic. They're not dead. You can
see that sonme of themare still noving, but
there's a huge difference fromwhat you saw in the
first slide. And this is one way that we assess
anaphyl axis in mce.

The next slide shows the other main way
t hat we assess anaphylaxis. Mce are small
critters. They radiate their heat very quickly.
And when they devel op anaphyl actic shock, they're
perfusing critical organs of their body nuch | ess
than normally. And they're maki ng nmuch | ess heat

than normally. And as a result, very rapidly,
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their tenperature goes down. So, here, in the
bl ue di anonds and red circles, you' re seeing mce
t hat are undergoi ng anaphyl axis nedi ated by 1gG
anti-TNP and injection of TNP bound to a protein,
oval bumn, or by IgE anti-TNP in the red circles.
You can see that the anaphylactic
reactions are very simlar. You're getting about
a 5-degree drop in tenperature. The nadir is
about 5 -- about 30 m nutes. You can see sone
effect by 5 to 10 mnutes. And if the mce don't

die, they very rapidly recover. And you can see

in the right-hand panel that this tenperature drop

very closely matches this increase in |ethargy
with decreased nobility. And again, it's very
simlar for 1gG and | gE-nedi at ed anaphyl axi s.
Next slide, please.

So, those reactions were caused by an
| gE anti body or an 1gG anti body bi ndi ng anti gens,
stinmulating the receptor. But the receptors can
al so be stinulated by 1gG anti bodies that are
specific for the receptors thenselves. And here,

you can see the tenperature drop that occurs in
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mce that are injected with an 1gG anti body to the
| gE receptor, or an 1gG anti body to one of the 1gG
receptors. Again, very simlar kinetics to what
you saw before. And as we'll discuss in a few

m nutes, this is, | think, very pertinent to the
types of problens we see with IVIG Next slide,

pl ease.

And you can see that a single injection
of the two nost inportant nediators for these
reactions, histam ne and platel et-activating
factor, again, wll cause a very simlar decrease
I n tenperature drop, which is self-limted, if the
ani mal s survive. Again, you can see that the
simlar kinetics of the tenperature drop caused by
hi stam ne or by an antigen- antibody reaction
i ndi cates that the rel ease of histam ne or
pl atel et-activating factor nust occur very
quickly. And we see this within two m nutes of
stinmulation with IgE anti body and an antigen to
that anti body. Next slide, please.

Wil e the kinetics of these responses

and the severity of these responses is very
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simlar between |IgE receptor and |1gG receptor
signaling, the -- there are sone consi derabl e

di fferences between these two I gE or |IgG nedi at ed
mechani snms. Next slide, please.

But first, just to show sone of the
simlarities in signaling, both of the |IgG
receptors and the IgE receptor involve a signaling
nol ecul e call ed Fc receptor gamma chain. This is
activated when the receptors are crosslinked with
activation of a Src famly kinase called Lyn that
activates Syk, and that then activates a nunber of
ot her tyrosine kinases and ot her signaling
nol ecul es, with one inportant one being BTK or
Bruton's tyrosine kinase.

This is shown for an 1gG receptor. And
then the next cartoon on the next slide -- next
slide, please -- shows a very sim/lar nechani sm
for an I gE receptor, although a second signaling
chain called FcR beta chain is involved. But
again, Lyn, the Src famly of kinase, starts the
ball rolling with activation of tyrosine kinase

Syk, activation of Bruton's tyrosine kinase, and
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down the line, many other signaling nolecules.
Next slide, please.

But while there are simlarities,
there's one very inportant difference, and that's
the quantity of antigen that's required to
stimulate the IgE or the 1gG nedi ated pat hway.

So, here, you see the induction of a decrease in
body tenperature in mce by injection of either an
| gE antibody to TNP or an 1gG anti body to TNP,
followed by different conjugates of the hapten TNP
with a protein, oval bum n.

And if you just | ook at these bl ack
squares on these two panels, you can see with the
| gE- nedi at ed nmechani sm you' d get about
hal f - maxi mal drop in tenperature, wth about 20
nanograns of antigen. \Wereas for the 1gG
mechanism it takes about two m crograns of
antigen or about a hundredfold nore antigen for
the 1gG nedi at ed nechani smthan the | gE-nedi at ed
mechani sm  Next slide, please.

And this occurs because of the different

affinity of IgE or IgGfor their receptors and
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because of the presence of |arge anounts of
conpeting sol uble nononeric 1gGin circul ation,
whereas there's very little conpeting circulating

| gE. So, for |IgE-nediated anaphyl axis, there's
pre-association of IgE with the Fc? receptor. The
rel evant antigen cones along, crosslinks these IgE
nol ecul es, and activates the mast cell or other
cell type.

For 1gG there isn't pre-association
with the receptor. Instead, you have to have the
formati on of aggregates in circulation between |1gG
and the antigen. And these aggregates, because
they have a higher affinity for the 1gG receptors
t han the conpeting sol ubl e nononeric 1gG can
trigger these cells. Next slide, please.

As a consequence of this, anaphylaxis
caused by low | evels of antigen can only be
medi ated by IgE. And exanpl es woul d be insect
sting allergy or food allergy, because there's
poor absorption of ingested food into systenc
circulation. Wen the antigen-specific 1gG

anti body | evels are high and antigen |levels are
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| ow, the predom nant effect of the IgGis blocking
| gE- medi at ed anaphyl axis via antigen sequestration
and signaling through an inhibitory receptor.

Wher eas when antigen-specific 1gG |evels
are -- antibody |levels are high and antigen | evels
are high, then 1gG can nedi ate anaphyl axis. And
when we're dealing with a | arge anount of an
antigen injected, such as sone of the therapeutic
nonocl onal anti bodi es and possibly IVIG you may
have the second situation that could allow both
| gG and | gE- nedi at ed anaphyl axis. Next slide,
pl ease.

There are al so a nunber of nechanisns
t hat negatively regul ate mast cell degranul ati on.
The nost inportant of these is the inhibitory
receptor that | nentioned earlier, FCRIIB. It's
also a lowaffinity receptor, but there are other
receptors on mast cells such as Sigl ec-8.

There are cytokine receptors for |L-10
and IL-37, and there's desensitization to
stinmulatory receptors by | ow and sl ow receptor

| i gati on and crosslinking that can nake these
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receptors | ess responsive. You'll also hear from
a |ater talk about certain antibody gl ycosyl ation
patterns that can negatively regulate this
process. Next slide, please.

Next slide, please. So, let's bring
this into IVIG \Wwen mght IVIG activate these
mechani snms, and what m ght be increased in
pat hogenic | ots? WeIlIl, one nechanism could be
that certain lots of IVIG could contain IgE or 1gG
anti bodies to antigens present in recipients. So,
I f a recipient was exposed to | arge anounts of cat
dander, for exanple, and IVIG contained |gE
anti bodies to cat dander, that could be a possible
way of triggering an i nmedi ate hypersensitivity
reacti on.

Per haps nore |ikely, though, is that
| VIG m ght contain antibodies to sone of these
receptors thenselves or to 1gG or | gE thensel ves.
And these anti bodies could then directly activate
the receptors and cause nmast cell or nacrophage
activation. Receptors to the conpl enent-derived

anaphyl at oxins to MRGPRX2 coul d al so be
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crosslinked by specific antibodies that m ght be
in the IVIG And that could then activate the
cells that produce the nediators and cause an
anaphyl acti c response.

| VIG m ght also contain antibodies to
things to which m ght contain antigens such as
| gA, which, in IgA- deficient patients who may
have anti-I1gA anti bodies, could trigger an
anaphyl actic reaction. And 1G-- |VIG m ght
contain detergents or m ght contain preforned
| gG i nmune conpl exes that could directly activate
cells such as nmast cells, or activate them by
activating the conpl ement system Next slide,
pl ease.

But there are reasons to be suspici ous
of any of these possibilities. Most inportantly,
alot of IVMMGis nmade froma great nmany patients,
whi ch nmeans that a single donor's plasnma is going
to be diluted anywhere from1l to 1,000 to 1 to
10, 000, which neans that there would have to be an
extrenely high titer of whatever it is in that

patient's serumthat's causing the reaction.
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That, to ne, nakes it nore likely that you're
going to have an 1gG anti body to one of the
receptors that could stinulate and activate nast
cells or macrophages than to have 1gG or |gE
itself that is specific for an allergen.

So, an anti-receptor antibody rather
than an antibody to an allergen seens to ne to be
nore likely. But there are questions. [|f an
aut oanti body is involved, such as an antibody to a
receptor, then why isn't the donor sick? Well,
maybe t he donor coul d becone tol erant of that
anti body. O nmaybe the anti body that's produced
woul d be to an alloantigen that is --doesn't
recogni ze an antigen in the donor, but recognizes
an antigen in the recipient.

If that's the case, then you woul d think
that nost of the donors would have to be fenale,
because wonen are nuch nore likely to be induced
to have alloantigen -- alloantibodi es by
pregnancy. It's unlikely to be an -- unlikely to
be I gE, because there's very little IgEin IVIG

preparations. |f high IgA content is invol ved,
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then the only donors who shoul d devel op di sease
shoul d be | gA-deficient donors. That doesn't seem
to be the case.

As far as problens with detergent or
aggregates, the FDA provides |imts for excipients
such as detergents, which should be able to
prevent those problens. And finally, only a snall
percentage of recipients who recei ve pat hogenic
| VI G devel op di sease reactions. So, why is only a
smal | percentage of recipients devel oping the
reactions if there's sonething in comon in a
particul ar batch of IVIG that nakes recipients
devel op the reactions? Next slide, please.

Next slide, please. Well, recipients
can differ in their susceptibility to devel op an
anaphyl actic-1i ke reaction. Certain cytokines
that could be present in larger anmounts in sone
reci pients could activate mast cells and basophils
and increase their nunber. O her cytokines can
| ncrease the responsiveness of target cells such
as vascul ar endotheliumto vasoactive nediators

such as histamne. Sone recipients nore slowy
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degrade vasoactive nediators so they can
accunul ate nore. Sone recipients such as people
W th mastocytosis have very | arge nunbers of nast
cells.

O hers have nmast cells or nacrophages in
a preactivated state so they'd be nore easily
activated by sonething that they get through IVIG
There are sone drugs such as BR-adrenergic
ant agoni sts, often used for people wth
cardi ovascul ar di seases. An exanple is
propranol ol that nmay nmake people nore suscepti bl e.
Al cohol use and exercise can al so make peopl e nore
suscepti bl e to anaphyl actic reactions. Next
slide, please.

| want to point out that a | ot of the
information | gave you cones not from human
studi es, but from nouse studies. And mce and
people are very different. So, for exanple, using
hypot herm a as an indi cation of anaphyl axis works
very well for mce, but not for people, who are
much bigger and | ose their heat nuch nore slowy.

lt's difficult to see urticaria in mce, even
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though this is a major way of seeing anaphyl axis
i n peopl e.

There are differences in the cellular Fc
receptors, in the IgGisotypes, and the nediators
produced by activated cells and their effects on
target cells between m ce and people. Basophils
have very few granules and very little histam ne
in mce, whereas they can have nuch nore in
people. So, they're likely to contribute nore to
anaphyl axis in people than in m ce.

But despite these differences, studies
in mce have held up remarkably well as nodels for
human anaphyl axis. And |lessons that we |learn from
normal mce or mce that have been partially
humani zed have real |y hel ped us understand
| mredi ate hypersensitivity reactions in people.
And it would be very hel pful to have a nouse nodel
of IVIGinduced i nmedi ate hypersensitivity
reactions that mght be used to examne IVIGIlots
prior to their approval for clinical use. Next
slide, please.

So, ny bottomline is it seens likely
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that | gG associ ated nechanisnms are involved in

| mmedi ate hypersensitivity reactions to | VIG
especially mechanisns in which the 1gGis acting
as an anti body specific for receptors on cells
that rel ease nedi ators, rather than nechanisns in
which the IgGis binding to a particular allergen.
Under st andi ng why sone lots of IVIG are
particularly likely to cause i medi ate
hypersensitivity-like reactions and the factors

t hat make sone individuals particularly prone to
devel op these reactions remain el usive.

Better understanding of |VIG nediated
anaphylaxis, as well as better and nore practical
ways to identify recipient characteristics that
i ncrease the |ikelihood to have these reactions
shoul d provide ways to avoid these reacti ons.

| realize that |'ve spoken very quickly,
and a little cold has perhaps nade it difficult to
understand ne. Anybody who wants a copy of this
presentation, please enail ne, and |'d be happy to
send it. And thank you very much. It's ny

understanding that we'll go on to the next speaker
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and take questions at the end of the three talks.

DR. SCOIT: Thank you very nuch, Dr.
Fi nkel man. That was an excell ent presentation and
i ntroduction to the conplexities of these -- of
hypersensitivity reactions. And it gives us sone
future directions, potentially, that could be
expl ored. Qur next speaker is Dr. Robert Anthony.
He's an associ ate professor at Harvard Medi cal
School. And he's going to speak about the role of
anti bodi es and Fc receptors in i mediate
hypersensitivity.

DR. ANTHONY: Great. Thank you, Dot.
Thanks to Fred for that introduction to our
section. And it's really nice to be here. So,
thanks for this opportunity. Next slide, please.

So, this is a schematic of chronobsone 14
I n humans that shows the heavy chai ns that
essentially are used to express the anti bodi es.
And underneath the heavy-chain | ocus, you can see
schematics of the anti bodies that are essentially
produced as a result of the expression. Next

sl i de.
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And since we're tal king about type |
hypersensitivity reactions as a framework, nuch
like Fred did in his talk, | think it's really
useful to put this in the context of the way it's
taught in the textbooks, which is IgE nedi ated
reactions. And so, in this context, there's a TH2
response that results in the production of IgE
anti bodies. They're secreted by B cells. And
then they bind very stably with high affinity to
FCRI, which is expressed on the surface of mast
cells in the tissue and basophils in the
ci rcul ati on.

And t hen upon a subsequent re-exposure
to the allergen, you get crosslinking of the
cell -bound IgE on the surface of the mast cells or
the basophils. And that |leads to a signaling
cascade that results in degranul ation of these
cells, releasing these soluble nediators that are
responsi ble for the synptons. And really, that's
-- you know, as a nouse inmmunol ogi st, we | ook at
that in ternms of vascul ar | eakage, inperneability,

and tenperature loss, as Fred nentioned in his
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tal k. Next slide, please.

And so, for IgE it sits on the nast
cell inthe formof a trinmeric receptor, which is
shown in the schematic. The al pha chain binds
directly to the high -- to the IgE nolecule with
very, very high-affinity. So, the association
constant is in the range of 109 or 1010. And so,
this is a very stable interaction. The off-rate
Is three days. So, it has a -- IgE has a tissue
hal f-l1ife of three weeks on the surface of nast
cells.

So, also associated with this receptor
Is the common gamma chain, which is critical over
the signaling of many Fc receptors. And then it's
al so the beta chain that helps out with the
signaling downstream And so, next slide, please.

So, upon crosslinking of two I gE bound
to the al pha chain of FcRI, that wll essentially
trigger the signaling cascades downstream i nsi de
the mast cells and the basophils. Next slide.

And so, this is simlar to what Dr.

Fi nkel man showed, but essentially, upon
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crosslinking of the al pha chains by IgE that's
bound, both the kinases Lyn and Syk w ||

phosphorylate LAT. And that will essentially

trigger a nunber of downstream cascades, i ncl uding

a MAP ki nase pathway that's thought to be
responsible for release of the lipid nediators
associated with type | hypersensitivity -- the
prostagl andi ns and | eukotrienes. There's also
essentially the phosphol i pase C pat hway t hat
ultimately leads to the calciumflux that's
associated with the degranulation in mast cells
that's associated with the rel ease of histam ne.
Next slide, please.

And so, sone of the classic nodels that
we i mrunol ogi sts use include this passive
cut aneous anaphyl axis nodel. And so, in this
nodel , we woul d take a nouse | gE nol ecul e and
inject it intradermally into the ear of a nouse.
Next slide. And it's essentially sensitizing
|l ocally in the ear. They could al so be done in
the skin, but the fur needs to be renoved to do

that. And the next day, the mce are essentially
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chal | enged systemically or intravenously with the
allergen that's been enulsified in Evans bl ue dye.
And it's an inert dye.

But essentially, when the productive
anaphyl actic response occurs, it wll trigger
vascul ar | eakage and perneability. And because of
that, the blue coloration wll actually mgrate
into the site where the anaphyl actic response
occurs. Next slide. So, you can actually get a
bl ue coloration of the ear. Next slide, please.
And so, that's visible, and you can quantify that
as a surrogate readout for the nagnitude of
anaphyl axis. Next slide.

And so, this is just the Hooke Lab cells
-- these kits that help elicit these types of
responses. And this is a picture fromtheir
website, where you can see the right ear was
treated wwth the DMP-specific IgE, where there was
a nock injection in the left ear. And then upon
chall enge with the DVMP allergen, in the context
wi th Evans blue dye, within mnutes -- you know,

so, essentially, 30 to 40 m nutes, you get this
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very robust coloring of the ear that can be
gquantified. Next slide.

So, there's another classic nodel of
anaphyl axis, which is a systemc nodel. So, in
this nodel, mce are sensitized intravenously or
systemcally with the I gE nolecule. And then
they're chall enged systemcally with the all ergen.
And then neasured, essentially, tenperature is
dr opped, just as Dr. Finkel man presented. You can
get this robust drop in tenperature approxi mately
20 mnutes after the allergen challenge. Next
slide. R ght. One nore, please.

Right. So, this is a classic experinent
fromKinet's Goup (phonetic) where they conpared
sensitization of mce with human I gE that either
| acked the nouse | gE receptor, which is the first
bar, followed by mce that expressed one copy of
human 1 gE high-affinity receptor that had both
copies of the nouse |IgE receptor, or that had --
were deficient in that receptor. And you can see
that when there was either a nouse or human | gE

receptor, there was a fairly robust drop in
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t enperature, about 4 degrees, approxinmately 20
m nutes after challenge with the allergen. Next
slide, please.

Right. So, with that framework in m nd,
| thought we would nove on to the 1gG anti bodi es.
And there are four different 1gG antibodies in
humans. They are nunbered based on their
di scovery, but also, it correlates with their
anount that they're present in the circul ation.
So, 1gGl, 1g&, 1gG3, and Ig&A. Next slide,
pl ease.

So, this is an 1gG nolecule. | think
everyone here is likely famliar with this
structure, but it has a Y-shaped structure -- the
top of which is responsible for the specificity of
the nol ecul e. Next slide.

So, that's what's referred to as the
antigen-binding fragnent or the Fab. Essentially,
the nolecule is two identical heavy chains and two
| ight chains. The Fab essentially is the |ight
chain paired with the heavy chain, and it's the

vari abl e regions of the nolecule in this portion.
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Next sl i de.

The stalk of the nolecule is the
crystallizable fragnent or the Fc or the constant
region and this is the business end of the
nol ecul e responsi bl e for conveying the effector
functions. Next slide. And there is a single N
| i nked gl ycosylation site, asparagi ne 297, that's
conserved across all mammalian | gG anti bodi es.
And it's in a fixed position in the nol ecule, and
you can actually resolve it by crystall ography,
which is shown here in this nolecule. Al right.
Next sli de.

So, the canonical functions of 119G
anti bodies are triggering inflammtion. This is
typically thought to be in the form of
anti body-dependent cytotoxicity. They can al so
opsoni ze vari ous antigens by, you know, enabling
t he phagocytosis, or they can be responsible for
I nfl anmation that's nedi ated through all
conpl enent fixation. And this can occur,
certainly, at the end stage of sone autoi mune

di seases, including, you know, |upus nephritis.
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Next slide, please.

Al right. So, this is a picture of
Jeff Ravetch at the corner, who's ny postdoctoral
mentor. And Jeff spent his career defining how
| gG anti bodies trigger inflammtion. And so, this
I's historical data generated by Raphael Cynes in
Jeff's lab al nbost 20 years ago. And so, Raphael
was using a nodel of thronbocytopenia driven by a
nonocl onal anti body specific to the platel et
3-integrin.

And so, he gave this nonocl onal anti body
to wld- type mce, which is shown in red. And
Wit hin about two hours, there's a rapid | oss of
platelets fromthe circulation of mce, as you can
see. Mce in green received an isotype control
treatnment. And so, they had no |loss of platelets.
And m ce that |acked the C3 protein, that's the
conpl enent protein that's common for all three
conpl enent cascades, they're shown in blue -- they
al so underwent a rapid | oss of platelets that
mrrored what was seen in a wld-type ani nal .

Next sli de.
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So, mce that |acked that signaling
conponent of Fc receptors, the commobn ganmma chai n,
were adm ni stered the platel et-specific anti body.
And no platelet | oss was observed, and that's
shown in black here. And so, this result showed
that this Fc receptor -- or the signaling
conponent of this Fc receptors was required for
this platel et depletion nodel, and not conpl enment.
And so, Jeff has gone on to show how i nportant Fc
receptors are for anti body biology. Next slide,
pl ease.

And so, this is just a schematic of the
Fc receptor famly for all of the anti body
cl asses. So, starting on the far left, there's
the high-affinity IgE receptor, FCRI. Next to it
Is the IgA receptor, and then there's the
high-affinity 1gG receptor, FcRI. Then we have
the lower-affinity 1gGreceptors, FcRIIB, C, and

A Then there's FCRIITA  [lIIBis a

G protein-linked receptor. Then there's these
C-type lectin receptors for IgE and 1 gG that have

been described as type Il Fc receptors. Next
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slide, please.

So, focusing on the 1gG receptors,
there's -- on the top of this diagram there's the
nouse receptors. And on the bottom there's the
human receptors. But |looking at -- so, there's a
| ot of simlarities, but sone inportant
distinctions in these two different systens.

So, starting wth the orange receptor,
which is the high-affinity receptor, FcRI, this
is largely thought to be irrelevant in terns of
triggering inflammation. And the reason for that
IS because it binds 1gGwith a very high affinity.
And because of the high serum concentrations of
|gG which is 1 ng per nL on a nouse and 10 ng per
m. on a human, it's thought to be saturated by
essentially random | gG nol ecul es. So, the
| i kel i hood of it being crosslinked by an anti gen
Is incredibly | ow

So, generally those of us in the
anti body field don't consider IgGlL as triggering
anti body effector function. And I guess the

excepti on woul d be what Dr. Finkel man nentioned in
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terns of an antibody that mght directly target
FCRI. So, the remaining canonical or type | Fc
receptors are considered to be | ow or noderate
affinity. So, if we start with the first yellow
receptor shown here that's the inhibitory Fc
receptor, which is FCcRIIB -- and so, it's a

singl e al pha chain nolecule that has an ITIMor a
| Mmmuno tyrosine inhibitory notif inits -- in the
chain. So, this induces an inhibitory signal when
it's crosslinked on the cells that express it.

In the nouse system that's the only,
essentially, receptor of the Il famly. Then
there's the FcRIII nolecule, which is an
activating Fc receptor, and uses the gamma chain
to signal. There is also another activating Fc
receptor, FcRIV, which al so uses the conmmobn ganma
chain to signal. Also shown in this diagramare
t he neonatal Fc receptor, FcRN, that's responsible
for the prolonged serumhalf-life, and then this
C-type lectin receptor, SignRl, that is
responsi bl e for conveying the anti-inflammtory

signals of 1gG
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So, in the human system again, there's
many simlarities. So, starting wth the
| ow-affinity receptor, there's the inhibitory
receptor, FcRIIB -- again, using a ITIMnotif
signal. There are the activating lowaffinity
receptors FCRITA and IIC. So, I1C s risk
expression is really limted to natural killer
cells. So, we really focus on the biology of
FCRI1 A, again, which -- it's a single chain,
al pha chain signaling nolecule with an I TIMnotif
in the intracel lul ar domain.

There is FCcRIII A, which also is
expressed on natural killer cells, and which al so
uses the ganmma chain for signaling. And then
there's the GPl-linked receptor, FcRIIIB, which
I s thought to be expressed on neutrophils. And
then, again, there's the FCRN responsible for the
serumhalf, life and then the human orthol og for
SignRl, which is DC SI GN whi ch, again, has been
inplicated in the anti- inflammtory activity of

anti bodi es. Next slide, please.

Al right. So, |ooking at the signaling
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that's caused by i mmune conpl exes for these

| owaffinity activating Fc receptors, which is
shown here, and as Dr. Finkelman all uded to,
because these are lower-affinity interactions,
they require the formati on of conpl exes, which is
depicted here in this schematic. And that

I ncreases the avidity of the interaction with
these lowaffinity receptors. And the
crosslinking will essentially do sone very simlar
signaling noiety to what we observed in the

mast -cel | pat hway where there's essentially a Syk
activation that is required to trigger the
downstream events, which, again, include map

ki nase signaling as well as calciumflux, as shown
here in this diagram Next slide, please.

And so, this activating signal is
opposed by this inhibitory signal nediated by the
I nhi bitory receptor, FcRIIB. So, that receptor
IS expressed in the surface of B cells. And when
it's co-ligated in the -- at the sane tine as the
B-cell receptor, that's an inhibitory receptor

that shows or tells the B cell to not respond to
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the particular antigen that's being conpl exed and
that's shown in panel B.

But in panel C, which is nore rel evant
for this session, just |ooking at inmune conpl exes
engagi ng the inhibitory receptor on the surface of
cells |Iike macrophages, dendritic cells, and
neutrophils, where, essentially, you would get an
| nduced apoptosis by BTK in an adjunct-induced
pat hway followi ng ligation of this receptor. Next
slide, please.

So, the four human | gG subcl asses are
shown here, wth, essentially, you know, a cartoon
schemati ¢ of what they would [ ook |like. And they
have very simlar structures with the sole
exception of 1gG3, which has this very extended
hi nge region, which is shown here in the
schematic. And the way that | generally think
about themis wth this blue chart with the plus
or m nuses, where 1gGl anti bodies are very potent
in fixing conplenent, but they also bind, you
know, the nost -- | guess, the best of all of

t hese anti bodi es, that both activating and
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I nhi bitory Fc receptors.

| g& are, you know, poor binders of
conpl ement and activating and inhibitory
receptors, so it's thought to be essentially
fairly inert. 1gG3 binds strongly to conpl enent
and activating inhibitory receptors, so it is
t hought to be fairly inflanmatory, simlar to
| gGl. Then 1g&4 is a poor binder of conpl enent
and activating receptors, but binds with noderate
affinity to the inhibitory receptors. So, it's
thought to be either inert or inhibitory in terns
of the subclasses. Next slide, please.

And so, the nouse system of anti bodi es,
there are also four different antibodies. But the
nunbering system | think, is remarkably
confusi ng, because the effector function doesn't
track with the nunbering in humans. So, for npuse
lgGl, it's essentially -- it's a poor binder of
conpl enent and binds with lower affinity to
activating Fc receptors, but binds stronger to the
i nhibitory Fc receptors. So, nouse |g&a or c,

whi ch essentially are the black (inaudible) valve
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C parietals of this antibody subclass, binds very
strongly to an activating Fc receptor and is a
very potent antibody in vivo. Slightly |ess
potent is Ig&b, but it's still a very
strongly-activating anti body. And Ig& in the
nouse system does not bind to any Fc receptors.
Next slide, please.

Geat. So, this -- the inportance of Fc
receptor binding, and specifically, the affinity,
was established by Fal k N mmerjahn, who's pictured
here. And so, this is really a classic study that
Fal k did using the B16 nel anoma nodel. And so, he
adm ni stered systemcally B16 nel anonma cells to a
nouse, and they'll -- which usually netastasizes
t hroughout the body, and they'll congregate
everywhere, including the lung. And then Falk
gave a TA99 class switch variant to these ani nals.
And so, TA99 is a nonoclonal anti body that
recogni zes a specific notif on the B16 nel anona
t unor .

So, what you can see very clearly is

t hat these anti bodies -- which have the sane

Anderson Court Reporting -- 703-519-7180 -- ww. andersonreporting. net



| mmune d obulin Hypersensitivity Reactions: Root Causes and Mtigation Page'

99

[

10

11

12

13

14

15

16

17

18

19

20

21

22

specificities, but they just differ in the Fc
region only -- had different ability to clear the
B16 nel anoma. So, | ooking at a nouse |gGl

anti body, you can see it's very nmuch a black |ung
in panel A. And then when that's quantified in B,
you can see that essentially, this dose of the
nouse 1 gGl had no ability to clear the B16 tunors
on the I ung.

In contrast, the TA99 with the Ig&a Fc
was very potent at clearing these netastasized
tunors. And that's true by the -- essentially,
the white lung you can see in panel A and al so
quantifying it, that it's a conplete reduction of
tunors. Also potent, but |ess so, is the nopuse
| g&b. You can see it's alnbst a gray type of
| ung, and then -- and there is a significant but
| ess reduction of the B16 tunors. And then 1gG3
TA99 anti bodies did not do any clearance at all.
Next slide, please.

And this is fromthat sane paper where
it's using the platelet depletion nodel. So, this

is the 6A6 nodel that Raphael C ynes established.
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But again, it's the sane pattern where these sane
specificity of the antibodies, they differ only in
the Fc region. And it shows that in terns of

pl atel et depletion, 1g&a and 2b are very potent
at triggering platelet depletion, and that's shown
in red and yell ow, whereas 1gGl i s about a 50
percent reduction in platelets, and there's no
depletion in platelets shown in the 1gG3 in green.
So, next slide, please.

And so, Falk, in this paper, established
this concept that you can predict the antibody
function by essentially establishing the ratio of
the affinity of that particular class of an
antibody to the activating versus inhibitory Fc
receptor. And so, what you can see is for nouse
| gGL anti body, it has a | ow activating -- |ow Al
ratio. And so, it's essentially not so potent in
vivo. The Ig&a has a very high ratio, so it's,
you know, close to 70. And that's the npbst potent
subclass. And then Ig&b has a ratio of about
sevenfold higher affinity for activating receptors

and inhibitory, and it's fairly potent as well.
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Next sli de.

And so, this is just a list of the
affinity constants for both the human and the
nouse anti bodi es and Fc receptors, really, that
this concept of the Al ratio was established.

Next slide, please. And so, what you can see is
that we focus first on human anti bodies. The

hi ghest affinity of human 1gGL of the lowaffinity
receptors is this FCRIIA.  And then human | g&
binds with about a tenfold Iower affinity to that
receptor -- that sanme receptor, preferentially.
Human 1gG3 binds with very high affinity up in the
107 range to the, you know, the receptor FcRIIIA.
And then human I g&4 has the strongest binding to
FCRII B, the inhibitory receptor -- slightly

hi gher than the other receptors, which is why it's
t hought to be an inhibitory-type anti body.

And then in the nouse systemis
essentially what Falk had laid out, where nouse
| gGL binds preferentially to the inhibitory
receptor based on its Ka. Mouse | gQ&a binds very

strongly to FcRIV. And a little bit about --
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essentially at tenfold |l ess or so is where the

| g&b binds to that sane receptor. And there's no
det ect abl e bi nding of the I1gG3 subclass. Next
slide, please.

Al right. And so, this, again, is the
picture of the 1gG antibody with its structure.
Next slide. R ght. And so, one of the other
things that mght influence the interactions with
these receptors is the single glycan. And this is
just a schematic of the glycan that's at
asparagi ne 297. It's trenendously heterogeneous.
And so, it can vary by the presence of this
fucose, the red triangle, the bisecting
N- Acet yl gl ucosam ne or the galactose or sialic
acid -- all of those noieties found outside of the
dotted box. Next slide.

And the presence of these -- or absence
of these various sugar noieties influences
directly the interactions with Fc receptors. So,
anti bodies that |ack fucose actually gain a
50-fold increase in affinity to the FcRIII 3A

Next slide. And then anti bodies that have sialic
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acid have inpaired interactions wwth Fc receptors.
So, an additional winkle of conplexity is the
presence of the type of glycan attached on the
anti bodi es. Next slide, please.
So, this is just a MALD - TOF anal ysis of
IVIG actually. But it just shows the
het er ogeneity of glycosylation. So, there's over
30 distinct glycoforns that are present in healthy
I ndi viduals on the Fc region of the anti bodi es.
Next slide. So, 10 percent of these termnate in
sialic acid, and these are represented under the
red brackets. Next slide. But the other major
forns essentially are these fucosyl at ed,
di gal act osyl at ed, nobnogal act osyl ated, or
agal actosyl ated gl ycoforns. Next slide, please.
And so, this is just turning back to
sone of Falk's work |looking in the B16 nel anoma
nodel in an antibody with and w thout fucose. And
| alluded to earlier how that -- renoving fucose
fromthe antibody glycan results in enhanced
affinity to an activating Fc receptor. And so,

you can see, he did an anal ogous experinment to
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what we wal ked t hrough earlier, where,
essentially, mce that received the B16 nel anona
tunor intravenously were treated wth the TA99
anti bodi es of an |1 g&B backbone. And the only
di fference was one of those antibodi es had fucose
and one didn't. The sane dose of the anti bodies
was adm ni stered. And you can see that the

af ucosyl ated anti bodies have a -- were nuch nore
potent in clearing the tunor. And they have an
enhanced activating to inhibitory ratio of 20
conpared to that of 7 of a fucosyl ated anti body.
Next sli de.

So, this is the crystal structure of
anti bodies with and wi thout fucose, as shown here.
And essentially, what happens when fucose is
present is there is essentially a contortion of a
gl ycan essentially out of the frame, which is
shown here on the top panel in yellow. But when
that fucose is renoved, you have a very strong
hydr ogen bond, a glycan- glycan interaction
bet ween the anti body and the Fc receptor. And so,

that's responsible for this 50-fold gain in
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affinity. Next slide, please.

And so, that's actually, you know,
popping up in the clinic. And just two exanpl es
are that these afucosyl ated anti bodi es are
associ ated with severe COVID. And so,
essentially, it's thought to exacerbate sonme of
the clinical presentations in COVID. And then
al so therapeutic anti bodies that are -- they're
bei ng engi neered to | ack fucose because they're --
have enhanced potency. Next slide.

Right. So, another confoundi ng factor
for antibodies -- or human antibodies is in this
| dea of Fab-arm exchange, which occurs in Ig4
subcl ass specifically. So, there are these two
cysteine noieties just beneath the hinge region.
And they can -- when they're -- when these
anti bodi es are undergoi ng, essentially, the
recycling wwth the FCRNwth a low pH, it's
t hought that these can undergo, essentially, an
intra-armcysteine pairing that allows for
essentially a swapping of the two arns. And so,

it's thought that g4 actually exists in this
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m xture of heterodi ners and honodi ners, which is
depicted in the bottomright of this slide. Next
slide.

Finally, | just wanted to bring up this
| dea that while there are four different
subcl asses, there are a nunber of allotypes of the
different anti bodies as well. So, these are just
sone of the allotypes that have been identified in
the literature. Next slide, please. And so, the
so-cal l ed constant region has a total of over 30
different glycoforns that are possible to be
present. There are 30 different -- either
al | otypes and/ or subcl asses, which nakes --
there's a possibility of 900 different Fc
configurations stored. So, it's nuch nore conpl ex
than, | guess, we think typically. Next slide,
pl ease.

So, getting into sone of the classic
nodel s, | ooking at |1gG nedi ated anaphyl axis, |
think the first thing to point out was this
passi ve reverse Arthus reaction that was descri bed

in Jeff Ravetch's lab. And so, this is
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essentially mce that are treated with rabbit 1gG
at a particular site, and then they're
adm ni stered with an antigen systemcally. And
you can essentially qualify the -- or quantify the
edema and henorrhage at the site. So, this is
very -- this is anal ogous to the passive cutaneous
anaphyl axis reaction that we discussed in the
nouse systemearlier. Next slide, please.

And so, this is actually pieces of skin
tissue that were treated with this passive reverse
Arthus reaction. So, you can see that wld-type
mce received a fairly productive reaction, which
was quantified by essentially the vascul ar | eakage
or perneability. There was not the blue dye that
was adm ni stered here. So, essentially, you can
just see the spreading of the blood. Looking at
m ce that |acked Fc receptors in panel A, you can
see there's a marked attenuation of this reaction.
Mce that | acked nmast cells, which are the WW
mce in panel C, also had an attenuated reaction.

These mast-cell-deficient mce that were

reconstituted with Fc-receptor-deficient nast
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cells in D also had an attenuated reaction.
Whereas mce in panel E, that were | acking nast
cells, but had been reconstituted with wld- type
mast cells that had Fc receptors, had -- were able
to recapitul ate the productive Arthus reaction as
shown in panel AL And so, this experinment showed
that it was essentially FcRs on nast cells
required for this Arthus reaction in the tissue.
Next slide, please.

And this is Dr. Finkelman's classic
nodel in which mce are adm ni stered a goat
anti-nmouse 1gG antibody. And this results in
production of goat antibody specific 1gGlL, |gQR2a,
and IgE. The m ce can then be challenged with
ei ther a goat anti body or an anti-IgE anti body.
And you can see that essentially, you get a
sim |l ar anaphylactic curve. However, the -- when
you challenge with the antigen, which is the goat
lgG this is thought to be an 1 gG nedi at ed
system c anaphylaxis. And that's because,
essentially, you can block IgE and still get the

anaphylaxis. But if you block the FcRs, there's
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no anaphylaxis that occurs. And that's in
contrast when the anti-I1gE antibody is
adm ni stered. So, essentially, that does require
| g, and bl ocking FcRs has no effect on the

| nduction of anaphylaxis. Next slide, please.
Yeah, next slide. Thank you.

And so, this is a really classic passive
nodel. And | just wanted to add this at the very
end, just to further conplicate things. But if
you | ook at panel D, this is a TNP- specific
nonocl onal nouse 1gGlL that was adm nistered to a
nouse. They al so received human IVIG which is
shown in red. And you can see that while the --
there is anaphylaxis that's induced in the mce
that received the anti bodies, the IVIGwas able to
attenuat e the anaphyl axis, which is shown in panel
D. So, certainly, that further conplicates
t hi nki ng about how 1 gG anti bodi es trigger
anaphyl axi s responses. Next slide, please.

And so, getting back into the signaling,
this paper identified a key role for the adaptor

proteins Fyn and Lyn. And they showed that,
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essentially, mce deficient in Fyn had a fairly
normal , robust anaphylactic response in A, but the
Lyn knockouts did not require -- did not recover
nearly as quickly, which is shown in panel B.

Next slide, please.

Right. And so, this shows that
essentially, the mast cells are the primary
medi ators of the histam ne rel ease, which is what
Dr. Finkelman alluded to. Next slide, please.

And so, just to sumup with two very quick slides,
t hi nki ng about Fc receptors in the cellular
expression -- next slide -- you can see that

| ooki ng at nmast cells and nmacrophages or nonocytes
-- yeah. Next slide, please. Next slide. Yeah.
So, the -- oh, I'msorry. Back one. Yeah. Thank
you.

So, looking at FcRIIITAin the mce,
that's expressed by nast cells and nonocytes and
macr ophages, but the Fc receptors that are
expressed by those cells in humans are
predom nantly FcRITA and 1A Next slide. And

then -- | know | ' mshort on tine. And so,
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t hi nki ng about FCRITA and IIB -- next slide --
the -- that is bound nost strongly by human | gGl,
which is just highlighted here in this chart.
Next sli de.

And so, wth that, I'll just sunmari ze,
t hanki ng everyone for their tinme and attention.
Also, just to -- like, it's appealing to think
about the simlarities and also differences
between 1gG and I gE systens. And 1'd like to
thank all of the authors who generated the data
and the reviews that were used here, and apol ogi ze
to anyone that | didn't cite. That was an
oversight, ny fault. Thanks very nuch.

DR. SCOTT: Thank you, Dr. Anthony. And
hopefully, you have tinme to stay around for the
guestions at the end of this session. And it was
a very detailed and, to ne, exhaustive -- maybe
exhausting review of FC receptors, but really
excellent. Thank you very nuch.

Next, we have Dr. Laurent Reber, who is
a PhD in immunol ogy research at the Institute

Pasteur. And he's going to speak about cellul ar
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nmedi at ors of imredi ate hypersensitivity reactions.

DR. REBER: Thank you. So, | actually
noved to Toul ouse in the South of France so |I'm
not anynore at the Institute Pasteur. So, | was
asked today to present you nore about the cells
that could nedi ate hypersensitivity reactions.

And as you will see, there will be lots of overlap
with what was al ready presented by the two first
speakers. But | will try to go nore into details
about three types of specific reactions that could
occur. Can you go to the next slide, please.

So, | wll focus on the |gE-nedi ated
hypersensitivity reactions and what Fred presented
bef ore on MRGPRX2- nedi at ed hypersensitivity
reactions, and really looking at the main cells
that could nediate that and the nmai n nedi at ors.
And then I will discuss nore about |1gG nedi ated
hypersensitivity reactions, which | think is
really what could occur in IVIG nediated
reactions, and that there are two nai n pat hways
that could be activated, as was presented before,

t he FcR pat hways, and which cells are involved in
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that, and also the conplenent pathway. And | wll
go nore into details about experinents that were
performed using humani zed m ce, and especially
humani zed for these FcRs. Next slide, please.

So, this was already presented. IgE is
really well known to nediate hypersensitivity
reactions. And | will focus really on anaphyl axis
as the main hypersensitivity reaction -- so, a
system c reaction. And this is known for a |ong
time that | gE nedi ates anaphyl axis, and they
mediate it mainly through one receptor, which is
FCRI, which is expressed in mce in two main
cells -- mast cells and basophils. [|n humans,
it'"'s alittle bit nore conplicated, because there
are additional cells such as dendritic cells and
sone nonocytes, nmacrophages, that could al so
express a version of this receptor. Next slide,
pl ease.

But what is also clear in -- yeah, what
is clear is that there are nany peopl e that
actual |y devel op autoanti bodi es against this

receptor -- so, anti-FcRl autoantibodies, nostly

Anderson Court Reporting -- 703-519-7180 -- ww. andersonreporting. net



| mmune d obulin Hypersensitivity Reactions: Root Causes and Mtigation Page' 114

1

10

11

12

13

14

15

16

17

18

19

20

21

22

of the 1gG subcl ass, and al so, | gE agai nst
self-proteins -- and that these autoanti bodi es can
actual |y cause di sease in humans, which is called
chroni c spontaneous urticaria. And what these
anti bodies can do is that they can directly
activate. So, if you have antibodi es agai nst
FCRI, these antibodies can directly activate the
receptor, causing the activation of mast cells,
and potentially, basophils.

And i f you have anti bodi es agai nst | gE,
they can al so activate the receptor, because |IgE
I s al ways bound to the Fcereceptor of the surface
of mast cells and basophils. And then if you have
| gE agai nst self-antigens, if you encounter these
sel f-antigens, these i nmune conpl exes can al so
directly activate the receptor. So, | think one
thing we have to take into consideration, if, in
the pool of IVIG there are autoantibodi es agai nst
either FcRI or against |IgE, these autoanti bodies
have the potential to activate nmast cells and
basophils. Next slide, please.

Yeah. And indeed, there is one report
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whi ch was published a few years ago usi ng
basophils. So, what they did is that they took
basophils fromthe bl ood of a healthy donor. They
primed these basophils using a cytokine, which is
called IL-3, to enhance the activation potenti al
of these basophils. And then they incubated these
basophils with different |VIG batches. And what
t hey observed is that the basophils got activated.
And when they depleted anti-IgE that
were present in these |IVIG batches, they coul dn't
see any nore basophil activation. So, what this
neans is that even though -- of course, the
batches of IVIG are a pool of thousands of
different donors. But if you have donors that
have high | evels of these anti-I|gE autoantibodies,
t hese anti bodies clearly have the potential to
activate basophils. And so, if you think about
peopl e who could be prone to devel op
hypersensitivity reactions because they have
mut ati ons that could enhance mast cell activation,
t hese people could be likely to devel op nast cel

activation upon injection of these autoanti bodi es.
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And one thing is that these
aut oanti bodi es are very comon in the general
popul ation. It's about 1 percent to 2 percent of
peopl e that have autoanti bodi es agai nst either the
receptor or IgE. And so, it's highly Iikely that
t hese aut oanti bodi es are present in nmany batches
of IVIG Next slide.

Then the second mai n pat hway that can
trigger mast cell activation is this newy
descri bed MRGPRX2 receptor. |It's called MRGPRB2
in mce and X2 in humans. And it triggers what we
call pseudoal lergic reactions. So, it's
degranul ati on of mast cells by many drugs, and
especially cationic nolecules. Next slide.

And it's clear that -- and this was done
wi th human mast cells. |[|f you knock down the
receptor, many of these cationic drugs cannot
activate mast cells anynore. So, as Fred
mentioned, if there are peopl e devel opi ng t hese
anti - MRGPRX2 aut oanti bodies, and if these
aut oanti bodi es are found in |IVIG batches, these

woul d be likely to al so cause direct activation
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and degranul ation of mast cells in the recipients.
Next sli de.

Now, I will present nore data on
| gG nedi at ed anaphyl axis, which is also a
potential explanation of the hypersensitive
reactions in sonme of these IVIG batches. So, as
was presented before, there are different
subcl asses of I1gGin mce and in human. Most of
the data that we have on 1 gG nedi ated anaphyl axi s
cones from nouse studies. So, | wll start with
studies with nouse I1gG, and then | wll switch to
human 1gG that have been studi ed using humani zed
m ce.

So, there are four main classes of 1gG
I n nouse -- 1gGL, |Ig&RA |g&B, and also |1gG3.
But | wll nostly focus on I g&A and 2B and | gGl.
And as you see here -- so, Fred told you that
anaphylaxis in mce is quantified by |ooking at
hypot herma. And actually, in mce, the three
cl asses -- so, in the center, it's |IgQ&A, even
though it's not witten. So, 1gGl, |g&A, or

| g&B can all induce anaphylaxis in mce. But
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1 | g&2A or B are nore potent at inducing anaphyl axis
2 than 1gGl. And this likely reflects the fact that
3 the affinity of 1g&A and 2B for the FCR i s much
4 hi gher than that of 1gGl. Next slide.

S So, as was presented before, there are
6 four 1gG receptors in mce -- three that are

7 activating FcRl1, 3, and 4, and one that is an

8 i nhi bitory receptor. And data from many groups
9 have pointed that, actually, there is one nmain

10 activating receptor nediating anaphylaxis to 1gG
11 antibodies in mce, whichis FcRIII. So, in

12 white, you have mce that are deficient for

13 FcRIII, and they can no | onger develop |gG

14 nedi at ed anaphyl axis. Next slide.

15 So, these FcRs are expressed by many

16 cell populations. And if you |look at FcRIII,

17 it's actually expressed by nmast cells, basophils,
18 al so eosi nophils, neutrophils, nonocyte,

19 macr ophages. And so, all these cell popul ations
20 potentially could drive |1gG anaphyl axis. Next

21 sl i de.

22 And so, this is actually experinents
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fromthe group of Fred Finkelman. They studied

| gG nedi at ed anaphyl axis and | gE- nedi at ed
anaphylaxis. And in white, you have mce that are
wild-type, and in black, mce that |ack, well,
mast cells. So, these WAV mce are actually
deficient for mast cells. And what they reported,
whi ch was confirned by many different groups, is
that if you have | gE-nedi ated anaphylaxis, it no

| onger develops in mce that |ack mast cells. So,
clearly, mast cells are the main effector cells of
| gE- nedi at ed anaphyl axi s.

But if you induce |gG anaphylaxis, it
can still develop -- at least in nost nodels, it
still develops in mce that |lack nmast cells. So,
there nmust be additional effector cells, different
effector cells, that nediate | gG anaphyl axis. And
for basophils, I'mnot show ng data, but the
contribution is still controversial. There are
sone groups that have shown a contri bution of
basophils for 1gG anaphylaxis. And nost of the
reports have shown little to no contribution, so

it's really still controversial. Next slide.
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Neut rophils, there were reports about
t he i nportance of neutrophils, because they
express high levels of FcRs, activating FcRs.

And these were studied, published, nore than 10
years ago, using depleting antibodies that can
depl ete

neutrophils in mce. And the white
group actually is a group that has been depleted
in neutrophils. And as you can see, they were
protected -- conpletely protected in two different
nodel s of 1gG anaphylaxis. So, these inply that
neutrophils nust be key players of 1gG
anaphyl axis. Next slide.

But here, |I'mjust sharing with you sone
data that are still unpublished. They are from
our | ab, but not published yet, in revision. W
have confirnmed this data that you can bl ock 1gG
anaphylaxis with depleting anti bodi es that deplete
neutrophils. But we've devel oped a new nodel in
whi ch you can depl ete neutrophils w thout using
these antibodies. And as you can see, this is the

second panel and the fourth panel. 1In red, the
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mce are depleted in neutrophils, and they still
fully devel op anaphyl axi s.

So, what these data inply, and it's
sonething that I want to point, is that as Fred
mentions, there are clearly many differences
between m ce and human. And so, what |'m show ng
you and what we are tal king about today are data
frommce. But even in these data, there are
still many caveats in the approach that we are
using. So, the conclusion that we are naking
cannot be definitive, but they point that, nost
| i kel y, neutrophils are not nediating anaphyl axi s
t hrough 1gG anti bodi es. Next slide.

What was nostly shown by the group of
Fred Fi nkel man and what was al so confirnmed by many
ot her investigators is that nonocytes and
macr ophages are likely to nediate |1gG anaphyl axi s
in mce. This was mainly done using depletion
with different drugs, either toxic |iposones or
gadoliniumin mce, which can depl ete macrophages.
And using these pretreatnents, m ce becane

protected to anaphylaxis. Next slide.
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So, these are also data fromthe
Fi nkel man | ab showing that if you nediate 1gG
anaphyl axis and you treat the mce wth
ant agoni sts through either the PAF receptor or
hi stam ne Hl-receptor, you can nmarkedly reduce the
severity of anaphylaxis. Next slide.

And so, again, coming fromFred s | ab,
this is froma reviewthat is no nore than 15
years ago, but it's still pretty nmuch what we know
about |1 gE and 1gG nedi ated anaphylaxis in mce.
Clearly, there are two nmain effector cells that
nmedi at e anaphyl axis. These are nast cells and
macr ophages. Mast cells are likely to nediate --
for sure, they nedi ate | gE anaphyl axi s through the
FCRI receptor.

They coul d al so nedi ate anaphyl axi s
| nduced by 1gG anti bodi es, because they al so
express high levels of this activating FcRIII
receptor. But nost |ikely, macrophages are the
main effector cells of 1gG and anaphyl axi s t hrough
FCRII1. Wat these cells do is that they rel ease

very fast histamne frommast cells and PAF from
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1 macr ophages. But | have to point that nast cells
2 can al so rel ease PAF to sone extent, and that

3 these two main nediators, as Frank has shown you,
4 on their own, are able to induce all synptons of
5 anaphylaxis in mce. Next slide.

6 So, now, this is the situation in m ce.
7 But the situation in human m ght be even nore

8 conpl ex, because as was pointed before, hunman have
9 even nore FcRs. Next slide.

10 So, to study this, there are different
11 groups that have generated m ce humani zed for this
12 FCRs. So, I'mnot entering into the details of
13 all these mce were humani zed and whi ch exact

14 receptor they express. But the data |'m show ng
15 you are wth humani zed m ce that express nost

16 human FcRs in place of the nouse FcRs. So, now,
17 they can respond to human 1gG and they do so

18 t hrough the human FcRs.

19 And so, this is very inportant for

20 today's topic, is that this is fromthe group of
21 Pierre Bruhns in -- at the Pasteur Institute.

22 They use IVIG as a nodel to induce anaphyl axi s.

Anderson Court Reporting -- 703-519-7180 -- ww. andersonreporting. net



| mmune d obulin Hypersensitivity Reactions: Root Causes and Mtigation page

» 124

10

11

12

13

14

15

16

17

18

19

20

21

22

And what they did is not sinply injecting IVIG
but they preheated this IVIGto aggregate the
anti body. So, if you heat the antibody, it wll
aggregate the anti bodies. And by doing so, it
W ll mmc i mune conpl exes. And once you have
aggregated these anti bodi es, they are highly
potent at engaging FcRs. And so, if you take
this heat-aggregated IVIG and you inject that into
m ce that are humani zed for FcRs -- so, these are
the black groups -- it induces anaphylaxis -- and
actually, a pretty strong anaphylaxis wth an
hypot herm a of around 5 to 8 degrees.

And then, on the right panel, if you
bl ock one of the activating human FcRs using a
bl ocki ng anti body -- so, the FcRIl -- it
conpl etely abrogates anaphylaxis. So, this is the
whi t e square group, neaning, that even though
these m ce express nost of the human FcRs,
bl ocki ng one receptor, FcRIIA, is enough to bl ock
anaphylaxis. So, this inplies that, likely, this
receptor can trigger a very severe anaphyl axi s.

Next sli de.
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So, now, in the sanme nodel of
heat - aggregated | VIG nedi ated anaphyl axi s, they
depl eted macrophages. So, this is the left panel.
But they didn't see an invol venent of nacrophages
in this nodel. They depl eted basophils using an
anti body which is called Bal03, and they saw very
little reduction in anaphylaxis. And here, they
depl eted neutrophils on the right using anti-Ly6G
anti body, and fully bl ocked anaphyl axis. But as |
poi nted before, based on our new data, we shoul d
take care in the interpretation of this data,
because there are problens with the
neut rophi | -depl eting anti bodi es. Next slide.

And so, in the sane nodel of
heat - aggregated | VIG induced anaphyl axis, they
agai n bl ocked either the PAF receptor using an
antagonist -- or two different antagonists,
actually -- or the histam ne Hl-receptor, also
using two different antagonists. And exactly as
was shown with the nouse 1gG human 1gG present in
this I'VIG heat-aggregated, induced anaphyl axis

t hrough the rel ease of PAF and of histamne in
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humani zed nouse. Next sli de.
So, these are nore recent data that were
done with the nouse nodel that is now fully
humani zed so that they express all the human FcR
in place of all the human receptors -- so, these
are the triangles -- and as control in mce that
are deficient for all FcRs. So, they have
nei t her human nor nouse FcRs. And so, again,
anaphyl axi s was i nduced by injecting
heat - aggregated -- sorry, yeah, heat-aggregated
IVIG And as you can see on the top panel, it
| nduces anaphylaxis in the humani zed m ce, but
there is no sign of anaphylaxis in mce that |ack
FcCRs. So, again, it's going through human FcRs.
Again, in red, when you block the Fc?IIA
receptor, it fully block anaphylaxis. And so,
now, if you look at the red -- the right panels,
so this is the platelet counts after inducing
anaphyl axis. So, as soon as 10 mnutes after
i njection of this heat-aggregated IVIG there is a
huge drop in the platelet count. So, there is

t hr onbocyt openi a that occurs during anaphyl axi s.
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And this thronbocytopenia is bl ocked when you
bl ock the Fc?l 1A receptor.

And now, if you | ook at the bottom
anaphyl axis panel -- so, the C -- here, they
depl eted platelets using a depleting anti body, and
it partially bl ocked anaphylaxis. So, what this
inplies is that likely, platelets also can nediate
anaphyl axis, and they actually express quite high
| evel of this Fc?II A activating receptor. Next
sl i de.

And so, | just want to finish by show ng
you sone data that are not done with IVIG but are
done with a therapeutic anti body call ed
omal i zumab. It's an antibody that is used in the
clinic as an anti-1gE antibody. And there are
sone reports of side effects, even anaphylaxis, in
a mnority of patients that are treated with this
| gG anti-IgE antibody. Next slide.

And so, what we've done a couple of
years ago is using the sane humani zed mce -- so,
m ce that express all human FcRs -- and as

control mce that are knockouts for all FcRs. W
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| ooked at both | ocal and system c adverse
reactions to this anti body, omalizumab, when
conplexed with Ige. So, we preforned i nmune
conpl exes by incubating human I gE with onmal i zumab,
and we injected these i mune conpl exes either
subcut aneously to induce |ocal reactions, or IV to
| nduce system c reactions.

And so, if you | ook at the upper panels
-- sorry, yeah. \What you see, it's a
bi ol um nescent signal that is turned on when
neutrophils are activated. And actually, we saw
this biolum nescent signal when we injected only
the i mune conpl exes, and only in mce that
express human FcRs, but not in mce that | ack
these FcRs. So, what this inplies is that | ocal
activation of FcCRs at the injection site can
trigger local inflammation and the activation of
neut rophi | s.

And in the bottom it's exactly the
sane, but we injected these i mmune conpl exes | V.
And again, we observed anaphylaxis in mce that

express the human FcRs, but not in mce that |ack
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these FcRs. And now, if you |l ook at the right
bottom panel. 1In green, you have mce that
additionally lack -- so, they express the human
FcRs, but they lack the conpl enent C1lQ conponent.
And what we observe is that in these m ce,
anaphyl axi s was al nost conpl etely abrogat ed.

So, what this inplies is it's not only
about activation of FcRs, but |gG inmmune
conpl exes al so activate the conpl enent pat hway by
binding to this CLQ nolecule. And clearly, this
C1Q nol ecul e and the cascade of conpl enent
activation is also inplicated i n anaphyl axi s.
Next sl i de.

And so, using the sane nodel of
| mmune- conpl exes- i nduced anaphyl axis, what we've
shown is that you see anaphylaxis in mce that
express all of the FcRs, but not in mce that
only express the FCRIITA. So, in this nodel, it's
likely that it's a different receptor that
actual ly induce anaphylaxis, different from
FCRITA.  And what we found is the bl ockade of the

Fc?l11 al so abrogates anaphylaxis. So, what this
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inplies is that the story m ght be even nore
conplex, and that it's not only one receptor, one
FCR, but multiple FcRs that can trigger
anaphylaxis with human 1gG Next slide.

And so, | will finish with that. So,
it's a reviewthat is now two years ago, and |
think it's already a little bit outdated, based on
sone new data we have. But what it shows is that
there are many pat hways, to sunmari ze, that can
| nduce anaphyl axis with human anti bodi es. Human
| gE can trigger anaphylaxis by activating the min
receptor, FcRI, on mast cells, and perhaps on
basophil s.

Many drugs can trigger anaphyl axis by
directly activating mast cells through this newy
recogni zed receptor, MRGPRX2. And then 1gG inmmune
conpl exes can i nduce anaphyl axis by activating
either platelets through FcRI I A or nmacrophages
through 1A or FCcRIII. And perhaps, they can
also -- they certainly activate neutrophils, and
per haps neutrophils al so nedi ate anaphyl axis. But

this is sonewhat conprom sed now, by sone of the
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new data we have.

And sonething that is lacking in this
drawing is that certainly, these i mune conpl exes
al so activate conpl enment cascade that al so can
trigger anaphylaxis. And the two nmain nediators
of anaphyl axi s that have been descri bed are PAF,
which is rel eased by neutrophils, macrophages, and
al so, to sone extent, by nmast cells, and nast
cells and basophils rel ease histamne. And all --
and these two nediators on their own can induce
all signs of anaphylaxis. And so, | will finish
there. And | believe that the three of us can
t ake questi ons.

DR. SCOIT: Thank you very nuch.
Excellent. And --

M5. ELLER. Ckay. Yeah, we have a
nunber of questions. The first one is regarding
mechani sns of action. Wat is the difference
bet ween anaphyl axi s and anaphyl actoi d reaction?

DR. FINKELMAN. The term nology is
really conplicated. And probably, the short

answer is, there really isn't any difference. At
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one point, anaphylaxis was very tightly defined as
bei ng nediated by IgE, FcRI, nmast cells, or
basophils. And anything else was called an
anaphyl actoid reaction. But this got so
conplicated that the powers that the anal ogy
redefined things and just called all of these
| medi ate-type hypersensitivity reactions that
occur quickly, that involve nediators, that
I nvol ve any of these imune cells that ny
col | eagues have spoken about, are called
anaphylaxis. |If you look in [iterature, you can
still find the older term nology. And that's why
it makes it either difficult or interesting,
dependi ng on your phil osophy.

M5. ELLER. Al right, we'll nove to the
next one. |s there a possibility that an
| gG cl ass nol ecule can trigger crosslinking
bet ween FCRI w thout involving I gE?

DR. FI NKELMAN:. Again, yeah, if it's an
| gG anti body, as both Robert and Laurent spoke to,
that is specific for FCcRI -- so, its Fab part

binds to FCRI -- then since IgGis bivalent, it
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can crosslink FcRI and trigger nmast cells or
basophils in that way. And that's --

DR. REBER: These autoanti bodies are
actually very frequent in the general popul ation.
It's 1 to 2 percent of people that actually have
t hese autoanti bodies. O course, they are not
sick by having these antibodies. And | think if
soneone devel oped these anti bodi es, and on top of
that, has a hypersensitive mast cell or has nore
mast cells than normal, it is likely that then, it
can becone pathogenic. And so, this mght explain
al so why not all of the patients devel op
anaphyl axis when they're injected with IVIG --

Wi th these patches of IVIG is that certainly
there is sonething in the I'VIG pool that triggers
activation. But then there is sonething in the
reci pient --

DR. SCOIT: NMm hmm

DR. REBER: -- that nekes it nore
sensitive to devel op anaphyl axi s.

M5. ELLER. Ckay. |If no nore comments,

we'll nove to the next question. "lIs it known
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1 whet her nouse anaphyl axis correlates well to

2 humans? | know ani mal i mmunogenicity data

3 generally does not translate due to IVHC

4 differences.” | know this had been tal ked about a
5 little bit earlier, but maybe you can expand for

6 this person.

7 DR. FI NKELMAN. My argunent woul d be --
8 yeah, the nechani sm seened to be very simlar.

9 You can do experinments in mce that, as Laurent

10 di scussed, have human receptors that are treated
11 wi th human anti bodi es, and get very simlar

12 di sease to what you see in mce wth nouse

13 receptors and nouse anti bodies. You can do

14 experinments in imunodeficient mce that have been
15 reconstituted with human cells that develop |arge
16 nunbers of human nast cells and that are prined

17 wi th human | gE that develop very simlar disease
18 to what's seen in normal mce, using the nornmal

19 nouse anti bodi es and receptors. | think the one
20 thing that we can't do right nowis nmake mice that
21 have human target organs, |ike a human snooth

22 nmuscl e or hunan vascul ar endothelium So, there
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certainly could be differences there.

The types of reactions, the types of
anti bodies that are involved, the types of cells
that seemto be involved seemto be very simlar
i n nouse and human. And there's -- |I'mnot aware
of any major reason to think that the two
processes are fundanentally different.

DR. REBER: If you take the exanple of
| g anaphylaxis, | think there is still one -- one
mai n nystery is that the anmount of IgE that we
need in mce, it's actually nuch -- and antigen
that we need in mce is nuch higher than in human
to trigger anaphylaxis. |In human, you can have --
if you're allergic to peanuts, you can devel op
very severe anaphylaxis to really traces of
peanut. In mce, to nodel that, we still need
much nore anti gen and probably nuch nore
ant i bodi es.

So, probably, we are underestinmating
maybe t he anaphylactic shock. But in terns of
effector cells, receptors, et cetera, | think it

nodel s very well the -- what we see in human, at
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| east for IgE.

DR. ANTHONY: Yeah, | think these points
are all well taken. And it's also, you know,
limted by the access that we have to human
sanples. | nmean, we really are limted to | ook
what's in the blood. It's hard to get into the
tissue, which is really where, you know, they're
kind of -- the mast cells and the IgEis, right?
So, |I think, like, you know, to Fred's point, it's
-- it really lines up as best as we can. And this
Is really the systens that we have to work wth.

M5. ELLER: Okay. The next question is
for Dr. Finkelman. |It's from Neil Blunberg. And
he says, "Your old Harkness Dorm co-resident from
70, '71 is here." And he asks, "Allergic
transfusion reactions mght be a potential simlar
| ssue. |t appears that donors who are atopic may
be nore likely to cause reactions -- nechani sm
| argel y unknown. Wbuld collecting information
about donor-atopic diseases/conditions be a useful
way forward, perhaps?”

DR FINKELMAN: Hi, Neil. And the
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answer i s absolutely, yes. | think it's been
referred to by sone of the speakers that people
who have asthma, for exanple, are nore likely to
get an asthmatic type of reaction to IVIG People
who have mastocytosis or |arge nunbers of nast
cells for other reasons or allergic diseases of
any sort are nore likely to get that type of
reaction to IVIG That information is based on
very limted data. If we had nore data, we could
pin the specifics down, and | think, nmuch nore
tightly. It'd be great to have nore data on the
-- both the donors and the recipients.

DR. SCOTT:. Yeah.

M5. ELLER. So, he m ssed part of your
presentation, so he's hoping he could get a copy
of your slides. But | believe you gave your enail
address and were wlling to share.

DR. FI NKELMAN:  Yeah.

M5. ELLER. Okay. The next one actually
has to do -- she's curious on how exerci se nmakes
peopl e nore susceptible to anaphyl actic reactions.

Is it exercise or |lack thereof, and can you
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el aborate on how, why, and when exerci se
| mredi ately foll ow ng exposure to -- due to
I ncreased bl ood fl ow?

DR. FI NKELMAN:  Yeah. | don't think
this has really been well studied. It's a very
I nteresting question, and it's probably an
| nportant question. The hypothesis has been
rai sed that, yes, exercise -- increasing blood
flowis going to cause di ssem nation of the
causative agent into the systemic circulation or
to the site that's inportant nore quickly. But
that's really intelligent speculation rather than
sonething that's been denonstrated by data. It's
just a pragnatic observation that people who have
recently exercised are nore likely to get
anaphyl axis after a nunber of different stinuli,

I ncl udi ng food-induced anaphyl axi s.

M5. ELLER: Okay. Next question is also
for Dr. Finkelman. You said only a rather small
nunmber of patients devel op hypersensitivity
reactions after adm nistration of specific lots of

IVIG Does this refer to the nunber of reports
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recei ved by FDA or the manufacturers conpared to
t he nunber of vials used fromthese |lots, or how
do you know that other patients have tol erated
product fromthese |ots?

DR. FI NKELMAN: |'m probably not the
best person to answer that. WMaybe we should --

M5. ELLER: Maybe Meghna could, if she's
still on?

DR. ALI MCHANDANI :  Sorry, could you say
t hat agai n?

M5. ELLER: They're asking -- they said,
"Only a smal|l nunber of patients devel op
hypersensitivity reactions after adm nistration of
specific lots of IVIG Does this refer to the
nunber of reports received by FDA or the
manuf acturers conpared to the nunber of vials used
fromthese lots, or how do you know t hat ot her
pati ents have tolerated product fromthese | ots?

DR. ALI MCHANDANI :  Yeah. So, this is
all based on reporting. So, it's not actual --
again, as | was saying, it's not actual incidence

of hypersensitivity reactions. And we heard from
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Ms. Kara earlier that, you know, her incidence of
hypersensitivity was not actually reported. So,
there, you know, may certainly be allergic
reactions in patients that do not get reported to
t he manufacturer or FDA. | hope that helps to
answer .

DR, FINKELMAN: But | think these |lots
go to a | arge nunber of people --

DR. ALI MCHANDANI :  Yeah.

DR. FINKELMAN. -- in general, so that
i f -- yeah, if 90 percent of recipients devel op
the significant reaction, even with very i nperfect
reporting, you'd probably know about it.

DR. ALI MCHANDANI :  Yes, yes, thousands
of vials. And as | said -- | nean, the baseline
nunber of reports that we get are very low It's,
you know, either no reports, or one or two.

DR. FI NKELMAN: And even in the nouse
studies, if you, say, went down on the stinulus,
you would see mce that clinically | ook perfectly
normal . But if you | ooked at their blood, you

woul d see that there was enzymati c evi dence of
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mast cell degranul ati on or macrophage stinul ation.
And that nmay well be what's happening in people
who are | ess susceptible to anaphyl axis, who are
getting one of these -- what | call pathogenic
| ots. They may have a reaction, but it may never
reach the level of being clinically apparent.

M5. ELLER. Okay. The next question is,
can lot-to- lot variation of antibody
gl ycosylation give rise to hypersensitivity
reactions in patients receiving |IVIG?

DR. ANTHONY: So, ny understanding is
that IMIGis fromtens of thousands of donors.
And so, because it's so nmany different donors, |
think that there's going to be sone very -- |
think, globally, the glycosylation pattern is not
going to be that different, particularly when
peopl e are fairly healthy.

| would be nore interested in thinking
about what the allotypes that are present to see
i f that sonehow is contributing, you know, because
there's definitely these regional differences from

where the donors are collected from But there
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1 certainly is glycosylation batch variability for
2 sonme of the nonocl onal antibodies. That's been

3 report ed.

4 DR. FI NKELMAN: Robert, if you | ook at
S the single individual |evel, do you ever find

6 peopl e who have, you know, very unusual

7 gl ycosyl ati on patterns that would be nore likely
8 to cause a reaction?

9 DR. ANTHONY: So, generally, to ny

10 know edge, not really. That's because

11 gl ycosylation is such a conmon pat hway for all

12 different cells and systens, right? So, if there
13 IS sone deficiency init, usually, there is, you
14 know, very serious synptons that nanifest that

15 make, you know, the inmmune kind of, you know,

16 sequel ae alnost, like, irrelevant, right?

17 So, generally, you know -- yeah, if

18 sonebody does have a gl ycosyl ation deficiency,

19 there is other very serious conplications that are
20 associated with it. But, you know, there are

21 certainly, you know, changes to gl ycosyl ation that

22 are associated with, you know, ongoi ng
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i nfl anmati on, For exanple. |t can either be an
i nfection or a vaccination, et cetera. You do see
differences in glycosylation, for sure. But, you
know, |I'mjust guessing, you know, if it's really
just tens of thousands of people, that would
really be diluted out. But it's just a guess.

M5. ELLER: If there's no other
comments, |I'Il nove to the next question. What is
the difference between a hypersensitivity reaction
and infusion-rel ated reaction? Does anyone --

DR. ALI MCHANDANI :  Should | --

M5. ELLER:. Yeah, | think, Meghna, you
may want to pick that one.

DR. ALI MCHANDANI :  Yes, yes. No, that's
a good question. So, infusion-related reaction, |
think it's just nore a broader term naybe. |
t hi nk hypersensitivity is a nmuch nore specific
term And that brings up another -- you know,
anot her aspect of the post-marketing reports.
They are coded by preferred terns. So, a | ot of
this is, you know -- there are simlar, you know,

preferred terns describing the sane thing. And
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one report has multiple, you know, preferred
terms. So, it's used interchangeably in the sane
report, maybe coded as infusion site reaction,
hypersensitivity reaction, pruritus, you know, et
cetera. So, just sonething else to keep in m nd.
But it's all, you know, describing the sane
clinical, you know, event. Thanks.
M5. ELLER: Next question is, what
mar kers can we ook for in the hosts that react to
IVIG wth hypersensitivity?
DR. FI NKELMAN:  When you find one,
patent it.
(Laughter) Yeah, | would think that
a host wwth a | arge nunber of nast
cells, that a host with a strong
history of allergy or asthma of any
sort. But | don't think there are
any specific genetic markers known
t hat woul d predict susceptibility.
DR. REBER:. The only thing -- | ooking at
baseline tryptase | evel m ght be inportant,

because this will really reflect if patients are
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-- a mast cell pool that is higher than nornmal, or
a nmast pool activity at baseline that is higher
than normal, these people m ght be nore
suscepti bl e to devel op hypersensitivity reactions.
This is what is observed in mastocytosis, for
exanpl e.

DR, FINKELMAN: | guess it's been known
for along tine that I gA-deficient patients are
nore likely to have anti- |gA antibodies, which
coul d cause an anaphylactic reaction if they
receive IVIGthat has IgAin it.

M5. ELLER: Al right. [If there's no
further coments, |I'll nove to the next. |[If a
pati ent has anaphyl axi s due to nmechani sns outsi de
of IgE, would you still expect worsening with
subsequent exposure? Should patients not be given
t he product again, or can you prenedi cate?

DR. REBER: \Well, based on what we
heard, | guess not giving the sane product batch,
for sure. But probably -- | nean, it's a natter
of batch. So, if that patients didn't have

anaphyl axis for years with different |VIG batch,
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1 it's certainly not giving the sane batch. But

2 t hen changi ng batch shoul d be okay.

3 DR. FINKELMAN: It's a really hard
4 guestion to answer, because -- yeah, in a single
S | ndi vi dual who devel ops a reaction, we don't know

6 what's nediating that reaction. And in a single
7 | ot of IVIG that causes an increased nunber of

8 reactions, we don't know why it's causing those

9 reactions. So, as Laurent suggested, we should, |
10 think, err on the side of cautiousness and infuse

11 wth a different lot. And if | were the one who

12 was receiving it, I would want to be prenedi cat ed.
13 M5. ELLER. And | believe that's what
14 Kara talked to -- the patient tal ked to us

15 earlier, that she changed products as well as nore
16 prenedi cati on. Next question, which nouse nodel s
17 woul d help screen IVIGto avoid hypersensitivity?
18 Isn't that the gold standard we would |ike? Any

19 conment s?

20 DR. REBER: Certainly, these hunanized
21 FCR mce, | think, would be a way to go.
22 M5. ELLER  Yeah.
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DR. FI NKELMAN:  Unh- huh.

DR. REBER. | nean, these are the best
nodel s that | can think about.

M5. ELLER  Ckay.

DR. REBER: But that being said, we -- |
mean, we've used these mce with different IVIG
bat ches. And w thout heat aggregation, we never
saw any sign of anaphylaxis in these mce. So, it
m ght still be very hard to nodel.

DR. FI NKELMAN: Laurent, did you use
| VI G bat ches that were known to have an increased
frequency of reactions?

DR. REBER: No, no.

DR. SCOIT: That m ght be worth | ooking

at .
DR REBER  Yep.
M5. ELLER: All right. Next question
| ooks like it's for FDA. |Is any testing specific

for anaphyl axis required by regul ators before
clinical studies or commercial |lot release for
| VIG or other protein products?

DR. SCOTT: | think we would be happy if
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there were such a test. There's no specific
requi renent, nor have we really been able to cone
up with one that's rational and science-based and
predictive to help us out in that way.

DR. REBER: So, now, there are several

mast cell lines that respond pretty well to IVIG

DR. SCOIT: Mm hmm

DR. REBER: -- and that al so express
this MRGPRX2 receptor. So, maybe one potenti al
thing in the future would be to screen these lots
using a mast cell line, at least to avoid any of
this mast cell activation. But again, this
probably won't catch all potential pathogenic
bat ches, but --

M5. ELLER: Al right. Next question.
Do patients who experience adverse events to a
certain lot of GV and subsequently continue
therapy wth pretreatnent regi nen eventually be
weaned off of pretreatnent? |In other words, does
t he body eventually cal m down?

DR, SCOIT: So, I'll start answering it,
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and Dr. Alincthandani can add to that. W' ve seen
-- or we've had reports of sone cases of repeat
adm nistration of the inplicated |lot, and those
peopl e at | east getting just one re-
adm ni stration of the inplicated lot typically
have a

reaction again. And then that lot is
not given to the patient a third

tinme. In sone cases, the brand of IVIG
i s al so changed. So, there may not be any data
avail able to tell us whether there's a
desensiti zation process that can occur after

nore than one dose.

DR. ALI MCHANDANI :  Yeah, we -- as Dr.
Scott nentioned, we've had these reports of
rechal | enge. You know, not very many, but we have
reports, and they did, again -- you know, there
was no desensitization. They did, again,
experience hypersensitivity reaction. So, we
don't really have any nore informati on on whether,
you know, the body cal ns down, as the comment as

sai d.
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1 M5. ELLER: Ckay. Next question. Has
2 t here been studi es conparing plasnma collected from
3 the U S. versus Europe, and if AE triggers in |QV
4 pools are tied to denographics, lifestyle, diet,

3) et cetera, that we can learn fronf

6 DR. ALI MCHANDANI : | think those are all
7 good comments and thoughts. [|'mnot aware of any
8 studi es, but perhaps there will be in the future.
9 DR. SCOIT: | think what's inportant to
10 know is that we export a lot of -- or a |lot of

11 plasma units are exported to make European

12 products. Not exclusively, by any neans, and

13 t here have been efforts in Europe always to be

14 self-sufficient in plasma producti on.

15 Nevert hel ess, based on logistics, for exanple, it
16 may be that the European firns have sinply not

17 received any inplicated plasnmas -- or

18 retrospectively, at least, inplicated pl asnsas.

19 But we don't know that for sure.

20 DR. FI NKELMAN: Dot, what's known about
21 t he di seases that woul d excl ude sonebody from

22 bei ng a pl asma donor ?
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DR, SCOTT: Well, there's -- there are a
nunmber of them but they do not include systemc
mast ocytosi s, for exanple, or atopic individuals.
They -- people are asked about allergies, but that
woul d be common allergies |ike to nedications and
so forth. W have | ooked at a |l ot of these
reports. There's no particular allergy -- for
exanple, to penicillin -- that stands out. |
mean, sone people have a |lot of allergies, but
there's no one thing that stands out. That's
about the best | can do.

DR. FINKELMAN. |s there a question
about chroni c spontaneous urticaria?

DR. SCOTT: No, there is not. But what
we really need to know nore about is our donors --
as you were saying -- and to see if anything would
match this. So, we'll be hearing a | ot about
donors in the second part. And hopefully, that
m ght clarify sone things. But donors thenselves
are sonetines difficult to get a detailed history
from And that would not be -- a very detail ed

history like that so far is not routinely taken.
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DR. REBER: | nean, perhaps screening
for anti-IgE and FcRI autoanti bodi es could be an
easy screen to performon the donors' 1gG or at
| east on the different pools, on the different
bat ches.

DR. ANTHONY: This is just a comment |
t hought, and |I'm hoping that, you know, Fred and
Laurent can comment on this. But, you know, this
really does seemto be a pretty unique case.

Li ke, we're all vaccinated against flu and COVI D,
and woul d be exposed subsequently to those

pat hogens, which woul d cause i Mmune -- you know,
| gG production and i nmune conpl exes that do not
often trigger anaphylactic responses. So, you
know, one ny fellow panelists think that's so
unique to this IVIGinfusion, that that's
different from you know, how | gG anti bodi es
typically work.

DR. SCOIT: | think you' ve asked one of
the major questions. And I think what would help
us would be to have sanples from if | should call

themthis, inplicated donors, donors in comobn
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with the various multiple |ots of
hypersensitivity-inducing 1gG and see what they
have in common both froma history standpoi nt, but
al so froma biol ogical standpoint with respect to
t hese kinds of reactions. But again, | think that
there will be alittle bit of clarity that we get
in the second half of the workshop about ways in
whi ch this has been done, and sone of the
limtations as well.

DR. FINKELMAN. No, it would be -- if
it's comng froma single donor, or it's -- that
donor nust have sonething incredibly potent that
can withstand being diluted 1 to 1,000 or one 1 to
10,000. And if it -- for exanple, if it were an
anti body to FcRI, it would have to be a
high-titer, high- affinity anti body.

M5. ELLER Well, this is a reason we're
havi ng the workshop. W hope to cone up with sone
directions for research towards being able to take
pragmatic actions to try to prevent, or at |east
-- even if not totally prevent, to nore quickly be

able to identify whether or not there's a
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particul ar donor or set of donors that are
I nvol ved.

DR. FI NKELMAN:  Yeah. But the humani zed
m ce that Laurent nentioned, even if it's not
practical to use themfor screening, they're a
wonder ful resource to -- for scientific
I nvestigation of trying to figure out why a
particular lot of IVIG mght be frequently
pat hogeni c.

DR. SCOTT: Absolutely, absolutely. It
woul d be nice if he had sone all ergenic inmmune
globulin to test, wouldn't it?

DR. REBER: And what is known about the
possibility that there is sone aggregates that
occurs in the hospital before injection of this
| VIG -- because that's the way we trigger
anaphyl axi s i n non-humani zed m ce, by aggregating
this 1gG And it's very potent at engagi ng FcRs.
So, if thereis alittle bit of aggregates in
t hese specific lots -- that can occur after the
bat ch has been actually opened in the hospital --

this could al so generate adverse reactions.
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DR. SCOIT: That's potentially possible.
But there are sone other tests that are done at
| ot release that help to screen out aggregates.
Certainly visible aggregates, vials containing
vi si bl e aggregates, or lots with a high percentage
of visible aggregates, are excluded from being
distributed. W -- also, it is routine to perform
HPLC, which will give you sone information about
aggregati on.

But al so, we've di scussed anobngst
ourselves a possibility, not only for this reason,
but for other reasons as well, of |ooking nore
carefully at subvisible particul ates and
aggregates that you won't detect on HPLC, in part,
because of the filters at the top of the columm
that are -- to prevent the colum fouling. And we
think that perhaps it -- that would be useful.

We do have sone unpublished information
| ooki ng at hypersensitivity |lots versus
non-i nplicated

| ots. We've | ooked at dynam c |ight

scattering in a few cases, and that has not shown
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us a clear difference. But there are other

net hods that are perhaps nore sensitive and nore
informative, |ike FlowCam where we m ght al so

| ook. | don't knowif Ms. Eller wants to say
anyt hi ng addi ti onal about this, since she is the
one who works on sone of -- sone aspects of
particul ates and aggregates.

| should al so nention that we have
anot her test, the anticonplenentary activity
functional assay, which is done for all of our
| ots of all of our products. And we haven't found
any anonalies there. And that has -- that's sort
of an indirect neasure of whether you have
activating i nmune conpl exes.

M5. ELLER. So, we've done dynamic |ight
scattering on material that we've received, and it
doesn't differ fromwhat we see in our historical
| ots that we've tested. It has a simlar pattern.
It has a simlar polydispersity index. So,
nothing in there indicates that it has a different
| evel of aggregation, but DLS is not very

sensitive. |It's, you know, conparing snal
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changes. So, there could be a small increase in
subvi sible particles, but you would never really
detect it by DLS. W haven't done the Fl owCam
yet, but that is in the future.

DR. SCOTT: Anot her question?

M5. ELLER. Ckay. Can you pl ease expand

on the area that platelet cells also have FC
receptor sites that al so causes thronbocytopeni a?

DR. REBER:. So, platelets express
FCRI1TA, which is the receptor that we found is
the main trigger of human |1gG anaphylaxis in our
humani zed m ce. They actually express quite a
hi gh level of this FCRITA It is specific for
human platelets in, you know, humani zed m ce
because nost platelets do not express these FcRs.
So, this is sonething that only occurs in the
humani zed m ce, and perhaps in hunmans.

And what platelets do is that they can
express and rel ease serotonin, which also, onits
own, if you inject serotonin in a nouse, wll
| nduce the sane signs of -- sign of anaphyl axis

than histam ne or PAF. So, potentially, the
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rel ease of serotonin by platelets could trigger
anaphylaxis. But again, this is far from being
really denonstrated. [It's just a few evidence
that we have in mce. The thronbocytopenia that
we observed during anaphylaxis in mce probably
reflects this huge activation of platelets, and
probably, they aggregate sonewhere in the bl ood
vessels or -- so, it really reflects activation of
the cells. And this clearly is nedi ated by
FCRITA in our nodel.

M5. ELLER: Dot, we're at 11:38.

DR. SCOIT: | was just |looking for the
time. Al right. GOay. How nmany nore questions
do you have?

M5. ELLER. More than 10.

DR. SCOIT: Ch, nmy. Al right. Just
pi ck two nore.

M5. ELLER: Oh, okay. Wat is the role
of infusion rate in hypersensitivity reactions?

DR. FI NKELMAN: The hi gher the infusion
rate, the nore likely the reaction wll occur.

And in sone cases, if people are devel oping a very
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mld reaction, like a bit of a headache, for
exanpl e, you can sl ow down the infusion rate and
avoi d having a nore severe reaction. | think, in
the patient we heard from Kara, she nentioned
that after she had a bad reaction, they halved the
I nfusion rate for her, which certainly wll be
protective.

M5. ELLER: \What sorts of tenperature
and duration of heating is required to create
aggregation? A 37 Croutine blood warnmer would
presumabl y not be adequate for this aggregate
formation, correct?

DR. REBER: No, no, it's quite a
dramatic heat that we -- like, | don't renenber.
It was, |ike, 65 degrees.

DR. SCOIT. 60, yeah.

DR. REBER: So, it's not sonething that
wi Il occur in your batch for sure.

M5. ELLER. One |l ast one. Considering
that the U S. Exports a good volune of plasma for
production of 1AV for ex- U S. countries, but

that we don't see simlar clusters of AEs, could
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there be other factors masking this information --
di fferences in donor screening, AE reporting
criteria, standards of health care, chil dhood
vacci nations, et cetera?

DR. REBER: Yes, certainly all of that.
| nmean, one thing for sure is that because you
don't observe that in the magjority of patients, it
I s patient-dependent. So, it is -- it can depend
on genetic environnental factors. | guess that's
what we're discussing today, is we don't know what
are these factors, but they are donor and
reci pi ent-specific.

M5. ELLER. One last one. Do you
observe any differences in the rate of
hypersensitivity reactions between the patients
treated with 1 G for various nedical conditions?

DR. FI NKELMAN:. Yeah, | think the FDA
can probably give the better answers to that. But
the answer is yes, that there are sone conditions
-- well, it's certainly -- there are sone
conditions that really don't classify as i medi ate

hypersensitivity reactions, |ike platelet
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problenms, in which IVIGis nore likely to cause
exacerbation of a problem And the preexisting
presence of asthma is -- nmakes it nore |ikely that
IVIGis going to cause an asthnma-1i ke reaction.

DR. SCOIT: Meghna, do you want to add
anyt hi ng?

DR. ALI MCHANDANI :  Yeah, | didn't have
anything to add. Thanks, Dr. Finkel man.

M5. ELLER. Ckay, Dot. | think we --

DR. SCOIT: Ckay. | think it's tine to
| et everybody go to lunch. And what is the tine
we reconvene, Nancy? That's okay, |I've got it --
at 12:15. So, we'll see everybody at 12:15. And
for those of you who have not had your questions
answered, we'll be showing a -- an enmil address.
Actually, | think it's on ny slide, and I w |
post it as well, where you can -- where we w ||
answer your question to the best of our ability,
but it won't be right away. So, |'ll post that
during the intermssion. And everybody, have a
good rest or snack and so forth. And we'll see

you back soon. Thank you.
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(Recess)

DR. SCOIT: Hello, good afternoon. |
hope everybody had a nice break. W're going to
nove on, but first | want to thank our speakers
fromthe first half of the workshop for their
excel l ent presentations, very informative, and |
think we'll find them hel pful as we nove into this
next phase of the presentations. It looks as if a
noder at e nunber of people have returned, and |
think for the sake of tine we should go ahead and
proceed.

W first have, these are the
manuf acturer investigations of the inmmunogl obulin-
medi ated hypersensitivity reactions. And first we
have Dr. Nathan Roth, Vice President of d obal
CMC, d obal Pathogen Safety and Pl asma Product
Devel opnent, as it's witten here, from CSL
Behring. So he's representing the work done by
CSL Behring on this particular issue. So thank
you, Nat han.

M5. REVELL: Could I just interject

really quickly, if you re not speaking, can you
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make sure you put your m crophones on nute,

pl ease.

DR. SCOIT: Thank you. So are you ready
to begi n?

DR. ROTH. |'mready, thank you.

DR. SCOTT: Al right.

DR. ROTH. Thank you, Dr. Scott. Good
afternoon. | would like to thank the FDA for

organi zing this public workshop today. M nane is
Nat han Roth and | am Vice President of Plasnma
Product Devel opnent at CSL Behring. | have the
pl easure of opening up the manufacturers' session
to help set the stage for our discussion. Next
slide.

| amgoing to start off by providing a
general overview on behal f of the manufacturers
here with sonme general information surrounding the
manuf acturi ng processes and quality controls for
| mmunogl obul in products. And then | wll
transition into sharing CSL's experience wth
regard to these | ot specific hypersensitive

events. Follow ng the presentations from al
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three conpanies, we wll open up for questions and
answers. Next slide, please.

To start we want to conmuni cate our
shared goals to ensure patient safety and preserve
| mmunogl obul i n product availability. This is
| nportant because i munogl obulin products are used
to treat -- next slide, please. To treat a
variety of conditions, including for patients who
have i munodefi ci enci es and those who live with
ot her aut oi mune di seases. They are also a
preci ous resource as they are derived from donated
human plasma. | think the slide has not noved
forward yet. Next slide, please. Geat.

And whil e hypersensitivity events are
| i sted as common reactions for all immunogl obulin
products, we're here today due to an unusual
I ncrease in | ot specific sporadic groupi ngs of
hypersensitivity reactions that resulted in
voluntary market withdrawals of |G products. As
an industry we are commtted to working
col l aboratively to identify the root cause of

t hese observations, share scientific know edge,
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and find effective and efficient solutions
appl i cabl e across all manufacturers to mnimze
future occurrences, nmaintain patient access and
ensure patient safety. Next slide, please.

To grant us all in the scope of use for
t hese products FDA recently published a paper in
the Journal of Transfusion which descri bed
| mmunogl obul i n usage trends. Between the 10-year
period from 2009 to 2019 there were nore than
300, 000 patients treated with i mmunogl obulin
products, both chronic and acute conditions, with
I nfusi ons occurring either at infusion centers for
I .v. admnistrations or at hone wi th subcut aneous
i njections. Next slide, please.

Let's now nove into a high-Ievel
overvi ew about how t hese i nmunogl obulin protein
products are manufactured and the control s that
are in place to ensure their quality. Next slide,
pl ease.

The i1 mmunogl obul i n manufacturing process
starts with donor screening and collection of

plasma fromqualified donors. To becone a
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qgqual i fi ed donor applicant donors nust pass two
separate nedi cal screenings. The collected plasna
t hen undergoes testing for a variety of biomarkers
and other attributes. Plasnma donations that neet
the quality standards are shipped to manufacturing
sites for pooling. Plasma pools generally consi st
of several thousand donations. And then the
pool ed pl asna undergoes col d ethanol fractionation
to produce internediates that are enriched in
| mmunogl obulins. These internedi ates are stored
frozen and shipped to sites for further
manuf act uri ng.

The final stage of manufacturing is the
I mmunogl obul in purification process, during which
t he i munogl obulin enriched internedi ates are
resuspended and undergo further purification and
viral inactivation and renoval steps to produce
the final product that is primarily imunogl obulin
Gwth trace anounts of IgA and IgM The final
product undergoes final quality control testing,
quality release, and distribution for patient use.

Next slide, please.
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The manuf acturing of i munogl obulin
products is done under FDA approved |licenses at
FDA inspected facilities per strict regul ations.
There are extensive quality neasures in place
across the manufacturing stages to ensure the
reliabl e production of safe and efficacious
products. These include screening of donors and
plasma, testing of raw materials, internediates,
and final product to registered specifications,

I n-process controls, quality review of batch
records, quality release of final product, and
post - mar keti ng surveill ance.

Thi s conprehensive quality approach
ensures the reliable production and supply of safe
and effective i nmunogl obulin therapies for our
patients both within the United States and
gl obal ly. Next slide, please.

So wth that as a general background for
| mmunogl obul i n products | et ne now nove nore
specifically into CSL's recent experience wth
these rare |l ot specific immuunogl obulin

hypersensitivity reactions that resulted in a
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voluntary wi thdrawal of product fromthe U S,
mar ket pl ace in 2021 and early 2022. Next slide,
pl ease.

So for the next 30 mnutes or so | wll
be di scussing CSL's experience, the root cause
| nvestigations that were conducted, along with the
current working hypothesis fromthese
i nvestigations. |I'll finish off with our
| ear ni ngs and next steps. Next slide, please.

To provide sone historical context, CSL
has over 15 years of experience nmanufacturing our
current generation of i munogl obulin products with
over 3,000 lots of final product, resulting in an
estimated 1.4 mllion patient years of exposure.
However, in 2021, specific lots of CSL's
| mmunogl obul i n products were associated with an
| ncreased nunber of hypersensitivity reactions.
Not only was this the first tinme in our 15 years
of manufacturing experience but it was actually
the first tinme that we had any specific ot of our
current generation i munogl obulin products

associ ated with an i ncreased nunber of
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hypersensitivity reactions.

As a result, CSL took precautionary
action on 16 lots by voluntarily w thdraw ng ei ght
| ots fromthe market which had shown an observed
| ncrease of hypersensitivity reactions. 1In
addition, CSL preenptively withdrew three
additional lots fromthe market that had not yet
produced an observed signal and w thheld an
additional five specific lots fromrelease to the
mar ket .

These preenptive neasures were taken out
of an abundance of caution based on our initial
i nvestigations of prelimnary analysis, which wll
be discussed later in this presentation. Next
slide, please.

This slide graphically denonstrates the
observed phenonena with these specific |ots.

Shown here you can see a four-year depiction of
hypersensitivity cases reported by lot with our
subcut aneous i mmunogl obulin shown on top and the
I ntravenous i munogl obulin shown on the bottom

Each ot is represented by a blue bar, or where no
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HSR cases were reported, the absence of a bl ue
bar .

On average the nunber of cases of
hypersensitivity reactions reported per |ot was
| ess than one. To provide perspective,
approximately 1,000 to 2,000 patients are treated
per | ot, depending on the size of the |ot and the
doses given to patients. The inpacted |ots,
represented in the red bars, are the | ots which
were voluntarily withdrawn that showed a narkedly
hi gher nunber of hypersensitivity cases versus
other typical lots. Next slide, please.

On this slide we describe the nost
commonly reported adverse events fromthe
identified |ots across both products, which
i nportantly are consistent wth the known and
| abel ed hypersensitivity reactions that can occur
with use of these products. Also consistent with
| abel i ng, nobst events were transient and reported
as resolved or recovered w thout conplications
with or without treatnent.

Most of the reactions were reported as
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hypersensitivity skin reactions. In a fewIVIG
cases shortness of breath or throat or face
swelling was reported. For the SCI G product, nost
of the adverse events were |ocalized around the
site of injection, whereas with the IVIG there was
al so nore general or diffuse adverse events.

The type and severity of these events
were consistent with the product |abel for IVIG
and SCI G Neverthel ess, as just discussed, it was
the total nunber of hypersensitivity events in the
specific inpacted lots that was highly unusual .
Next sli de.

This slide provides further details on
phar macovi gi | ance reporting. Reporters noted that
many patients have been using the sane intravenous
or subcut aneous product for years with no issue,
and only reacted to the inpacted | ots.
Interestingly, we did receive reports on an IG
rechal |l enge for sone patients who experienced
hypersensitivity reactions wth the inpacted | ots.
There were greater than 30 cases of repeated

recei pt of the sane 1Glot and an additi onal
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greater than 10 cases of admnistration of a
different inpacted IGlot, all leading to a
positive rechal |l enge and the patient experiencing
repeat hypersensitivity reactions. Inportantly,
all of the patients were then further exposed to
non-inpacted lots did not have hypersensitivity
reactions. Next slide, please.

Now |'d |like to provide you an overvi ew
of our root cause investigations for these
specific lots. Over the |last year -- next slide,
pl ease. Over the |last year CSL has conducted a
very rigorous and conprehensive root cause
| nvesti gati on.

Qur current understandi ng from our
i nvestigations is that the nost probable root
cause is a single donor who produces what is
currently hypothesized to be a uni que conponent of
their IgGrepertoire. Now that's through the
FCeRl pat hways, al though ot her pathways may al so
be i nvol ved.

| nportantly, our investigations have

rul ed out root causes related to excipients, known
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product characteristics, and other
process-specific causes. Next slide, please.

Qur investigations took a very
structured approach and were grouped into three
mai n buckets; Mnufacturing investigation, and
ext ended characterization of the final products of
the affected lots, and a hypersensitivity
hypot hesi s investigation. These investigations
were initiated and run in parallel with one
anot her. Next slide.

In the manufacturing investigation we
conducted an extensive overvi ew whi ch denonstrat ed
that the affected lots were not associated wth
specific comon [lots of] raw nmateri al s,
fractionation processes, manufacturing facilities,
or manufacturing sites. The nmanufacturing and
quality records al so showed no difference in
attributes versus normal |ots of immunogl obulin
and nmet all quality control testing and rel ease
requi renents. Next slide.

In the extended characterization

anal ysis we tested the effected | ots, including
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vials returned fromthe market, for a wide variety
of attributes and trace inpurities. And again
found no difference versus reference lots. Next
slide, please.

Finally, in the hypothesis-driven
| nvestigation we asked the question, what in these
specific lots but not in routine lots, could
trigger nmast cell activation and degranul ati on
resulting in the observed hypersensitivity
reactions? Although there were nore potenti al
causes that were investigated than depicted here,
the four main [ eads that were eval uated are shown
on this slide. Next slide, please.

The first three potential causes,
Pol ysorbat e 80 degradati on products, protein
aggregates, and anti-1G auto anti bodi es, were
t horoughly tested and showed no differences
conpared to normal reference lots. This left the
potential contribution of sonething in plasma from
a donor or donors comon to the affected |lots that
caused hypersensitivity. This commonality

hypot hesi s was encouraged in part by separate
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scientific discussions we had with the FDA and
wth Gifols. W began our commbn donor anal ysis
very early in our investigation once four |ots had
been associated with these el evated reactions.
Next slide, please.

Qur common donor anal ysis was done by
i dentifying all donors who had contributed to the
affected lots and then assigning a score to each
and every donation that the donor had given over
the past two years. A donation was scored as
positive if it was associated with an affected | ot
and was scored as negative if it was in an
unaffected lot. |In addition, a tenporal factor
was i ncluded in the donation scoring to ensure
that the | ot that a donation went into was present
in the marketplace | ong enough to actually have
sufficient usage to show a clinical synptom

This was an enornous digital-data
exercise. At four lots there were over 125,000
donors represented within the lots, having donated
a total of over six and a half mllion donations.

O these 125,000 donors, there were 674 commbn
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donors. And upon eval uating the scoring, no
actionabl e concl usi ons coul d be reached.

We continued the common donor anal ysis
wi th each subsequent withdrawn lot. And once we
hit eight 1Glots associated with the increased
hypersensitivity reactions we still had 100 conmon
donors. However, at this point our commobn donor
screen analysis, conbined with sone tenporal data,
showed that one donor stood out fromall the
others. And this is digitally depicted on the
follow ng slide. Next slide, please.

On this slide we show t he percentage of
the donor's donations that were associated wth
the sffected HSR lots in red, and the percentage
of the donor's donations that were associated with
unaffected lots in gray. Each bar on the graph
depicts one of the top 15 scoring donors out of
the 100 common donors. Strikingly, you can see
that only one donor, the donor that we | abel ed
Donor Zed, had donations that were 100 percent
associated with effected lots. Al other 99

donors had many nmany nore donations that appeared
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in unaffected lots than in the affected |ots.

So it was wth this data, under an
abundance of caution, the CSL took additi onal
vol untary market action and w thdrew an additi onal
three lots fromthe market as well as wthheld an
addi tional five other inmmunoglobulin lots for
di stri bution because they contai ned Donor Zed
pl asma. Donor Z was al so permanently deferred
fromdonating plasma for further manufacturing.

| want to point out that as a Canadi an
American | ambilingual when it cone to the letter
Z and therefore will be using Z and Zed
| nt er changeabl y t hroughout the renai nder of the
presentation. Next slide, please.

This slide sunmari zes the percentage of
pl asma that Donor Zed contributed to each of the
|G lots that he appeared in, in relation to the
total volune of plasma used within each lot. As
you can see, the percentage of Z was very lowin
each lot, and varied froma high of. 0063 percent
to a low of. 0001 percent. O the IGlots that

were associated with i ncreased nunbers of
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hypersensitivity reactions, as little as. 0016
percent of Donor Zed was sufficient to produce the
clinical signal, and this is highlighted in
yellow. It is inportant to note that the 11 lots
that had market distribution were all solely
distributed in the U S. Next slide.

So what do we know about Donor Zed?
Well frankly we don't know a whole lot. He
resides in the northeast of the United States,
he's an above 60-year-old mal e, and gave 17
donations in two clusters of donations in 2020 and
2021. These donations were distributed anongst 16
| mmunogl obulin lots shown on the previous slide.
O course Donor Z net all donor screen
requi renents, and otherw se we know not hing el se
about his nedical history to date. | want to
reenphasi ze that CSL has permanently deferred this
donor from donating. Next slide.

One of our initial hypotheses was that
Donor Zed had an idi opat hi c nonocl onal gammopat hy,
and

was over produci ng an atypi cal antibody
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of high quantities that was causing this effect.
So we evaluated his plasna by el ectrophoresis.
Donor Zed's plasma is represented on the |eft
showi ng his el ectrophoretic profile with the
| mmunogl obul i ns represented by the gamma band
shown in orange. Conparing Donor Zed's control
pl asmas, shown in the mddle two panels, the
el ectrophoretic profile | ooks very typical.
Whereas for the nonocl onal

gammopat hy, you woul d have expected a
spi ke in the orange gamma region, as is shown in
the far right panel. Donor Zed does not have a
nonocl onal gammopat hy. Next sli de.

W al so eval uated sone ot her basic
pl asma characteristics of Donor Zed. Donor Zed's
measured val ues are shown as bl ack dots, whereas
the reference range is shown in pink bars. Tests
for Donor Zed that fell outside of the reference
range are highlighted in yell ow.

You can see that his albumn ratio is
slightly |l ower than the normal range, whereas his

beta globulins are slightly higher. Al alpha
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gl obulin levels were normal. Wen you | ook at his
free kappa and | anbda |ight chains, shown in the
| oner panel, they are well above the nornal
ranges, but overall he has a normal kappa to
| anbda ratio. At this point in tinme these are
observations, and we don't know specifically what
they nean or if and how they would contribute to
t he observed hypersensitivity events. Next slide.

After identifying Donor Z as standing
out fromthe other common donors and taking
precautionary market action it was now absolutely
critical that we biochemcally |ink Donor Z as the
root cause by denonstrating the ability of Donor
Zed's plasma to induce hypersensitivity reactions
in vitro. Next slide.

As we heard in the norning session,
| mmedi ate hypersensitivity reactions involve the
activation of immune cells |ike mast cells or
basophils, the degranulation results in the
clinical effects associated with these
hypersensitivity reactions. So to biochemcally

i nvestigate this we asked three questions. Can
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Donor Z's plasma or Z containing |G product induce
mast cell deactivation and granulation? |If so, if
we do see activation, what is causing it? Is it
the 1gG I1gE, or sone other trace plasna protein?
And what is the rel evant nol ecul ar pat hway of
activation? Next slide, please.

Qur first studies |ooked at the ability
of Donor Zed's plasnma and affected i munogl obulin
| ots which we call in this presentation Z-1Gto
| nduce basophil activation. Next slide, please.
Advance. Thank you.

In these initial studies we chose to
study basic degranul ation using the cell surface
mar ker CD63 as basophils circulate in the bl ood
and they are far easier to isolate and study than
mast cells, yet both share common receptors and
pat hways. These assays utilized basophils from
basophi| donors. However, since the sensitivity
of the basophil can differ fromdonor to donor, we
made sure to ook at a variety of basophil donors
i n these studies.

The two bar graphs on the left show the
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basophi| activation results caused from donors
that, shown in the red box, versus a typical
control plasma. The large bar shown on the right
of each graph is the spike positive control that
shows the assay is working. The control plasma
sanpl es showed no activation, whereas Donor Zed's
pl asma showed significant activation at various
dilutions of plasma used in the assay.

Al t hough not shown here, Donor Zed's
pl asma, but not control plasnma, produces
consi stent activation albeit to varying degrees
across the different basophil donors. So these
data confirmthat Donor Zed's plasnma can activate
basophils, where control plasmas cannot. In an
attenpt to further biochemcally |ink Donor Zed to
t he observed hypersensitivity reactions we | ooked
at the ability of Z-1G affected [ots to induce
basophi| activation. The results are shown in the
far right.

Agai n the bands on the right of each
graph show t he spi ke positive control show ng that

the assay is functional. Surprisingly, we didn't
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see any activation in lots of |G that contained
Donor Zed's plasma. Qur initial explanation for
these results was that the assay sensitivity was
not good enough due to the very high dilution of
Donor Zed within the final product. Therefore, to
i nvestigate the activation potential of Z-1Glots
further, we nodified the assay to increase its
sensitivity. Next slide, please.

To increase the sensitivity of the
assay, instead of nonitoring the CD63
degranul ati on marker we nonitored an activation
mar ker known to be a bit nore sensitive called
CD203c. In this nore sensitive assay we anal yzed
final container lots of either effected Z-1G or
non-affected | G controls.

This slide shows the test results
conducted with two different basophil donors. On
the | eft-hand side we have a nore sensitive
basophi| donor, and on the right-hand side a | ess
sensitive one. For each basophil donor we show
two Z-1G lots, depicted in red shadi ng, that

contai n Donor Zed plasna at different proportions.
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1 The hi ghest percentage on the |eft and the | ower

2 percentage in the m ddle.

3 The last slot on the right of each trio
4 of graphs is a control lot |G Here again, the

S hi ghest bar on the right of each graph is the

6 spi ke control to show the assay is working. For

7 the nore sensitive basophil donors, and this

8 exanpl e represented as Donor 1, we started to have
9 a |l ow but reproduceabl e activation signal in sone
10 Z-1Glots. Also notable was that the activation
11 signals were highest inthe Z-1Glots with the

12 hi ghest proportion of Donor Zed's plasma and

13 decreased as the proportion of Donor Zed in this
14 Z-1 G product decreased.

15 We al so again noticed a difference in

16 sensitivity and detection associated with the

17 basophi |l donor. For the |l ess sensitive basophil

18 donors, here depicted as Donor 2, the signals were
19 weaker and nore difficult to detect, both for Z-1G
20 and also for the positive control spike into the
21 Z-1G control 1G1ots.

22 Al t hough the signals we observe are very
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| ow, we believe there's a positive activation that
occurs and i s best observed when using nore
sensitive basophil donors and Z-1G |l ots containing
t he hi ghest proportion of Donor Zed' s plasna.

Al t hough not shown on this slide, we
al so observed consistent | ow | evel s of basophi
activation for Zed plasnma pools, a process
i nternmedi ate, which contai ned about a 1:5, 000
di lution, or.02 percent of Donor Zed's plasma. So
now we have confirned basophil activation by Zed
pl asma, Zed plasma pools, and Z-1G final purified
product. Next slide.

To further advance our investigation we
used the nore sensitive assay and basophil donor
and tested the eight Z-1G affected | ots contai ni ng
various proportions of Donor Zed's plasma for
their ability to induce basophil activation. The
plot on this slide shows the percentage of
activated basophils on the y-axis versus the
percent age of Donor Zed's plasma present in the
Z-1Glots on the x-axis. As you can see there's a

| i near positive correlation. Although the signals
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are | ow and nost are below what's considered to be
the positive threshold, we were encouraged by
these results and believed we were on the right
track. Therefore we decided to explore this
correlation using a different assay. Next slide.

Thanks to scientific collaboration with
Gifols, we were able to use the histam ne rel ease
assay that they had established within their
internal labs. This test still relies on
basophi |l s but neasures the histam ne rel eased upon
basophi| activation degranul ati on.

In this graph we show the percent total
hi stam ne rel eased on the y-axis as a function of
the percent of Donor Zed in the eight G| ots.
Wth this nore sensitive assay we observed
stronger signal in Donor Zed containing |G product
| ots and a strong and positive correlation between
t he percentage of Donor Zed's plasma present in
the Z-1G lots and the percentage of total
hi stam ne rel eased. Next slide, please.

Lastly, we wanted to confirmthat Donor

Zed was the only common donor who elicited such a
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positive |linear dosage response to these assays.
Therefore simlar to the previous slides, we
plotted the histam ne rel ease assay results for
each of the Z-1G lots against the percent of each
of the other common donors in the Z-1Glots. The
graph on the left shows the |inear correl ation of
Donor Zed shown on the last slide. On the right
are results for the 20 other comon donors across
the lot that had had market exposure. O the
comon donors, only donors that showed a very high
R-squared value, a direct linear positive

correl ation of percent of donor's plasma in the
affected lots, no linear correlation of the

hi stam ne rel ease results with the donor's percent
pl asma was observed for the other comon donors,
as shown by the scatter of points in the |ow

R- squar ed val ues.

We al so conducted a simlar eval uation
with the CD203 basophil activation test results.
And again, Donor Zed was the only donor that
showed this positive correlation. Next slide.

So in conclusion, the biochem cal
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I nvestigation that we perfornmed supports the
hypot hesi s that Donor Zed's plasma is the source
of the hypersensitive activity. W've shown that
Donor Zed's plasma, Zed plasma pools and Z-1G
final purified product activates basophils whereas
t he correspondi ng control sanples do not. W
identified Zed as the single common donor, his
plasma is present in the affected lots, and
exclusively elicits a positive |linear donor
response in the basophil activation and the
hi stam ne rel ease tests. Although these assays
are investigational, tinme consum ng, and the
signals were relatively low, the totality of the
bi ochem cal results support the single donor
hypot hesis. Next slide.

So we address the first of our three
guestions of our investigations. Can Donor Z's
pl asma or Zed containing |G product in use in nmast
cell or basophil activation granulation. The
answer i s yes.

So we set up to answer the second

guestion. Wat in Donor Zed's plasma is causing
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this activation. Is it the 1gG |gE, or sone
other trace plasma protein. Next slide.

To answer this question we perforned an
el egant fractionation study. W used affinity
colums to prepare 1gG enriched as well as |1gG
depl eted, and | gE depleted Zed plasna fractions.
W tested these fractions with the basophi
activation tests, and the results are shown in the
graphs on the right-hand side. The activation
results for Zed plasma are shown in yellow And
as expected, we observed pretty strong activation
signals at different plasma dil utions.

The second fraction, shown in dark gray,
is the IgG enriched fraction. Notably the
basophil|l activation ability of the sanples has
been preserved. This indicates that sanples that
have 1gG but where all other proteins were
renoved, still show activity.

The third fraction, inred, is the IgE
depleted fraction. Here the activity is also
still present. So IgE is not the source of

activation in Zed's plasna.
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1 The results for the fourth fraction are
2 interesting. What we see in the light gray box is
3 t hat when we deplete the i munoglobulin G fromthe
4 donor's plasma, we elimnate the ability to active
5 t he basophils. So this provides strong evi dence

6 that the IgG fraction of Donor Zed's plasma is

7 responsi bl e for causing basophil activation.

8 Specific renoval of the IgGresults in a | oss of

9 ability of the plasna to active basophils. Next
10 slide.

11 So these results answer our second

12 question. And this imunoglobulin G fraction of
13 Donor Zed's plasnma that is responsible for

14 activating the cells. Perhaps not too surprising
15 then that it would end up in the purified

16 I mmunogl obul i n products.

17 Finally, we sought to answer the third
18 guestion regardi ng bi ocheni cal pathway invol ved.

19 Next slide, please.

20 W identified four pathways that were

21 nore probable for nmast cell activation as

22 described in this norning's session. The first is
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the MRGPRX2 pathway. This is a G protein coupled
receptor, and this receptor's often responsive to
smal |l nol ecules. The second is the Fcganma
receptor pathway. This is a receptor for 1gG
anti bodies and is specific for the Fc portion of
t hese anti bodi es that we heard about

this norning. The third pathway is the
C5a receptor

conpl enent dependent pat hway. And the
fourth pathway is the high affinity |1gE receptor
pat hway. W use different assay systens and
specific inhibitors to investigate these pat hways.

| want to point out that our
| nvestigati ons on these pathways are still
currently ongoing and additional work is needed to
solidify our datasets, understandi ngs, and
concl usi ons. Next slide, please.

So our initial data suggests that the
first three pathways are not activated by Donor
Zed's plasma. However, in our innovation studies
we did get indications that the high affinity IgE

receptor pathway was involved. Next slide,
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pl ease.

In the FcRI inhibitor studies we used a
di fferent assay system based on humani zed Hoxb8
mast cells. W first conducted a study conparing
Donor Zed's plasnma sanples with control plasma in
t he absence of any inhibitors. Wth this nast
cell assay we observed a | ow but reproducible
activation signal for Donor Zed's plasma that was
hi gher than for the control plasnmas. Next slide,
pl ease.

So we pursued investigation of
i nhi bition of the FcRl pathway using two
di fferent approaches. In the first study we
perfornmed a conpetition assay with increasing
concentrations of soluble FcRl al pha chain. As
shown in the bar graphs, we observed decreased
activation as the soluble al pha chain
concentration increased. W consider this to be
partial inhibition. W know the assay systemis
wor ki ng properly as we were able to achieve full
inhibition with an anti-FcRl receptor antibody

control at the sane concentrations as the free
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al pha chain inhibitor.

The fact that we do see parti al
i nhi bition here suggests that Donor Z may be at
| east partially activating through this pathway.
Next sl i de.

In the second approach we i nvestigated
an internal signal conponent to this pathway
called BTK. By using a specific inhibitor
| brutinib. And what we observed here is a strong
i nhi bition. The conbined results of these two
studies led us to conclude that Donor Zed acts at

| east partially through this FcR pat hway,

al though this story may be nore conpl ex than that.

Next slide, please.

So the prelimnary answer to the final
guestion is that activation is at |east occurring
through the high affinity 1g FcRl pat hway.
However, it is inportant to note that other
pat hways could al so be activated that have yet to
be identified and nore work in different assay
systens needs to be done to further elucidate the

underlyi ng bi ochem cal nechani sns. Next slide,
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1 pl ease.
2 So I'lI'l finish up ny talk by describing

3 our | earnings and next steps. Next slide, please.

4 Through our |ot-specific

S hypersensitivity investigations -- next slide,

6 pl ease -- we denonstrated that the root cause is
7 | ndependent of process and not related to process
8 i npurities. The product was nornal by

9 characterization, and ultimately we identified the
10 nost probabl e root cause, a single donor, Donor

11 Zed, whose plasma donations were 100 percent

12 associated with [ots of I1G that produced the

13 el evated hypersensitivity reactions. As a result,
14 Donor Zed has been permanently deferred.

15 We denonstrated that Donor Zed pl asma,
16 Zed plasma pools, and Z-1G final product all

17 elicit basophil activation and activation is due
18 to a uni que i mmunogl obulin G specificity of Donor
19 Zed that acts at |least partially through the FcRI
20 pat hway. Next slide, please.

21 There are a | ot of challenges in the

22 work we're doing. Although we nmade great progress
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over the |l ast year, our reagent Donor Zed pl asna
Is really quite limted overall for conducting

| nvestigations. W have to be very considerate in
choosi ng what additional investigative avenues to
pursue. It is inportant to recognize that this
was the first tinme in our 15 years of

manuf acturi ng experi ence with our current
generation of |G products that we had experienced
an i ncreased nunber of hypersensitivity reactions
with specific lots. Over this tinme there have
been mllions of donors that have contri buted
plasma to these products and now we've identified
a rare single donor with uni qgue conponents of his
| gG repertoire that appears to be the root cause
of these set of circunstance.

Due to this extrene rarity, it may be
difficult to generalize the applicability of CSL's
findings from Donor Zed to the root causes of
ot her | ot specific events experienced by other
manuf acturers. All the assays that we used today
are highly investigational. W are the at the

very |l ow end of sensitivity and assays | ack
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robustness as illustrated by data where we showed
you that the ability to produce the signal is
heavi | y dependent upon the basophil donor. As
such, these types of investigational assays fail
to neet the rigorous quality standards,
specificity, sensitivity, and robustness required
of GWP assays to ensure reliable testing of
products.

In order to identify and devel op an
appropriate assay systemthat is fit for purpose
for GW use we obviously need greater
under st andi ng of the commonalities and generali z-

ability of the root causes for simlar
events experienced by ot her manufacturers.

Thi s FDA wor kshop serves as an i nportant
first step for know edge sharing and addressi ng
sone of these challenges. Next slide, please.

So CSL wi Il continue our investigations
to confirmthe activation pathway or pathways as
well as investigate the irregularities in donor Z
| i ght chai ns and potential gammopathy. CSL has

dedi cat ed breakt hrough innovation teans that are
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willing to partner wwth others who may have
t echnol ogi es that may be useful in providing
sol utions. Next slide, please.

As we nove forward, the patient interest
remains at the core of CSL's commtnent. We will
continue to partner with stakehol ders, including
FDA, industry nenbers, academ cs, and technol ogy
i nnovators to further our investigations and
under st andi ngs with the underlying goal of
ensuring patient safety and preserving |G product
availability. Next slide, please.

So finally I want to acknow edge the key
people in collaborations behind this data and
presentation. First of all | want to acknow edge
ny amazi ng Bi oanal ytic Team at CSL, specifically
Tino and Lorenzo, who have |ived and breathed
Donor Zed investigation over the past year. And
t he fabul ous data-driven detective work by Peter
Vogel , along with our safety physicians Angad and
Adrian, to find a needle in a haystack. Qur
Gifols and Cctapharma col | eagues for their very

open scientific discussions and sharing their
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experi ences of these rare events.

An extra special thanks to the Gifols
Bi oanal ytic Team for their collaborations on the
hi stam ne rel ease tests on donor plasma in their
| abs. Qur network of partners, shown here from
the Mayo dinic, Charite Thomas and the University
of Burnham And finally a big thank you to Dr.

Dor ot hy Scott and her team from FDA for naking

t hensel ves available on nultiple occasions for
very open scientific discussions and suggestions
t hat have hel ped propel our investigations

f orwar d.

Thank you for your attention in
| istening to CSL's experience.

DR. SCOTT: Thank you, Nathan. It's a
wonderful narrative of howthis all progressed and
exciting findings that you have. But for the sake
of time | think we need to nove on, we're a little
bit behind, to the Gifols Biotherapeutics
presentation, which will be split into two parts.
The first with dark Zervos, the Vice President of

Quality, and the second by Peter Vandeberg, Dr.
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Pet er Vandeberg, the Director of the R& Program
So we thank you very nmuch for presenting and | ook
forward to your talk.

DR. ZERVOS: Thank you, Dr. Scott. And
| would like to thank the FDA and the PPTA for the
opportunity to talk about Gifols' experience wth
Ganmunex and hypersensitivity.

| m going to begin by presenting a
hi gh-1evel overview of our investigation and
findings. And after that Pete Vandeberg wll go
Into a detailed discussion of the anal ytical
met hods and results fromthe investigation. Next
slide, please.

Again, I'magoing to talk specifically
about Ganmunex and hypersensitivity events.

Ganmunex is indicated for the conditions you have
seen here, which have been di scussed previously.
Next sli de.

So Ganunex was first launched in 2003,
it has a well-established safety profile.

However, beginning in 2018 we observed an el evat ed

rate of hypersensitivity adverse events for
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1 specific lots of Ganunex. The types of adverse

2 events are listed here, they've been discussed

3 earlier in the workshop, so | won't go into detail
4 here. And as a precautionary neasure Gifols

S initiated a voluntary market w thdrawal for

6 nunerous | ots of Ganunex, the total nunber was 23
7 over the course of the investigation. And then

8 subsequently as we've | earned, sonme products from
9 ot her manufacturers were withdrawn for simlar

10 events, and we began a coll aboration to

11 I nvestigate this. Next slide.

12 So this graph goes from 2015 to the very
13 end of 2022. My intent here is to show first in
14 the left portion of the graph the baseline before
15 we started seeing this issue with certain |ots.

16 And you can see that the majority of |ots have

17 either zero or nmaybe one or two adverse events.

18 There are a few exceptions in there, but a very
19 | ow baseline until we enter 2018 and we saw t he
20 first lots with an el evated nunber of events. So
21 these were very definitive |lots, and you can see

22 in between the lots with the high nunber of events
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1 there were lots with again very near baseline.

2 So during this period between 2018 and

3 2021 we withdrew 23 batches fromthe market. And
4 then for the reasons |I'll talk about |ater, since
S about March of 2021 after we had taken sone

6 actions based on our findings, we've really

7 returned to baseline here.

8 And to give you an overall perspective,
9 there are about 3,700 [ots of Ganmunex shown on the
10 X-axis in this graph. And 23 were w t hdrawn,

11 that's less than 1 percent, so just to get sone

12 perspective of the nunber of batches. Next slide,
13 pl ease.

14 So just a quick sunmary of our

15 manuf acturing and quality investigation. So from
16 the very beginning we | ooked at detail at the lots
17 wi t hdrawn, |ooking at all the raw materials, the
18 producti on process, in-process testing, final

19 container testing. So we're not only | ooking at,
20 you know, did the batches, all the steps neet

21 specifications, neet the specified ranges, we were

22 al so carefully conparing to our conparator set of
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batches just to see if there were any shifts or
trends that could give us a clue as to what was
happening with the specific batches. But we
weren't able to identify anything as part of that
review, and there were no significant

manuf acturing deviations for the wthdrawn | ots.
Next sl i de.

So a quick ook, we perfornmed quality
control testing on all the finished product, so we
went back to look at all of that data. Al of the
wi thdrawn | ots net the product specifications.

And in addition we | ooked within those

speci fications agai n agai nst conparator lots to
see if there were any slight shifts or trends that
m ght give us an indication, but we were unable to
find that.

We al so periodically do expanded
characterization testing for final container |ots
so we have a |large reference set of data. And we
did that testing on the withdrawn |ots and again
were unable to see any difference between these

| ots and our conparator |ots. Next slide, please.
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1 So beyond QC testing we perforned a w de
2 range of testing as you can see here, both in vivo
3 and in vitro testing. This was done on the final
4 product. And again, we were conparing back to

S conparator lots that were tested in parallel wth
6 the wthdrawn [ ots. Again, unable to see any

7 difference in signal that would point us in a

8 certain direction. And Pete wll discuss a little
9 nore in detail sone of these nethods later in his
10 presentation. Next slide, please.

11 Common donor analysis. So during the

12 | nvestigation | ooking at common donors, we did

13 determ ne that |ots that were w thdrawn cont ai ned
14 sone portion of plasma froma single donor center.
15 So this was sonething we obviously | ooked at right
16 away. And as a precautionary neasure we put

17 plasma fromthat donor center on hold and

18 restricted its use frommanufacturing. And since
19 we | ooked at a conmmon donor center, or one donor
20 center, we wanted to nmake sure it wasn't sone

21 center-level issue that m ght be a cause for these

22 reactions. So we | ooked at everything, all the
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1 operations of that center, the commobdities used,

2 their SOPs, but nothing cane out of that that

3 indicated it was a center-level issue. Next
4 slide.
S So common donor anal ysis, we perforned

6 this after we withdrew nore than one batch and

7 then it had to evolve after every additional batch
8 was Wwthdrawn. And in this case you're |ooking at
9 t housands of donors that go into the manufacture
10 of each Ganunex | ot and conparing that donor

11 popul ation to the ones for subsequent |ots. And
12 the challenge with that analysis is if you have

13 for exanple three lots wthdrawn, there could be
14 t housands of common donors rangi ng from you know,
15 hundreds to thousands. So that conplicates the

16 anal ysi s.

17 However we eventually were able to
18 i dentify 18 donors in common to all the w thdrawn
19 | ots. And those 18 donors did all donate at that

20 sane plasna center that | nentioned earlier.
21 These donors at that point were deferred from

22 further plasna donation. And then we obtained
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1 pl asma sanples fromeach of these 18 donors and

2 perfornmed anal ytical testing. Next slide.

3 And we found one of the 18 comon donors
4 produced the positive response in the basophil

S activation test and the histam ne rel ease assay.

6 Pete is going to go into nmuch nore detail on this
7 injust a bit. Plasma fromthe other 17 donors

8 produced negative results by the basophi

9 activation test and histam ne rel ease.

10 And even though that indicated, you

11 know, we had one donor, really our first clue in
12 all of this, we didn't feel there was sufficient
13 evi dence to unequi vocally assign a cause to that
14 donor so we excluded all of these 18 common donors
15 fromfurther manufacturing. Next slide.

16 So since that tine we have resuned use
17 of plasma fromthat donor center that we have put
18 on hold. And that was of course excluding the 18
19 common donors. So this was about 50,000 liters of
20 plasma that was accunul ated. And we took that and
21 manuf act ured several Ganunex |ots during 2022 and

22 then those lots were rel eased on a very
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control |l ed, staggered basis and nonitored cl osely
by our pharnacovigilance team And no reports of
hypersensitivity have been received for any of
these I ots. Next slide.

Al right. And at this point |I'm going
to hand it off to Pete Vandeberg.

MR. VANDEBERG Great. So thank you.
Thank you, Cark. And I'd like to tal k about our
in vitro methods now that we used for this
i nvestigation. First to |let you know t hat what
|'"'mgoing to talk about is just a really small
flavor of what we've done. W did quite a bit of
conpositional analysis. W |ooked at aggregates,
we | ooked at sone different functional nethods as
well, to | ook for aggregates and did not see
anything different fromnormal in batches that
caused the hypersensitivity. Next slide, please.

So first off, a little discussion about

the 18 common donors. We | ooked at the

I nfformati on avail abl e on these 18 donors, and each

had an extensive donation history. There were no

remar kabl e nedi cati ons, nothing remarkable in
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1 their nmedical history. W had given a

2 suppl enental questionnaire to the donors at this

3 donor center, so we had sone additional

4 i nformati on beyond the normal nedical reports and
S the donation information fromthem

6 Sone of themreported conmon allergies

7 but not hing remarkable. You know, nothing |ike

8 tick bites or |ikew se occupational, there was

9 not hi ng that stood out. They also had nor nal

10 serum protein el ectrophoretic profiles. W did

11 sone diagnostic testing on the plasma of these 18
12 donors and several of themdid have el evated I gE,
13 which is quite common. W tested for

14 anti-al pha-gal, an energing allergen, and there

15 were no signs of that in these 18 donors. W also
16 | ooked at anti- FcRI and anti-IgE anti bodies, and
17 not hi ng [ was

18 different in these donors. So there was
19 nothing in these donor histories that stood out as
20 remar kabl e. Next slide, please.

21 So we wanted to ook for in vitro

22 met hods that would predict the hypersensitivity.
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And since the reactions in the patients, the
hypersensitive reactions in the patients were
suggesti ve

of mast cell reactions.. There are nany
different receptors on nmast cells which can
activate them So we did think about going to
sone of the commercially avail able nmast cell
| i nes, but we wanted to stay as cl ose to hunan
cells as possible.

And so initially we did explore the use
of a skin- based system where we obtained skin
fromelective surgeries and set up a systemto
| ook at it that way. Unfortunately we did not see
any consi stent histam ne response with sanples or
controls. So we discarded this system and noved
to what we thought was the next best thing, which
was basophils sourced from human bl ood. And so
nost of the rest of ny talk will focus on our work
wi th basophils. Next slide, please.

So we had two basic assays | ooking at
basophil| activation. The first is the histam ne

rel ease assay where we used a conmercial ELISA kit
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to neasure the rel ease of histam ne. Both of
t hese assays, the histam ne rel ease and basophil
activation test, essentially you take whole fresh
bl ood, you add your sanple with any kind of buffer
dilutions that are required, you incubate and then
you neasure the response. The histam ne rel ease,
again it's histamne with the basophil activation
test. W used a commercially available flow
cytonetry kit to neasure the expression of CD63 or
CD203c. Nathan from CSL nentioned that CD203c
seenms to be a little bit nore sensitive. | think
it's also alittle bit nore prone to background
activation.

It's inportant running these assays that
you have the proper controls, and so having a
buffer control where you see a | ow background
response. And then the two positive controls, you
woul d use either anti- FcRl alpha or anti-IgE to
detect the deactivation of the FCRI on our one
pat hway, and we woul d use a peptide FMOP which
activates to the G protein coupled receptor

pat hways.
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We set up these assays and we tested our
Ganunex product that had shown signs of
hypersensitivity. W also tested plasna pools
that were used to manufacture those products. W
retai ned sanples fromthe plasm pools. And we
did not see a response wth any of the
hypersensitivity batches. Next slide, please.

So before | talk nore about sone of our
other results I'd just like to tal k about the
chal | enges of these nethods. These are research
met hods that we used. And the first bullet there
is really the specificity. In our history we've
had hundreds of thousands of plasna donors, we've
made thousands of batches in our particular
collective history at CSL, and these events are
very rare. W' re tal king about what | ooks like a
very small set of donors. In two instances here
we were able to detect a response in the histam ne
rel ease assay on CSL's product but not on our
product that caused the hypersensitivity batches.

So really the specificity here is

unknown and there's not a good way to test it
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because of the rarity of the events. It also
could be a sensitivity issue, and perhaps our
assays are just not sensitive enough to detect the
differences in the product that causes the
hypersensitivity.

There's al so | ogistical issues of
perform ng these assays. You need to coll ect
fresh blood for the assays, there is variability
in that blood, the assays are fairly |abor
i ntensive, the data analysis is cunbersone. And
there's also a lack of any kind of official
reference standard for calibration. So in short,
t hese are chall engi ng assays, the predictive val ue
IS uncertain, and they're not appropriate for use
beyond research applications. Next slide, please.

So I'd like to next junp into sone of
the data fromtesting the plasma of the 18 donors.
And the bar graph there shows results using five
di fferent reagent basophils, so that's bl ood from
five different healthy people, and the m x of the
hi st am ne rel ease or basophil activation test.

Way on the left side of the graph you see the
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basophi| response. You want that to be |ow, you
don't want your basophils to self- activate. Next
over is a set of bars for the positive controls,
the anti- FcRI al pha or anti-I1gE which has been
normal i zed. All the results here have been
normal i zed to 100 percent of that, and then [here
I s]the f MLP peptide positive control.

And so for all of our 18 donors we saw a
response in these assays in only a single one and
that was Donor 18. And it was consistently, Donor
18 showed consi stent activation of basophils and
none of the other donors did. So we chose to
characterize the Donor 18 plasma response a little
bit further. Next slide, please.

So one of the first things we did is
| ook at a dilution series of plasma from Donor 18.
And what this shows is the results of dilutions.
W did dilutions to 1:2,000 but really we can only
see the response out to 1:100. Now for us to be
able to detect this donor response in plasm, an
i ndi vi dual donor's typical diluted on the order of

1:1,000 to 1:10,000 in the final product. W
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coul d not detect beyond 1:100. This is very
different than CSL, who coul d detect at |east down
to 1:1,000 in their donor. And it could be a
matter of specificity. It could also be a matter
of just the activation in Donor 18 was not as
strong as

that fromtheir Donor Zed or Donor Z,
sorry. Next slide, please.

W were very fortunate to be able to get
retain sanples fromthe bl eeds of Donor 18. So
the plasma donations Donor 18 nade, we were able
to get sone of the sanples fromthose back
covering a span of about three and a half years.
And | ooki ng at the basophil activation response
over that tine period you see several interesting
things. First of all back in 2017 plasm
collected fromthat donor did not cause basophil
activation. Then in April of 2018 you see a junp.
And this does coincide with plasna that went into
the first batches where we saw hypersensitivity
results in patients.

But then the interesting thing is that
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the activation of basophils by that donor over
tinme is not consistent, it does go up and down. |
did ook at this for sone seasonal rel ationships
and there was no apparent tinme of year,
seasonality to that response. But nonethel ess

i nteresting. Next slide, please.

If you replot the data, this graph here
shows the basophil activation response replotted
on the x-axis. And on the y-axis is the adverse
events of the batches that that donor went into
normal i zed by the quantity of plasma fromthat
donor in the batch. And you see sonething very
i nteresting. You see essentially a flatline until
you reach 70 percent CD203c positive. And, you
know, this |ooks |ike a threshold relationship
where when you reach a certain reactivity in Donor
18, you see hypersensitivity in the batches
produced by that donor. Next slide, please.

We al so perforned a fractionalization
experinment on the Donor 18 plasma. W used |1gG
affinity resin specific for 1gGso it should not

be retaining any IgA, D, E, or M and if you | ook
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cl osely at the reduced SDS-PAGE on the left you'll
be able to see the plasnma |ines versus the 1gG
depl eted versus the 1gG You can see the heavy
chain and the light chain. At any rate if you

| ook over on the right at the bar charts, you can
see the last three sets of bars that the basophi
activation we see in the plasnma is essentially
identical in the IgGfraction and in |1gG depl eted
fractions there is just very little response.
there. So there it looks like IgGis the agent of
I nterest that's causing the basophil activation.
Next slide, please.

W wanted to probe a little bit nore
about the nature of the reactions, so we purified
basophils using a coomercial kit to renove all the
ot her cell types, so this system woul d have been
just a purified basophil system And what we see
fromthat on the bar chart at the very far right,
t hat Donor 18, whether it's whol e bl ood or whether
it's the purified basophils, activates essentially
the sane. This inplies that it's a direct

activation of basophils and not acting through
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1 sone other cell types. Next slide, please.

2 And we wanted to ook to see if we could
3 get sone clues of the nechanismof that reaction

4 wi t hin basophils. And so we | ooked at the

S addition of a PI3K-delta inhibitor. And that

6 | nhi bits downstreamthe basophil activation

7 initiated wwth the cross linking of FcRl al pha

8 units, and the signal cascade downstream can be

9 bl ocked. And what you see in the bar chart on the
10 very right side of that, you see a dose response
11 i nhibition of that response. You do not see the
12 sanme inhibition wwth the FMLP positive control,

13 whi ch activates an alternate G protein couple

14 receptors. But you also see the inhibition by the
15 anti-FcRl positive control. So this suggests

16 that Donor 18 is activating through FcRl pat hway.
17 Next slide, please.

18 This slide summarizes all of the reagent
19 basophils we | ooked at with Donor 18 plasma. W
20 | ooked at a total of 28 different reagent

21 basophils, so that's basophils in whole blood from

22 heal thy donors. And I'll start at the bottom
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because this is kind of interesting. So sone
donors you get fresh blood fromand they just have
a | ow basophil count, you just can't use themin
the assay. Next up you see sone that have enough
basophils, but they don't respond to FM.P or
anti-FcRlI positive controls. So they're just not
activatable. Next up you see that there were two
reagent basophils that only responded to FM.P,
they did not respond to the anti-FcRl positive
controls. And interestingly enough, those two
donors, those two reagents, also did not respond
to Donor 18 plasnma. However, the 18 fresh bl oods
we used, 18 different donors that were activatable
by both FMLP and the anti-FcRl al so showed
activation with Donor 18 pl asna.

Now this is suggestive that Donor 18
activation, or it's consistent with Donor 18
activation through the FcRI pathway. But it also
suggests that the activation isn't through sone
specific allergen but it's a very broad nechani sm
Next slide, please.

So we were interested in trying to find
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out what the specific, what a specific auto 1gG
aut oanti body woul d be that woul d cause such an
activation. So we did testing by the HuProt
mcroarray with technol ogy that was devel oped at
Johns Hopkins and available at a | ab called CDI.
We submtted sanples of plasma fromthese 18
donors. Initially we were |ooking at things that
had a high signal, we were | ooking for a high
response and sonething that was connected to nast
cells. And |looking at all the 18 donors we didn't
see anything that had a | arge signal.

So next | | ooked at sone of the specific
mast cells and | ooked down at sone of the | ower
signals, sonme of the specific nast cell receptors.
And | see sonething very interesting. W see with
one donor, and it happens to be Donor 18, there
was a signal showing for FCRI beta. Next slide,
pl ease.

So sone of our earlier speakers have
tal ked about the FcRI conplex. The beta unit is
i nvol ved in the signaling transduction that

occurs. It is a nenbrane protein, only snal
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parts of it are exposed. And | do want to coment
that the kind of data you get froma mcroarray
screen is just really a screening test, and for us
to showthat this is really the target it would be
nice to get sone confirmatory response. W did
try sonme conpetition experinents and we were able
to get sone commercial antibody of this against
this receptor to see if we could initiate the sane
response, the sane activation basophils. | would
say at this point our results have been
I nconclusive. But this is certainly an area that
| think deserves a little bit nore work, that it's
an opportunity for us to do sone nore work on.
Next slide, please.

So in conclusion, we've done a thorough
i nvestigation, |looked at lots of different things
| i ke manufacturing and characterizing materials
and really traced these hypersensitivity events
back to 18 common donors. Plasma from one of
t hose donors, Donor 18, showed activation of
basophils when tested in a human basophil system

The tine course of that basophil reactivity does
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match the tinefrane of hypersensitivity adverse
events. W've isolated that plasma reactivity to
the 1gG fraction. It occurs in basophils, it's
bl ocked with the PI3KA inhibitor. And then
finally by the HuProt autoantigen mcroarray we
have identified sone binding to the FcRI beta.

Unfortunately, our in vitro assays did
not show any ki nd of elevated response in the
Ganmunex hypersensitive product batches or pools,
and thus we have excluded all 18 donors from
further use in manufacturing. And since we did
that, the hypersensitivity adverse events returned
back to baseline. Next slide, please.

| would Iike to acknowl edge the efforts
of all the different Gifols teans that went into
working on this. Qur Biomat plasma collection
peopl e, pharnmacovigilance quality team and
regul atory affairs. Especially I'd like to
acknow edge the bioanal yticals teamwho did all of
a lot of characterization testing, but especially
the histam ne rel ease and the basophil activation

tests. And the collaboration of Dr. Scott and
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1 her team at CBER

2 |'"d also |ike to acknowl edge the advice
3 we got froma few outside experts, Steve Dreskin

4 fromUniversity of Colorado Medical School and Don
S Macd ashan from Johns Hopkins. And I'd like to

6 t hank you for your attention.

7 DR. SCOTT. Thank you very much Dr.

8 Vandeberg, that was quite informati ve and an

9 i nteresting contrast in sonme ways to the CSL

10 i nvestigations. O rather | should say a

11 di fferent approach and sonewhat different kinds of
12 donors maybe for all we know. Anyway, for the

13 sake of time I think we need to nove on to the

14 Cct apharma i nvestigation. And thank you both for

15 t hose very excellent tal ks that you just gave.

16 So for Octapharma we have three

17 speakers. | would ask you to maybe speak a little
18 faster if you can so we can get partially back to
19 schedul e because | don't want to have to take tine
20 out of the break. But | think in fairness we

21 probably wll do that so that you have adequate

22 time to give your presentations.
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So we have Juergen Roem sch, Ph.D.,
Senior Vice President of R&D Pl asma; Bal azs, and |
apologize if I"mnot saying that correctly, Toth,
Dr. Toth, MD, Ph.D., head of Corporate Drug Safety
for Cctapharma, and Josef Wi nberger, also Ph.D.,
Corporate Quality and Conpliance Oficer. So
thank the three of you in advance, and let's get
start ed.

DR. ROEM SCH: We are on?

DR. SCOIT: Yes.

DR. ROEM SCH: kay. Thank you very
much, Dr. Scott. So good afternoon, good
evening. M nane is Juergen Roem sch, |'m headi ng
the Pre-Clinical R& Plasma for COctapharnma. And
t hank you very nmuch for the opportunity to present
at this workshop for FDA. The next slide, please.

So we split this talk in three parts.
The first one wll be Cctapharna el evated rate of
hypersensitivity cases that will be done by ny
col | eague Bal azs Toth. And the donation center's
single donations and risk mtigation by Josef

Wei nber ger, and bi ochem cal and root causes
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anal ysis by nyself. So please follow us. And the
next slide, please.

DR. TOTH. Thank you, Juergen. Dr.

Ross, colleagues, | would like to give you a short
review of Octapharma's part, what we have observed
begi nni ng of |ast year 2022 in connection wth
certai n Octagam bat ches.

As you have heard before, we could
establish quite early on that the observed events
were all hypersensitivity related. And
hypersensitivity as an entity is |abeled for
Cctagam both in the conpany core safety
i nformation and the U S. prescribing information
as well.

The reactions which we observed in
connection with these batches were nostly
non-serious, skin-related hypersensitivity type
events. There was only one product affected,
Cctagam 10 percent. W tried to also establish
sone kind of geographical spread of the events.
These cases were received nostly fromthe U S. and

certain parts from Canada and certai n European
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countries as well. Next slide, please.

We identified, and actually eventually
we had to withdraw four batches, Octagam batches,
with this el evated nunber of hypersensitivity
cases. All these happened within a short peri od
of tinme, end of January, mddle, end of February,
2022. We identified three batches and w t hdrew
three batches fromthe U S. market and one batch
from Norway, the Norwegian market. The nunbers
you can see in the table present the situation at
the tinme of the regional decision that were nade
by Cctapharma. As you can see that we had a
nunber of cases, between 10 and 4 in connection
wi th individual batches. Al the cases which we
received in connection with these batches were
hypersensitivity type batches.

W also identified two additional
bat ches on the European market with a simlar
picture. However, those batches were al ready

distributed and in the later stage of their life

cycle, say it this way. And in agreenent with the

| ocal responsible authorities these batches were
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not withdrawn fromthe market. However the
bat ches were involved in the further
I nvestigations. Next slide, please.

W al so wanted to be sure whether there
are other reactions, hypersensitivity reactions,
wer e observed in certain groups of patient
subj ects. However we could not identify any
particular characteristics of the patient group,
not hi ng we got in denographics, geographic
| ocati ons, treatnent indications, dosages or any
ot her respects. As with the cases we have seen
wth CSL and Gifols' presentation, (inaudible).
Qur batch docunentation review could not identify
any particul ar batches where the producti on woul d
have affected the quality of the observed batches.
And we al so could not identify any changes such as
new manufacturing raw materials or

chem cals that were correlated with the
hypersensitivy batches. Thank you, and Josef w |
take it over.

DR. VEI NBERGER: Thank you, Bal azs.

Next slide, please. Can we have the next slide,
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[

pl ease. Thank you. No, one back. Yeah.

2 As al ready nentioned by Bal azs, wthin
3 one nonth we had these four lots with clusters of
4 hypersensitivity reactions, identified
5 in the US (3) and Norway (1). Part of these

6 bat ches were delivered to Canada but not

7 distributed there. So on one hand the
8 production investigation, we think the batches are
9 as normal as batches could be. 1In parallel we

10 | mredi ately started the investigation on the

11 pl asma sour ces.

12 We could very fast clarify that all the
13 plasma was U. S. Source Plasma. And we al so found
14 i mredi ately that there is no over-representation
15 of any one donation center. So it was nicely

16 spread over a lot of centers. And also we found
17 quite fast 133 donors in conmmon with the four

18 wi t hdrawn batches. And there's always a different
19 nunber of donations of such donors in a batch

20 bet ween one and 10. Twenty-four donors of the 133
21 uUs

22 donors contributed to the two
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hypersensitivity batches in Europe, In parallel
the first step was to

defer all those 133 donors from
manuf act uri ng nedi ci nal products and renoved all
t he avail abl e donations fromthose 133 donors from
our

[ pl asma] stock. So that was the first
| nvestigati on.

And the next step we tried to find nore
i nformati on based on donors, as already nentioned,
related to including possible tick bites
(resulting in

anti-gal antibodies. W also verified
t he gender, the ethnicity, the age, allergies,
medi cati ons, and

underlyi ng di seases of these donors.
And also this conmes in a little nore

detail ed on the next slide, how many
donations contributed to hypersensitivity batches
and how many of these donors did not contribute to
such batches but were used in standard Cctagam

batches. And we found in no case any striking

Anderson Court Reporting -- 703-519-7180 -- ww. andersonreporting. net



| mmune d obulin Hypersensitivity Reactions: Root Causes and Mtigation Page'

228

10

11

12

13

14

15

16

17

18

19

20

21

22

result. W could not see that all those donors
have certain

al l ergies or whatever else. Next slide,
pl ease.

So as said, we imedi ately deferred and
we deci ded based on initial information from CSL
at that tine, that we would al so perform a ranking
of those donors based on their contribution to
hypersensitivity batches, contribution to
wi t hdrawn batches. And based on that ranking to
start additional biochem cal investigations of
t hose donors. You see belowin the right | ower
corner the ranking of the highest risk considered
donors. Only the very first one contributed nore
than 50 percent of his donations to rel evant
bat ches. The next one was al ready at | ower than
50 percent, and then we were al nost at 80 percent
I n non-hypersensitivity batches. So it is just a
few donors who were indicated to be responsible
for that. Unfortunately we could not get from all
our donors retention sanples when new donati ons.

W tried to call themto invite them for new
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donations but unfortunately in many cases we
failed. Next slide, please.

And in parallel we had of course
di scussions with on one hand the FDA in the United
States, on the other hand with the Gernman Paul
Ehrlich Institute, which is nore or |ess the CBER
of Germany. And froma |later discussion we got
the hint tick bites may lead to anti-gal anti body
devel opnent whi ch can cause hypersensitivity types
of

events. And with that | would like to
hand over

to Juergen for the R&D part.

DR. ROEM SCH. Thank you, Josef, yes.
The next slide, please.

So as you have heard extensively in the
tal ks before and also in the first session, there
are many factors that can activate cells or could
be capabl e of sensitizing cells. W picked here a
nunmber of cytokines or anaphyl atoxins |ike C3a and
so on for relative activity to conpare the

hypersensitivity associ ated batches with contr ol
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1 bat ches which with no report at all.

2 To nake it very short here and for the

3 sake of tinme, | won't go into the detail here.

4 You don't see any difference between the

S associ ated batches and the control batches. They
6 were either not detectable or on a conparable

7 | evel . So the next slide, please.

8 Al so the one assay that shows conpl enent
9 activation. You see it asserts a pair or a couple
10 of colums fromthe |eft-hand side, you see

11 [ exposur e of

12 whol e bl ood] to heat aggregated

13 | mmunogl obul i ns whi ch have been referred to in the
14 tal ks report and tal ks before. This is our our

15 positive control, they were heated for two hours
16 at 60 degrees, and they nicely activating

17 conpl emrent here. W show the activated

18 conpl ement protein Cda because it gives
19 nore reliable results and after 30 m nutes of

20 i ncubati on.

21 [see slide 10] So the left-hand side are

22 control s,
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sodi um chl oride or nmaltose controls, and
the right-hand side in the green rectangle are
cont rol

Cct agam batches. But no reports in the
red rectangl e of the associ ated batches, and
tested wth 10 different healthy donors. And you
see already that there was a kind of a variability
from donor to donor which cones not as a surprise
but the overall there is not really a trend
bet ween the affected batches and the control
batches. But in this relatively sensitive assay we
have done a nunber of tines could not refer also
to an aggregated 1gG or so as a reason for it
[sic]. Next slide, please.

Referring to the anti-Al pha-Gal |gG
| evel s, we conpared again the four associ ated
batches with the green control batches wth ELI SA,
and you see there is no significant difference in
turns of these levels, and they are not higher in
the control batches so we could also exclude this

possibility. Next slide, please.

So then | have to acknow edge here the
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cooperation also wwth CSL and Gifols and the
exchange of knowl edge and learning in
i nvestigating the root causes that encouraged us
also to |l ook into the basophil activation and to
get themtested at Cctapharma in the mast cell
activation assay.

So we used the Cctagam 10 percent
bat ches, control batches, as a control, the
mal t ose, the excipient solution and al so sel ected
pl asma sanples fromthe group of deferred plasna
and as a control also our Cctaplas LG as a
reference for a nunber of food plasma and SG
treatnment test done. Next slide, please.

So without going into details here, just
a sunmary of what we found. So referring to the
activating anti-FcRl receptor we found that al
I gG

concentrates investigated showed weak
anti-FcRlI receptor 1A activity exclusively at the
hi ghest tested concentration. Already the next
di lution showed levels below limt of

gquantification. So we don't know whether this
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holds really true, but as we had earlier heard,
that a normal popul ation has around, | don't know,
1 or 2 percent of these kind of antibodies
circulating, so it does not cone as a surprise but
they would just be then above the threshold of
measurenent, but at really [ow | evel.

And none of the tested plasna sanpl es
showed such kind of an activity. Wile we have to
say, as was said before, that a nunber or a couple
of sanples were not available at this tine of
testing, which may represent risks to patients of
that and it could be that a couple of them were
al so had cone into the pool for production.

The ot her assay activating anti-IgE
anti bodi es revealed nothing at all. So we didn't
see any batches that showed any anti-IgE activity.
One of the selected plasna sanples of those we
tested showed a detectible anti-IgE activity,
which was low wth only 4 percent of the nast
cells activated, still it was above the |imt of
gquantification. But the conclusion here was that

the dilution of such sanple in such a huge pool of
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donations conprising |IVIG would not be of
physi ol ogi cal

rel evance if you refer just for this
sanpl es and the group of others we cannot state at
the noment. Next slide, please.

Just a brief short ook not only at this
current investigations but, |I nean now and then
this occurs, we all know. And we have experienced
now al so for Octagaminvestigations for | would
say 15 years at all in sumary of them and havi ng
tested them And we have done a | ot of tests when
t hese kind of events occurred. Mny of you have
seen, | don't have to repeat the first one, but we
also did testing in fresh whol e bl ood sanpl es
exposed to these kind of positive controls and
here we have those associated with
hypersensitivity reactions, always in conparison
with control batches w thout those reports.

And we tested a | ot of paraneters in
them Nanely the expression of these things
conpounds like interleukins, |ike we used PCRto

follow the FC receptor expression of that facts
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anal ysis enzyne. And we never ever found a
correl ation between the hypersensitivity reaction
and any reactions we have seen in these nore
conpl ex bl ood systens.

O course we al so have to, and has been
menti oned before, it is difficult, nore difficult
because we have to use fresh bl ood from heal t hy
donors. So these cells have to be brought into a
condition where sensitivity is increased. So we
did primng of cells like with fM.P or wwth very
| ow | evel s of anaphylatoxin. And just to get them
pri med but below the threshold of real activation,
just to make them nore sensitive. But we didn't
find any positive reactions that woul d have hel ped
us.

And it is always a question here, and as
| will come to in a mnute, what is the correct
primng of a cell for hypersensitivity. | nean
that has to be discussed also seriously if we talk
about cell nodels and tal k about ani nmal nodel s.
And al so we considered a mcroarray based systens

where we | ook for specific antibodies
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specificities and titers. |If we knew or suspected

themin our donors or donated in a distinct
region, like food specialties or plants and so on,
but we never found a really good correlation to
that. Next slide, please.

Last not least, | cone to ani mal nodel s.
| mean | have not nentioned them and we have not
perfornmed them because we did them many years and
we al so used here associ ated batches and have
never found a positive result in these ani nal
nodels. So you see, as nentioned before on the
tal ks and the scientific tal ks, we used an

| nt racut aneous node; and a | ynph node
assay and to | ook for sensitization. In the
bronchospasti c ani mal nodel we never saw a
positive reaction versus control.

So in conclusion, unfortunately none of
t hese assays revealed results that help us to
expl ain these epi sodes and these hypersensitive
associ ated reactions and therefore for ethical
reasons, also aninmal healthcare, we did not

proceed in doing these experinents because we
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never found a correlation with them And the next
slide, please.

So finally we did not really find the
bi ochem cal reason. but of course also the hint
and the kind of positive reactions if we | ooked
I nto the basophil activation assays - at least in
one plasma sanple which could be the reason. In
the end | have to stress again, and it has been
di scussed excellently before, | nmean we have only
the key but we don't have the |ock. | nean what
we see is that we have batches that have nedi ated
sone hypersensitivity reactions, but a |ock,
meani ng the patients, we don't know. So any
predi sposition we can just assune. And if you
don't have such [patient] sanples it will be hard
to understand what the real reason is. And is
there only a general reason? And are there nore
substances or predispositions that have to be
there, or even a group of these? So we make a
conclusion, but it has to be discussed seriously
how to set up such an assay which would help us to

| earn nore about the association wth
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1 hypersensitivity. And always taking into account
2 I ndi viduals. The next slide, please.

3 So in sunmary, and on behal f of the

4 t hree conpani es having presented here, and as a

S group of manufacturers we want to reiterate our

6 shared goals to ensure patient safety and preserve
7 t he i munogl obulin product availability. Again,

8 this is inportant because i nmunogl obulin products

9 are used to treat a variety of conditions,

10 i ncluding for patients who have i munodefi ci ency
11 and

12 those who |live with autoi nmune di seases.
13 And as reviewed, hypersensitivity events

14 are listed as common reactions for all

15 i mmunogl obul i n products. And today you have seen

16 i nformation fromeach manufacturer related to the

17 recently identified events, which are rare,

18 sporadic, and |lot specific. W are all commtted

19 to work collaboratively to continue investigations
20 in order to identify the root cause of these

21 observati ons, share scientific know edge, and find

22 effective and efficient solutions applicable
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1 across all manufacturers to mnimze future

2 occurrences, naintain patients' access, and ensure
3 patient safety.

4 Thank you very much for your attention.
S M5. NORTON: | believe | can start

6 aski ng sone questions now, Dot?

7 DR. SCOTIT: Yes, thank you. And thank

8 you to Cctapharma for your presentation. You

9 didn't have that many lots to work wth and you

10 were able to isolate still, you know, relatively
11 | ow nunber of donors to be concerned about. So

12 that was very good.

13 Ckay, Margaret.

14 M5. NORTON. Ckay. I'll start with sone
15 nore conmon questions that | see a |lot of. First
16 one is are we going to get copies of the

17 presentations or is there an email, can we provide
18 an email for themto be sent or --

19 DR. SCOIT: Well after the workshop

20 we're going to confirmw th our presenters whether
21 or not they would Iike to share their slides. And

22 in nmy experience all or nearly all presenters are
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1 willing to do that. And then we consolidate the

2 slides and then we post those slides, or sonetines
3 the Plasma Protein Therapeutic Association posts

4 the slides. But at any rate we can let the

5 audi ence and the presenters know when that will be

6 onl i ne, and wher e.

7 M5, WARREN- HENDERSON: Dot .

8 DR. SCOTT: Yes.

9 M5. WARREN- HENDERSON: The recordi ng of
10 the workshop itself will include the slide

11 presentations, and that will be avail able on our
12 website shortly after the event. But the

13 recordi ng includes the slide presentations.

14 DR. SCOTT. Excellent.

15 M5. NORTON: The other commopn questi on
16 is for Gifols and CSL. Could it be possible that
17 Donor 18 is the sanme as Donor Z?

18 DR. ROTH: Maybe I'l| take that

19 guestion. So what we do know is that these donors
20 have very different geographical centers that they
21 donated to. And | think the biochem cal markers

22 bet ween these two donors are very different. They
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1 have a very different biochem cal signature to
2 them so we don't believe that they are the sane

3 donor, no.

4 M5. NORTON:  Ckay.

S DR. VANDEBERG And we agree | think,

6 ri ght?

7 M5. NORTON: kay, thank you.

8 DR. ROTH:  Yes.

9 M5. NORTON: Also were the donors added

10 to the PPTA Donor Deferral Registry?

11 DR. ROTH: | don't know whet her, who

12 wants to answer that question. You know, | can
13 say that the donor, the National Donor Deferral

14 Regi stry has very specific criteria that has to be
15 met in order to add the donor's nane to it. And
16 unfortunately these criteria don't neet them So
17 we are actively working on a solution with other
18 manuf acturers in PPTA on how this donor

19 i nformation can be shared in the future.

20 M5. NORTON: This is also related, how
21 can we ensure Patient Z does not affect other

22 products, or the other patient as well? Wuld it
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be possible that he went to donate to anot her
conpany?

DR. ROTH. What | can do is | can
provi de sone reassurance at this point in tine
that the donation center that Donor Zed donated
into is fairly geographically isolated from ot her
donor centers at this tine. It doesn't nean that
Donor Zed hasn't noved, but that's reassurance at
this tine.

M5. NORTON:. Ckay. Thank you.

MR, ZERVOS: From Gifols, this is
Cark. W have indication that the donor, at
| east the Donor 18 in our case, had discontinued
donating altogether. That's not a conplete

assurance and, you know, we still feel there has

to be sone kind of, nmaybe sonething simlar to the

NDDR i f not that, to ensure this noving forward.
Thanks.

DR. SCOIT: | just wanted to add one
thing to the previous question. | presune that
you have access to the donor birthdates and the

donor ages and ot her epidem ol ogi cal information
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that really confirns these two donors, the Gifols
donor and the CSL donor, are different people; is
that correct?

DR. ROTH So we do have t hat
I nformati on obviously. |'mjust not actually sure
we've actually at this point in tinme shared that
i nformati on.

DR, SCOIT: GCkay. Can | share it wth

you?

DR. ROTH: W would |ike that, yes.

DR. SCOTT: | believe they are different
donors.

DR. VANDEBERG | believe we shared

enough, Nathan, that we know it's different
donors.
DR. ROTH: On this cross testing they

have very different biochem cal signhatures to

t hem

DR. NORTON. Ckay. The next questions
will be mainly for CSL. So actually this also
part of ny question as well. Your purification

met hod for 1gG ny question would be, would it
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i nclude the free |ight chains as well, would those
co-purify?

DR. ROTH: So we've discussed this
internally, it's highly unlikely light chains w |
end up in final product. W haven't actually
tested that specifically yet, but the
manuf acturing process is such that it would be
unl i kel y.

M5. NORTON: And the other question is,
woul d your depletion of IgE allow I gG conpl exes?

DR. ROTH. Yeah. So again, very likely
that the columm captures specifically of 1gG or of
| gE woul d unlikely renove the |G would very
| i kel y not capture the | gG conpl exes, yes.

M5. NORTON: Okay. The next question
is, did Donor Z have a history of COVID 19? |If
so, had Donor Z donated COVI D-19 conval escent
pl asma and any info on that infusion?

DR. ROTH: As | had nentioned in the
presentation that we don't know a | ot about Donor
Z's history, nedical history. H's first donations

occurred sonetinme in June of 2020. But we don't
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know anyt hi ng about his COVID history at that
tinme.

M5. NORTON: Gkay. Thank you. The next
guestion is, Dr. Roth, congratulations to you and
the CSF Gifols teamon this intricate study.
Whul d you expect |lower incidents of adverse events
in IVIG manufactured fromrecovered plasma which
has a | ower proportion of repeat donation in each
bat ch than product from Source Pl asnma whi ch can
contain nultiple donations fromthe sanme donor in
asingle IVIGIlot?

DR. ROTH. So | think the question's
really asking is the, would you expect the
I ncidents from source donations be tested | arger
donati ons than recovered donations. Wuld you
expect nore hypersensitivity events fromthat. |
think the answer's quite conplex to answer from
t hat because not necessarily due to the pooling
and then the splitting of internedi ates that
I nduct into a final product. It's not really just
dependent upon whether or not it's recovered

pl asma or source plasnma. And a donor namy not be

Anderson Court Reporting -- 703-519-7180 -- ww. andersonreporting. net



| mmune d obulin Hypersensitivity Reactions: Root Causes and Mtigation Page' 246

10

11

12

13

14

15

16

17

18

19

20

21

22

represented nultiple tines in a | ot.

So what | can say is donors that in sone
of the Iots that caused hypersensitivity, these
el evated hypersensitivity signals, he donated or
was represented by about a half of a donati on,
whi ch is equivalent to what a recovered donor
woul d have given. So maybe not.

M5. NORTON: Okay. Thank you. The next
one is, thank you very nuch, Nathan, for this
interesting talk. Please, how long did the
| nvestigation take?

DR. ROTH. So we have two aspects of the
i nvestigation here. So one was the investigation
whi ch was the data driven investigation where we
went fromfour lots to eight lots. And at that
point in tinme that only took about two and a half
weeks to do that, going fromfour lots to eight
| ots and identifying that individual donor as a
root cause.

And then the biochem cal investigation
has been going on for just a little bit nore than

one year. So about one year's worth of
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bi ochem cal investigation to |ink Donor Zed
specifically to the manufacturing, to the plasma
pool entry as well as the final container |ots.

M5. NORTON:. Gkay. Thank you. The next
question is to the FDA. The question of HSR
could this be just due to a better
phar macovi gi | ance reporting post-COVl D?

DR. ALI MCHANDANI : Hi, this is Meghna.
So, you know, | think one thing to keep in mind is
that we've seen these spi kes and hypersensitive
reactions pre-CoOviD as well. As you saw fromthe
data for the Gifols lots, there were eight lots
wi t hdrawn t hat had happened in 2018 and ' 19 that
is all, you know, pre-COVID. So | amnot sure
that, you know, COVID has given due increased
phar macovi gi |l ance and therefore we have seen | ot
wi thdrawals. | don't think that's the case.

M5. NORTON: Okay. Thank you. The next
gquestions | believe are for Gifols. So the first
one is, the other 17 donors confirnmed al so
contri bute or not known to the hypersensitivity?

| guess this is it confirnmed whether they
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contributed to hypersensitivity.

DR. VANDEBERG So all 18 donors were
comon in the hypersensitivity batches, but they
had no other markers for, the other 17 did not
have any markers for hypersensitivity.

DR. SCOIT: This is Dot. | just have a
guestion about the assays. Have you or Gifols
consi dered pre- activating your human basophils
with IL-3 or sonething else to find out whether or
not that increases your sensitivity? That m ght
al so be done if there were mast cell |ines
per haps?

DR. VANDEBERG  Yeah, we have tried sone
things along those lines. The problemw th that
is you also anplify your background, right.

DR. SCOTT. Yeah.

DR. VANDEBERG And nake them nore
difficult to work wwth. And so we have not seen
any ki nd of consistent responses.

DR. SCOIT: Ckay.

MR. MacGLASHAN. This is Don Macd ashan,

| can al so support Peter's comrent. The probl em
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1 IS you're testing with plasnma, sonetines very high
2 concentration of plasma or serum And our

3 experience is that when you use enhanci ng agents

4 you make things really noisy. And in fact if you
S do an |IL-3 overnight wth basophils, every plasna
6 we' ve ever tested, doesn't matter what its

7 intrinsic ability to induce rel ease, they al

8 cause release. So for whatever reason |IL-3 would
9 be of f the table.

10 The one that | have suggested to others
11 I s Deuteriumoxide, which is areally very good

12 way of enhanci ng any kind of response fromthe

13 basophil. Like IL-3, it has, there are issues

14 that conme with that, which is greater

15 responsivity. However, | don't know, |'ve never
16 tested it in the context of plasma. W just know
17 that plasma itself, even in fairly reasonable

18 dilutions, will cause an overnight IL-3 treated

19 basophil to respond, and we don't know the reasons
20 for that. W do know that it's not |G needed. W
21 know i f you put in inhibitors of the I1G or IgE

22 signal i ng pathway that does not bl ock that
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1 response. So whatever it is, it's just sonething
2 el se that's driving the cell response. So that

3 gets to be obviously an issue. So.

4 DR. SCOIT: kay. Thanks. That's

S entirely plausible. W've seen that in other

6 si tuations.

7 M5. NORTON: Okay. The next question

8 is, Dr. Vandeberg, congratul ations also to your

9 team Do your data suggest that Donor 18

10 experi enced sone type of event around 2018 which
11 changed the conposition of their donation? |If so,
12 woul d further investigation of the donor's history
13 be informative to root cause anal ysis and/or

14 advi se donor deferral rules?

15 DR. VANDEBERG  Yeah, | ooking at the

16 time course data it really does | ook |ike that

17 donor had sonme event that then caused the

18 appearance of an autoanti body. And then maybe was
19 re- exposed to sonething or re-boosted over tine.
20 W reached out to try to reach this donor for nore
21 i nformati on but have been unable to get in contact

22 W th him
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1 M5. NORTON: Thank you. The next

2 gquestion is, do IVIG provide passive imunity

3 agai nst COVID-19, especially when the plasma donor
4 recei ves the COVID vaccine? Was there a

S correlation identified with the hypersensitivity

6 reaction?

7 DR. ROTH. So | can answer this question
8 maybe nore generally. You know we've continued to
9 manuf acture the |1 VIG products through the course
10 of the pandemic as well as creating a hyperinmune.
11 So early on in our investigation one of the very
12 first things we asked was well was this COVID

13 related. And we did do a COVID-rel ated

14 i nvestigation. At the tinme | couldn't tal k about
15 it today. But we found absolutely no correlation
16 at all for these lots versus regular |ots versus
17 our COVID hyperimmune lots. So we think it's

18 hi ghly unlikely.

19 DR. VANDEBERG. And I'Ill just comment

20 fromGifols that, you know, our events wth our
21 Donor 18 started, pre- dated COVID, and | believe

22 nost of it also pre-dated the vaccine. So there
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does not seemto be a relationship there.

DR. SCOIT: Yeah.

DR. VANDEBERG As for passive inmunity,
| think, you know, the good thing for our inmmune
deficient patients is you do get anti bodies from
peopl e who are conval esced and have been
vacci nated. That's part of the general popul ation
and that's one of the benefits of our IVIG
products.

M5. NORTON: Thank you. Have cells from
pati ents having an adverse reaction been used in
any assays?

DR. ROTH. So this actually raises a
really good question. So far all of our efforts
have been related to | ooking at Donor Zed and what
was his unique contribution. But we also
recogni ze that it's really only a subset of
patients who are actually reacting to that. So as
we nove forward in our investigation this is one
of the avenues that CSL is quite interested in
exploring and trying to understand that aspect.

What is it about the patients that cause only a
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1 subset of patients to react to these specific

2 | ot s.

3 As such we're | ooking at potenti al

4 clinical trial noving forward, but we're in the

S early phase of this evaluation. |If we do

6 sonething it needs to be neaningful, have sone

7 sort of question result that we would be able to
8 answer on it, like if we have sone hypot hesi s that

9 we're starting to put together. And of course

10 we'll need to work with the FDA to initiate this
11 If that's the next step we proceed to.
12 M5. NORTON:. Thank you. To all the

13 presenters, great work, thank you. Wat did you

14 tell the donors as the reason for deferral ?

15 DR. ROTH: Well again | can tell you

16 fromour experience we didn't actually have to

17 tell the donor anything because early on, once we
18 identified him we had himcone back in a couple

19 of times for donations, which were not slated for
20 use in manufacturing. That was in order to

21 bi ochemcally link himto what we had observed,

22 and he hasn't returned since. So now that we have
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himin our system as permanently deferred, we
haven't had that conversation with himat this
point in tine.

DR. VEI NBERGER: Maybe | can al so add
sonme comment on that. As said in our presentation
we have deferred those donors for manufacture of
nmedi ci ne and products.

DR. NORTON:. Thank you. To Dr. Roth,
the donor contributing to HSR was greater than
sixty years old, at which age did he start to
donat e?

DR. ROTH. At around that sane range -
he only donated within the period of one year, so
he was a rel atively new donor to our system He
entered in, donated those 17 or 18 donations, |
can't remenber what it was, over that short anount
of tinmeframe, and then has since departed. So, 60
years.

M5. NORTON: This is one is, |
apol ogi ze, | joined your call late, so if this was
covered already please ignore. Have the plasma

fractionators traced this issue to certain
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coll ection devices or certain |lots of collection
devi ce di sposal kits? So | guess no.

MR. ZERVOS: So in the case of Gifols,
no, we did |ook that as part of identifying
initially the one donor center that happened that
all these donors were at. But no, there was no
connection to any of the consunables used in
collection of the plasna. So not for us anyway.

DR. VEINBERGER | can only add for the
Cctapharna site we had nore or |less the sane
experience as said right now But several years
ago we investigated all those disposabl es and
could also not find any rel ation.

M5. NORTON:. Thank you. Do you have
i nformati on about allergenic bl ood donations
performed by either of the identified at-risk
donor s?

MR ZERVOS: | can. So for this current
| nvestigation we've been discussing we do not.
However, if you recall | think on Dr. Scott's

i ntroductory slides there was sone, a product

called I'VIGiex which is distributed exclusively in
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1 Canada, and this was probably 2014. 1In that case
2 there was a donor plasnma suspected to be the cause
3 of that issue on a nuch smaller scal e than what

4 we' re tal ki ng about now.

5 But one way that was identified was that
6 this was recovered plasma and so the other blood

7 conponents that canme off of those units by that

8 donor, such as platelets and fresh frozen pl asns,
9 did cause rather significant allergic type events
10 in those recipients. So there was a definite

11 correlation in that investigation.

12 M5. NORTON: Thank you. The next

13 guestion is, should donors be tested for

14 gammopat hy and/ or aut oanti bodi es?

15 DR. VANDEBERG So I'Ill take a start at
16 that. And just to say that all donors get an

17 el ectrophoretic profile of their serumto show

18 that it has normal profile. A gammopathy woul d be
19 identified there. As for autoantibodies, that's a
20 very broad area. Autoantibodies are ubiquitous,

21 everyone has autoanti bodies in themand there

22 m ght be sonme specific autoantibodies identified
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that may be relevant to this, but just ain
general, you know, we all have autoanti bodies so
it's not a general class that could be tested for.

M5. NORTON:. kay. The next question, |
believe it was answered, but again, has Donor Z
was | ost for further investigation?

DR. ROTH. Donor Z has been |ost from
further donations. He has not cone in for
addi ti onal donations. W are exploring, | think
as Gifols nentioned, we are al so | ooking at
potentially putting together a donor questionnaire
and going out and seeing if we can find Donor Z at
this tinme. It may be a difficult or challenge to
do but we would like to see whether we could find
him explain to himthe situation, and then see
whet her he'd be willing to answer questions about
his nedi cal history that could help further our
| nvestigati on.

M5. NORTON: Okay. The next question
i's, are there any high throughput testing options
that may be inplenented by the conpani es that

coul d possibly indicate individual plasnma donor
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sanpl es that nmay pronote hypersensitivity
reactions if patients were to receive an | VIG
bat ch manuf actured using their donation prior to
pooling the plasma donations? Wuld there be any
hi gh t hroughput testing?

DR. ROTH. So | think that's part of the
goal of the workshop ultimately. Currently
there's nothing that we're aware of. | nean if
there was, and then the other big question is, you
know, what is it that we would be testing for? W
still need nore understandi ng of the comonalities
bet ween the Donor 18 and a Donor Zed where we
coul d make sure that whatever tests that we
devel oped woul d be neani ngful or suitable as a GW
assay, and as Dorothy, Dr. Scott has nentioned
earlier, that it would be predictive as well. So
we're not there at this point in tine.

M5. NORTON: Thank you. What steps is
Cctapharma taking to ensure a root cause is
identified? Wat types of investigations are
still in progress?

DR. VEEI NBERGER. W are still trying to
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contact the m ssing donors of the bl ood pool of
133. But this is a voluntary effort to convince
t hose donors to provide plasma fromthem And
then it would go, based on this ranking, into
further testing on basophil cells.

M5. NORTON: Thank you.

DR. ROEM SCH That's the only hint we
have at the nonent. | nean as | sunmari zed, |
mean there is a hint that one donor woul d have
el evated | evels but the dilution would be so high
that the only donor would not really be the reason
for what we have seen. Maybe there are others who
contribute as well, and the sumof all of this
woul d make it nore probable that the reason there
is also this anti-FcRl receptor. But this is
still ongoing, and we don't know, it's just
specul ative at this point.

M5. NORTON:. Thank you. Does Gade 1
I nfusion related reaction, chills, mld fever,

m | d headache, etcetera, require rate reduction
ri ght away or would you wait until synptons

progress to G ade 2 as defined by CTCAE?
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DR. SCOTT: That sounds |like a clinica
guestion obviously, and up to individual
physicians. | nean if it were ne | would slow it
down. But |I'mnot a major treater with
| mmunogl obulins. |'ve done it during ny residency
and fellowship, but I don't have the experience
that sone of the audi ence and sone on the panel
have with infusing i munoglobulins. So | nean we
should really ask Dr. Finkelman and Dr.

Cunni ngham Rundl es, anong others, to see what they
do.

DR. FINKELMAN:  Well since I'ma
rheumat ol ogi st |'mgoing to punt to Dr.

Cunni ngham Rundl es and Dr. Macd ashan.

DR. MacG.ASHAN: | cannot speak to that
since | also do not adm nister IVIG or those
products. | do have soneone in ny group that is
an adult i mmunodeficiency expert and uses it as a
tool for lots of his patients, but he's not here
so | can't ask him

DR, SCOTT: Is Dr. Cunni ngham Rundl es on

the |1 ne?
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DR. CUNNI NGHAM RUNDLES: Here, | just
had to unnute. So to repeat that question, what
do you do clinically when you have a reaction
basi cal | y?

M5. NORTON: Yes. So does Gade 1
infusion rate related reactions require rate
reduction right away or would you wait until
synptons progress to Grade 2?

DR. CUNNI NGHAM RUNDLES: The answer's
very obvi ous, you're going to slow down the nonent
anyt hi ng happens, otherw se you have a very
nervous patient on your hands.

DR. SCOIT: A nervous physician nmaybe
t 0o.

DR. CUNNI NGHAM RUNDLES: Wl |l you've got
bot h ongoi ng and you don't want it to get any
wor se because if you can stop it then why woul d
you wait around.

M5. NORTON: Thank you. Next question
I's, are donors who participate in clinical trials
all owed to donate plasna. Exanple, initial

clinical stages. |If yes, are there any
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restrictions such as type of exposure of specific
class of investigational drug?

DR. VEI NBERGER: Maybe | can only answer
|"mnot aware that this is a reason to defer a
potential donor as long as he or she is healthy
and conplies with all the requirenents.

M5. NORTON:. There are a couple nore
guestions actually about donor screening. Thank
you all three conpanies for sharing your val uable
i nvestigation results. Have you used any of your
| earning fromyour investigation to revise your
donor screening process?

DR. ROTH. So at this tinme we haven't
revi sed anything in our donor screening process
because there's nothing yet we know about Donor
Zed whi ch makes him stand out from our regular
donors. So at this point there's no pragmatic or
practical way to add additional screening
measur es.

MR, ZERVOS: Yeah, it's the sane for
Gifols. Certainly we did, as part of the

i nvestigation, a | ot of additional donor
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1 guestionnaires at that one center and then a

2 cl oser | ook, we don't have anything tangible to

3 add to screeni ng questions or donor screening at
4 this point.

5 DR. SCOIT: |'mnot sure we know enough
6 to know what questions or question to ask.

7 M5. NORTON: Anot her rel ated question

8 I's, do you do drug testing screening for donors

9 bef ore donati ons?

10 DR. SCOTT: Drug tests?

11 M5. NORTON: Yes, drug tests or

12 screening. O | guess drug screening.

13 DR. ROTH. So the questionnaire would
14 specifically ask about drug usage for our donors.
15 DR. SCOTT: | think we're going to have
16 to stop there and that puts us back at tine for
17 our short break. And thank you, these are

18 extrenely informative and fascinating

19 presentations fromall three of you. And it nakes
20 one feel that noving forward you are noving

21 forward at a steady pace. And | think beyond that

22 it shows what can be done when nanufacturers wei gh
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in and investigate problens, it can be very
fruitful. And | knowit's a lot of work, but it
is also |"msure going to be helpful in the |ong
run, and it already is, you know. At |east there
are ways to exclude suspect donors after
collecting a relatively small nunber of |ots for
any given cluster. And so that's useful | think
for everybody to see.

And then of course the investigations
are sonmething we will discuss at our next
di scussion period after the break. Get down to
brass tacks and see what we can think of

pragmatically and brainstorma bit on where to go

next .
So thank you very much, and I'l|l see you
all in half an hour.
(Recess)
DR. SCOIT: | think we just about have a
gqguorum One nonment, |I'magetting a little

feedback. Al right, we're assenbled here with
our speakers and sone extra experts as well. W

have three questions to discuss. There may be
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ot her inportant questions, which |I suggest people
can propose either in the chatroomor if you are a
speaker, pose themwhile you have a chance to
speak. So, this is where we're going to talk
about sone of the main challenges that we have and
where to go in the future.

So, first of all, the first question is,
what are the |ikely biological nechanisns or
mechani smfor |ot-specific clusters of imredi ate
hypersensitivity reactions caused by specific lots
of immune globulin? And I think, you know, we've
heard a lot this afternoon about the very
pl ausi bl e eti ol ogy based on the research data that
we have so far and that's been reported at this
wor kshop so far. So, | would Iike to know
peopl e's opinions of that and where to go next.

So, I''ll call on Fred. Dr. Finkel man.

DR. FI NKELMAN: Thank you, Scott, Dot.
Thank you. Thank you, Dr. Scott. So, these
presentations by the three conpanies were really
very revealing. And | think they all go towards

the idea that there's an 1gG anti body agai nst a
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determ nant that nost likely is involved with
FCRI signaling. So, either on basophils, or mast
cells, or both.

The surprising thing is that it doesn't
seemto be an antibody to FcRI al pha chain, which
Is the chain that's nost exposed and which is the
chain that binds IgE. And the data fromGifols
suggests the possibility that naybe it's the beta
chain of the FcRl that's involved. | understand
that it's going out on a linb to say that. But
it's an interesting possibility at |east in part
because the beta chain is the nost pol ynorphic of
the chains of the high affinity IgE receptor
FCcRI .

So, if it were the beta chain, that
woul d have sone very interesting inplications.
First, because it's polynorphic and as far as we
know, neither Donor 18 nor Donor Z has had
all ergic synptons that would be associated with an
antibody to their own FcRI. Maybe they were
sonmehow al | oi mmuni zed | i ke a bl ood transfusion,

for exanple, and nmade an anti body agai nst this.
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And it only recogni zes the beta chains of the
ri ght pol ynorphic variant sufficiently --

DR. SCOTT: Yeah.

DR. FI NKELMAN: -- to cause a clinical
reaction at the dilution that's present in IVIG
If that was the case, then it would really be
useful, as |I think one of the questioners already
suggested, to be able to test their serum agai nst
basophils fromthe recipients that devel oped the
severe reactions to see if there's a -- if you
dilute the serumnore and still get sonme evidence
of basophil activation or degranul ation in those
cases.

| know al so that there's not necessarily
reason to believe that there's only one nechani sm
I nvol ved.

DR. SCOTT:. Yeah.

DR. FINKELMAN: It could well be that
you coul d have anti bodi es agai nst several
different determ nants that could be involved in
activation of mast cells, or basophils, or

macr ophages. O even through sone other nmechani sm
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that we can't readily think about. But this seens
to be the strongest | ead that we have. And |

can't thank the speakers fromthe three conpanies
enough for the wonderful and difficult

| nvestigations that they've done that point us in
this direction.

DR. SCOIT: Thank you, Fred. | think
that the al pha chain mght also be a potenti al
target. W found a paper from 2005 that suggests
there's an epitope on the al pha chain at | east
that is capable of having this kind of activity.
And Ms. Eller mght be able to find that reference
pretty quickly. And if she does, she can post it.

DR. FI NKELMAN. Well, we've done a |l ong
of work with injecting mce wth antibodi es
agai nst the al pha chain --

DR. SCOIT: NMm hmm

DR. FINKELMAN: -- and it's brilliant at
| nduci ng anaphyl axis. But ny understandi ng was
that both Peter and Nathan had nentioned that the
titers against the al pha chain didn't seemto be

particularly strong or there was sonething el se
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1 t hat ki nd of deenphasi zed the al pha chain as the

2 -
3 mechani sm  --

4 DR. MACGLASHAN. Can | -- this is Don.
S Fred, | actually took that data a little

6 differently. You know, they used a sol ubl e al pha
7 to inhibit and got sone inhibition. But it's not
8 the full alpha. In other words, the piece that

9 goes into the insertion necessarily. | don't know
10 what the construct | ooked like. But there is a,

11 you know, a sol ubl e al pha may not be the best way
12 toinhibit. It mght be better just to pull it

13 out with an al pha colum or sonething.

14 But | think there still is that short

15 section and there was 50 percent inhibition. So,

16 | think it's -- | think it nay be that it's a

17 little of both for the two different donors. It
18 Is really intriguing.

19 And | have to say | agree with Fred,

20 this is -- when | first stepped into this arena a

21 few years ago with Gifols, it was a conplete

22 bl ack box.
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DR. MACGE.ASHAN: And ny i npression today
based on the data is you' ve got a pretty good
war ni ng flag about the possibility of an anti body
of really high titer, high affinity anti FcRI
regardl ess of which subunit it may be. The data
just | ooks pretty strong.

And what also really strikes ne is just
how unusual it is. You know, it's not that
frequent and it goes away with tinme in all cases.
So, that, you know, to have that happen is, having
studied a lot of auto -- the presence of auto
al pha and IgE in CSU [chroni c spontaneous
urticari aj

patients, you know, the titer of this is
much, nuch better than we've ever seen. But there
are sone really good auto al pha subunit antibodies
I n chronic urticaria. Fred has asked a really
good question earlier whether it would be worth
aski ng any gi ven donor whet her they have ever been
di agnosed with chronic urticari a.

One of the things that really pops out

when you study a tineline of a given CSU patient's
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serum for autoantibody functional activity, is
it's up and down and up and down. And it's just
really unclear what stabilizes its presence or
makes it go away. And it can happen in nonths.

So, it's not totally inconsistent with
sonething like this. It would be worth asking.

My guess if they had really significant chronic
spont aneous urticaria, they mght not be popping
in to give a donation. | think Fred raises a
really good question to ask them just for
Screeni ng pur poses.

The other thing that struck ne is
besides the fact that it's still quite remarkable
that with the extent of dilution that you get with
all the plasnmas being pooled that it could still
work is the question that sort of arose during the
Cct agam di scussion, which is that there's variable
I ncl usion of a given donor in a particular |ot of
the IVIG And it just sort of struck ne at the
noment that it was said that it alnost |leads to a
potential way out if these things are relative

uni corns, don't happen very often, is that you
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never include a given donor in a lot nore than one
donation so that you can't get nmuch, much hi gher
titers of whatever it is it got.

| have no clue how practical that
suggestion is. But it's certainly in the data
from CSL, you know, you got nore or less activity
as a function of how nuch of that donor's plasna
represented the total inmunoglobulin. So, it
certainly suggests that as a practical -- maybe
not so practical -- but as a thing that could be
done al nbst w thout doing anything else is just as
a policy kind of thing.

But anyway, |I'mreally struck by the
advancenent. Real kudos to all the teans for
chasing froma black box state just five or six
years ago to sonething that to ne was fairly
striking. So, yeah.

DR. FI NKELMAN. That's great, Don. As
in vivoist, | have to nention that there are mce
wi th human FcRlI al pha chain as Laurent nenti oned.
And so, you can nake mce extrenely susceptible to

anaphylaxis by treating themwth a drug and a
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cyt oki ne.

DR MACGLASHAN: Ri ght.

DR, FINKELMAN: So, it would be really
interesting to see whether a high dilution of the
suspect plasma woul d i nduce anaphylaxis in those
m ce. Laurent, are there any mce that have the
human beta chai n?

DR. REBER: Not that | know. No. What
| woul d suggest also is because all of the in
vitro assays that you use, the basophils and the
Hoxb8 mast cells, they all have a very high |evel
of the inhibitory FcRIIB. And this wll |ower
the sensitivity of your assay a | ot because those
are all 19G?Z? (phonetic). So, | would suggest
that you use FcRI| bl ockers. So, antibodies
agai nst --

DR. REBER: -- try using antibodies
agai nst FcRI|l before you test the serum because
that mght really increase the sensitivity of the
degr anul ati on.

DR. MACG.ASHAN: Yeah, that's a good

| dea. | know it works for sonme of the nobnocl onal s
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that if you -- that because of the nature of that
particular interaction, it is the case that you've
got sort of a captured species on the cell
menbrane and any inhibitory receptor's going to
grab that very readily. And so, certain

nonocl onal s that we use for stinulating in vitro
are in better -- you get a better response by

i ncluding a blocker FCRIIB. So, | think it's a
great idea.

DR. REBER: And in human mast cells in
the skin there is no |1 B expression. So, they
w [l respond much nore --

DR. MACGLASHAN:. Yeah.

DR. REBER:. -- than what we see with
basophils, for exanple.

DR. SCOTT: Mmnhmm Charlotte, did you
have a comment ?

DR. CUNNI NGHAM RUNDLES: Well, | was
here wonderi ng how nmuch we're sure it's got
anything to do with the gamm gl obulin, the 1gG
nol ecul e and Fc receptor, and whether pepsin or

papai n had been used. That would be -- or
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anything like protein Ajust to say is it really
an 1gG nolecule that's the issue. And is it
bi nding to Fc receptors?

| nmean, | put a coment in because we're
tal ki ng about inmedi ate reactions which are the
nost common. But we have patients who have
reactions in two days, extrene m graine, and other
t hi ngs where they have to go to the energency
room And we haven't gotten into del ayed
reacti ons whatsoever. | think we're not
collecting data on those to any extent either
partly because the patient has gone hone. But
they are rather comon as wel |l .

DR. SCOIT: That could probably be the
subj ect of another workshop.

DR. CUNNI NGHAM RUNDLES: | think so. |
think it's much nore elusive though. | nean, this
one at |east --

DR. SCOTT: Right.

DR. CUNNI NGHAM RUNDLES: -- you have a
handle on it.

DR SCOIT: M hrm
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DR. CUNNI NGHAM RUNDLES: Yeah.

DR. SCOIT: Because of the work that's
been done recently.

DR. CUNNI NGHAM RUNDLES: We have really
much nore ability to get the data and to see what
t hese amazing | ots, you know, are capabl e of doing
and narrowing it down into who's contributed. You
know, we do have a lot nore data to look at this
way. And | think it's really pretty stunning,
actually, the work that's been done.

DR. SCOIT: Additional comments from our
panelists on this work?

DR. ROTH. Maybe |I'Il just add in
anot her piece of data that, you know, we weren't
able to present all our data today due to tine.
But we also did try the sane hunman protein mcro
array that Gifols had done. And unlike Gifols,
we did not get the sane hits against the beta
chai n.

DR. SCOIT: Ckay.

DR. ROTH: So, just know that we have

t hat conparat or.
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DR. MACGA.ASHAN: | guess the question is
did you get hits on the al pha?
ROTH. We didn't.
MACGLASHAN:  Ckay.
SCOTT: GCkay. Al right. Okay.

5 3 3 3

MACGLASHAN: But | do have to ask,

>

you know, the preparation of the al pha subunit for
a chip or for a soluble inhibition assay is maybe
quite inportant because not all the constructs
have enough of the external peptides to represent
t he whol e thing, so.

DR. VANDEBERG And I'Ill just comment.
You know, having the hit on the beta chain, you
know, that's sonething |'d like to go in and see
sone confirmation, sonme specificity experinents
that confirmthat. |It's a strong |ead certainly
but at this point, | think it's a | ead.

But just getting back to the al pha
chain, we know that there are |ots of people that
have anti bodies to the al pha chain. And in our

testing, we looked at it in the product and do see

a lowlevel response. So, could it be specific
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parts of the al pha chains, specific epitopes on
the al pha chain and we're just mssing it because
we' re | ooking at the whole thing?

DR. ROTH  Yeah, Pete, it's the sane,

you know, with us. W know that binding to al pha

chain is not the sane as eliciting activation, so.

DR. MACG.ASHAN: Yeah, | nean, it's
worth noting that many years ago, a nunber of
nonocl onal anti bodi es were nade to the I gE al pha
[ chai n]

and, you know, they're not all
activating. And | think Ruben Zargani an
(phonetic) may have done a lot of this where, you
know, it just, it's critical what the
stereochemstry is. It depends on where the
epitope i s and whether you can actually create a
crosslink. And then there's the strength of that
crosslink. And there are just a |l ot of other
vari abl es that go into whether in a nonocl onal
state or a polyclonal state, you can actually
properly crosslink the receptor. Let's put it

t hat way.
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So, it doesn't serve to focus too
heavily on whether or not it binds. The best
assays are kind of the ones that have -- are
starting to be suggested. Fred' s idea or
Laurent's idea of maybe using basophils with a
bl ocker. But when we did our recent chronic
spont aneous urticaria study, we already knew t hat
there was what Peter was saying. There are people
t hat have apparent ability to bind to alpha or E
for that matter and yet they don't seem
functional.

Adm ttedly, we have sensitivity issues
as well when we do those assays. But it is the
case that we decided we would | ook for only those
that clearly could be easily denonstrated to have
functionality. And, you know, they're quite
het er ogeneous so, the functionality goes anywhere
fromyou need practically need serumto i nduce a
response, to | think probably the best we ever saw
was sonething |i ke one to nmaybe 250 or sonet hi ng,
our best chronic urticaria patient.

So, a lot of heterogeneity there so, it
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woul dn't surprise ne that there is a certain
anmount of heterogeneity. Then you do have the
donor side response as well. And that's a whole
other story as to the heterogeneity that exists.
So, even if it was as sinple as an anti-al pha
anti body, the heterogeneity in both nmast cells and
basophils to the nunber of crosslinks needed to
initiate a decent response is quite large as well.
And so, you may not even have to invoke too many
ot her recipient biologies to still considerable
het erogeneity in response to a pretty high titer
of a very high affinity anti body in sone
particul ar | ot.

Certainly, all the other factors that go
I nto whether a person responds and whi ch organs
respond is a whole huge issue. So, but you don't
have to go too far to at least find a fair anount
of heterogeneity at the cells, the two cells
t hensel ves that bear this receptor. So, anyway,
yeah, it's a -- there's a |ot of possibility here
still w thout digging too deeply, so.

DR. SCOIT: That nmay |ead into our next
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question, as a matter of fact. What are possible
in vitro nmethods that could be used or should be
tried that would identify plasnma units or product
| ot s that coul d cause excessive nunbers of

| mredi ate hypersensitivity reactions? So, now
we're tal king about in vitro nethods and what
woul d you wish to do, and |I hope it doesn't
happen, but | think it's going to happen again
because we have these al nbst every year from one
product or another. Wat would you start out with
next tinme and what do you wi sh you had known this
time? But first, let's just talk about in vitro
met hods that could be used or should be tried to
identify plasma units or product lots with this
probl em or plasma pools.

So, | think, obviously, we've tal ked
about mast cells. W don't have any data right
now on mast cell lines and whether those can be
mani pul ated to be particularly sensitive or nore
sensitive than they are. But perhaps devel opnent
or testing of the various nmast cell |ines that

exi st mght be useful to have a nore, well, easier
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1 test that still is sensitive.
2 DR. MACGLASHAN. Well, this is Don. |
3 woul d weigh in on two. | think there is sone room

4 to workout the basophil sensitivity issue. Just
S gr abbi ng donors at randomis not necessarily the
6 best. Wether you coul d devel op the basophi

7 assay into standardi zed -- an assay that was

8 sufficiently standardi zed that woul d satisfy the
9 regul atory agencies for, you know, a consi stent
10 test, that still would have to be worked out.

11 But even just to know whether or not on
12 a research | evel you could crank up the

13 sensitivity of that. Because we know there are
14 ways. The plasnma story nakes things a little nore
15 conplex. But | like the notion of, you know,

16 bl ocking the FcRIl and | like -- we are in the

17 process of exploring howradically we can change
18 sensitivity with deuterium oxide, which is a

19 pot enti al approach.

20 And then | like Fred's idea. | nean,

21 Fred, you've been able to kill mce really

22 effectively. You put the right drugs in with a
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1 small, wth a very small anount of stinulus. So,
2 it may be a pretty sensitive way for lots, which
3 is a purified product and probably relatively

4 easily admnistered for a reaction. So, | |ike

S that idea too.

6 So, | think you could tweak that into

7 sonething to know its boundaries and how wel |l it

8 could work. And | think you could tweak the

9 basophi| assay perhaps into at |east know ng

10 whether it ultimately would be useful at all. So,
11 that's ny thoughts on it, so.

12 DR. FI NKELMAN:  Yeah, |'mthinking al ong
13 the sane directions as Don. It mght be nice to
14 have a screening test that's sinpler than that

15 than either of those to start out with and then go
16 further with the nore definitive tests that are

17 the nore definitive functional tests.

18 When you think of a screening test,

19 you're thinking -- | think of an ELI SA. And j ust
20 seei ng does the lot or does a particular plasm

21 sanpl e have a high titer of antibody to a

22 particular chain of FcRI or FcRIl, or any of the

Anderson Court Reporting -- 703-519-7180 -- ww. andersonreporting. net



| mmune d obulin Hypersensitivity Reactions: Root Causes and Mtigation Page'

284

10

11

12

13

14

15

16

17

18

19

20

21

22

ot her suspect receptors. | don't know and |I'd be
i nterested in hearing from Peter and Nat han what
t hey think about how sensitive you should want to
make that assay. Wuld you ook with a | ow
dilution or a high dilution of plasma or a | ot?
DR. ROTH: So, let's tal k about the
different stages, areas where one could test,
right. So, there's the ability to test on a
pl asma donation | evel or small pools of plasma
donations. This is what we do right now for viral
mar ker testing, you know, pools of about 100. You
can test at the plasma pool level, which is about
a dilution of 1:5,000 to 1:10,000. O you can
test at the final product, which can go from
1: 10,000 up to, you know, 1:50,000 or even nore.
As you nove out towards final product,
you have -- your assay has to be nuch nore
sensitive, right? And we saw here that CSL has
been the only manufacturer that's been able to
bi ochemcally link the final product to the
hypersensitivity index. The dilution's just so

high, right, on this. | think the sanme is true at

Anderson Court Reporting -- 703-519-7180 -- ww. andersonreporting. net



| mmune d obulin Hypersensitivity Reactions: Root Causes and Mtigation Page' 285

[

10

11

12

13

14

15

16

17

18

19

20

21

22

the plasma pool level. Even at a 1:5, 000,

1: 10,000 dilution, | think and I'd |ike the other
manufacturers to confirmthat, | think we're the

only ones that with our donor we're able to get a
signal on the plasnma pool that was positive.

So, that really puts you back and even
If you're testing at those levels, you're losing a
| ot of other perfectly good donations in that
pool, which you wouldn't want to put at ri sk,
right? What we want to try to do is identify that
specific donor's donations. So, the big
preference would be to test at the donation |evel
and one could do that, you know, either individual
donations or up to, you know, pools of 100 or
sonething like this so that you had sone | evel of
sensitivity.

But there we're looking at mllions of
donations so, that test has to be highly specific,
hi ghly sensitive, and open to automation. So,
it's quite a challenge, | nean, we know what the
user requirenents would be for that test. And,

you know, you can see now we're going fromprimry
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cell lines essentially to what could we devel op or
what i1s out there or who is innovating in this
space that we could get sonething that we woul d be
able to then nmake into a test that would be -- fit
all the requirenments for GW testing. And that
woul d be suitable to identify these donors.

And then the last thing is, you know, is
our donor Z, does he have sonet hing commbn you
could test for versus Donor 18? And we're not
quite there yet even in that understandi ng. Wat
exactly is the nolecular entity you would be
actually screening for or just |ooking for a
hypersensitivity or a test that indicates that you
can get an activation out of it, so.

And | ask Pete and Juergen if you guys
can just kick in for a nonent on the pools and the
final product.

DR. VANDEBERG | think what you said on
the, you know, the dilutions is pretty accurate.
Just to, you know, talk a little bit nore about
that. You know, any such test has to be very

reliable whether you're testing pools, or product,
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or back to donations, or pools of individual

donors. It's got to be very reliable. You' ve got

to understand for sure that it is testing what we

think it's testing.

And we're not there yet. | think we've

got sone good ideas. (oing back to the donor

| evel or | think even pool level, if we can

identify a specific epitope on FcRI al pha or beta

to look at, then perhaps we can cone up with an

ELI SA t hat works.

But, oh, it's going to be so

hard to know that that is really addressing our

probl em

DR. RCEM

SCH: Yeah, | can comrent as

well. | nean, of course, a screening assay has to

be on a kind of an

PCR assay. It has

ELI SA or it has to be done on a

to be a high throughput assay.

And until you are there to have hi gh throughput

assays, you have to go through functional assays

and in vitro -- and cell cultures or ani ma

nodel s, and so on,

so that you are not at the end

of the I earning curve.

And as |

showed, | nean, for our
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results, is that there is a hint that this could
be the sane reason as presented by Nat han and
Pete. But it is not as clear at all whether this
is really the one. And | would like to say that

here chasi ng one wol f outside, maybe there are 20.

And so --

DR. SCOTT:. Yeah.

DR. ROEM SCH. -- yeah, that's -- we
don't know. | nean, maybe as | said, maybe it's a

conbi nation of two. O there is a cofactor needed
to that.

So, | think before we start setting up
screening assays -- this is ny opinion -- on one
di stinct epitope, there has to be nore information
about that. And it is also about, |ike Nathan
said, it is not about just R&D assays. | nean,

t hese assays have to be validated and they have to
be set up properly. And the failure rate has to
be extrenmely low. So, there's quite a way to go
until we have such an assay avail able for that.
But, of course, the results are encouragi ng and

nore investigations are really needed for that.
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1 DR. REBER: |If | can add on the assay.
2 To ne, it's clear that the basophil cell |ines

3 woul d

4 know woul d be a way to go because there

S w |l always be too nuch variability between

6 donors. The way to go is the cell line for sure.
7 And maybe al so the readouts that you are
8 usi ng because you are | ooking at degranul ati on,

9 but if |I renmenber the first -- the paper that |

10 added in ny presentation, the first one that shows
11 actually that anti-IgE purified froman IVIG

12 preparation could induce activation, they actually
13 focused on cytokine release. | think it was IL-8
14 rel ease, which is nuch nore sensitive because

15 sonetines you don't trigger degranul ation but you
16 still trigger nediator release. So, nmaybe that's
17 al so a way nmaybe to | ook for increased

18 sensitivity. And maybe not chase for

19 degranul ati on but chase for sonething that is

20 really is a nore sensitive activation of the

21 recept or.

22 And if it's cytokine rel ease, then we
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w Il see per the analyzer you can really screen
then. The pure cell line analyzer to screen, it
becones easier to standardi ze.

DR. SCOTT: Any other particular
coments on this question? It's very good, very
t houghtful. Then we have our third question. How
can we mnimze the nunber of patients affected by
| mmedi ate hypersensitivity-inducing product |ots?
So, if it happens again, is there a way that we
coul d have a shorter period of not know ng who or
what set of donors mght be inplicated? |Is there
a speedier way to protect our patients than what's
al ready been done?

But | think the broader question is how
to mnimze the affected nunber of patients. And
sone of that has to do wth pharmacovigil ance
reporting. And | think, you know,
phar macovi gi |l ance can't be very strong -- as
strong as we would |like with our adverse event
reporting systemwhen we're |ooking for this type
of event. |Is Dr. Alincthandani still here?

DR ALI MCHANDANI :  Hi, Dot. Yeah, |
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1 have to drop off soon though but |I'mhere for five

2 nore m nut es.

3 DR. SCOIT: kay. Five nore mnutes --
4 DR. ALI MCHANDANI :  Thanks.

5 DR. SCOIT: -- is good.

6 DR ALI MCHANDANI :  Sorry.

7 DR. SCOIT: \What ways can you think of

8 to inprove our reaction tinme to these |lot-specific
9 hypersensitivity case clusters?

10 DR. ALI MCHANDANI :  Yeah, so, | think one
11 of the things as you know t hat we've been worKki ng
12 with the sponsors is to conme up with sone kind of
13 threshold that would lead themat |least to start
14 an investigation and also to notify FDA. And the
15 reason for this is because hypersensitivity is

16 | abel ed and a majority of these are nonseri ous

17 events. The conpanies don't have to submt them
18 to us as 15-day reports. Wien we do the enhanced
19 phar macovi gi | ance, we usually request it for a

20 peri od of

21 time. We don't keep doing it for the

22 lifetime, you know, of the product.
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So, the only way | think that we can
avoid that lag tinme is if there is an internal,
you know, even when they are doing their internal
eval uati ons, you know, there are many factors that
go into a voluntary lot wthdrawal for sure. Even
If it's not at that step, if they could notify the
FDA or and they would have to recalibrate the
threshol d as nore data becones avail abl e because,
you know, the nunber of reports, the postnarking
experience is always changi ng and evolving. And |
don't know if the sponsors have any comments or
any thoughts about that.

DR. TOTH. Yeah, we from Cctapharma, we
al ready use, as you m ght have known, such a
formula to inform FDA on the alternatives
regardi ng such lots. And as you nentioned, we try
to al ways go back and rethink the formula, refine
it alittle bit, and so far as you could see, we
i nformed FDA with quite | ow nunbers. So, at an
early stage so we were quite transparent and we
woul d li ke to keep this way.

DR. ALI MCHANDANI :  Yes, thank you.
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DR. TOTH. Thank you, sure.

DR ALI MCHANDANI :  Yes.

DR. SCOTT: Another thing we've noticed
Is that even after a product withdrawal, and in
spite of the fact that usually the distributors
are tasked wth notifying the end users, the way
the systemis set up either this doesn't happen or
it happens, but the end users mss it or don't pay
attention. And we see patients treated, you know,
|"ve seen themtreated with a ot that's been
Wit hdrawn up to several weeks after the
withdrawal. | see that as a problem

And | don't think that we expect to
sol ve that kind of problemhere. But | do wonder
i f Dr. Cunni ngham Rundl es al so has sone i deas
about it, in general, how we could inprove our
reaction tine.

DR. CUNNI NGHAM RUNDLES: Ch, gosh, |
wish we could. | think that it's not entirely
easy about the recording or the reporting, which
i s what you've already said. And so, if there is

one in Boston, how is anyone in New York going to
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know about it? And | find that very daunting to
even wonder how that coul d happen.

So, first thing is the reporting seens
to ne. |If everyone had an easy to find website to
say this particular |ot was one that was a
problem but it does not exist.

DR. ALI MCHANDANI : | was going to try to
build on that. So, we on the conmuni cation
aspect, Dr. Cunningham so, you know, we've seen
that it kind of varies from sponsor to sponsor how
they share their information about | ot
withdrawals. | know for Gifols, they had all of
the lot wthdrawal letters actually very easily
avai |l abl e for Ganunex on their website. But we
couldn't always, you know, find those letters sort
of publicly posted on the sponsor's website.

So, last year, we did a CBER safety
conmuni cati on, which had a whole listing of, you
know, all the |l ot nunbers, the expiration dates.
And | think that was, you know, one way to
consol idate the informati on and, you know, nake it

avai |l abl e publicly. But | would encourage, you
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know, sponsors, as well to, you know, post the
| etters publicly or sort of have nore
conmmuni cati on.

DR. CUNNI NGHAM RUNDLES: | think that's
too late, honestly. Because by the tine a letter
goes out, those lots have already been used.

DR. ALI MCHANDANI :  Well, | think, you
know, what we've seen is sonetines there are
still, you know, many vials that are not expired
and that are in circulation and the conpany is not
able to, you know, get back all of those vials.
So, this was, you know, our hope was that this was
a way to encourage awareness that this is a
withdrawn | ot to not use it, you know, send it
back or, you know, dispose of it, what have you.

DR. CUNNI NGHAM RUNDLES: | think wth
| nfusi on centers such as ours though whenever
anything |like that would happen, the lot is
al ready gone. And it's, you know, we get -- any
letter |'ve ever seen was al ways usually sonething
a nonth later. So, that's very good but a nonth

| ater is too | ong.
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DR. ALI MCHANDANI :  Yeah, | think that
goes back to having an earlier threshold and sort
of picking it up even when there are few cases but
you think there is an issue to take action as
expedi tiously as possible | think.

DR. CUNNI NGHAM RUNDLES: Yeah, | nean,
|'ve | ooked at | ots before when patients have told
nme that they had a reaction so |I've | ooked them
up. And it's, first of all, it's not easy to
find. And | don't necessarily guarantee that our
pl ace has every tine done it because the patient
begins to itch when they go hone. Are they going
to call back the center and tell the center | had
a problemthis tinme? Not necessarily.

You know, if it was bad as it was for
the case of, you know, Kara that we talked to this
norni ng, you know the center didn't think --

DR. ALI MCHANDANI :  Yeah.

DR. CUNNI NGHAM RUNDLES: -- that it was
their job.

DR. ALI MCHANDANI : They didn't report,

yeah. Mn hmm
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1 DR. CUNNI NGHAM RUNDLES: No, they said

2 it wasn't their job.

3 DR. ALI MCHANDANI :  Mmt hrmm

4 DR. CUNNI NGHAM RUNDLES: She's bei ng

S taken care of by Mass Ceneral. | have to tell you
6 t hat .

7 DR, ALI MCHANDANI :  Wbw.

8 DR. CUNNI NGHAM RUNDLES: She's at a Mass

9 General Infusion Center, you know, in another

10 site, not at Mass Ceneral, but one they oversee.

11 DR. ALI MCHANDANI :  Yeah, | don't have a

12 solution for underreporting that we see and

13 passive surveillance. You know, the MedWatch

14 nunbers are in the package inserts. It's on the

15 FDA' s website. And when we do post, | nean,

16 that's sort of after the fact, but when we do post

17 | nformati on about the ot withdrawal s, we al so

agai n

18 I nclude information there about reporting to the

19 FDA or the sponsor.

20 DR. SCOIT: Yes, just interestingly

21 woul d say the majority of our reports are from

22 pharmaci sts. Wuld you agree or?
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1 DR. ALI MCHANDANI :  Yeah, yeah.

2 DR. SCOIT: Wiich is good. They seemto
3 have a better handle on what to do and nmaybe it's
4 part of their education in pharmacy school they do
5 report at least | would say the majority of the

6 dat a.

7 DR. ALI MCHANDANI : The majority, you are

8 absol utely right.

9 DR. SCOIT: Yeah, mmhmm nmm hmm
10 DR. ALI MCHANDANI :  Yeabh.
11 DR. SCOTT: Okay. Now, | want to ask

12 t he group, do you have any other questions you

13 think we should discuss today? O big questions?
14 DR. FI NKELMAN. | have a question |I'd
15 |ike to ask Dr. Cunni ngham Rundles. It was

16 mentioned that pretreatnent, prophylactic

17 pretreatnment with anti-Hl bl ocker and H2 bl ocker,
18 perhaps with Solu-Medrol has a protective effect
19 and decreases incidents of severe reactions. Do
20 you use this type of pretreatnment? Do you think
21 it's justified or is the treatnent worse than the

22 di sease?
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DR. CUNNI NGHAM RUNDLES: Wl l, you can
certainly use it. |If the patient really needs the
gamma gl obulin, you' re going to end up doing that
anyway. And you mght do it for the first
I nfusions. But our practice here is to give the
first two or so infusions with half the dose that
we intend to use in the I ong haul because that
cuts down reactions hugely. So, that's the first
thing is you never give the patient a | oading
dose, not ever, not under any circunstances in a
hypoganmagl obul i nem ¢ pati ent.

And then over tinme, they becone
accustoned to it. As Kara was sayi ng, nany, nmany
days go by and many, many infusions go by. Four
or five years go by, no reactions at all. And
then all of a sudden you get one of these things.
She's probably never going to go off the prened
because she'll be too nervous to do it and so w ||
the infusion center. But the great majority of
our patients, and we have about 150 who cone here
for infusions, and another 100 or so at hone, you

know, do not get preneds. And it's not necessary
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for nost patients.

The ot her point, which we never went
into at all is we're tal king about this being
sonething that's due to the infused product. But
we published in JC |ast year that in fact what
you have is DNA in the blood of the patients from
bacterial organisns fromthe G tract. And IVIG
does bind to that material. So, our original work
along, long tine ago | admt, was | ooking at
| mmune conpl exes in blood of patients that are
getting gamma gl obulin. And nost patients do
devel op i mune conpl exes in their blood after
getting gamma gl obulin. And one of the contents
is in fact this bacterial DNA.

And so, in a way you have a situation of
al nost antigenema. It's not a positive bl ood
culture you understand. |It's the ribosonmal DNA
that's comng fromthe @ tract through nucosal,
you know, barrier defect. Most of our patients
don't have any IgA so, that's part of their kind
of leaky gut | would say. And it's a real thing

and since IVIG binds to that, you' d expect a
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1 certain anount of inmune conpl exes to al ways

2 appear. So, it doesn't have to be against an FC
3 receptor of a particular point, it would just |and
4 t here anyway because it is an inmune conpl ex,

S basically. And that's howit's going to ever be
6 elimnated. And we didn't get into that

7 particul ar side of things here.

8 DR. SCOIT: It's interesting. | would
9 assune that to be | ess the case in people who were
10 | mmunoconpetent but receiving i mune gl obulin for
11 aut oi mmune di seases.

12 DR. CUNNI NGHAM RUNDLES: Well, it's a

13 little harder to conpare there though because for
14 t he aut oi mune di seases, the doses tend to be

15 quite a bit higher.

16 DR. SCOTT: Yes. Yes.

17 DR. CUNNI NGHAM RUNDLES: So, that's just
18 alittle bit different.

19 DR SCOTT: It is.

20 DR. CUNNI NGHAM RUNDLES: Yeah. Anyway,
21 to answer what Fred was saying, we normally don't

22 use preneds on patients who have been treated over
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a long period of tine. It's generally not
necessary. And in fact, | discourage it because
you have a patient who, you know, is perhaps a
little bit sedated and goi ng hone, starting their
car on, you know, getting, you know, honme on the
hi ghway and being sedated is just not a good idea.
In fact, there have been | awsuits about that. And
so, you know, you don't really want to sedate.

And in fact, the patient that talked
about it this norning, she's pretty inmmune
deficient. Do I love the idea of her getting
Sol u- Medrol once a nonth? Not particularly.

DR. FI NKELMAN. Have there been any
studies that ook at the differential protective
effect of the HL or H2 bl ockers versus
Sol u- Medr ol ?

DR. CUNNI NGHAM RUNDLES: That has never
been | ooked at in any nethodical way is ny bet. |
mean, here at nost infusion centers, | think they
pul | out both and just call it a day, you know.
Just here's your cocktail.

DR. FI NKELMAN:.  You know, |'m bi ased by
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our nouse studies, but --

DR CUNNI NGHAM RUNDLES:  Yeah.

DR. FI NKELMAN: -- the anti-Hl bl ocker
has a huge protective effect.

DR. CUNNI NGHAM RUNDLES:  Yeah.

DR. FI NKELMAN: Wher eas, even high doses
of steroids have very little effect.

DR. CUNNI NGHAM RUNDLES: Yeah, | think
it's --

DR. FI NKELMAN: And H2 bl ocki ng al so
doesn't do very nuch.

DR. CUNNI NGHAM RUNDLES:  You know, sone
ki nd of real study on that would actually be
really interesting because you know as, you know,
when you kind of just use your cocktail, you don't
really know what was the good part of it, you
know? You don't get your data that way.

DR. SCOIT: There are sone questions
fromthe audi ence here. | think we can address
them Margaret or Nancy are you still here?

M5. NORTON: Yes, I'mstill here.

DR. SCOIT: kay. | think --
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M5. NORTON: Let's see, | want to see
where it starts.

DR, SCOIT: -- Dr. Rossi has a question.
| think there are just two or three and I'mtrying
to get Dr. Golding to be unnuted.

M5. NORTON. Ckay. I'll start wth Dr.
Rossi. It seens that it would be very difficult
to further investigate Patient C and Patient 18 as
they are not in contact anynore. Gkay, That's a
coment. Sorry, follows previous question. Do
you think Nathan, or Dr. Zervos, that if another
cluster of hypersensitivity events occur, you
woul d be able to retain the suspicious donor for
deeper investigation to searching for a narket
that could be identified in donors?

DR. ROTH: Well, that's a great
question. Look, we have |earned a ton through
this through our investigations. And | think
absolutely, the next tinme if this ever
unfortunately occurred to CSL, | think we have
| earned that and we would we definitely have a set

of questions already in mnd to be able to ask
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such a question about their donor history, or
their nedical history, and so on. And |'m hoping
t hat ot her manufacturers, you know, wll |earn
fromthis and al so be better prepared in the
future if this were to happen.

| just want to also reiterate though
that we are still fornulating an approach that we
hope to be able to reach out and see whet her we
can find patient 18 or Donor Zed again and see
whet her we can find out nore information. | think
It would be very useful to see if we can contact
hi m and see whether he'd be willing to share
medi cal history that could hel p advance our
under st andi ng.

MR. ZERVOS: Yeah, this is Oark. Yeah,
on our end with these 18 donors, we were
fortunately able, we had units collected that were
al ready on quarantine. So, we were able to access
plasma for testing. There's also retention
sanpl es of previous donations that are kept.

W did early on, even with |arger sets

of donors, |ooking at we began, you know,
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i nterviewing them Sone nedi cal professionals
fromour Biomat plasna collections were

i ntervi ewi ng donors, you know, asking additional
guesti ons about any nedi cations they were taking,
any allergic-type history that they had. So,
yeah, as our investigation progressed, it becane,
you know, sonething we |earned was the ability --
needing the ability to be able to engage the
donors, have sanpl es avail able, and information.
Thanks.

M5. NORTON: Thank you. This is not a
guestion or suggestion for Dr. Scott's | ast
gquestion. The FDA shoul d sponsor/provide a
session on AEs reporting and withdrawal s at the
| GNS[ si c] and NHI Al sic] neetings. Also,
wi t hdr awal s

noti ces should be posted in IG
Li ving[sic] and the | DF Facebook page. And their
| ast question is what about the Patient
Notification Systen? |'mnot sure what that's
pertaining to.

DR. SCOTT: Well, actually, we do ask
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firmse to notify the Patient Notification System
And since | signed up for patient notifications, |
can tell you that | have a lot of those
notifications fromthe various w thdrawal s over

t he past several years. So, it works for ne. |I'm
not sure how well it works for patients. But |
think to get down to that level is a very good

i dea and it ought to be useful even if not all of
the patients, if you will, notice it.

The problem m ght be that not so nany of
them necessarily sign up. But | think Jorey Berry
was on the phone a short tine ago, or on the
panel. She m ght be able to comment about the
Patient Notification System | guess she had to
| eave.

M5. BERRY: | amhere. | was just
unmuting for a nonent. | apologize. W would be
open to | ooking at sharing sonething on the |DF
website. | nean, we have our database of patients
but that's not going to be everyone. And where,
you know, there are things that we can do on our

website as well. But that's only for the people
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1 that go to -- that would be aware of that. So,
2 that 1s sonething that we would be open to

3 exploring but it is also sonething that has its
4 own limtations.

5 DR. GOLDING | was unnuted. Can | go
6 ahead, Dot ?

7 DR. SCOIT: Yes, you can. This goes

8 back to earlier questions about the al pha and beta

9 chain of FcRI. So, go ahead.
10 DR. GOLDING  Thank you. So, well,
11 first of all, | just wanted to say that, you know,

12 this was an anazi ng wor kshop and Dot and her team
13 shoul d be congratulated. But | also want to thank
14 t he speakers of the norning session and the

15 af t ernoon session were all done at a very high

16 level. So, | think it was a wonderful workshop.

17 But | was intrigued by Dr. Finkel man

18 t al ki ng about pol ynorphi snms of the al pha and beta
19 chains. So, | have sone rel ated questions that

20 maybe he or sonebody el se could answer. And that

21 is -- well, first of all in CSU [chronic

22 spont aneous
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urticaria), is there a correlation
bet ween t he pol ynorphisns in either the al pha or
the beta chains that are associated with that
condition? And related to that, would it be
hel pful to get a cell line fromone of those
patients and would that, you know, to try and use
as a cell line to screen these products?

And the other part of this is the
donors. So, | understand that it's very difficult
-- sorry, not the donors, the recipients -- |
under it's very difficult to get a hold of the
reci pients. W've had nultiple clusters and |
didn't -- maybe | mssed it -- but | didn't hear
any information about the recipients and any
characteristics that nmake them nore suscepti bl e.
It's only a snall percentage of the recipients
that receive a particular batch that have these
reactions and could it be because they have uni que
pol ynor phi sm that nmakes them nore suscepti bl e.

So, I'll stop there. Dr. Finkelman, can you help
w th answers?

DR. FI NKELMAN: Wl |, those are all the
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questions | would I ove to see investigated. And
as you pointed out, it's not so easy if it's
difficult to bring back sonebody and to -- | guess
you have to have sonething set up for research in
advance so that you can get a bl ood sanple and
preserve bl ood and certainly making a cell line
woul d be very useful if there's sonebody who has
the resources to do it and preserve it.

DR. GOLDING But is there a correlation
bet ween the pol ynorphisns in CSU? Has anybody
studi ed that?

DR. FI NKELMAN: | haven't seen that.
"' m not an expert at this and beyond doing a
coupl e of quick Google searches. And for people
with CSU, of course, it's an autoanti body not an
al | oanti body. And when you're tal king about
pol ynor phi sns, you' re perhaps thinking about
sonebody w thout disease that has an antibody to
an allotypic variant that they don't have but that
m ght react with a recipient who then devel ops a
reacti on.

DR. GOLDING  So, do you know the m ce
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t hat were humani zed m ce that people nentioned, do
you know what ki nd of Fce receptors they have in
terns of being nore --

DR. FI NKELMAN:  Yeah.

DR. GOLDING -- sensitive?
DR. FI NKELMAN: I n general -- and
Laurent can correct ne if I'mwong -- they just

made with the human al pha chain, the one that ny
| ab has used is really a knockout for the nouse
FcRI al pha chain. And then has a transgene for
the human FcRI al pha chain. That then pairs wth
t he nouse beta and ganma chai ns.

DR. GOLDING  Mm hmm

DR. REBER: Absol utely, we have the sane
one and there are al so sone knock-ins that is just
the al pha chain that is knocked in. And this |
wanted to point out because | think it's for
Patient Z that he used the HoxB8 cell |ine and
this is derived fromthe human Fce(al pha)

transgenic nurine mast cell. So, it has
to be the alpha chain. |It's really a true

excepti on because they don't have a humani zed beta
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chai n.

DR. GOLDING Mmhmm COkay. Well,

t hank you again for a really educational workshop
and a lot of great work. Thank you very nuch.

DR. SCOIT: | think we have a few nore
questions and then I wll gather nyself together
and try to give a brief summary. But | do believe
to have a really good summary, | would go over all
of this again. |It's been a rich and deep
scientific workshop I think. And very useful to
us and | hope to everybody. So, we can go on with
t hese few questions and comments.

M5. ELLER. Okay. Then the next
guestion is in regards to better conmunication of
product wi thdrawal s and hypersensitivity reaction
reporting, could a database or app possibly be
devel oped to bring together patients, hospitals,

i nfusi ons centers, distributors, manufacturers,
and regul atory agenci es that would have a hi gher
visibility or quicker node of comrunicati on,

i ncl udi ng patients reporting hypersensitivity

reacti ons?
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DR. SCOIT: | think Dr. Alinthandani nay
have left. That is a tall order but in terns of
needi ng to noderni ze and i nprove conmuni cations, |
think the tools exist and this sort of seens |ike
an ideal world, but it could be done. |'msure
there are plenty of potential conplications |ike
possi bly H PAA, and certainly getting a | ot of
di fferent organi zations to work together. But it
woul d definitely make things better potentially
for patients and maybe speed our reaction tine and
the reaction tinme for the firns as well.

M5. ELLER: Okay. Thank you. The next
question is for the retention sanples nentioned
earlier, how long are these sanples kept? And I
think this was for Gifols.

MR ZERVOS: This is Clark. W're going
to nute here. 1'll take that. So, you know, |
don't think any of our colleagues from Bi omat can
manage our plasnma operations on the phone. But |
know we were able to go back several years to get
the retention sanples from sone of these common

donors we were |ooking at. So, | -- all right.

Anderson Court Reporting -- 703-519-7180 -- ww. andersonreporting. net



| mmune d obulin Hypersensitivity Reactions: Root Causes and Mtigation Page'

314

10

11

12

13

14

15

16

17

18

19

20

21

22

And |'mgetting sonething internally froma
col |l eague in Los Angeles. So, we keep them
essentially forever. So, thank you for that.

M5. ELLER. All right, thank you. |
think the | ast question was answered but the
person wasn't -- didn't get the response. This
was about does grade 1 infusion rate related
reaction require rate reduction right away? O
woul d you wait until synptons progress? And I
bel i eve Dr. Cunni ngham Rundl es says that they
woul d reduce the rate right away and they woul dn't
wait. Do you want to expand on that or anything
el se?

DR. CUNNI NGHAM RUNDLES: Not really. |
nmean, the other thing is you mght hydrate. You
m ght give an extra bit of fluid because, you
know, being dehydrated is probably a little bit of
a negative here.

M5. ELLER. Ckay, thank you. There is
let's see, is there any information regarding the
recipient's exhibited reaction? Did AE happen

after first infusion or are they prinmed with Z or
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Patient 18 plasma first and responded to second or
subsequent i nfusion?

DR. ROTH. So, for those patients
recei ving product that contai ned Z-plasma and if
they're -- which we refer to as Z-1G they
responded on the first infusion.

M5. ELLER: Sonebody did ask, | assune
t hat al bunen and ot her products were al so nade
fromthe plasnma donors who nay have caused the
hypersensitivity reaction. But have any effects
on products other than |G products been
| denti fied?

DR. ROTH. This is a really good
gquestion. Sorry, d ark.

MR. ZERVOS: (Go ahead.

DR. ROTH: Thank you. So, it's areally
good question. Yes, you know, there were other
products nmade, particularly al bumn was nade off
of the sane pools where Donor Z had contri buted
to. And none of the albumn lots that were
associated with this donor exhibited any sorts of

el evated safety signals, hypersensitivity events,
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[

or ot herw se.

2 MR. ZERVCS: Yeah, thanks, Nathan.

3 Yeah, it was the sane for Gifols. W did |ook at
4 that early on any product sharing the sane plasma
S pool. But there was no signal on any of the other
6 products including al bum n.

7 M5. ELLER: This is sort of related.

8 Has the | earning and research output fromthese

9 studi es been shared with blood collection

10 organi zations? And related to this, has this type
11 of observation been detected in whole blood

12 t ransf usi ons?

13 MR ZERVCS: So, | can answer. All

14 right. So, | can take part of the question. From
15 a previous investigation in Canada, probably 10

16 years ago, we did see this in --

17 DR. SCOTT:. Yeah.

18 MR. ZERVOS: -- transfused conponents.
19 And that actually led us to narrowi ng down a

20 donor. His recovered plasm was used for

21 fractionation. And I'msorry, could you repeat

22 the first part of the question?
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Ch, | think it was sharing information
with blood collection conpanies. W haven't had
any direct communication with Red Cross, for
exanpl e, or other blood collection organi zati ons.

DR. SCOIT: | think we have to stop here
since | only have five mnutes to nake sone kind
of summary on the spot here. So, to summarize, |
agree wth everyone who has said it's a splendid
wor kshop and that's because of our speakers, and
our very snooth IT crew, and the facilitators, and
the extra panelists. | thank all of you and if |
forgot anybody, that's ny fault. And there are
many i nportant people who had a contribution to

t he wor kshop.

So, I"'mjust going to briefly summari ze
sone of the topics that we've discussed. | think
we all recognize that the -- what is seen for

these patients that have the lot- specific i mune
gl obulin hypersensitivity, that this is very
consistent with a typical type of
hypersensitivity. And | would point out that

maybe it's differentiated froman infusion related
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event or an event sinply by being infused in that
t he hypersensitivity reactions al nost al ways
I ncl udes

rash, or hives, or sone skin
mani festation in the patients wth this adverse
event .

W tal ked about or heard about how
hypersensitivity reactions cone to be, what can
trigger them what the conponents of that reaction
are both in terns of antibodies and Fc
receptors, and

ot her receptors, but also in terns of
effector cells that cause the synptons that
patients have. As Dr. Golding said, at a very
hi gh | evel .

We al so | earned about devel opnent of
nouse nodel s and inportantly the kinds of testing
that can be done and is done in these nouse nodels
to evaluate hypersensitivity and to perform
research on hypersensitivity reactions. These
I ncl ude the Fce receptor al pha chain transgenic

nouse, whi ch sounds |i ke a wonderful tool for
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i nvestigations. Dr. Anthony told us about the
variations in antibodies, allotypes, 1g& |ight
chain swtching, and so forth. All of these

t hi ngs we | earned about including to sone extent
receptor variations and other receptors that can
nedi at e hypersensitivity events. | nean, not |1gG
or I gE receptors, but other receptors on the
surface of basophils and/or mast cells.

We then heard about the data that
supports a single donor hypothesis for these
clusters of hypersensitivity events. And | think
that probably is an eyeopener for many people who
had not been aware of these investigations before
and really quite a breakthrough in trying to
figure out what is going on and what to do.

W recogni ze there are a |l ot of
chal  enges in continuing along the path that we
are on in terns of figuring out in the first place
how t o speed our reaction tine to these
hypersensitivity clusters to try to assure that as
few patients as possible are exposed to such a

lot. And it obviously takes tine even to
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deconvolute a ot to the extent that you know at
| east a relatively small group of donors that
shoul d be at |east tenporarily deferred until
deeper investigation can be done.

We have heard about the chall enge that
donors such as Donor Z or Donor 18 are difficult
to track down after these events have happened.
And probably one would start doing this sooner
rather than later but it takes sonme tine to get to
that small group or single donor level. W also
| ack i nformati on about the recipients. W
recogni ze the need for nore sensitive tests when
we're | ooking at plasma pools and final products.

We al so tal ked about the different ways
in which a test could be done and what m ght be
needed if there were a release test or a screening
test versus what m ght be done for an
| nvestigation. And the characteristics of a
screening test if we knew exactly what to screen
for and could elimnate the noise, still has a | ot
of hurdles with respect to being high throughput,

not too difficult to do, and suitable for use on a
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| arge nunber, potentially, of sanples.

And | would say that at this nonent, |
personally don't think that we are ready to do
that. | think we still need sone nore scientific
i nformation to find out how to develop a feasible
test. Either for investigations or even for
testing of donors.

So, in the discussion, we heard about
the promsing results focused on |IgE receptor
al pha and/or beta as a potential epitope targets
for the type of antibodies that appear to be in
Donor 18 or have the characteristics of the
anti bodies in Donor 18 and Donor Z. But we know
that there are other possibilities and other
receptors that still need to be fully expl ored,
and ot her hypot heses even. But right now, | think
we're all excited about the results that we heard
and are hoping that these pan out to becone very
useful and applicable, as well as interesting.

W' ve al so tal ked about how to inprove
tests, including the basophil activation test,

usi ng an anti body to block FcRIIb, and
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to further activate or nmake the cells nore
sensitive in the basophil activation assay and
ot her assays in developnent. This
and ot her nmethods m ght be tried to
| nprove the sensitivity of such assays
We al so tal ked about sone of the
difficulties in reaching all the donors

and getting all the adverse event reports, which

wi Il not inherently -- it's inherent in the system

that currently we and firnms recei ve spont aneous
voluntary reports about adverse events. And we
know t hat these do not represent the sumtotal of
occurrences. W' ve tal ked about
prenedi cation for
| mmune gl obulin recipients and where

that may be or may not be needed. And many ot her

things. But it is 4:18 so, | amgoing to stop but

| want to ask the group is there anything major

that | have mssed in this extrenely brief summary

of this extrenely detailed and fascinating
i nformation that we've received?

Ckay. | think |I have ny answer then.
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want to thank our speakers, panelists, and
everyone el se who has participated in the

wor kshop. There will obviously be follow up with
respect to the questions. And | would propose
that we neet together if needed, or w shed, by the
panelists and with the panelists and the FDA
basically as needed for ad hoc conversations or
per haps consider witing a summary of the workshop
or publishing articles related to the workshop in
an issue of a journal. So, we can talk about that
| ater. | just thank everybody and say have a
great remai nder of your day. And enjoy the
sunlight at least if you're on the U S. East

Coast. And goodnight to the people who are in

Eur ope and el sewhere. And so, farewell. Thanks,
again. And hope we'll all talk together soon.
Bye bye.

(Wher eupon, at 4:20 p.m, the
PROCEEDI NGS wer e adj our ned.)

* * * * *
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