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PROCEEDI NGS
(8:10 a. m)

DR. MARKS: (Good norning everyone, in
the room here, and online, |I'm Peter Marks,
director of Center for Biologics Evaluation and
Research. | want to wel cone you to today's public
wor kshop on bi omar ker driven drug devel opnent for
all ergi c di seases and asthma. Thank you for
at t endi ng.

For those of you in the room and onli ne,
you shoul d know that the neeting is being
transcri bed, thanks to our transcriber in the
corner there and really want to wel cone you.
Thank you for taking the tinme to get through
security, those in the room for those outside of
the room you can enjoy that, you didn't have to
go through security, but thanks very nuch, so.

Just to give you sone opening, remarks
here, and kick this off. | just want to, just put
al l ergeni c products in perspective at FDA. As
peopl e nmay be aware, FDA is divided into nultiple

different centers, and allergenic products are
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actually handl ed by different centers, or parts of
the allergenic world.

The Center for Drug Eval uation and
Research handl es small nol ecul es and reconbi nant
proteins, as well as Monocl onal antibodies, so
t hose products would be, handled in their domain.
The Center for Devices and Radiologic Health
handl es nost in vitro diagnostics. W have a
smal | nunber in our center, but they're mainly
around bl ood transfusion, and then.

Qur center, Center for Biologics
Eval uati on and Research has handl ed all ergen
extracts for diagnosis, or inmunotherapy, and
other in vivo diagnhostics, such as patch tests for
contact dermatitis. That's been in our domain
because we tend to at our center. The nice way of
saying it is that, we handl e the conpl ex
bi ol ogics. Another way of saying it is, we handle
the nessy biologics, |ike the one you vacuum up
out of carpets, but that's just the way it goes.

Qur center actually has a long history

t hat dates back before the actual Food and Drug
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Adm ni stration was established. The Biologics
Control Act of 1902, cane into being because of
two epi sodes of contam nated biologic products in
the United States in 1901 that killed 22 children,
so this was put into place in 1902, and. By 1903,
t he Hygi enic Laboratory of the Public Health and
Mari ne Hospital Service had the authority to
| ssue, suspend, and revoke |licenses to produce and
sel | biol ogic products.

Over time, this authority noved from
di fferent agencies, and this becane the division
of Biologic standards within NIH when it was the
National Institute for Health, ultimtely becom ng
part of, the National Institutes of Health, with
research and review responsibilities. Up through
1972, when there was a little bit of a flu
scandal , which you can read about on your own
time, and. The admnistration transferred
bi ol ogi cs over to the Food and Drug
Adm ni stration, so then, the precursor to Center
for Biologics Evaluation Research cane into being

her e.
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We mai ntai ned the researcher reviewer
nodel that was in place at NNH. W now have state
of the art l|aboratories with high quality core
facilities. W had nice |laboratories at NI H, they
weren't, they were nice when they were new, when
they were in the 1960s, but by the tine we |eft
themin 2014, they needed a little freshening,
whi ch they've now received, but. Qur new
| aboratories, which are just to the south of us
here, are really state of the art |aboratories
with high quality core facilities, inmging, we
have a Vivariumthat is reasonably |arge fl ow,
Cytonetry genomcs, and Proteom c cores.

The O fice of Vaccines Research and
Review is the place where our allergenic products
are, housed. (Qbviously, vaccines research and
reviewis not a perfect nanme for it, because it's
ot her products as well. COobviously, it handles all
of the viral, bacterial, and parasitic vaccines,
but al so all ergenic products, fecal M crobiota,
transpl antation, other |ive bio-therapeutic

products, and Bacteri ophage.
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We have 31 principal investigators, who
have i ndependent, internally funded basic research
prograns, sonme have other funding fromaround the
agency, and this research endeavor has actually
contributed significantly to public health.

Bet ween various publications and vari ous
t echnol ogi es, including patents, have nade a
difference in global public health, one exanple
bei ng the conjugation technol ogy that was |icensed
to WHO for the neningococcal vaccine, that has |ed
to a | ess expensive neni ngococcal vaccine for the
continent of Africa, so.

Back to allergic diseases. There has
been an intense interest in biomarkers and
al l ergi c di seases, and you can see here, although
there's been a little dip, the kind of steady rise
here in the nunber of publications in this area,
and. Today's workshop cones at a really,
excellent time, | think, to have a further
di scussion of biomarkers in this area of allergic
di seases and asthma. This is just as of

Febr uar y15t h.
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To give you an idea of who is here: 659
regi strants as of February 15, 522 of you are
virtual, 185 are in person. And 48 are double
booked, they probably will be a little bit |ike
me, | wll spend part of the day in the room and
part of the day down South of here, in ny office,
taking care of sone other things and listening in.

| f you | ook here, we have about 61
percent industry participants, 12 percent
academ a, 8 percent including advocacy
organi zations and non-U. S. governnent agenci es,
and 19 percent governnment agenci es, again based on
the date when this was done.

We have a variety of countries
represented, so very grateful to have you, you can
see, | won't read through themall, but a list of
Eur opean and Asi an, including Australia and New
Zeal and, so thank you very nmuch for joining.

"1l just conclude ny remarks by sayi ng,
putting together one of these workshops is a huge
undertaking, and |I'mvery, very grateful to all

t hose who have really nmade this happen, there's a
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| ot that goes into it. You can see on this
bet ween Ron Rabin and Jay Slater, and others in
the O fice of Vaccine Research and Review, and
those in the Cedar Ofice of New Drugs, Stacey
Chen and others, as well as, Sherry and Lonnie in
our Ofice of Communications, Qutreach and
Devel opnment. Thank you all to themfor all their
efforts maki ng today happen.

| also want to just thank you all for
attending today | really wi sh everyone a wonderf ul
day of lectures and discussion. Thanks very nuch.

DR. SIEGEL: Good norning everyone, |'m
delighted to be here. M nane is Jeffrey Siegel.
|"'moffice director for the Ofice of Drug
Eval uation Sci ences and the center for Drugs at
FDA.

| "' m going to be speaking to you about
the way we approach incorporation of biomarkers
I nto drug devel opnent prograns. |'Ill begin by
tal ki ng about the different types of biomarkers
and how they can play different roles in drug

devel opnent. Then tal k about the process, for
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accepting biomarkers in drug devel opnent prograns,
and then tal k about sone considerations for
surrogate endpoints in particul ar.

Let's start with a definition of what a
bi omarker is. Biomarker is a defined
characteristic that's neasured as an indi cator of
normal bi ol ogi c processes, pathogenic processes,
or responses to an exposure or intervention,

I ncl udi ng therapeutic interventions. Mlecular,
hi st ol ogi ¢, radiographic, or physiologic
characteristics are different types of biomarkers.

The FDA worked with coll eagues at the
Nl Hto develop a glossary of the different types
of biomarkers, and this is called The Best
Resource, it's available on this website. The
Best 3 ossary defines a series of different types
of biomarkers, and tal ks about the way they can
be, incorporated in drug devel opnent prograns.

We think a | ot about surrogate endpoint
bi omar kers, which are particularly inportant, but
it's inportant to consider that, there are many

ot her potential uses of biomarkers in drug
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devel opnent. At the top of the list, here are the
bi omar kers that are neasures of di sease presence
and status. At the bottom are bi omarkers that
change with treatnment, with treatnent

| nterventi ons.

The first one, 1'd like to consider is a
di agnosti c bi omar ker.

This is a biomarker that has data behind
it, indicating that it's capable of identifying
patients with a particular diagnosis. Prognostic
bi omar kers are biomarkers that predict a
particular outcone, a |ater outcone. These
bi omar kers have data indicating that the | evel of
t he biomarkers predicts which patients are nost
| ikely to have particular outcones |ater on, and.
It's particularly inportant for use in enrolling
patients in clinical trials, to enrich clinical
trials who are nost likely to attain an endpoint.
This allows smaller and shorter clinical trials.

Moni toring biomarkers are bi omarkers
that are associated with a particul ar aspect of

t he di sease or condition and can be, used to
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nonitor, the status of that condition over tine.

Then Phar macodynam c, or response
bi omar kers, are a category of biomarker that
changes with treatnent. These can be, used in a
variety of different ways. They can be, used to
assess whether the drug hits its target, they can
be used to gauge the appropriate dose, and in sone
cases where they predict clinical outcones, they
can be used as surrogate endpoints in clinical
trials, and I'lIl talk nore about that |ater.

When we thi nk about biomarkers, we think
about the best bionmarker category that they bel ong
to: Monitoring, or biodynam c and so on, and
al so, the way that, the biomarker is going to be
used in clinical trials. W call that, the
context of use, and we assess the type and quality
of evidence that's required to support that
bi omar ker for that particular use, based on how
it's going to be used in clinical trials, so.

We t hi nk about anal ytic validation.

This woul d be the sensitivity of the biomarker,

the specificity, its reliability and its accuracy,
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and then we think about clinical validation, which
I s evidence tying the biomarker to the particul ar
clinical concept of interest, and.

For validation, we think about the
benefit and risk of the biomarker, so. Benefit
risk is obviously different frombenefit risk for
a drug. Here we're tal king about the benefit for
making clinical trials be nore efficient, for
exanple, and the risk is what are the
consequences, if the biomarker doesn't accurately
measure the concept of interest, so. For exanple,
I f you're using a biomarker as a surrogate
endpoint, and it doesn't actually predict the
relevant, later clinical outconme, then patients
can be treated with the drug w thout having the
benefit of the treatnent, and that woul d represent
a risk.

There are three different ways that
bi omar kers can be, incorporated in drug
devel opnent prograns.

The first, shown here, is the drug

approval process would be for a pharnaceuti cal
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conpany sponsor to submt the data to support use
of the biomarker to their IND, their

Il nvestigational drug application. Next is by
scientific comunity consensus, which plays an

| nportant role.

And the third is through the bionmarker
qualification program this is the programthat's
adm ni stered by ny office. W have a program for
clinical outcone assessnents, another programfor
qualification of biomarkers, and a third, which is
the |I-Scan program for drug devel opnent tools that
don't fit neatly as a clinical outcone assessnent,
or as a biomarker.

And these three ways that biomarkers can
be i ncorporated in clinical devel opnent prograns
are not independent, they intersect in inportant
ways.

For exanple, a biomarker can start out
as a biomarker that's qualified for one particul ar
use in the biomarker qualification program Then
phar maceuti cal conpani es can incorporate that

bi omarker into their clinical trial and |later, get
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evi dence that ties that to later clinical

outconmes, so. It mght be, used for exanple, as a
reasonably |ikely surrogate endpoint, or as a
surrogat e endpoi nt bi omarker.

The bi omarker qualification process was,
put in place by legislation, the 21st Century
Cures Act. The process begins with subm ssion of
a letter of intent, and then, if that's accepted,
by the FDA then, the requester will submt a
gqualification plan, stating the data that they're
pl anning to gather and how they'l|l analyze it to
val i date the biomarker for the particul ar context
of use. And then, they'll do their analysis and
put together a full qualification package, and
submt that to the FDA. If that's accepted, then
we put on our website the biomarker, in the
context of use, and. That bi omarker can then be
used in any drug devel opnent program for that sane
context of use, so this is a major advantage of,
qual i fying a biomarker through the qualification
program

Next, I'mgoing to turn to a di scussion
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of surrogate endpoi nt bi omarkers, so.

Surrogat e endpoi nt bi omarkers are
phar macodynam ¢, or response biomarkers. |It's
| nportant to consider that, to support approval,
FDA expects substantial evidence of effectiveness
that shows that a drug inproves a clinically
meani ngful outcone, nanely a way that a patient
feels, functions, or survives.

In sone cases, this isn't neasured
directly for approval, so. 1In one case with a
val i dat ed surrogate endpoint, this would be a
surrogate endpoint that's accepted by FDA, based
on data that the effect on the bi omarker predicts
a specific clinical outcone. Validated endpoints
have strong and di verse evi dence supporting the
rel ati onship of the biomarker to the outcone, and

these are, used to support traditional approval.

In certain situations, reasonably |ikely

surrogat e endpoints can be, accepted for
accel erated approval. This would be an endpoi nt
that's supported by strong nechanistic and or

epi dem ol ogi ¢ rationale, such as that, an effect
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on the surrogate endpoint is expected to be
correlated with a clinical benefit, but hasn't yet
reached the I evel of standard for validation.
These reasonably |ikely surrogate endpoints are,
used for accel erated approval, for products

I ntended to treat a serious or life threatening,
di sease or condition.

It's inportant to understand that there
are limtations to the use of surrogate endpoints.
They are not a direct neasure of the way a patient
functions, feels, or survives. |Instead, they're
I ntended to reflect and predict the clinical
benefit, but that's not directly neasured by the
surrogat e endpoi nt out cone.

Wth the surrogate endpoint, the benefit
risk therefore has to be, based on assunptions and
predictions of benefit. And there are situations
where biomarkers may fail to predict clinica
benefit. For a surrogate endpoint that's,
reasonably likely to predict a clinical benefit,
and is relied on to support accel erated approval.

A post-marketing confirmatory trial is required to
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confirmthe clinical benefit.

Sone of the limtations for surrogate
endpoi nts are, shown here: It is helpful for use
of a biomarker, if it's indeed on the causal
pat hway that's nodul ated by the drug, causal
pathway to di sease, that's nodul ated by the drug,
but in sone cases, the surrogate is actually not
on this causal pathway, but is, correlated with
outcones. In this case, the drug can have an
effect on the biomarker, but actually not have an
effect on the clinical outcone, and. |In other
cases, drugs can cause adverse effects on the
desired clinical outcone through a pathway that's
not reflected by the biomarker, or the drug can

have toxicities that affect the risk benefit of

treatment, so. These are situations in which, the

surrogate endpoint may not predict, clinical
benefit.

There are, a wde variety of different
t ypes of pharnmacodynam c bi omarkers, sonme are on
t he causal pathway, sone reflect, target

engagenent. They're biomarkers that reflect the
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particul ar pathways | eading to di sease.

Sone biomarkers reflect organ injury or
organ function. These can, lead into clinical
endpoi nts but may not, be directly related. An
exanpl e of validated surrogate is Low Density,

Li poprotein cholesterol. This is, used as a
surrogate for cardiovascul ar outcones.

These are based on trial |evel, evidence
of surrogacy, as shown on the curve on the |eft,
where the differences in the achieved | evel s of
decrease in LDL chol esterol are associated wth
the relative risk of major cardi ovascul ar events.
And you can see, these are displayed on the |line
i ndicating a close correl ati on between, the inpact
of the drug on the bionmarker corresponding to the
| npact of the drug on the di sease outcone, and
simlarly, in eight non-Statin trials shown on the
right, a simlar correspondence has been seen.

The situation is not always, seen with
ot her potential surrogate endpoint biomarkers, so.
Shown here is an exanple of H gh Density

Li poprotein as a surrogate. There was strong
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epi dem ol ogi ¢ data indicating that HDL chol ester ol
was highly associated with cardi ovascul ar

out cones, as shown by the graph on the left here,
where the |l evel of HDL chol esterol was highly
associated wwth the hazard ratio for

cardi ovascul ar events.

However, when drugs were, devel oped,
that increased HDL chol esterol, it was found, that
there was actually no correspondence between the
i ncrease in HDL chol esterol and cardi ovascul ar
events, so. This was a situation where a
potenti al surrogate endpoint bionmarker actually
did not predict clinical outcones.

A variety of sources of data can support
use of biomarkers as surrogates.

Random zed trial treatnent group |evel
data is sonme of the strongest evidence that we
have. Individual patient |evel data showi ng a
correspondence between the biomarker and the
clinical outcone is hel pful.

(bservati onal data, nechanistic data are

very, very inportant in understandi ng how the
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bi omar ker nmay be associated with clinical

out conmes. Pharmacodynam ¢ studi es, human genetic
data, and translational animal nodels can all be
hel pful, and shown on the right is a schematic
that shows that, the nore data is needed to
support a validated surrogate, and quantitatively
| ess data is generally seen with reasonably Iikely
surrogat e endpoi nt bi omarkers.

|'"'mgoing to end with two exanpl es of
bi omarkers that were shown to be reasonably likely
surrogat e endpoi nt bi omarkers.

The first one I'll begin with is, total
ki dney volune as a reasonably likely surrogate
endpoi nt bi omar ker for Autosonmal dom nant,

Pol ycysti c kidney disease. This work was based on
a consortiumthat sought to associate total Kkidney
vol unme with decreases in kidney function over

time, and this consortiumwas put together by The
Critical Path Institute, and included participants
fromacadem a, fromindustry, and from pati ent
groups, to pull together all the data to support

use of this biomarker in clinical trials.
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What's shown here is the nodel that was
put together by this consortiumthat was able to
associ ate total kidney volune at baseline al ong
with the covariance of estimated G-R at basel i ne
and age to predict the likelihood of having a 30
percent decrease in estimted d onerul ar
Filtration Rate over tine, as shown on the graph
on the right.

These data all owed the biomarker to be
initially qualified as a prognostic bi omarker
based on these nodeling results. Subsequently,

t he bi omarker was, supplied in individual drug
devel opnent prograns by pharnaceuti cal conpany
sponsors and the data supported acceptance by the
FDA review division of total kidney volune as a
reasonably |ikely surrogate endpoint for

accel erat ed approval .

The other exanple I1'd like to share is
proteinuria for | GN nephropathy as a reasonably
| i kel y surrogate endpoint.

There were, three types of data that

were inportant, in this validation. The first
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was, nechanistic data tying urine protein to

ki dney damage. The second was, epidem ol ogic
studi es show ng a consi stent associ ati on between
the severity and duration, of Proteinuria and | oss
of kidney function. And the third was,

I nterventional trials that showed an associ ati on
bet ween changes in Proteinuria and clinical

out cones.

The graph, shown here shows, three
different conditions, kidney diseases, and the
associ ati on between the baseline |evels of
proteinuria and loss in, and the slope of |oss of
ki dney function over tine. Starting on the right,
| G Nephropat hy, you can see alnost a |inear
associ ati on between the | evel of proteinuria, as
shown on the X-axis at the top, varying from zero
to greater than five grans per liter, with the
hi gher | evels of proteinuria associated with a
st eeper slope of loss of kidney function over
tine.

An associ ati on between proteinuria and

| oss of kidney function was, also seen with focal
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segnental gl onerul osclerosis, in the mddle, and
menbr anous gl onerul opathy on the |left, but the
associ ation was | ess strong at |ower |evels of
proteinuri a.

In those two di seases, there was | ess of
an association with | oss of kidney volune, so sone
bi omar kers nmay be specific for a particular
di sease and nmay not be applicable to other rel ated
di seases. Formally, trial |evel surrogacy was
shown by associating the treatnent effect of
di fferent drugs on proteinuria, versus the
treatnment effect on the slope of [oss of kidney
function over tine, as shown on the Y-axis.

The four studies shown are where the
vertical and horizontal |ines intersect.

On the right are studies where there was
relatively little effect of the drug on
proteinuria, and simlarly there was little effect
on the slope of |loss of kidney function. In
contrast, with the five studies in the lower left
quadrant, there was an associ ati on bet ween

reduci ng proteinuria, and a | ess steep slope to
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the curve of loss of kidney function over tine,
provi di ng evidence that the biomarker was i ndeed
associated with [ater clinical outcones.

Supporting a surrogate neans
accunmul ating variety froma variety of different
sources, it's context dependent. Depends on what
type of disease you're tal king about.

It's inportant to think about what the
ri sks of approval based on a surrogate endpoint
m ght be. Different |evels of evidence are,
needed for a validated surrogate versus a
reasonably |ikely surrogate, and nultiple sources
of evidence, are inportant, biologic plausibility,
supported by a varying extent of clinical
phar macol ogy and clinical trial evidence. And,
finally, convergence of evidence is, really
hel pful if you have evidence froma variety of
different sources that all point in the sane
direction. This is anong the nost persuasive ways
of making a case for a surrogate endpoi nt
bi omar ker .

And with that, I'll end and here are
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sone references for you for sone of the things
|' ve tal ked about, thank you for your attention.

DR. KASLOW Thank you, Dr. Siegel, for
t he overview of FDA' s bi omarker, program

"' m Davi d Kasl ow, and on behal f of the
O fice of Vaccines Research and Review, |et ne add
nmy warm wel conme to this FDA public workshop on
bi omar ker driven drug devel opnent, and allergenic
di seases, and ast hna.

So this first session is, really neant
to provide the regulatory foundation for the rest
of the day. W've had one presentation fromthe
FDA, there are five others, three nore from FDA
col | eagues, one fromthe EMA, and one from U. S.
NlH  Followi ng these presentations, we will have
a QA period and a panel discussion, so.

Next up is Prof. Stefan Vieths, who's
been the acting president of the Paul Ehrlich
Institute since the beginning of this year. From
2002 to 2017, Prof. Vieths was the director, and
vice president of the Paul Ehrlich Institute.

He's been a | ong designated expert in EMA and
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Eur opean Phar macopoei a Conmm ssion, as well as the
Chai rman of the Specialist Conference on

I nternational Paul Ehrlich Sem nar, Allergen
Products for D agnosis and Therapy, Regul ation and
Sci ence, since 2002, and he is well positioned to
present EMA bi omar ker program Prof. Vieths?

DR. VIETHS: Thank you very nuch, for
the kind introduction, so. There wll be sone
redundancies with the previous presentation, |
think, but as always in Europe, things are a bit
nore conplicated, so you will see that, it's not
as straightforward as it is here.

| work for the Paul Ehrlich Institute.
W are one of the two national conpetent
authorities for human nedicines in Germany, there
I s another one for veterinary drugs, and we are
part of the European NetworKk.

The European Medi cines Agency is mainly
coordinating the regul atory procedures, but not
maki ng the decisions. The decisions are al ways
made by a commttee, at the EMA, where the

representatives in this commttee are nenbers of
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t he national nedical agencies, so fromthis
mechani sm you can already recognize that, it wll
be nore conplicated than it is here.

I n addi ti on, when you go for a |icense
of a drug, the EMA selects two nenber states as
rapporteur and co- rapporteur, and these two
nmenber states do the assessnent of a drug, and.
In a simlar way, the qualification of biomarkers

Is also a teameffort, and is not, decided by a

singl e nedi cal agency. So how can | continue this

one? Ckay, so of course, |I'm expressing ny
personal views here, and not the views of ny
agency, but of course ny opinion has sone inpact

at the agency, so.

| will give a short introduction to, the

bi omarkers field. This wll be a little bit
redundant of what you have heard before, and then
| will go for the EMA qualification of novel

nmet hodol ogi es, and then discuss a little bit, the
regul atory aspects of biomarkers in allergen

| mmunot herapy, so this you have already heard

before. | will just address what is in this blue
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box here.

| think biomarkers in clinical trials
can help identify specific patient popul ations
that are, nore likely to benefit froma particul ar
I ntervention. Bionmarkers provide insight into the
mechani sm of action of, the drug or treatnent, we
wi Il | hear nmuch nore about this during the day.

O course, biomarkers enabl e the
assessnment of a treatnent response and efficacy,
if they are, well selected. And if you define
bi omar kers perfornmance, you have to consi der
scientific validity, so the rationale for
bi omar ker sel ection, analytical validity of the
bi omar ker, so there should be strong and reliable
performance netrics of the biomarker, and
accuracy, precision, and reproducibility of the
test should be defined and known.

Clinical validity is inportant of
course, this is the main aspect that the rel evance
of the test to the clinical condition is,
understood and validated, and. At the end, what

we want to knowis the clinical utility of a

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma page- 30

10

11

12

13

14

15

16

17

18

19

20

21

22

bi omar ker .

One thing that has not, been addressed
I n the previous presentation is conpanion
di agnostics, so. Wen you use |l aboratory tests or
other tests in a clinical trial, to define the
popul ation, for exanple, then you' re using
conpani on di agnostics, and these conpani on
di agnosti cs al so are bi onarkers.

In the EU, there is a new regulation on
in vitro diagnostics applied in 2022, or cane into
effect in 2022, and in this regulation, conpanion
di agnostics are legally defined, so.

They are devices that are essential for,
the safe and effective use of a correspondi ng
medi ci nal product, to either identify patients who
are nost likely to benefit fromthe correspondi ng
medi ci nal product, or identify before and during
treatnents, patients likely to be at increased
risk for serious adverse reactions.

And these in vitro diagnostics are risk
classified in the EU, and when they are used as

conpani on di agnostics, they are at |least O ass C,
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or higher. The highest is Cass D, depending on
the risk class, and they are required for CE
mar keting. They are requiring a conformty
assessnment by a notified body, including
consul tation of a conpetent nedicines authority
responsi ble for the correspondi ng nedi ci ne, and
soO.

This nmeans that in the EU when you run
clinical trials where you are using in vitro
di agnostics, for exanple to neasure biomarkers,
you have two separate regul atory procedures.

One is the authorization or licensing of
the drug on the top of this slide, where the
bi omarker clinical trials are done and then, in a
mar keti ng aut hori zati on procedure, EMA and
nati onal conpetent authorities decide about the
mar keti ng aut hori zation. \Whereas for conpani on
di agnostics, even if they are, used for the sane
kind of treatnent, you have to performclinical
performance studies, and then a private
organi zation, a notified body, decides about the

conformty assessnment of this bionmarker, and then
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in vitro diagnostics receives the CE
certification, so.

These are separate procedures, but often
of course done within the sane devel opnent
program and with the sanme clinical trial, but you
have to take, this into consideration, if you want
to use a biomarker in your drug devel opnent
program

The perfect biomarker, of course would
be consistent, fast and economcal. It should
provide us with quantitative differences that are
sufficiently large to allow conclusions. It
should be reliably and easily be quantified, |ike
in biological fluids, and it should have a
correlation with a relevant clinical outcone, that
s verified.

This we have al ready seen before, there
are a lot of different biomarkers used in clinical
trials, fromgenetic biomarkers, to nol ecul ar
bi omarkers, protein levels, or gene expression
patterns. There are cellular biomarkers, nunbers,

frequenci es of specific cell populations, for
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exanpl e. | nmagi ng techni ques are used and, al so
clinical biomrkers, could be used, |ike blood
pressure, heart rate, or synptom severity for al
of them

O course validation is, needed when you
| ook at the devel opnment process of drugs. You can
use bi omarkers, in basic research, to for exanple,
better understand nol ecul ar pat hways. You can use
it in discovery and design, to better understand
mechani sm of action, and select targets in
noncl i ni cal devel opnent, to define clinical safety
in clinical devel opnent for stratification
enrichnent, patient selection, dose selection, to
better understand clinical safety or efficacy.

And after, marketing authorization you
may use them for nonitoring therapeutic responses.
On the Iower part of the slide you can see sone
regul atory docunents in this field, and I would
now, |ike to address the EMA, the European
Medi ci nes Agency, Qualification of Novel
Met hodol ogi es Program so.

This is what you can see at the EMA
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website, it's called Qualification of Novel
Met hodol ogi es for Medicine Devel opnent. This is
of course a quite broad scope, so it covers
bi omarkers, but it's not restricted to bi omarkers,
and if you | ook at the key aspects of this
procedure, it's a voluntary procedure invol ving
EMA committ ees.
SAW is the Scientific Advice Wrking
Party, and the CHW is the Comm ttee of Medicines
for Human Use, al so providing the opinions for
aut hori zation of nmedicines. This qualification
gui dance of EMA cane into force in 2008, and the
first clinical biomarker qualification by EMA was
done in 2011, for Al zheiner's disease in general.
It is possible to involve non-EU
regul atory agencies, like in a joint procedure
with EMA and FDA, for exanple. There are two
types, two steps, it's | think, quite simlar to
what you have here at FDA. The first is a
gual i fication advice, where you cone up with a
concept or an idea, and discuss this with the

CHWP, or the Scientific Advice Wrking Party.
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When the data are still prelimnary, you
get an advice on future studies to be perforned in
a confidential docunent, which is a letter that
the applicant receives, and if it's positive, you
get a letter of support. |If the biomarker is
considered to be, promsing, the second step is to
go for a CHW Qualification Qoinion. This is
defining the acceptability of the proposed
bi omarker for specific use. It includes a
scientific assessnent report and it can result in
t he anendnent of relevant regul atory guidelines,
SsoO.

The essential considerations for
successful qualification of novel nethodologies is
the definition of the context of use, selection of
endpoi nt, a statistical analysis plan,
denonstration of clinical utility, standard of
truth or thoroughbred standard of truth, and
appropri ateness of the analytical platform and
sone others may al so be consi dered, so.

This is how the validation procedure

| ooks i ke: You submt an application and the
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procedure starts at day zero. The agency has 60
days, to prepare for it. At day 90, you should
have a scientific advice working party
recommendati on, then when you go for the upper
part, if you go for a qualification advice, this
recommendation is adopted by the Commttee for
Human Medi cines. And then, the consortium if
it's positive, gets a letter of support (in the

| ower part), this is the opinion procedure. You
have, again a reconmmendation by the scientific
advi ce working party. You get a discussion at the
commttee at the CHW commttee at EMA. The draft
opinion is, published for public consultation, and
once it is adopted, the biomarker is accepted as
regul atory standard for the clained use.

I n addi tion, of course, what conpanies
can do is to go for a separate scientific advice,
Wi t hout going for a qualification procedure. This
could lead to, let's say, a recommendation to use
one bi omarker for one specific devel opnment
program and then it's not public, so.

What you have accepted as a bi onarker on

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma page-

37

1

10

11

12

13

14

15

16

17

18

19

20

21

22

the EMA website is only part of the picture of the
bi omar ker bei ng used in devel opnent of nedicines
in the EU  So now, there is a nice paper

revi ewi ng what has been, done in Europe, by Dutch
authors | think, published in 2022, covering the
years from 2008 to 2020.

There were 86 bi omarker rel ated
procedures, seven procedures per year, at average,
and a lot of follow up procedures. The nmain
medi an duration was four nonths for qualification
advice, and 11.5 nonths for qualification
opi ni ons, and there are now 13 qualified
bi omar kers.

The nbst common context of use was
patient selection, stratification and or
enri chment, efficacy, and safety. The nbst common
di sease area anong all contexts of uses was
Al zheimer's di sease. There was, a | ow nunber of
procedures relating to genetic biomarkers. So
far, nost procedures were going on with sol uble
and i magi ng bi omarkers, and there is an increasing

nunber of consortiuminitiated procedure. This
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neans that, for exanple, large EU research
projects would go for such a procedure because
they want to have the infornmation avail able for
everybody, and not just for one conpany, so.

The i ssues that, have been raised during
t hese procedures are mainly, in three areas of:
Either their validity, because there were
deficiencies in the anal ytical nethod,
val i dati ons, and net hodol ogi cal chal l enges, or in
reproducibility, or standardi zation. Bi omarker
properties, in terns of clinical- relevant changes
and useful ness, and chosen cutoff val ues, and
general, study designs. For exanple, study
popul ation on period, responder versus
non-responder definition, study setup, and so on.
Whereas the other areas, |ike here, the context of
yout h, data anal ysis and evidence were with | ess
frequency, leading to issues during the procedure,
so.

Now, a few words about bi omarkers and,
al | ergen i mmunot herapy, | nean, we will hear a | ot

nore about this in the afternoon, so there is of
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course quite a good understandi ng, what happens
during all ergen i mmunot her apy.

A | ot of paraneters are going up during
al | ergen i mmunot herapy, |ike antibody responses,
cel lul ar responses, and so on. And a |lot of
paraneters are decreased during allergen
| mmunot herapy, so this is, | think, good, and we
under st and nuch, nuch better what is going on now,
conpared to 20 years ago, so this is a good
perspective for devel oping reliable biomarkers for
al | ergen i mmunot herapy, well, we are now.

From the regul atory point of view, |
would like to say is that there is not a lot, so
no potential biomarker is currently validated for
al l ergen i mmunot herapy in terns of regulatory
acceptance, but they are comonly used.

For exanple, in those finding studies,
provocation testing, inmunol ogical paraneters,
anti body responses, and so on, and even if a
bi omar ker does not conpletely qualify as a ful
surrogate endpoint, it can still result in very

val uabl e information. For exanple, decision
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maki ng on a conpany |evel, to continue pursuing or
abandoni ng a specific product. And it can, also
be very supportive in regulatory procedures, to
argue that an immunologically relevant effect is
observed, so.

It's quite regularly applied in Gernmany
Wi thin marketing authorization procedures. For
exanpl e, conpani es use | gE responses to include
patients, they nonitor responses to individual
al | ergens during i nmunot herapy, and so on. \What
we have to keep in mnd is that if you are in
al | ergy i mmunot herapy, you want to treat, let's
say, mte allergy or grass pollen allergy, you
don't want to treat grass pollen allergy in
patients with IgE, to P-lonly. And if you ask the
regul ators for such a kind of stratification also,
your indication will be a bit nore restrictive.

And | think this is sonething that was
al so inhibiting a bit the use of, especially
al l ergen biomarkers in the devel opnent of allergen
| mmunot herapy products in the past. So at the

end, | think next step that we need to follow s,
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to identify and verify the nost prom sing and
consi stent potential biomarkers for allergen
| mmunot her apy.

Start validation progranms for these
bi omar kers once prom si ng candi dates are
avai lable. Get in touch early with regul ators,
ask for scientific advice, and involve themin the
validation prograns. | think there is a nassive
under st andi ng of rel evant inmmunol ogi cal and
nol ecul ar events in allergen i munot herapies, so
the ground-work is being laid to screen for
prom si ng bi omarkers with higher precision than
the ones that we have currently available in the
literature, so.

Wth this, | think I'mfinished. |
woul d like to thank you for your attention, and
acknowl edge contributions by a few col |l eagues, Dr.
Andreas Bonaz, Dr. Melanie Al brecht, Susan Kau,
Jorge Engel bertz, and Sander from our
| mmunol ogi cal Division, thank you very nuch for
your attention.

DR. KASLOWN Thank you so nuch, Prof.
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Vieths, indeed, a bit nore conplex in the EU, so.
Next up is Peter Stein, who is currently the
director of the O fice of New Drugs. He joined
FDA in 2016 as the deputy director, after a
20-year career in the pharnmaceutical industry,
focused on devel opi ng drugs for diabetes and

rel ated disorders. Dr. Stein wll reviewthe role
of transl ational science in biomarker and drug
devel opnent .

DR. STEIN. Geat, thank you very much
and good norning. Certainly, a pleasure to be
here, and it looks like it'll be a terrific
wor kshop. My task is really, just to sort of,
give a high |l evel overview of where, | m ght
consi der translational science fitting usual
di scl ai ner.

Just as a sort of brief overview, it's
wor t h thinking about sone of the changes in the
drugs that we're devel oping and the di seases we're
targeting, which has inpacted how we think about
transl ati onal science.

"Il say a few words about, how
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di fferent disease popul ation size inpacts design
and conduct of drug devel opnment, but also the
i nplications of that for the use of translational
medi ci ne, and surrogate endpoints. Talk a bit
about rare and small popul ati on, drug devel opnent
and regul ati on, and. Just make the point that
this really depends nore on the use of
transl ati onal nedicine, than traditional
devel opnent, which was 20 or 30 years ago,
targeting |l arge comon chronic di seases, and then.
Alittle bit nore about the role of translational
sci ence.

| suspect you've seen this kind of
graphi c before, which really depicts the fact that
we're seeing a transition. Fromdrugs that 20
years ago targeted comon chroni c di seases |
mentioned, and increasingly now are targeting rare
di seases and snall popul ations, subtypes of nore
common di seases, so that right now, about half of
the new nol ecul ar entities are targeting drugs for
or phan i ndi cati ons.

There are differences, and | think it's
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wort h thinking about that, because it has
i nplications for the use of transl ational science.
Qobvi ously, stating sonewhat the obvious in terns
of the characteristics of devel opnent in the
context of common chronic di seases. W have |arge
popul ations, the ability to run two or nore | arge,
adequate well, controlled trials, a wi de range of
di sorders fromsynptomatic to serious progressive
di seases, but typically with a well, understood
natural history. And nore often than not,
avai | abl e FDA gui dance, and certainly al so,
precedent endpoints that are generally well
accepted and standardi zed, but when we nove to
rare di sease drug devel opnent, we're tal king about
smal | popul ations, which can nake recruitnent
difficult, need flexibility in study design,
because of the variations in size and the
know edge about the di seases.

These are typically progressive,
serious, life limting or life threatening
di seases, and with substantial unnet need. Wth

al so a lack of precedent for how to go about drug

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma page

. 45

10

11

12

13

14

15

16

17

18

19

20

21

22

devel opnent, and quite diverse, based upon both
genotypi ¢ and phenotypic diversity, with a natural
history that's not typically well characterized,
and a |l ack of drug devel opnent tools and

endpoi nts, biomarkers and the |ike.

And of course, with commobn occurrence in
ki ds, which also nodifies how, trials can be
conducted. When we think about common di sease
drug devel opnent, we're really tal king about,
typically, is translational science having a very
distinct role, I think. Just in the last talks,
you' ve heard about the many different roles in
earlier devel opnment, obviously, in terns of proof
of concept, dose sel ection, exposure response,
bi omar kers that are devel oped to i nprove the
efficiency of the larger trials. But the base of
the application is really, two or nore |arge,
adequate, well controlled, random zed cli nical
trials for conmmon di seases.

When we nove to the context of a rare
di sease, drug devel opnent program the role of

transl ational science really is substantially
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| arger. O course, we still have to have this on
the base of a clinical trial, an adequate w ||
control trial that can assess the effect of the
drug in that disorder. But we also have to

consi der what transl ational science can deliver,
so surrogate endpoints that m ght be part of a
clinical trial, confirmatory evidence that m ght
acconpany the clinical trial, and.

| want to say, nore about both, of these
areas, where translational science is so
| nportant. But to step back, for a nonent and
just talk about in the US, the pathways and
requi renents for drug approval in a sort of
sinplistic way. |If omtting other conponents that
are necessary for drug approval, we can think
about two particularly inportant conponents.

One is the denonstration of
effectiveness. The standard that we apply is the
subst anti al evidence of effectiveness standard,
which is in statute, and is based upon adequate,
well controlled, trials that are explicated in

regul ation. As those criteria for an adequate,
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well controlled trial are exactly what you think
of inany trial that is going to have scientific
integrity.

The second step, though, is concluding
that the drug's benefits outweigh its risk. So
presence of substantial evidence of effectiveness
and the benefit outweigh the risk, which is how we
| ook at the safety that we see in characteri zing
the drug's profile. W have a guidance that was
relatively recently released that tal ks about
benefit risk in the context of drug regulation and
drug approval. Wen we think about the
substanti al evidence of effect in this standard
t hough, there are different ways that this can be,
met .

As | said, for common chronic diseases,
this is the top row, which is two or nore adequate
wel |l controlled studies. But when we think about
noving this into rare di sease drug devel opnent, it
can be used in other contexts as well, we can
thi nk of, one adequate and well controlled trial

and confirmatory evi dence, which is another way
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that, we can neet substantial evidence of
effectiveness. And I'mgoing to tal k nore about
confirmatory evidence, because that's really
sonet hi ng where transl ati onal science has a very
| arge role.

Al so want to nention the approval
pat hways, of course, we have two different
approval pathways in the U S., traditional
approval, which is, based upon a clinical
endpoi nt, an endpoint that reflects how patients
feel, function or survive. W also have the
accel erated approval pathway, and that's a pat hway
that's based upon a surrogate, or an internediate
clinical endpoint, a surrogate that's consi dered
reasonably likely to predict the outcone, to
predi ct benefit that the drug may offer, so.

Again, two different endpoints in the
context of accel erated approval. A reasonably
| i kely surrogate, which is, again, a surrogate
measure that's not validated as predicting
clinical benefit. That would be a traditional

approval endpoint, but it's concluded to be
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reasonably likely to predict clinical benefit, an
acceptance of sonme uncertainty. It clearly still
requires data to support that the surrogate
predicts the clinical benefit of interest, but it
does allow for nore uncertainty.

An internediate clinical endpoint, |I'm
not going to say nore about, but a clinical
endpoint that ultimately will predict durable,

i nportant clinical benefit. |In the context of
accel erated approval, we do require that there is
a post- marketing trial that is preferably
ongoing, or that's initiated that can verify and
descri be the anticipated clinical benefit, again,
the clinical benefit on, how patients feel,
function, or survive, so.

Now |l et's nove to tal ki ng about the uses
of translational science. And | want to say a few
nore words about confirmatory evidence, then turn
to tal king about surrogate endpoints.

So let's start with confirmatory
evidence. Confirmatory evidence is a range of

di fferent things.
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Unl i ke sone, where we think about
clinical endpoints or surrogates, confirnatory
evidence is a wde range of different types of
information. Indeed, it can even be, a body of
i nformation that, supports the finding fromthe
clinical trial.

We recently rel eased a gui dance t hat
tal ks about the different sources of confirmatory
evidence, and it lists a nunber of different
potential sources. Sone of these are clinical
referencing of a prior approval that's in a
related condition, information from natura
hi story, from other nenbers of the pharnacol ogi cal
class, but very inportantly, two conponents that
are directly relevant to transl ati onal science,
mechani sti c or pharmacynam c evi dence.

This can cone from surrogates, this can
come from bi omarkers that show that the drug has
engagenent and is working in the pathway of the
di sease pat hogenesi s, but also evidence from an
animal nodel. And of course, there are a w de

range of uses of animal nodel in this context, so

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma page-

51

10

11

12

13

14

15

16

17

18

19

20

21

22

here, we're tal king about ani mal nodels that may
be translational. Now, they don't have to be, and
ani mal nodels generally don't perfectly replicate
t he human di sease but, it has to have sone basic
simlarity inits natural history, inits
presentation, in its outcone, and what we
under st and about, its pathogenesis and the role of
t he drug pharnmacology as it alters that pathway,
so.

A transl ational aninmal nodel can al so
serve as confirmatory evidence. Now, | do want to
just make the point that, the body of
transl ational of confirmatory evidence can include
different conponents. So there may be a
transl ati onal ani mal nodel, there nay be
phar macodynam ¢ endpoi nts that correlate w th what
we see in the animal nodel, and then show that we
see that in humans, but the extent, of
confirmatory evi dence, can vary.

When we think about that, it depends
upon both, the setting, and the seriousness of the

di sease, the extent of unnmet need, and that hel ps
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us understand the extent of acceptable
uncertainty, but also the risk. Wat is the
safety profile of the drug, which also drives us
to think about, how nuch uncertainty we can
accept? And so, we also have to | ook at the
robust ness of the adequate, well controlled trial.
How convincing was that trial resolve? And, then,
al so the robustness of the confirmatory evidence.

| could sort of illustrate that in this
way, on the right, which is that, the stronger the
adequate, well controlled trial, potentially the
| esser the anount of confirmatory evi dence, the
weaker the trial, although it still has to provide
evi dence of the benefit that the drug is reported
to have, the stronger the confirmatory evi dence
may need to be.

| want to talk nowa little bit about
surrogat e endpoi nts.

And | know you' ve heard al ready sone
tal ks about qualification prograns and the vari ous
rol es of biomarkers, including as surrogate

endpoi nts, and just to remnd you, this is from
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The Best C assification, the NIH FDA
cl assification schene.

We think about a clinical outcone, which
descri bes or reflects, how a patient feels,
functions or survives, as |'ve said already, a
bi omarker, | think you' ve heard the definition, so
| won't repeat this. A surrogate is a biomarker
that predicts, but does not directly neasure
clinical outcones, and that's an inportant
di stinction.

Cinical outcone assessnent neasures the
clinical outcone. Surrogate is a biomarker that
predicts that we can expect to see that clinical
outcone, but isn't a direct neasure of the
outcone. Again, | suspect you' ve seen this
al ready, which is the w de range of biomarkers,
whi ch have a whol e range of different roles from
nonitoring, assessing safety, helping us in the
enri chment of populations for clinical trials,
either as a prognostic biomarker, or a predictive
bi omarker. But | want to spend a little nore tine

tal ki ng about surrogate endpoints, which are
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response bi omarkers, neasures of response to
treat ment.

Now, when we think about the range of
surrogate endpoints, we tend to lunp theminto
this big bucket of surrogate endpoints, but I
think you can start to think about dividing them
into different types of surrogate endpoints.

There are surrogate endpoi nts that
reflect the cause, for exanple, levels of a toxin,
or neasures of an infection, such as HV RNA, or
H vrna. Those are, biomarkers that |ook at the
etiology of the disease, where we clearly
understand the etiology precipitating the outcone,
t he disease entity. There are nmany bi omarkers
that are, nediator biomarkers. These are
bi omarkers that are on the pathway, in the
pat hogenesi s of the disease, for exanple, a
di sease which triggers an inflammtory cascade.
Measuring a biomarker along that cascade coul d
turn out to be a surrogate, if it's very closely
tied to the outcone. There are certainly also

bi omarkers or surrogates that reflect the di sease
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outcone. These m ght be structural biomarkers, or
functional biomarkers, for exanple, a bionarker
that measures cardiac injury, CPK, or another type
of enzynme, or a biomarker that reflects an

I nfl ammat ory process, ongoing and structural
danmage, or. A bionmarker that neasures functions,
such as EGFR, or for exanple, bone strength.

Those m ght be functional biomarkers that could

| ook at the inpairnent that's caused by the

di sease, that we're trying to develop a drug to

t arget.

Now, when we think about a surrogate,
because we're not directly neasuring what matters
to patients, how they feel, function, or survive,
we're always going to want to prefer to have a
clinical outcome, not endpoint, not a surrogate.
A clinical endpoint outcone is always preferred
because it's directly answering the question we
have about the drug. How does it help patients?
How do they feel better, function better, or
survive | onger?

Now, because surrogates are typically
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continuous variables, they're nore easily
detectable. The effect of the drug on the
surrogate is typically earlier, and this typically
enabl es shorter, smaller trials. So certainly, a
| ar ge advantage, particularly for settings where

t he di sease course is prolonged or where the event
rate is very low, and that can be in ultra rare

di sorders, or in common disorders. For exanple,
drugs for Lipid disorders, for LDL chol esterol

| owering, use that as a surrogate because, we
recogni ze that the event rates in cardiovascul ar
trials can be relatively low, and can take a | ong
time to get enough events to be able to assess the
ef fect of the drug.

Now, there can be a wi de variation of,
avai | abl e evi dence that can support a surrogate,
and varying types of proposed surrogates as well.

| want to tal k about sonething that |
think we all worry about wth the acceptance of
surrogates, which is whether they'll work or not.
Does a surrogate actually predict what it purports

to predict? Wat can go wong? And I'Ill give you
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an exanpl e of sonething that went wong, in terns
of the concept that was put forward for the basis
of a surrogate.

Well, conceptually, the franework for a
surrogate | ooks |ike, what | have on the right
side on top here, which is, you have the disease
pat hogenesi s, the pathogenic sequence. Sonewhere
on that pathogenic sequence, the drug has its
effect on its target, which nodul ates both,
obvi ously, the pathogenic nechani smand the
bi omar ker, which we assune is on that pathway, is
on that causal pathway, and that nodul ates the
clinical outcone. The biomarker change,
therefore, is proportionate to the clinical
outcone, the optinmal circunstance, and we concl ude
that that bionmarker does indeed predict the
clinical outcone. The biomarker may be after the
clinical outcone.

As | said, we can use bi omarkers that
| ook at structural or functional alterations, to
| ook to see whether those are, nodified. Does the

bi omarker reflect that there is increasing or

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma page-

58

10

11

12

13

14

15

16

17

18

19

20

21

22

reduced danmage? That can al so be a useful way of
determ ni ng, whether the drug has the effect it
purports to have, but of course, biomarkers can go
wrong, and this is in graphics.

| f you' ve seen the classic article by
Fl emi ng, by Tom Fl em ng, that was published a
nunber of years ago, that sort of explicated sone
of the things that could go wong with a
bi omarker. Here, the drug nodul ates the
bi omar ker, but that biomarker isn't on the causal
pathway, it's on a different pathway, and the drug
nodul ates, nmay nodul ate the clinical outcone
pat hways. But that rel ationship between the
bi omar ker and the clinical outcone is not
connected, so that it's not on the causal pathway,
and the change in the biomarker may not refl ect
the clinical outcone.

The other possibility is, it is on the
causal pathway. Here, on the bottom we see a
drug that nodul ates the causal pathway, the
bi omarker is changed, but if the drug has other

effects, effects that perhaps reduce or attenuate
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the clinical outcone, or lead to toxicity, then
t he biomarker is not working as we hope it would
wor K.

In the situation where it leads to
toxicity, we can't get a sense of the overall risk
the drug | eads to, because we may only have the
bi omarker reflecting the clinical outcone, and not
the safety profile risks of the drug. 1In the
ot her circunstance, where the drug has negative
effects on attenuating the clinical outcone, the
net effect of the drug is not, reflected by the
bi omarker. The point being, in all of these
exanples is, the biomarker and the assunption
around the biomarker, may not hold, and so it nay
not reflect the outcone.

And that's sonething we clearly worry
about when we're |l ooking at a surrogate that's
proposed in the devel opnent of a drug for disease.
We worry about whether or not the surrogate
behaves as it's expected to behave, so here's an
exanple. |In sone ways, this was sort of the

cl assi c exanple of a biomarker gone awy.
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Now, actually, this trial was, intended
to | ook at whether the bi omarker worked, whether
PVC is premature, ventricular contractions
actually did predict the outcone of inprovenent
with antiarrhythmc therapy, so. This trial
| ooked at patients after a nmyocardial infarction
who, were having premature ventricul ar
contracti ons.

There was an open | abel phase, during
whi ch several different anti standard, anti
arrhythmc, drugs were, used and where suppression
of the PVCs, substantial suppression of the PVCs
was, denonstrated and then, those patients who had
suppression of PVCs wth antiarrhythm c drugs,
were random zed to matchi ng pl acebo, or the
effective drug, and. The prinmary endpoint was
survival and survival over tinme, and as you can
see on the right, the results were, inverse of
what was expected. The placebo survival was
better than the drug survival.

Well, in thinking about this, we could

| ook at what went wong. Wy did that happen? |
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put up here, what | suspect was the intended nodel
that, PVCs were a manifestation of the sane
pat hogeni c causal pathway as was ventricul ar
tachycardia, or ventricular fibrillation.
Therefore, if you reduce PVCs, you should reduce
ventricular tachycardia, ventricular fibrillation,
sudden death should go down, survival should be
| nproved, but that's not what was observed, so.
What m ght have been going on, and this
I s just speculative to, just point out that, the
nodel s that we think about, in where a surrogate
Is placed, nmay not turn out to be validated. In
the mddle diagram |I'mindicating that it may be
t hat the nechani smof PVCs and the nechani sm of
VTVF are distinct, and so suppressing a PVC nay
not |lead to suppression of VT or VF.
Now, in that situation, one would have
| magi ned that the drug woul d have had no effect on
deteriorating or inproving survival, and so you'd
have to postulate, the drug had a negative effect
on the outcone as well, (on the bottonm). It may

be that, it was quite correct, that PVCs are on
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t he causal pathway and represent the sane
nmechani sm but that the drugs, have a direct toxic
mechani smthat increases VIVF even as the other
pat hway, through PVCs, reduces VTVF.

The point being that, as we think about
devel opi ng surrogates, we have to think both,
about the data that tells us where that's
positioned along the causal pathway: |Is it
reflecting the etiology? Is it on the nediating
pat hway towards the outcone? 1Is it reflecting the
damage, functional or structural, of that outcone?
Is that the pathway it's sitting on, or is it on a
different pathway, that either m ght nedi ate harm
or mght not nediate benefit? 1In the forner,
where it actually doesn't | ook at the.net benefit
of the drug, and in the latter, where it doesn't
reflect the outcone of the disease, so.

What are sone of the |lessons that |
think we have to think about wth surrogates?

First, of all, that there's always sone
degree of uncertainty when we're using a

surrogate. It may be relatively small with a

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma page-

63

10

11

12

13

14

15

16

17

18

19

20

21

22

val i dated surrogate, surrogates that we know and
have used for years and years, such as LDL
chol esterol, or such as bl ood pressure for drugs,
for hypertension. Wen we | ook at surrogates that
we accept for accelerated approval, that is
reasonably |ikely surrogates, we accept sone
greater degree of uncertainty. And | tal ked about
How we t hi nk about how rmuch uncertainty m ght be
acceptabl e? How serious is the disease, what is
the unnet need, what is the risk the drug
provi des, and what is the evidence we have to
support that surrogate? The key is to generate
hi gh quality transl ati onal evidence to support the
surrogate. Aninmal nodels, pharnmacodynam c
mar kers, genetic associations, really, in a sense,
a convergence of evidence that supports that
surrogate.

| do want to just take, sort of a
sidestep for a nonent, and say a few nore words
about this, because | think very often in
devel opnent, what happens, particularly where

transl ati onal science is going, will be inportant,
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whet her it's through informatory evidence, or
supporting evidence of a surrogate.

It's not uncommon for a | ot of work
early in devel opnent, even before clinical studies
have been initiated, for there to be work on
transl ati onal science, devel opnent of an ani nal
nodel , i deas about devel opi ng bi omarkers into
surrogates. But very often, as we nove into the
clinical sphere, as we nove into particularly
phase two or phase three devel opnent, the work on
transl ati onal science cones to a grinding halt, or
at least it goes down to a trickle, and so. By
the tinme we have to think about that evidence, in
concert with the clinical trial result, it's often
not as well developed as it ought to be.

And that's sonething | think is areally
| nportant nessage, which is that, if we're noving
towards a devel opnent programwhere it's likely to
be based upon an adequate, well controlled trial,
plus confirmatory evidence, and that confirnmatory
evidence is going to include translational

sci ence. The pat hway of devel opnent that went
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t hrough devel opnent of the transl ational ani mal
nodel evidence to support the surrogate has to
continue in parallel wth conducting the adequat e,
well controlled, trial.

And | would say, fromny observations
over the last years, that is often not the case,
and so a little bit of, perhaps a nessage fromthe
sponsor to say, that is a really inportant
i nvestnment to nake. |If you're going to say
transl ational science isn't just in early phases
of devel opnment, proof of concept, or getting sone
sense of what exposure is appropriate, but you
actually think that's going to be inportant in
supporting the approval of the drug, that work
needs investnent, tinme conmtnent, and continuing
effort.

As a last point, |I'd say, as the | ast
exanple, | hope illustrates, we really have to
t hi nk about what assunptions we're nmaki ng when we
are posing that, a surrogate is going to refl ect
the effect of the drug on the clinical outcone

that we're | ooking for.
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And | woul d say, before you suggest a
surrogate, think about all of the other nodels, so
you have the nodel of what | ooks great, where the
bi omarker is right on the pathway, but think about
what ot her nodels there m ght be, that m ght nake
t he biomarker or the surrogate go wong, and test
those. What is the evidence that, that isn't the
case? What is the evidence that supports your
hypot hesi s of where that surrogate sits, and tests
all the assunptions that can be, eval uated?

Wll, wth that very brief overview of
transl ati onal science, and a small adverti senent
fromthe sponsor, thank you for your attention and
enj oy the rest of your workshop.

DR. KASLOW Thank you, Dr. Stein, for
framng the critical role of translational
sci ence, and surrogates in the, regulatory review
process, so we'll now turn to Dr. Richard Beger,
who will join us virtually. Dr. Beger is
currently, the branch chief of Om cs nodeling,
| mgi ng and chem stry branch, in the division of

Systens Biology here at U S. FDA. The Qmcs
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Branch consi sts of Metabol om cs, Proteom cs, and
Ti ssue I magi ng teans that focus on di scovering and
eval uating transl ati onal bi omarkers of toxicol ogy
and di sease. Dr. Berger wll review the rol e of
Om cs in biomarker applications and di scovery, and
it |ooks like. Is he on?

DR. BEGER: Yes, this is ny slide, thank
you. |'d like to thank everybody in the bionarker
wor ki ng group, especially -- for inviting ne to
give this talk here. |I'mvery sorry that | can't
I n person, but | |love the talk so far, obviously,
in favor of talks you're going to hear about from
me, next slide.

Systens biol ogy, Omcs technol ogi es,
there's quite a few out there, there's genetics,
genomni cs, transcriptomcs, proteoncs,
met abol om cs, and each one of these has many
different ways of collecting that type of data,
and they all can provide information for us and
provi de bionmarkers for the next hit, so. NH
defined this as a bionedical research

understanding the larger picture be at the |evel
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of the organism tissue, cell, by putting its
pi eces together, and. Dennis Noble said that,
it's all about putting together rather than taking
apart, integration rather than reduction, and
that's going to be ny whole point here, is
bi omarkers, they integrate. Wat's happeni ng
m ght be better than what we've been doi ng by
reducti on.

Next slide - So systens biol ogy, OM CS
Bi omar kers, these can be used for discovery. Al
these things are happening in your cell, tissue
and organ. You have genone transcriptone, your
pr ot eone, your catabol one, your I|ipidone, and
these are all responding to your diet, drug,
|ifestyle, age and social interactions. It's best
to provide, to try to limt those exposures, or to
try to capture as nmuch of that as possible before
your study.

Qobvi ously, the gut m crobione can al so
play a role on how you're responding. And
hopefully, at the end of the holiday, you should

get sone kind of phenotype that can hel p us
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predi ct, whether the side effects hel p sonebody
respond or not respond. That's it.

And 1'd like to thank the previous
speakers for tal king about the nodels of
bi omar kers and the outcones on that, thank you.

Next slide - So, the Om cs bionarker
wor kflow, this is a discovery process, but it can
| ead you to biomarkers that you need per
validation. So each one of these nmjor groups are
the sanple prep analysis, the bioinfornmatics data
m ni ng, and then you're applying the data, and
each one of these has very strict. You should
have very strict SOPs, when you're doing
multiomcs, you're going to have to start thinking
about different sanple collection tubes, where
each one of those netabol om cs has to be thought
out bef orehand.

Try to do this beforehand. Have the
al i quots nmade, before putting themin the freezer,
and all these other type of issues. So I'll give
you very small exanples of each type of these

t hi ngs going forward. And what you see at the end
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of the day is, what we get is, sone kind of,
hopefully sone identified pathways are changed.
And al so, you're going to start |ooking at

uni variate and nultivariate biomarkers. 1'll give
you exanples, all the way going through, and at
the end of the day, really what you get is a

hypot hesi s, or sonething that you need to validate
when you go back through, what you're going to
want to do is, actually analytically verify those
bi omar ker s.

During this whol e process, you're going
to want to have policy control for each one of the
genom cs that you're doing and go through this
process again. And | have to say, one other thing
that's really, been bugging ne lately is the
reporting standards. Wen you actually report
this out there, there's a big discrepancy of how
people report netabolites, |ipids, proteins in the
literature, and. |'msaying that people, if they
want to put these biomarkers forward, especially
as patterns, we have to cone to a concise area and

have reporting standards.
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Next slide, I will actually give a
coupl e of exanples down the road on using these
processes for immune related studies, so for
proteom c technol ogies, when | first got into CIR
25 years ago, or so, people were actually doing
gel based, just these 2D gels. They were about
the size of a table, and they were trying to find
markers. And obviously, this is sonething that's
not done too much anynore.

It slowy noved into what they woul d
call, what | would call, nass spec approaches.
These woul d be where you would try to break down,
put themon another different gel. You would cut
out the slices, you would use a protease to break
them down into peptides, neasure all the peptides,
search the peptides to identify proteins, and when
you have a couple of peptides, you would actually
be able to say which proteins were changed.

Recently, a lot of things, have noved
into what | would call the affinity based
approaches, and what a | ot of people right now,

especially in this area, would be using the
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mul ti pl ex i nmune assays. And these basically are
| ooki ng at using anti bodies to | ook at 100 or so
proteins, these kits are w dely used, and
recently, in the |ast few years, what canme on
board is what these call, these large, | would
call affinity-based approaches, but.

One of themis the SOVAscan assays, and
t hese use slow off rate nodified aptaners. These
are sort of, chemcal antigens that allow you to
have really, reproducible results, and currently
you can actually use a very snall sanple size, and
collect up to 11,000 proteins. The Aink assays
are very simlar, except it uses antibody pairs.
You can go on to things that can go on to the
transcriptomc arrays, and right nowthis is up to
about 5000 proteins so that you can get quite a
bit of information in proteone technol ogies.

Next slide please. Previous back one of
the issues with proteomics is, | can't really get
a standard, so how do you validate that? And one
of the ways that we've been able to do this is

actually |l ook at both using SOVAscan and Adin, and
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do the elevation of the sane sanples, and so in
this way, we're analytically validating the two
t echnol ogi es agai nst each other and this is what
we' ve done previously.

W were able to show sone of the
bi omarkers that we found in the prediction of
ki dney recovery fromdi al ysis were reproduci bl e.
Now it doesn't always work out perfectly as it did
for like LS-6, but even there we had for FCF-23,
we had correlation alnost 0.5 and a very high P
val ue because we had a | ot of sanple patients.

Next slide - So for netabolom cs there's
many, different weighted, Smth, many different
flavors out there, targeted, untargeted, two
seconds, about sem targeted. And what the
st andal one bi omar ker way of doi ng things, right
now is the nmultipoint calibration curve with the
ultonic internal standard isotope resol ution and
mass spectronetry, and this is what people use for
t he FDA bi omar ker gui dance.

There's, other things out there now

where you can be, targeted. Like you could have a
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standard, additional, multi point, calibration
curve that is normalized by simlar, internal
standards. Wiat | say is, this could be |ike

| ooking at all 20 am no acids but only having four
or five internal standards that are, am no aci ds.
Li kewi se, you could be |ooking at maybe 50 or 100
di fferent bioacids and still, only be using five
or ten bioacids. That would be exanples of that,
for three would be the sane thing, but you' re not
using simlar internal standards. Like if, we're
am no acids, you'd be using steroids or sonething
el se, which not many people do, but it is out

t here.

And then what | would call now the
targeted and untargeted approaches, where you have
sone stable isotopes that you're using for
normalizing just for a few chemcals there, and
you're still doing an untargeted collection of a
| ot of data, and you're using that for
normal i zation, and then. You could have |ike a
whol e cl ass there, where you have all the am no

acids, but you're still collecting all the other
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data that's untri ed.

And then, there's the third case, the
| ast case, Nunber 6, which is a no-calibration
curve, and there's actually many different flavors
of this, where you're actually doing especially
four and five, where you can do nornalization and
QC at the same tine, and that kind of stuff.

These actually are now, what | would call a

di fferent class, nanes, what are called

sem -targeted netabolites, but. |If people really
want to start |ooking at mnultiplex bionmarkers,
we're going to have to actually standardize, and
have gui dance, | believe, for these other steps,
two, three, and four, going forward.

Next slide - one way you can have
really, good data in a netabol om cs experinent, or
simlar type of experinment, is using really, good
QC, and you can have QC standards for actually
every step of the way, highlighted.

You can have it during your sanple prep,
your anal ytical sanple analysis, data processing,

and your data analysis at the end. There's out
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there, there's reference libraries, standard
m xtures that you can buy, that can hel p you.

These things that you can neasure are
actually one of the nore inportant things, are
| i ke systemsuitability before you even start the
experinment. Wiat really helps down the road is
that, for conparison's sake, they have these, what
| would call reference and test materials, that
| i ke, NI ST would put out, that every |l ab can use,
and you can conpare across |labs. And what a | ot
of people use are actually Iike pool QCS, which
are actually the cl osest sanples that you m ght
have to your study, but they don't allow you to go
fromone | ab to another.

Next slide - one of the issues that you
can cone across is, as | said, you have to really
foll ow your SOPs, and so.

W did a study a few years ago where we
col l ected sanples from 20 humans, and we did, and
col l ected six tubes fromeach subject, and we did
a different pre-lab sanple prep for each one of

t hose sanples, and two of themfor blood. One was
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at zero degrees, one was for six hours at room
tenperature, one was a Henolysis, one was a
control, a normal way, and then one was plasna at
four degrees for 24 hours, and plasma 24 hours at
room t enper at ure.

And here, we | ooked at netabolites,
peptides and inflammti on, cytokines and stuff
| i ke that. The HGA pl ot shows that having sanpl es
at roomtenperature can really affect your data
anal ysis of what you see, so you have to be
really, careful on your sops, and especially avoid
room t enper at ure.

Next, slide please. So now, |'m going
to go on and tal k about two studies that are sort
of related to i nmunol ogy.

One is Leishmania parasite, it is a
bl ood borne pathogen that can be, transmtted by
transm ssion or, bite of the inflected sanpling.
It is arare disease (?), and currently, bl ood
donor screening is not an option, because it does
not neet the threshold for sufficient equival ence.

Standard drug treatnents to treat the infection
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nod are limted and often ineffective. However,
vacci nation of U S. travelers and mlitary
personnel is, stationed in areas that could be
conpl ementary neasures to control the transn ssion
of this |ife collection.

One of the things that's comng up, IS
they've used live attenuated listing of parasites
that are under investigation for candi date
bi omar kers, and these ones are deletion of the
centrumin the Lei shmania parasite LMCN m nus.

M nus and this, leads to inpaired cell division.

Next slide please. So the evaluation of
this vaccine by immuni zation, by delay type,
hypersensitivity responsively antigens and LCVS
based pat hol ogi c studies. So these studies, what
they gave is that, the vaccine that they're
studying, the LMCM m nus, or an |V treatnent for
ei ght weeks, and then they inoculated with the
parasite LST, or excipient and then they did the
| maging on the airs and neasured these studi es of
the site by caliper.

They did this at 24 hours and 48 hours
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and then they harvested the ears and did sone
cl ose up commentary and craft reservoir, and we
were able to get our hands on these sanples for
receiver, for two different studies. One is when
we | ooked at the ears, one of themis when we
| ooked, anal yzed neutrophils -- | wll talk about
those in the next two slides.

So the prelimnary nouse ear
nmet abol om cs data, we were only given so the Slide
B over there, we were only given the native and
the vaccinated. W don't have the third col um
here. Over here is the HVE plot so, native and
vacci nated, and is show ng that there's lipid high
I ncreases in the vaccinated |ipid species. And
when we did the netabol om cs anal ysis, we saw a
| ot of |ipids that were changed. And here, what
we really need to know here is, the KOH is the
| nactive nouse with the vaccine for eight weeks at
the DSH site. And then, there's the KLB, which is
the vaccinated with the buffer. And then there's
the KOH, which is the vaccinated. But at the

outside site on the ear, what we see, are the two
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bi ggest changes in ceram des, C 14 Ceram de and
the glycoceramde. And as | said before, these
are di scoveries processes, and our CBER

col | aborators are eval uating these further noving
f orwar d.

Next slide, please. Wen we |ooked at
the neutrophils, we | ooked at the control, we
| ooked at the vaccinated, and the resident, and
the alien wild trite. And one of the pathways
that we actually saw was, at a high |evel of
reactive oxidative species, as netabolites, that
are in the oxidative form so retinoic acid that
was, has for OXO we had a couple of cholesterols
that are oxidized form These are, things that
m ght cause the result of the future fil
recruitnment. And this is also sonething that's
seen in other disease situations |ike COVID.

Next slide - so | know that everybody's
probably heard a | ot of stuff about COVID so, |'II
be brief here. Wat our study is, we got day one
sanples from COVID positive patients. W put

these into three different groups, the mld one
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was one that didn't require hospitalization; a
noderate group that was in the hospital, but

wi thout the ICU, and a severe patient popul ation
that was in the ICU, and these were about 30 per
group.

And we tried to have age and gender
maps. We've done Multiom cs on these sanples,
we' ve done m croRNAs, proteom cs, netabol om cs and
| i pidomcs. Unfortunately, | got the responses of
the groups just literally days before these slides
were acquired, so sone of the results |I've given
you are very prelimnary here.

Next slide - So when we | ook at the
significant changes in the m croRNAs and proteins
in the day one sanples, we can | ook at the
m croRNAs, we can do either a P-value of 0.5, or a
P-value with an old change of 2.0, or a false
di scovery rate of 0.5.

The MAQC said 20 years ago, when they
did the study for transcriptomcs, that really the
best way to go forward is a P-value with a ful

change of 2.0, so that's what we're using for
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m croRNAs. Wen you apply that for the proteins,
we see a nmjor reduction going fromthe P-val ue
because the proteins don't have as nuch of a fold
change as the m croRNAs, going forward. So we
m ght have to adjust that going forward, when
you're trying to find what m ght be significant
pat hways or bi omarkers, going forward, and maybe
an FBR actually would be nore appropriate for
t hem

Next slide, please - so this is actually
what you're seeing for the protein that was heard
in the table previously, now we're showng it in
the panel plot. Here we have on the X-axis, the
ratio change in Log 2, then the P-values on the Y-
axis, so you can see on the right, that the severe
versus ml|d has nost changes, and nost of the
changes on the protein side are actually
| ncr eases.

Next slide, please - so what you can do
wth this data is, you can actually put it into
| PA, or other types of things and | ook at

pat hways, and we've done that.
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And when we do that for the severe
versus mld just using what we would call the
significant proteins, which we see is here, are
t he pat hways over here. And if they're in orange,
It means that they have the nunber of changes that
were significant, but they're also in the
significant direction they woul d expect for that
pat hway to be changed.

And we want to sing in. One of the
bi ggest pat hways t hat everybody's heard about is
this Cytokine pathway, that everybody's heard
about for the last 34 years. W also see the
wound heal i ng, and we have neutral fuel
degeneration. Wen you | ook at severe versus
noderate, we also still want to see as a cytokine
pat hway, and we see wound healing is al so anot her
maj or pat hway.

You can al so put these into what | would
call networks and see what the correlation of a
| ot of these things going forward. At the center
of all thisis I1O6, forwards versus mld. W

assune a simlar versus noderate, simlar patent
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net work, which one stands |O-6 in the m ddl e of

everything. But we're actually seeing a couple of

negati ve correl ati ons, shown here in bl ue.

Next slide - which is, nore of a

standard way of doing, analyzing, data sets, only

data sets. This is what | would call these
supervi sed net hods by squares, discrim nant
anal ysi s.

And then we have a sem supervised ACA
plot on the right here, we can see for the
nmet abol om ¢ data, we can see the severes in the
pi nk, the noderates in the mddle in blue and in
the mld, green. In this particular data set,

we're not just |ooking at what | would call a

nauseous thing. W're actually picking up quite a

few of the drugs that people are taking during

this stuff, and so that's actually playing a role

in what we're seeing in the grouping there.
When you | ook at the ACA plot, we

actually put it in order for mld, noderate and

severe, and sone of the tablets, that we are

showi ng of f, here have been previously put out,

by
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ot her people. Uinary pathway, the tryptophan
pat hway, what we've been showing here is also, we
see a |lot of oxidation of fatty acids, and we' ve
seen a lot of proteolysis, am no acids and
tripeptides.

Next slide, please. |If you |look at the
tryptophan pathway, that's related to severe
response, we see the tryptophan is actually down,
but many of the actually other netabolites
associ ated, especially in the indol side of it
were actually increased. And we al so see,
downstream fromtryptophan is the kynureni ne, and
it's another netabolite downstream of that were
al so increased. Next piece, here, these were
actually also strongly correlated with creati nine,
so previous people would actually report these as,
ki dney bi omarkers, and functional ki dney
bi omar ker s.

Next slide - One of the things that you
can do, and what we try to do is, start | ooking at
cross correlation of the different elenents, the

data sets that we get. And so, just to see where

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma page- 86

10

11

12

13

14

15

16

17

18

19

20

21

22

we m ght want to | ook, and other things, and so in
this particular case, two ones | want to | ook at
is, the left and the right, sorry, I|L-6.

Everybody's heard about this being
related to Covid. W see that on the top, the
hi ghest related things are actually sone
ceram des. Ceram des are probably actually
I nstigating, sort of starting the |IL-6 pathway,
and this is a pro inflammtory marker of COVI D,
t hat many peopl e have tal ked about.

Over on the left hand side, we have
April lipoprotein 84, and this is a |ipoprotein
that's on the HDL, your good chol esterol, and
actual ly, showed that we have many strong
correlations with the lipids, which | would
expect, if it affects our cholesterol, soit's a
good thing. And it was, actually shown, it was
anti correlated with the sane ceram des that were
actually highly correlated with interleukin. In
this particular study, this patient, Sapphire,
this was a bunker that was decreased, it didn't

hit the FC, 0.50 percent reduction, was actually
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at 0.57, but it had a very good FDR. It was
sonet hing that we mght go forward with because
there was quite a few patients that were in the
cardi o and hypertensi on show ng signs of col or
response.

Next slide - so the use of Miltiomcs
anal ysi s, kind of healthy service, what we have to
figure out is, what are the rules? And so, we had
our previous speakers give us sone of that, a | ot
of that was really out of biomarkers. Miltiomcs
can provi de biological insights that we can fol |l ow
up on. And really, the challenges are quality
control, integration with multi elenent data. |
acknow edge the provision of systembiology to
help with all the COVID response and eval uati on
recei ver sanpl es.

The Center of Toronto actually gave us
the noney to evaluate the COVID sanples. CBER
col | aborators provided the sanples, and our
non- FDA col | aborat or Heather Snaller at the UTHSC
t hat provided the col or sanples, thank you.

DR. KASLOW Thank you, Dr. Beger, next
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up is Lin Yao, who's the director of Division of

Pedi atric and Maternal Health in the O fice of New

Drugs in Cedar. As DPMH Director, Dr. Yao
oversees quality initiatives, which pronote and
necessitate the study of drug and bi ol ogi cal
products in the pediatric population and inprove
collection of data to support the safe use of
drugs and biologics in pregnant and | actati ng
I ndi viduals. She also serves as the rapporteur
for the I1C he eleven a guideline, pediatric
extrapol ation and Dr. Yao will reviewthe
extrapol ati on of bi omarkers between age groups.

DR. YAO Thanks very nuch. |'m hoping
to, in the next few mnutes, describe the utility
of biomarkers in a pediatric extrapol ation
approach. The subtext, or the subtitle of this
tal k should be, do not forget children.

There's ny disclosure slide, and here's
one of the, | think, nost inportant slides that I
can present to you today, may, and that is, as
you' re thinking about devel opnent products to

treat or diagnose allergic diseases, that a | ot of
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that population is going to be adult, but sonme of
t hose patients, alnost in every situation, wll be
chi | dren.

And therefore, if your devel opnent
programis going to be focused on adults, but, you
know, children are going to end up bei ng exposed
to that product, then those product devel opnent
prograns shoul d i nclude pediatric information, and
pedi atric studi es, because, of course, the very
first line pediatric patients deserve access to
products that have been appropriately eval uated.

As you've heard from ot her speakers, |
think Dr. Stein, Dr. Marks, others have descri bed
sone of the issues related to studies in rare
popul ations. And fortunately for nost situations,
di seases that occur in adults and children, well,
in children, it tends to occur less frequently
because children tend to not have a | ot of these
conditions in as high or great incidence as
adults. And so, that's a good thing for children,
but it's not necessarily a great thing, if you're

trying to develop that product for children.
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I n addition, we have special ethical
consi derations that require us to think carefully,
before we would enroll a pediatric patient in a
clinical trial, and in fact, you should have a
justification for, why that child should be
enrol l ed, rather than collection of that
I nformati on, who can provide consent, for exanple.
In an adult trial all of these factors make
conduct of clinical trials in children a little
bit nore conplicated.

And as part of FDA thinking about how
could we develop and | abel drugs for children in
an era where, we couldn't even do a clinical trial
in children, cane this idea of pediatric
extrapolation, and this is what I'mgoing to talk
about .

So if you have a disease in a reference
popul ation, and generally this is a reference
adul t popul ation, and that di sease occurs in
children, if we can establish that the di seases
are sufficient to a certain degree, and that that

drug you're testing, is also likely going to
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respond, or in a pediatric patient simlarly.
Then we nay be able to | everage efficacy
I nformation, and i ndeed, safety information for
that pediatric population, such that you don't
necessarily need to have those adequate and wel |
controlled trials, as Dr. Stein nentioned earlier,
to support substantial evidence of efficacy, and
to support a risk benefit anal ysis based on the
safety data. So it's a really, inportant concept
in pediatric drug devel opnent.

W' ve recently published a guideline, as
Dr. Kasl ow nentioned, an I CH guideline that's out
in draft on the use of pediatric extrapol ation,
and this figure is fromthat guideline. | want to
take a few mnutes to go over it because, | think
it's really inportant to understand conceptually
how pedi atric extrapol ati on works, so.

As | nentioned, you want to assess the
simlarity of disease, and the response to
treat nent between an adult popul ation, and a
pedi atric population. And to the left, where you

see red, when you have very little data, and very
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little information to support that the diseases
are simlar, or in fact, you have a | ot of data
and you know that the di seases are different.

Then that plan that you're going to
devel op, those studies, that you're going to
conduct in children, are very likely going to need
to be, adequate and well controlled, trial or
trials, to get that substantial evidence, but. As
we nove to the right, as we nove to a collection
of evidence, and hopefully it's high quality
evi dence that support that, the di seases between
adults and children are simlar, and we expect
that, response of treatnment will be simlar
bet ween adults and children. Then you could
| magi ne col |l ecting enough information to support
an approval in a pediatric population that nay
rely only on, identifying a dose that matches an
exposure that was seen, that supported efficacy in
an adult. That's what we call a PK matching
appr oach.

This large area that's kind of going

fromorange to yellow to green, is an area where
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we've had a ot of evolution in the last few
years. So we have sone simlarities, we have sone
confidence that the diseases are simlar, but we
don't know that they're exactly simlar. And
that's for a lot of conditions in children where,
we don't have a lot of information yet to support
that, diseases between adults and children are
really simlar.

"' mgoing to spend a few m nutes tal king
about how bi omarkers can be used in that space,
and in a pediatric extrapol ati on approach.

So you've heard about Dr. Siegel and Dr.
Stein, talk about pharnmacodynam c bi omarkers. And
| think that one inportant use of a
phar macodynam ¢ bi omarker in drug devel opnent is
that it can indicate that, there's sone biologic
activity, but we're not necessarily draw ng that
conclusion that, it's actually a biomarker that
w Il predict an efficacy, or disease outcone. In
t hat case, pharnmacodynam c nmarkers can be used, to
support that a disease is simlar, that a response

to treatnent is simlar between an adult and a
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pedi atric population, it can support dose
selection in a pediatric plan. And it can support
an actual extrapol ation approach in that mddle
area that | just described, where maybe you can't
just match an exposure, but you want to have a
little bit nore confidence that that drug is
wor Ki ng.

Simlarly, by using a pharmacodynam c
marker in addition to matching PK, the bridging
bi omarker is where | really want to focus our
attention on the next few slides.

And |'m not going to tal k about
surrogat e endpoint biomarkers at all, because |
think that's been discussed really quite
t horoughly. A bridging biomarker, and it's
defined here, is a response biomarker that is
supported by really strong nmechani stic evi dence,
IS expected to be correlated with an endpoi nt that
w ||l assess a fields function, survives outcone,
but you don't necessarily have enough clinical
data to show that, that's a validated surrogate.

So this type of bridging biomarker can
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be used, and has been used in a pediatric
extrapol ati on approach, when we've concl uded t hat
there are sufficient simlarities between an adult
and pediatric population to allow for it to be
used.

And how do we establish the evidence for
that bridging biomarker in a pediatric
extrapol ati on approach? This slide is alittle
bit busy, but I want to focus your attention on
the m ddl e box, that |evel of evidence for a
bri dgi ng bi omarker, so: 1) It requires that you
have established sone evidence to support the
simlarity of disease between an adult and a
pediatric population. 2) That in adults you've
establ i shed efficacy based on a clinical endpoint.
3) That in both adult and pediatric settings, that
t hat bi omarker captures an effect through a causal
pat hway.

W' ve heard a | ot about the causal
pat hway by previous speakers, and simlarly, as
we' ve heard before that, that biomarker in both

adults and children, that that treatnent effect
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goes through the biomarker and is not really,
there aren't other effects that are captured by
treatnment that are not reflected in changes in the
bi omarker. And then finally, through really

ri gorous anal yses, that the net effect of the
exposure, the experinental treatnent on the
clinical outconme can be explained by changes in

t hat bi omarker, so.

A lot of, requirenents to use the
bridgi ng, biomarker, and by the way, | m ght say
that, as you heard, that in translational sciences
and the use of such an approach relies on, that
you're collecting data in adults during adult
devel opnent that can hel p support children.

And 1'I1l give you that case exanpl e,
this is a drug called Sacubitril/Val sartan.
Subcubitril is a neprilysin inhibitor, and
Val sartan is an angi otensin receptor antagonist.
And you can see that, this product, the trade nane
Is Entresto, but it's a conbination product and
was approved in 2015 for the treatnent of heart

failure, with reduced ejection fraction.
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Now, at the tine of the adult approval
in 2015, we had very little information to support

that heart failure in adults was simlar to heart

failure in children. Most heart failure in adults

Is 1schem c heart disease. Most heart failure in
children is really due to congenital heart
di sease, and so we thought, okay, etiologies are
different, the presentation is different, the
prognosis and clinical course are different, lots
of reasons to say, these conditions are not the
sane. And therefore, pediatric extrapolation, as
an approach to support and approval in the
pedi atric popul ati on was not accepted in 2015.
What was required was a doubl e blind,
random zed, active, controlled study in pediatric
patients with heart failure, based on inportant
clinical endpoints. And you can see the original
endpoi nt was, tine to event for death, heart
failure, hospitalization, transplant, and other
| nportant clinical outconmes, so this was going to

be, a trial that we knew was going to be hard to

conduct, a tine to event trial, in children. It's
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going to take a long tine, it's probably going to
take a lot of patients, and there aren't nmany
events that are going to happen. So we knew goi ng
out that, this was going to be difficult to
conduct, but we didn't feel like that, we had a
way scientifically to bridge efficacy in adults to
efficacy in children.

In the neantine, in 2017, FDA, al ong
with the Centers of Excellence for Regul atory
Research and I nnovation, CERSI, regulatory science
and i nnovation, CERSI, convened and hosted a
wor kshop that was specifically to ask the
gquestion: Are there populations of children wth
heart failure that are simlar to adult patients
with heart failure?

And t hrough conversations at that
neeting, which we had a paper published about this
as well, it was determned that there is a subset
of heart failure patients in adults that actually
are very simlar to pediatric patients, and those
are adult patients with non ischemc dilated

cardi onyopathy. They tend to be, younger they
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tend to have diseases that are not related to
nmyocardi al infarction, or atherosclerotic disease.

And so for that reason, we thought,
okay, maybe pediatric extrapol ation could be
considered, if we had a subset of patients with
di |l ated cardi onyopat hy not due to ischemc
di seases in adults, and conpared themto pediatric
patients. The problemw th the study in
Sacubitril/Val sartan was that, nost of the
patients had ischem c cardiac disease. But there
was a subset of patients with dil ated
cardi onyopat hy, they tended to be younger, who
coul d be eval uat ed.

But you see, because the adult trial
wasn't powered to | ook at efficacy in that
subgroup, we didn't have a |l ot of confidence, that
you could directly extrapol ate and just say, okay,
let's look at the PK in those patients, and we'l|l
go ahead and just get PK in pediatric patients.

We t hought there had to be sonething nore, to
bridge the efficacy, and so we | ooked at NT- ProBNP

Pr ob.
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Now, this is a very busy slide, and it's
really intended for you to take a | ook at, at your
| ei sure, after the neeting. But NT-ProBNP is
short for N-termnal pro brain, naturic peptide,
and the reason that NT-ProBNP was very interesting
as a candi date biomarker to bridge efficacy, it
was because we know nechani stically and
biologically that, this hornone is secreted by
cardi ac nyocytes in response to stretch, or
dilation of the ventricle, that occurs in both
children and adults. And if we | ook at those five
criteria that | mentioned before about, howto
collect the information to support Probnp as a
candi date bridgi ng bi omarker, each one of those
steps was eval uated and est abli shed.

Now, |I'mnot going to go into details,
just for the sake of tine, but | really want to
point out here that, this doesn't happen
overnight. There was a lot of information that
had to be collected and integrated, both fromthe
clinical trial data in the, adult, paradi gm HF

trial, as well as, data that were collected in the
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pediatric heart failure popul ati ons, that
supported the use of this biomarker. And in fact,
t he sponsor collected NT-ProBNP, as a bi onmarker,
as part of their phase three trial. So there's a
way to directly correlate changes in NT-ProBNP,

wi th changes due to the drug and clinical outcones
i n adul ts.

So that's a really critical piece of
information that, that's the kind of information
t hat you have to consider collecting, as part of
the adult drug devel opnent, in order to support
potentially an extrapol ati on approach in children.
So what did, we decided, after review of the NT
ProBNP data, renenber | told you that the endpoint
for this trial was an outcone that was death,
hospitalization, heart transplant, and we changed
It to, changes in ProBNP at 12 weeks.

Ckay, so a very, very dramatic change in
what we were going to accept as establishnment of
efficacy in children. So a primary, endpoint that
was going to be atine to event to a primary

endpoi nt, that we were going to neasure at 12
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weeks, and a change in a biomarker. You can see
why we agreed to that change, and again, because
it was, correlated to changes in outcone in the
adults, and that, that correlation was not just a
casual one. In fact, when FDA did, and the
sponsor did an analysis of the data fromthat
trial, that over 80 percent of the treatnent

ef fect could be expl ai ned by changes in that

bi omar ker .

Here are the primary efficacy results
fromthe pediatric trial after the endpoint was
changed. You can see Entresto, which is the trade
nane, that the NT-ProBNP fromthe ratio, from
baseline to 12 weeks, was cut in half, conpared to
the conparator Analypril, which was cut about two
thirds. And you can see that, the conparison from
Entresto to Analypril, there was about a 15
percent inprovenent, relative to Analypril, in the
treated group, so.

What were the conclusions by FDA, that
the evidence in adults and children, that FDA

concl uded that, NT-ProBNP coul d be used as a
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phar macodynam ¢ bridgi ng bi omarker, to bridge the

efficacy fromadults, where we had clinica
efficacy, clinical, hard clinical endpoints, to
children. Were we were not asking for the

clinical endpoint anynore, that we used that

bi omarker to bridge, and that ultimtely, when we

conpared the changes in NT-ProBNP from pediatric
patients, to adult patients with dil ated
cardi onyopat hy, those changes were very simlar.

There are a coupl e uncertainties that
need to |l et you know about. That is that, the
active conparer that we used in the pediatric
trial, Hanalopril is not, approved for use in
children. It is standard of care, however, and
that reflects sort of, the lag that we have, and
the difficulties we have in devel oping and
approving drugs for pediatric heart failure.

And | also want to point out, as you
m ght have noticed in the last slide, that the
di fference between Analypril and the treatnent
Sacubitril/Val sartan, was not statistically

significant. It was in the adult trial.
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Wiy was that? W don't know why,
because we don't know what, and we didn't know
going in, whether Analypril was going to lead to
the sane changes in NT-ProBNP, as in adults and
actually. W weren't as worried about that
because, the inportant conparison was: How did NT
Probnp change, between adults and children, not
wth treatnent, with Entresto, as opposed to with
treatnment with Anal ypril, but that does remain
sonething that we do need to actively investigate.

How do children differ in terns of
treatnent, with any drug, in heart failure? How
do those changes, how they are simlar or
different to adults?

So sone final thoughts: W' ve nmade a
| ot of progress in devel opnent of treatnents for
chil dren, based on innovative strategies under the
unbrella of the use of pediatric extrapolation and
bi omarkers, as |'ve hoped to denonstrate to you,
play a very inportant role in the use of pediatric
extrapolation. But there's a very inportant, but

here, and that goes to, what are the assunptions
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1 we're using, when we take that |eap and say, we

2 can extrapol at e.

3 The assunptions have to be that, we have
4 a certain degree of simlarity between the adult

5 and pediatric forns of the di sease, and that, that
6 simlarity has to be assessed very carefully,

7 because if we're wong, and the di seases are

8 different, then we are absolutely going to approve
9 a drug in children that doesn't work. So the work
10 that has to be done upfront, to support a

11 pedi atric extrapol ati on approach, has to be

12 coll ection of the data, rigorous anal ysis that

13 supports simlarities between the adult and

14 pedi atric popul ation.

15 And then finally, | just want to say

16 that, on behalf of all of ny coll eagues, we share
17 an inportant job of increasing the availability of
18 safe, effective and affordable treatnents for

19 pediatric patients, including those who suffer

20 all ergic diseases. Thank you for your tine.

21 DR. KASLOW Dr. Yao, thank you for

22 your, conpelling call to action to ensure, access

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma Page' 106

10

11

12

13

14

15

16

17

18

19

20

21

22

to drugs in pediatrics, through use of bionarkers,
to extrapolate the benefits fromadults to
pedi atri c popul ati ons.

So, last but not least, Dr. AKis
Togi as, an allergy inmunol ogi st, and chief of the
Al l ergy, Asthma and Airway Biol ogy Branch at the
Di vision of Allergy, Inmmunology and Transpl ant,
NI Al D Support of Bionmarker Research in Allergic
Di sease.

DR. TOGd AS: Thank you. Thank you very
much to the FDA for this very kind invitation. W
are thrilled to see researchers, industry, of
course us, and the FDA, getting together to
di scuss this very inportant topic. | have the
sane di sclai ner as a governnent enployee, | just
put it in a shorter sentence, but it's exactly the
same i ssues.

| want to tal k about what we, or I,
consi der as biomarkers of interest in allergy.
And once | talk a little bit about that, I'Ill give
you a few exanples of what we're trying to do, in

terns of attracting research proposals for
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bi omarkers. And then |'m going to go through a
few exanpl es of where, | personally think, we have
sone real gaps, or problens in sone of what we use
ei ther as biomarkers or as endpoints in sone of
the trials.

But | think it is quite |ogical that
we're | ooking for good diagnostic bionmarkers in
all ergy, because in allergy, there is this big
| ssue of, when does sensitization to an allergen
reflect true disease or not? And that is, a very
common problem we deal wth. And obviously, these
bi omar kers woul d be applied in clinical trials, in
epi dem ol ogy, but also in clinical practice.

We al so care about prognostic biomarkers
in allergy, because as you know, there is a high
chance for a kid with, either recurrent wheezi ng,
or food allergy, to outgrow these problens. And it
wll be great if we know fromthe begi nning,
whet her that is going to happen or not.

O course, we care a |ot about therapy
in the context of therapy in allergy. There is

your classic predictive biomarker, which wll tell
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you fromthe beginning, if you put this particul ar
patient on this treatnent, what are the chances
that this individual is going to do better on this
treatnment or not? And this always differs, again,
in the world of allergy, based on two concepts,

t he concept of desensitization, neaning that you
are essentially reducing the chance of a reaction,
versus the concept of long termtol erance, where
you have nodified the disease, which is sonething
that theoretically can be done in allergy.

And then, we have the questi on,
particularly in allergy and i munot herapy, of can
we nonitor therapy while it's happening, to
predi ct whether it's going to be effective after a
year, or after two years? Because, in
| mmunot herapy we nay have to treat for several
years, and it would be great if, we know right
away once we start it.

So here is what we woul d take, a
noni tori ng bi omarker, that can becone, a response
bi omarker, in the mddle of the therapy, and use

that to predict success. Again, the issue of
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tol erance cones here as well, because it would be
wonderful, even in the mddle of therapy, to know
that, we have a response biomarker that predicts
tol erance. So these are sone efforts that we're
doing in nost of our RFAs these days, that are
cal l ed NOFGs, or Notice of Funding Opportunity.
We have entered el enents that have to do with

bi omar kers.

This is our nost recent COFAR RFA, and
you can see there that, we're asking specifically
for studies to accurately assess the incidence and
preval ence for epidem ology. W need sonething
nore than, just sonebody telling us they have food
al lergy, and studies to i nprove the diagnosis of
food allergy, aimng actually at replacing oral
food challenges. It's in our ainms, this is
another initiative that is on the streets right
now, that have to do with vaccine and antibiotic
al l ergy.

And again, you can see we are
enphasi zi ng the need for research for biomarkers

to identify people at risk for reaction, or to
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confirmreactions to specific antibiotics or
vaccines. And this is our omibus solicitation
for SBIR/ STTR, and sone of you nay be very
interested in that, in that omibus solicitation.
When it cones to allergy research, we're

enphasi zing that what we really want is, to fund
research for bionmarkers as diagnostic narkers, or
di sease severity, and predictive biomarkers for
treat ment, so.

Now why are we really interested? Well,
we're interested in the biomarkers a | ot because
we want to facilitate, of course, |ike everybody
in this room the devel opnent of new t herapeutics.
But for us, fromthe perspective of a research
institution, we want to nake sure we can use those
bi omar kers to study subgroups, phenotypes,
endotypes, that will allow us to understand the
di sease way better than we do today. And so, we
want to use themin clinical trials, we want to
use themin observational studies.

But there is al so sonething el se about

bi omar ker research, and that is that, it can all ow
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us to dig deeper into the nechani sns of disease.
So you, on one hand, identify a bionmarker with all
the uses that we tal ked about al ready, but then,
at the sane tine, it unveils all kinds of aspects
of disease that we didn't know, and so we have
doubl e interest in those biomarkers because of
this reason.

Now, |'m going to take you through a
coupl e of exanples, not to show what we're doing
in general, but only to raise sone concerns and
sone di scussion, about things we are not sure
about. W need nore research, classically, in the
airway allergy situation, what we use, as you
know, to enter patients in a trial, but also in
clinical practice, is the conbination of synptons
and irrelevant allergic sensitization. That is
t he gol d standard.

However, what do we know from
epi dem ol ogy? We know that percent of the US
population is actually, sensitized to at |east one
aeroal l ergen. And we also know in the case for

allergic rhinitis, that the synptons of allergic
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rhinitis are pretty nuch the sanme, with slight
differences fromthose of non-allergic disease.
And we al so know very well that, allergic and non
al l ergi c di sease probably are superinposed, there
Is sonmething we call mxed rhinitis, so we have a
conundr um her e.

Do we know for sure that if we choose
pati ents who have synptons during the ragweed
season and the ragweed allergic, that these are
patients with allergic rhinitis to ragweed? W
certainly don't, | think, and this is an exanple
of one nore, observational study we did, with the
Inner Gty Asthma Consortium W took children
with asthnma and followed themfor an entire year,
in ternms of synptons of rhinitis. By the way, 96
percent of these children had rhinitis.

And you can see then, clustering their
synptons in terns of their seasonal variability,
that there are two top clusters. One of them
shows a typical spring and fall peak of synptons
of rhinitis, and then the other one, which we

really didn't know that it existed, seens to be
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showng a late fall and w nter peak of synptons.
And these are the top two clusters in terns of
severity.

So we hypot hesi ze that, perhaps they
differ, really, in terns of their allergic
sensitization, that one of these groups, for
exanpl e, may be nuch nore allergic to trees and
grasses conpared to the other, and here's what we
find.

These two groups absolutely have no
difference in terns of sensitization to any tree,
to any grass, or to nold. So all of a sudden, we
have this reality, which is those clusters, but we
cannot necessarily say that, what differs between
themis, sensitization to a particular allergen.
So that does not matter that, within one of these
groups, there are children who do have an allergic
probl em due to those allergens. But what it does
say is that, once you select on the basis on
synptons and sensitization, you may have very wel |l
a good nunber of participants in your study, for

whom wear allergy is not rel evant.
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So we do need nore diagnostic and
predi ctive biomarkers in the case of allergic
rhinitis. And of course, one of the discussions
that we all know has been going around for nore
t han a decade, probably a couple of decades, is
the story of, whether we should al so be using an
al l ergen challenge. And |I'm | ooking at Stefan
because he knows that this has been a strong, big
di scussi on i n Europe.

Here's anot her problem Allergen
| mmunot herapy and g4, | think that nost
clinicians will actually say that, Ig& increase
in the course of allergen i munotherapy is an
I ndi cation that sonething is happening, and that
many people still believe that. There is, a
relationship that is causal in that, 1g&4 increase
does help in the induction of desensitization or
tol erance in | arge i nmunot her apy.

This is, a negative study, that was
conducted by the Inner Cty Asthma Consortiumwth
cockroach subcut aneous i mmunot herapy, it hasn't

been published yet. Ed Zoradi is the principal
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i nvestigator. Wat you see is a beautiful effect
of SCIT on increasing 1g&4, wth no effect on

pl acebo, of course, but absolutely no clinical
effect.

Now, the outcone here, the endpoint
here, is a nasal challenge, as opposed to a field
type of study. But even here, you can see a big
di sconnect between I g&4 and synptons.

And you can say, well, why didn't we
know about this before? WlIl, this is a negative
study. Most of what we see are, positive studies
of allergen i nmunot herapy, and of course, in
positive studies, if you're giving the allergen,
and that is the reason why 1g&4 gets increased,
you' re going to see sone formof a rel ationship.
Here we have a negative study, and we still see
| g&4 goi ng up.

Now, in food allergy, one of the issues
that we feel needs to be addressed is, the issue
of oral food challenge. It is a mgjor advantage
that we can do oral food chall enges, and that we

can actually take nedications to approval on the
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1 basis, of oral, food challenges. And we use them
2 for diagnosis, we use themfor efficacy of

3 t herapeutic interventions.

4 But we need to consider that oral food

S chal | enges have a |ist of issues, safety

6 consi derations, a personal problemto those

7 parents, and those little kids that are exposed to
8 t hese foods that they know they nay react to, and

9 what it does to their psyche.

10 Ti me consum ng, expensive, partially

11 obj ective, and still w thout adequate

12 standardi zation. Although there is progress in

13 terns of standardi zi ng, but sonetines even the way
14 that, the data are, presented follow ng food

15 chal | enges, are problenmatic.

16 This is a conparison of three ngjor

17 studies, two in the New Engl and Journal, one in

18 Lancet showi ng efficacy of either, epicutaneous

19 | mmunot her apy, The Epitope Study, or oral

20 | mmunot her apy, The Pal i sade Study, and inpact that
21 was done by the immune tol erance network. All |

22 want you to | ook at is the response to pl acebo,
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1 because on one study is 33 percent, in the other

2 studies is less than 10 percent.

3 This i s not because of the nethodol ogy.
4 It is probably because there are criteria at which
5 a response is, called a response, which are

6 di fferent between these studies. And |'m not

7 raising this to criticize Epitope, |'mraising

8 this to say that, for any reader of these studies,
9 unl ess they really go deep and think about what is
10 the difference, they will think that there is a

11 problemeither in inpact or in Epitope, that the
12 response to placebo is what it is. So those are
13 flags for us, that we need nore, we need to do

14 nor e.

15 So the value of a biomarker to repl ace
16 oral food allergens, or to use in food allergy

17 al so has other issues. W need to deal with the
18 type of allergen, so every single different food
19 al l ergen may actually behave differently.

20 And we need to take that into account,
21 and the age of patient. Dr. Yao raised this issue

22 and we are very, very sensitive to the fact that
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it's a very different thing to diagnose, or to
treat food allergy in infancy, than it is at five
years of age. Presence of risk factors already
present, those may change the behavior of a
bi omar ker, the stage of diagnosis, is it done
before, any exposure to that particular food has
happened, versus after years of eating this
particul ar food? And of course, the nature of the
t her apy.

A bi omarker may behave actually
differently when we're | ooking at allergen
| mmunot herapy versus, let's say, a m crobione
mani pul ati on.

Just an exanpl e of, behavi or of
bi omarkers in the diagnosis of food allergy, this
is Corinne Keats work. And in this analysis, she
took infants younger than 12 nonths of age, and
t hey had not been exposed, they've had risk
factors for peanut allergy, but they had not been
exposed to peanut. And she identified, of course,
a nunber of themthat, even at infancy were

already allergic to peanut. And what she's
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showing is, in her case, that RIH 2 seens to have
t he strongest accuracy and predictive val ue for
that diagnosis in infancy, in children who had not
been exposed before.

However, Corrine herself has published
anot her paper a few years ago. When she's | ooking
at five to seven year old children, things are not
| ooki ng so good for RRH 2. And that's again, the
| nportant point, that we need to take age into
consideration as we're | ooking for biomarkers, at
| east in children.

And the other point | wanted to nake is
that we may want to be | ooking nore carefully at
nodel s of bi omarkers, as opposed to a single
bi omar ker for diagnosis. And this is an exercise
by the Leap Goup that |ooks now, in children who
had undergone oral food chall enges, what el se
woul d be predictive of their response to oral food
chal | enge?

In their case, they conbi ned, as you see
here, peanut skin testing, RIH 2 antibodies,

peanut specific, IgE, IgEto RRH1, and IgE to
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RIH 3, and they conme up with an AUC in the rock

curve, that | ooks pretty good, despite the fact

that sensitivity may be, in ny opinion, still an
i ssue, but. It is a concept that, | haven't seen
many people pursuing. In ny opinion this needs to

be, pursued nore, it may not be, in other words, a
single biomarker. That will give us the answer.

So, planning for the future, at |east
frommny perspective, what needs to be done?

In the field of allergy, we need two
types of studies. W certainly need observati onal
studi es, we need |l arge, prospective, |ongitudi nal
observati onal studies, and we are already doing
one. Most of you nust have heard of our new,
birth cohort and the Sunbeam birth cohort, where
we W |I| standardi ze net hodol ogi es, standardize
clinical evaluations, standardize collection and
handl i ng of sanples, as one of the previous
speakers enphasi zed.

And we woul d be | ooking for diagnhostic
and prognostic biomarkers for susceptibility and

risk. And we al so have to, then take clinical
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trials into account. And here we need, as again,
It was enphasized, multiple clinical trials, where
t he sane kind of approaches are going to be

foll owed, |ooking for predictive nonitoring,
response, di agnostic bi omarkers.

How can we do all that? CObviously, NH
will do as nuch as it can. W have a |limt of
what we can fund, and we will fund whatever we can
fund to do this, but it really requires a
col | aborati on between us, and investigators, and
the industry. And it needs the input of the FDA,
which we are getting, and we want to get nore of
that, so that this effort is an effort that is
with the future in m nd.

And then there is a need for a platform
where these anal ysis can be done, that is an open,
public platform And what we're really thinking
is that in the future, we need to have sonet hi ng
| i ke an allergy data commons, where it's not going
to be sinply a repository of data |li ke we have
Wi th inport, which, as you know, you can put all

your data in there, but it needs to be downl oaded.
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But it will bring out a platformwhere people can
actually analyze these data towards m xi ng,
bringing nultiple trials together, and all ow ng
for these bionmarkers to be produced and val i dat ed.
So, thank you for your attention.

DR. KASLOW Thank you, Dr. Togi as,
actual ly, cone back this way. W're going to have
everyone cone up, the presenters, to cone up to
the table here, and I'll start by thanking all of
the presenters and inviting themto have a seat up
here, and hopefully, we still have Dr. Beger
onl i ne.

What we'll do is, we've got maybe about
15 m nutes for questions and answers. For those
i n the room who have questions, please cone up to
amcinthe mddle of the room Please have a
seat, and just state your nane and affiliation,
and we wll also be |ooking for - thanks, Ron.

DR. DRAZEN. Jeff Drazen, from Boston -
VWhat |'mtaking away fromthis is that bionarkers
are probes into disease causality, where

di agnostics are generally syndrom c rather than
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nol ecular. W don't understand di seases at a
nol ecul ar | evel in many cases, heart failure,
ast hma, hypertensi on are nmany exanpl es, and that
we, in a way, use biomarkers to give us a nore
gquantitative and precise definition of a disease.
And then, therefore, by using biomarkers, we may
be able to divide what we have, |arge disease
categories into smaller, nore therapeutically
appr oachabl e di seases.

So to sone extent, biomarkers are
t eachi ng us about biol ogy of disease while we do
clinical trials, or while we do observati onal
studies. So how does FDA feel about the
i dentification of biomarkers in quantification of
them so that it can be a standard bi omarker?

| think Alkis is show ng that the
various tests for IgE versus skin tests, which
actually turned out to be the best. So that when
| use a biomarker, | know I'musing the sane

bi omar ker that soneone else is using, because

ot herwi se we have heterogeneity added to a probl em

of trying to do di sease di scovery.
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1 DR. KASLOWN Thank you for the question,
2 | think 1"l first turnto Dr. Siegel, I'msorry,
3 Dr. Siegel.

4 DR SIEGEL: So | think you're raising
S an i nportant question, which is if you have

6 different assays for a particul ar bi omarker, how
7 do you know that you're neasuring the sane thing?
8 And this is a difficult question. |

9 think that consortia of academ c groups with

10 gover nment and sonetinmes invol venent of industry
11 can be helpful to create standards, for what's

12 bei ng neasured in the biomarker qualification

13 program W qualify biomarkers, and we don't

14 qualify a particul ar assay.

15 So if you think about high sensitivity
16 CRP, we don't qualify one particular assay for

17 hi gh sensitivity CRP, we use neasurenent of one
18 assay for the qualification, and then that

19 bi omarker is what's qualified. Sonmeone who wants
20 to use a different assay to neasure the sane

21 t hi ng, needs to show that what they're neasuring

22 is the same thing that's being neasured by the one
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that was used for the qualification.

So when we qualify, we put the
i nformation that was used to qualify the
bi omar ker, on our public website, and the
specifications that would be part of that
qualification would be publicly available. And
ot hers, who want to devel op a new assay, would
want to mrror those specifications to make sure
they're nmeasuring the sane thing. | know your
guestion was quite broad and that | was | ust
answering one part. D d | at |least go part of the
way to answering your question?

DR. DRAZIN. Mbst of it, but just the
Nat i onal Bureau of Standards provi des standards
for things. |Is there an equivalent for standards
for biomarkers?

DR, SIEGEL: It would not be in ny
group, we work collaboratively with NCTR and ot her
groups, and there are standards for, certain
things, but | can't say there's a single place
where there are standards set for biomarkers.

DR. KASLOW Actually, before that, any
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coments from Europe on that question?

DR. VIETHS: Maybe to the question of,
havi ng standards for it? Wen you do these
conpani on di agnosti cs exercise you have to do, to
show you're not forced to use one commerci al test
I n Europe, you can use whatever you want, and then
I f sonebody wants to address the same narker, you
have to qualify, that your test has the sane
performance as the other test. And so, this is a
ki nd of standardization of the approach, which |
think is quite inportant in the biomarkers field.

DR. KASLOWN Maybe turning to you, Dr.
Beger, in terns of reference standards, and your
t houghts that may be related to that quality
control .

DR. BEGER. Yeah, | nean, you can
purchase for a lot of lipids, a | ot of
nmet abolic(?) |abels, but proteins are a little bit
nore difficult. And obviously, you can generate
ot her ones for the other onens, but there are a
| ot of ones that it's very difficult to get

standards for. That was a very valid question.
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WIl you do that please?

DR. SIEGEL: | think there may be one
ot her way to answer the question that may be
hel pful. So what we qualify in the biomarker
qual i fication programare, use of biomarkers in
drug devel opnent prograns.

There's a separate way to get approval
of biomarkers as in vitro diagnostics through the
Center for Devices. So they would qualify a
particular in vitro diagnostic test, for a
particul ar use, and then, other tests that want to
be used, would have to be cleared based on having
simlar specifications to the initial one that was
cleared. So in that case, when it's a device
that's been cleared by the Center for Devices,
there's a clear pathway to show ng equi val ence
bet ween one test and another one. Hope that's
hel pful .

DR. KRI SHNAN. Gary Krishnan Eli Lilly
so, froma sponsor standpoint, nore and nore, we
realize that the information around how a drug

responds, or doesn't respond in a disease is
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really enbedded in the target tissue. And rarely
do we see that signal show up in nore accessible

sanples |ike serumor urine, et cetera. And the

guestion to the panel is: Wat is the burden of

evi dence that one needs to generate?

Because a | ot of these are ideated in
the clinic as we progress through phase two, and
by the tine we refine what to neasure, and why we
shoul d neasure, the train has |left the station of
phase three. So can the panel opine on
retrospective evaluation? Wat is the burden of
evi dence, how do we overcone this |atency? That's
per haps i nherent in how we di scover and devel op.

DR. KASLOW Dr. Siegel?

DR SIEGEL: So | think it all depends
on the type of biomarker. Cbviously, surrogate
endpoi nt bi omarkers require nuch hi gher |evel of
evi dence than a prognostic biomarker, or a
di agnosti c bi omar ker.

| think it is inportant to recognize
t hat when you assess a data set for the

performance of a biomarker, you need to verify
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that, in an independent data set, to have
confidence that the hypothesis is borne out. So

i f you can work into your clinical devel opnent
program that process of hypothesis generation and
then hypothesis testing in a separate data set,
that can be very hel pful for those purposes.

DR. KRISHNAN:. | think you're right.

And the challenge for us is pre-specifying, having
enough tine to analyze the data in phase two, in a
real world situation, and then pre-specifying it

I n phase three.

DR. KASLON Great, thank you, for your
guestion, it sounds actually that question had, |
think, two parts. One was a tenporal part, but |
t hought | heard another part of that question
bei ng a conpartnent problem which is, we have
limted conpartnents that we can sanple, like the
bl ood, but oftentines the action is, soneplace
el se, and so, any thoughts on that?

DR TOE AS: Yes, please. | think this
IS a very inportant question, and we haven't

figured it out in allergy, but again, in allergy,
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we do have tissues that are accessible quite
easi |y beyond blood and urine, for respiratory
al l ergy, especially for allergic rhinitis, the
nose i s very accessible.

And through the Inner Gty Asthm
Consortium and there will be a speaker discussing
this, we have established, essentially al nbst an
i nvari abl e use of either nasal swabs or nasal
| avage to continuously neasure biomarkers there in
transcriptomcs or other omcs, that will help us
go up to the tissue, and. | think Dr. Altman w ||
di scuss how that doesn't necessarily agree with
what we see in the blood or in the skin.

Anot her net hodol ogy, sinple nethodol ogy,
has al so been devised in, atopic dermatitis with
the skin tape strips, a very interesting
met hodol ogy where you can certainly assess a | ot
of functionality and structural aspects of the
skin, with a very, non-invasive way.

So those are techniques that | think
shoul d start being used, even if they're not at

this point validated as true biomarkers, but
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should start being used in clinical trials just to
see what we can get out of them

DR. KASLOWN (Ckay, so there was just one
gquestion fromDr. Rabin, just one second, Ron. |
think one of the things that I want to enphasi ze,
| think Dr. Stein and others have sort of inplied
or explicitly described, is to know transl ati onal
medi ci ne.

We've sort of grown up with the idea
that it's benched to bedside and it noves in one
direction, right. That you have a hypot hesis and
you | ook at sone of these in vitro, nost of those
are biomarkers. You | ook at nechani sns and then
you say, okay, well, | think I have enough, |I'm
going to nove into the clinic, and it's going to
be clinical fromthen on.

But | think what we're saying with
bi omarker utility in drug developnent is that it
doesn't always nove in that direction. |[If we can
coll ect as much informati on as we can, on those
bi omar kers you use, to sort of junp to the bedside

and keep eval uating those biomarkers, and others
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all along in clinical developnent. | think to
t hat one questioner's point that, you nay create
that sort of evidence that can support at the tine
you' re doing that clinical trial, if you've
foll owed those biomarkers all the way along, it
can give you a lot of information.

So | think the idea is that,
transl ational nedicine isn't necessarily all just
one way anynore, that it's kind of got to nove
back and forth, to ultimately nmake the nost use of
the data that you're collecting in a devel opnent
program

DR. KASLOW Dr. Siegel?

DR. SIEGEL: And then we'll go to Dr.
Rabin, and I1'd like to make a plug for substudi es.
W all like to find the nost convenient source of
sanpl es so we can study lots of people, which is
usually blood. But recently |'ve heard several
exanpl es where biomarkers in the CSF aren't
reflected in the blood. And the AMP study of
rheumatoid arthritis found a lot of very

i nsightful findings by synovial biopsy of the
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joint, and none of that was reflected in the
blood. So if you can incorporate a small substudy
Wi th nore intensive sanple collection and a

bi omar ker study as part of the |arger study, that
can be a very hel pful way to get sone inportant
scientific insights.

DR. KASLOW Ckay, we have now two
guestions, virtually, one for Dr. Yao.

| s there an FDA age definition for
children? At what age is a person considered an
adult in the context of clinical studies? And is
there an age definition for transition from
newborns to chil dren?

DR. YAG Yes, so |l'll direct you to a
gui dance that's been published out for a while
now. It's called: The ICH 11 R 1, which is an
| CH gui deline that describes basic rules and
concepts related to pediatric therapeutics
devel opnent. There, we provide very explicit sort
of age cut offs for what's considered a neonate,
what's consi dered an infant, a child, adol escent,

et cetera.
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Now, | wll say that, regul atory
definitions differ, even within FDA, so if you
| ook at CDRH, the Center for Devices, their cutoff
for child to adult is 21, for CBER and CDER, we
consider the cutoff to be 17.

And ny point in bringing that up is
that, regardl ess of what regqulatory definition you
see or you reference, the point is,
scientifically, we want you to base your
devel opnent prograns on the popul ati ons that, nake
know age is actually a biomarker, too, and | would
argue, a very poor biomarker in nost cases. So we
really want you to think scientifically, about
what age groups you really need to be studying, or
apply, as opposed to just. Well, FDA says a child
Is two, so we'll, just study down to two.

DR. RABIN. Ckay, thank you, and the
| ast question before the break, then.

Has the FDA becone aware of biomarkers
that are not intended to be used in drug
devel opnent, but rather commercially, such as

genetic screening services? If so, would these
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products be subject to the sane regul atory
requi renents? Anybody, want to take that?

DR, SIEGEL: Yes. So the question has
to do wth biomarkers that are not intended for
use in drug devel opnent prograns.

DR RABI N  Yes.

DR, SIEGEL: | guess what the questioner
Is saying is, if sonething pops up on 23-and-ne
what would the FDA do with that information? |
think that's kind of where the question is comn ng
from not sure.

DR RABIN. W'Il deal with it when it
happens, | guess.

DR, SIEGEL: Yeah, you can ask ne. This
one's not going, why don't you go ahead? | guess
| don't conpletely understand what the question
s, so: What would the FDA do if a biomarker pops
up on 23-and-nme?

DR. KASLON | nean, | guess it really
depends on the context of use. How are you going
to use that information, and what nedi cal

i ntervention or action are you going to take based
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on that information? So | think it's the usual.
It depends on what the context of use is.

DR. VOLLMERS:. Well, thank you for
saying that, because that's exactly where |I'm
going, so. Thomas Vol lners, allergist in the Food
Al l ergy Bi omarker Alliance.

What | want you to speak nore on is,
really context of use, in the context of food
allergy in a surrogate biomarker, and which
clinical trial designs are going to provide the
nost evidence, to get to a surrogate endpoint? And
keep in m nd, context of use, does that nake
sense”?

DR. SIEGEL: So the question is: Wat
clinical trial design would be nost hel pful to get
the evidence to validate a biomarker as a
surrogate, endpoint biomarker in food allergy?

In food allergy, | would give a general
answer for any therapeutic area, and you could
apply this to food allergy. It would have to be a
t herapeutic study, where you see an inpact of the

t herapeutic intervention on the biomarker, and
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you're al so, collecting evidence on later clinical
out cones.

And if you see a very strong correl ation
bet ween the therapeutic intervention and the
clinical outcone, that's evidence to support that
t he bi omarker can be used as a surrogate. |If you
then see that, in a variety of different
therapeutic trials, with different classes of
drugs, where the change in the bionmarker
corresponds to a certain change in the clinical
outcone, and that relationship is preserved across
drug classes, that would be very strong evi dence
to support.

DR. VOLLMERS:. Thank you.

DR. KASLOW Just highlight that point
that came up nultiple tines, | think with Dr. Yao,
Dr. Stein, and others.

What are the underlying assunptions
you're making in those studies, as it relates to
mechani sm popul ations, et cetera, et cetera? So,
real | y understandi ng, what are you assum ng as

you' re designing those clinical trials? One |ast
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guestion is that, yes, one |last question.

DR. VON MUTIUS: Erika Von Miutius from
Munich in Germany, |'ma pediatrician, and. |If
you woul d consider running a study where you want
to identify the biomarkers, and you want to have
mul tiple evidence, |ike you have nechani stic
studies, nornmally analogy, this would be nouse
studi es, and you would have clinical studies, or
epi dem ol ogi cal observati ons.

What |'ve al ways been puzzled about is
t he nouse nodels. There are so nany ways of,
havi ng nouse nodels. |s there any standard that
the FDA or the IMA would like to see? |Is it about
haste mte? Is it about cockroach? 1Is it about
Alternaria? |Is it an acute nodel? Is it a
chroni ¢ nodel ?

| nmean, there's so nmany of these, is
there any sort of standardization in that way?
That because, we know that these nodels do not
necessarily reflect what we see in epidem ol ogy,
or what we see in clinics, I'd like to sort of get

your feeling.
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DR. KASLOWN Do you want to take that
one first?

DR. VIETHS: This is a new battlefield.
| think, in general, the nodels are useful for a
certain purpose, | wuld say. And so, it's very
difficult to draw general conclusions froma very
specifically designed, aninmal nodel, to
extrapolate to humans. So we would look at it in
a very specific way, we would think they are,
nostly hypot hesis generating, especially in the
field of biomarkers, and then, you have to
val i date your hypot heses.

DR. KASLOW Dr. Siegel?

DR. SIEGEL: So the question of, how
ani mal nodel s support use of biomarkers in humans
I S one that cones up very conmmonly, across many
t herapeuti c areas.

Agai n, going back to the synposium from
the accel erati ng nedi ci nes program a coupl e of
weeks ago, fromthe foundation of the NIH they
spoke about studies of |upus and rheunatoid

arthritis in humans, and. Found t hat the
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mechani snms that were driving di sease, were quite
di fferent than, what had been seen in ani nal
nodel s.

So those woul d be situations where the
ani ml nodels actually did not offer useful
i nsights for the human. But there are other
situations where, aninmal nodels mrror the human
di sease very cl osely.

So | think that, you would want to put
toget her a dossier of evidence, indicating that
the mani festations of the disease in the aninal
are simlar to in the human. The interventions
that i1npact the human inpact the animal in a
simlar way, and other bionarkers that behave a
certain way in the human, behave a simlar way in
animals. That's a tall order, and often you won't
see that.

Anot her way to | ook at animal nodels is
they may be a way of assessing one particul ar
aspect of the pathophysiol ogy, but nay not be
rel evant to the whol e di sease in hunmans. Hope

that's hel pful.
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DR. KASLOW Dr. Togias, you want to say
anyt hing on animal nodels, from N ID perspective?

DR. TOE AS: No, nothing to add, | nean.
| really see a two- way approach to ani mal nodel s.
On one hand, they do give us hints about
mechani sns and i deas about bi omarkers. And many
ti mes when you do the research in humans, you wll
get a lot of ideas that in order to get to the
bottom of them you're going to have to bring them
back to an ani mal nodel, and then | ook at what
exactly the observation in humans neans.

DR. KASLON Geat. GCkay, | think we
shoul d probably leave it at that. Thank you all,
and thanks again for your presentations.

DR. HERSHEY: Qur first speaker is Dr.
Arshad fromthe Isle of Wite Study, Southanpton
UK. (Good to see you, again, wonderful study
| ooki ng at the natural history and risk factors
for the devel opnent of allergic disease. So we're
really happy to have hi mkick off this session.
Thank you.

as
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DR. ARSHAD: Thank you, for the kind
I ntroduction, and the FDA organizing conmttee,
for inviting ne, to participate in this synposium
and |'mso sorry that | couldn't travel.

| got a noderately severe claim | felt
better not share that, so ny task today is, to
di scuss the current clinical endpoints for
efficacy and I'll try to summari ze those.

Next slide, yes, | |ooked at the

bi omar ker endpoints and another two resources from

the FDA, and these are the categories of the
bi omarkers that are listed, and try to put the
asthma rel ated outcones onto that.

Next slide, next hit, next hit. |If
these are the kind of clinical endpoints of
bi omarkers that, we use in different categories
wi thin the book, | notice that there are sorts of
exanpl es of different diseases, and bi omarkers
that are enunerated to show, how these bi omarkers
can be used in clinical trial, and. | searched
for asthma and LSD, and didn't find even one

exanpl e, where asthnma and LRD was |i st ed.
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1 And, | suppose, that shows that we do

2 not have the best markers that can qualify, and

3 that's why we are here, to discuss nore research
4 I s needed, and as we previously called so.

S Next slide is just another exanple of

6 what happens, when we don't have good bionarkers
7 that reflect the disease activity. This was just
8 copy and pasted from protocol froma pharna

9 conpany that contacted ne |ast nonth for a

10 bi ol ogical treatnent to be tested in asthma, and
11 primary marker is anal yzed as magneti zation rate,
12 and we'll conme back to that, but.

13 There are 18 secondary endpoints |isted,
14 trying to cover all the aspects of asthma, partly
15 refl ecting asthma and the het erogeneous condition,
16 but also indicating that, we don't have one or two
17 mar kers, that can capture all the disease

18 activity, or the endpoint.

19 Next slide. So there are markers for

20 t he diagnosis that would be used. |[If we are

21 trying to prevent asthma, the aimis to treat, or

22 manage asthma, with a new drug. W wll be
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wanting, to have markers, which reflect asthma
control .

Next. The asthma control is generally
gauged in two domains, one as a current asthm
control, which would be synptons or reduction in
medi cation, and the next, which is equally
i nportant, is for any drug, which can reduce the
future risk of adverse outcone, exacerbation, or
future loss of lung function.

Next slide. Broadly, we can divide
bi omarkers that we use in asthma in, those which
are objective and are reproduci ble, but. They may
not be so relevant to the patient, and they nmay
i ncl ude lung function, for instance, which is
wi dely used, easily done, but it is relatively
i nsensitive. Especially for instance, pillow that
has been used previously, it's not been found to
be sensitive to various interventions. Airway
responsi veness i s nost sensitive, but generally
requires, nore procedural sort of tine and
resources, and tend to have a weak correlation

wi th many ot her asthna features.
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Al | ergy, bone shape provocation test is
very specific, because it's an experinental nodel,
and mmcs features of allergic asthma. But
agai n, previously, about 20 years ago, this was
used frequently at the early stages of drug
devel opnent in asthma, but it was found that,

t hose drugs which were found to have an effect in
the allergen provocati on nodel, did not then
succeed, when they were biased with the exposure,
so this nodel is much | ess commonly used now.

Next slide, so there are other patient
rel evant outcones, which are increasingly nore
popul ar and used because they refl ect what patient
I s experiencing. They are in three categories of
synptons, or the Q nedication use, which is easy
to gather information, but they are subjective
and.

One of the problens is that, for
synptons, the definitions vary w dely, and rescue
nedi cati on use changes dependi ng on i ndivi dual s.
The other is the corticosteroid reduction, which

is often used. It's a desirable outcone for any
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1 new drug that can be found useful for, asthm

2 associated with various asthma effects. And the

3 third, which is nore commonly used now is

4 exacerbation, partly because it is very closely

S related to the patient's well being, and [ ong term
6 health, but also it has inplications on healthcare
7 resources. One of the issues wth exacerbation,

8 as an outcone is that, used in different trials,

9 i n various definitions, including the nunber of

10 exacer bation, nunber of patients with at |east one
11 exacerbation tinme to first exacerbation, or

12 annual i zed penetration rate, and. The other issue
13 Is that, it m ght not happen in a shorter duration
14 trial, because it may be not very frequent.

15 Next slide, the asthma quality of life
16 is, assessed in many trials, partly because it is
17 very relevant to the patient. This graph show ng
18 a conbination inhaler, inproving patient's quality
19 of life, it's often used as a secondary outcone.

20 Next slide, there are various (in the

21 next slide) a nunber of other instrunents are

22 avai |l abl e which provide very simlar information.

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma Page' 147

1 Next slide, so as none of the individual
2 out cones that we have discussed are ideal, because
3 t hey have advant ages, but al so sone drawbacks, in
4 recent trials, conposite outcones have becone nore
5 popular. The rationale is that, these conposite

6 out cones have nore than one, different aspect of

7 ast hma features bei ng assessed.

8 Secondly, nost of these give a nunerical
9 score, so. Asthma controlled tests, and since it
10 i ncl udes the synptons, and nedi cation, asthm

11 control | ed questionnaires, when you add, the |ung
12 function into that assessnent, cells and, the |ast
13 two conpacts, and test, include not only the

14 synptons, nedication, lung function, but also

15 I ncl ude a nunber of exacerbation. And that has

16 the advantage that, if the exercise did not happen
17 to the degree where, it can be assessed in the two
18 arnms of a drug trial, there are ot her outcones

19 that can be conbined to give invasion of

20 i ndefinite,

21 Next slide. This is a recent

22 publication in ERJ |ast year fromone of ny
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col | eagues i n Sout hanpt on, where they put together
five domains of asthma: Cinical life, clinical
out cones, exacerbation use, cortical steroid, and
asthma control, into a neasurable instrunent, to
assess response to biological therapy, and this is
devel oped separately for adults.

Next slide, a simlar outcone has been,
suggested for children.

Next slide, so I think this has been,
previously shown that a good bi omarker, or a
perfect biomarker, if you like, should be easily
measurable. It should have sone partial link to
the nmechanism it should be reliable, and
reproduci bl e, provide informati on about the
di sease prognosis and clinical outcones, and be,
cost effective.

Next slide, so this is borrowed fromthe
Yaki Physician Paper, where they enlisted
endot ypes of asthma, and we understand and link it
to the treatnment, or type of treatnent to be
tested, as a relevant biomarker, and that has been

used in the trials for these nedications. For
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| nstance, eosinophil in either in the blood or
sput um

for asthma therapy, or IgE for
ol i m zumab.

Next slide, so one of the issues with
asthma as we understand it, is that it's not easy
to characterize asthma into all the endotypes that
we di scussed, or shown in previous slides. And
nost conmonly, a nore practical way to endotype
asthma is, to divide it into classified, into T2
and non-T2 ast hnma.

For T2 asthma phenotype, nitric oxide is
often used as efficacy marker, and this recent
paper showed that, it can be also used as a
prognostic marker in T2 asthna.

Next slide, the recent paper again, also
suggested that periostin nmay be a marker for T2
asthma. \Wen they put together the data for
periostin, conpared to the FeNo bl ood use results
in IgE, they show that the specific sensitivity is
better than other markers, so this can be a

candi date to be used, although it is harder to
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measur e.

Next slide, so as | said, for T2 asthma
ESNFL is commonly used. |t predicts response to
Anti IL-5 therapy and one of the problens is that,
as nethyl can be raised in other conditions, and
It's not specific for inflammtion, and sane is
the case for phenol actually, that it is
i nfl uenced by various other factors, but the
advantage being that it is safe, and fast, and
easy to neasure.

|gE is al so easy to neasure, and has
been, used but the cutoffs used are arbitrary, and
have not, been validated. There are, other,
potential markers, that have been proposed in the
literature.

Exhal e breath contains a very |arge
nunber of nol ecul es, which have been, put together
i n various publications. One called, Electronic
nose, or in a different pattern, but by and | arge,
this hasn't been found popular in the trials,
because of the inconsistent results period we

t al ked about for non-T2 markers, we do not have
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1 good val i dat ed markers.

2 Neutrophils fromthe biology of the

3 non-T2 asthma and sone of the other cytosines,

4 have been possessed, but they have not been

5 validated. So that's where personal research is,
6 so just also to point out that, when collecting

7 the clinical endpoint, one needs to renenber that.
8 What is the type of treatnent that is being,

9 tested?

10 So for instance, the bronchodil ator

11 trial, lung function is very reasonable to be

12 clinically the endpoint, but for a controller

13 treatnent, such as anti-IL5 therapy, exacerbation
14 wi |l be nost appropriate. One for safety

15 assessnment, when the plasma cortisol would be good

16 i f the drug contains therapy.
17 Next slide. Another thing to renenber
18 is the time it takes, for the clinical efficacy

19 outcone to be apparent. So for instance, synptons
20 and lung function m ght change with a drug tri al
21 within few weeks, and clinical trial duration,

22 which is for two to three nonths, cannot have an
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area responsi veness, which takes nonths to
| nprove.

Next slide. So this is just as an
exanpl e of what happens with different affected
endpoi nts using the sane intervention.

And this is a trial fromabout 20 years
ago, by Wodcock in North Engl and, where they used
a mte inperneable bed covers in the primary care,
and

mld to noderate asthmatic in a
random zed control trial. The efficacy endpoint
in this trial was, peak flow variation and changes
i n asthma nedi cati on and.

Next slide. No significant difference,
you can see, was seen, but a nore recent trial
using the sane intervention, that is the, mte-
| nper neabl e bed covers which was agai nst for years
duration, than the mte cover trial, but on this
occasion the efficacy endpoint was, exercise and
ener gency departnent visit.

There seens to be a significant

di ff erence. Now t hese two trials had been done
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1 differently, so it's not necessarily that, only

2 the outcone difference nade a difference, from

3 non- significant to a significant trial.

4 Particularly the second trial was, done
5 in children, but. This could be an exanpl e of

6 where one needs to be very careful about selecting
7 the outcone, which suits the intervention, so.

8 Now j ust touching on the efficacy

9 endpoi nt for primary prevention, because when

10 you're trying to prevent asthma, the endpoint is,

11 asthma diagnosis in the two groups, so pediatric

12 ast hma di agnosis is chall engi ng anyway, especially

13 in early childhood. The question is

14 Bronchodi |l ator is generally, suggested
15 i n various guidelines, with the addition of FeNO
16 in the UK Guideline, but not in China. But by and
17 | arge, in epidem ol ogical studies, include a very
18 | arge nunber of different definitions, that have

19 been used because of the | ack of the consensus.
20 This is the recent paper, which
21 suggested that 53 different definitions were, used

22 and that nmakes the problem Asthma sel ecting
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1 rather, got a clear outcone in asthnma prevention
2 of asthma so nmuch nore chal |l engi ng.

3 Next slide, again trial was to show what
4 happened. So this was a GAP trial, very well

S known in the asthnma allergy world, where those who
6 have grass pollen allergic bronchitis were given

7 grass pollen i nmunot herapy in order to prevent the
8 devel opnent of asthnma, which is generally, these
9 chil dren have a very high ri sk.

10 The primary endpoint was, to prevent

11 ast hma, di agnose a synptom and a change in FEV

12 nore than 12 percent, and the trial fails to

13 achieve that, which is disappointing. G ven that
14 the cost of analysis, when they did, to see what
15 happens with all the individual conponents of

16 ast hma synpt ons, nedication use, and conbi ned

17 synpt ons and nedi cation use, as well as |ung

18 function were, all better in the intervention.

19 There was certainly a sort of clinical indicator
20 that, the allergoid therapy reduced, or did

21 sonething in these children, where they had | ess

22 synptons, and did not require nedication for
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asthma for the clinical endpoint.

Anot her issue with the prinmary
prevention trial is the duration, so often prinmary
prevention is kind of agreed. It is generally
agreed that, that needs to be inplenented, or at
| east, it started very early in life, maybe in the
I nfancy, or toddler age group, but. Asthma
di agnosi s cannot be, done until later in the
chi | dhood, which makes the trial very long, so we
need sone surrogate marker in between, which can
be, assessed to indicate which children wll
devel op asthma later in chil dhood.

And one of the exercises we did recently
was to conbine the |arge UK cohorts of about 7,000
children, and | ooked at various conbi nati ons of
risk factors to see, what can predict asthma |eak,
I n not only childhood but also up to the young
adult life, and. After the serious nodeling, we
came up with the elenment of utilization, plus
frequent B's, which you call Atopic frequency at
the age of three to four.

Work, which will very strongly, indicate
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those children who will develop asthma in the
| ater chil dhood. Vaccine is possibly, used as
surrogate marker and we show that, nearly 25
percent of these children who have ERWw | |
devel op asthma wth area, becone so.

Just to summarize, asthma control
i ncl udes two conponents, |evel of clinical control
by features such as, synptomcontrol, and
personal ly, and the risk of exacerbation, or
future loss of control. And any bi omarker or
conbi nati on of bionmarkers, should try to assess,
or include both of these donmains, and the neurons,
and vari ous nunerous conposites exposed, that have
been used, especially conpact in a set try, to
cover both these aspects.

W need to al so, renenber that, asthm
Is a variable condition, so it is preferable to
assess any narker, or biomarker, or efficacy
endpoi nt, not just at the begi nning and end, but
also at nultiple tine points, during this trial
duration. W don't have, a good objective

efficacy marker, they're not that precise, and
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there is a huge need for research in this area,
which is, when selecting the efficacy endpoint to
consi der endotype of asthma, the type of therapy,
and the duration of the trial. That can nmake a
difference in the success and failure, and pro
primary prevention needs, certainly need therapy
nont hs, thank you.

Next slide, the next slide, that's the

end of ny tal k. Thank you.

DR. HERSHEY: Thank you. Simlar to the

previ ous session, the question and answer panel
wi || happen at the end of this session, so |'m
going to go ahead and i ntroduce our next speaker,
Dr. Sally Wenzel .
Dr. Wenzel chairs the Departnent of
Envi ronnental and Occupational Health at the
Uni versity of Pittsburgh, and the title of her
presentation is: Biomarkers and asthma endot ypes.
DR. VENZEL: Thank you, Nero, and thank
you to the organizers for the opportunity to
present today. | really enjoyed the norning so

far and | think it's been very provocati ve.
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| was wondering in advance, all right,
so | was given the topic of bionmarkers and
endotypes, and | think we're not quite to
endotypes yet, so I'll give you sone of ny
expl anati ons.

In 2024, | think we're noving from
nol ecul ar phenotypes to endotypes. Asthma has
made a | ot of progress over the last 15 to 20
years, looking at clinical characteristics,
| ooki ng at nol ecul ar characteristics, and really,
| think, starting to conme up with nol ecul ar
phenot ypes, as opposed to just clinical
phenotypes. But over the next several years, |
think we need to continue to incorporate responses
to specific targeted therapies, the biologics that
are available to us, and really define the
pat hways t hat define endotypes.

So at |l east fromny perspective, and a
few ot her people, defining an endotype neans
actually discovering and treating the causative
pat hway of a di sease that, when you nodify that

pat hway, you substantially inprove and maybe even
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cure that specific disease, or endotype, so we're
not yet to endotypes.

We think of asthma as an unbrella. It's
got a lot of different heterogeneous clinical
synpt ons, exacerbations, |ung function changes,
and | think, at least in 2024, we can certainly
define it by Type-2, the presence of Type-2
I nfl ammati on, or the absence, or at |east |ow
anmounts of Type-

| nfl ammati on, and. Type-2 inflammation
of course, alludes to the activation of cytokines
IL 45 and 13, which we now can generally identify
usi ng reasonabl e bi omarkers, eosinophils and
exhaled nitric oxide. Wen we think about that,
| ow or no Type-2 inflammtion, we really don't
have any biomarkers for that, it's really the
absence of the Type-2 biomarkers.

Now, | said these are general
bi omarkers, and | really do nean these are general
bi omarkers. This is an exanple of why, | think
they're quite general.

This is a study that we did now, 10
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years ago, |ooking at epithelial brushings, and

| ooki ng at gene expression in the epithelial
brushing, and relating it to exhaled nitric oxide.
And so, we took actually the top 500 genes that
were related to exhaled nitric oxide, and then
clustered them and.

In this, checkerboard that you see up
here, every colum, is a patient, every row, is a
gene. | think what you can see is that, the
patterns are really quite different. In those, of
course, we had two clusters that appeared that had
very low | evels of exhaled nitric oxide, you can
see those green highlighted areas, and you can see
t hat the gene expression patterns in themare
really quite different.

But, in addition, we had three different
groups that all expressed very high | evels of
exhaled nitric oxide. The |last one was really,
probably what we woul d consider the nost typical
for asthma. As we were taught when we were in
medi cal school, these were young people, highly

al lergic, 50 percent African-Anerican, et cetera,
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but then, there were also two other clusters that
had equally high exhaled nitric oxide |evels,
where the gene expression pattern was, totally
di fferent.

| think, this really enphasizes that
despite a simlar biomarker, what's driving it,
and that maybe, even the responses to it, can be
dramatically different.

When | think about our current asthma
bi omarkers, | amclustering theminto Type-2
nol ecul ar bi omarkers, and of those, |'ve |isted,
sput um eosi nophi |l s, bl ood eosinophils fraction,
exhaled nitric oxide, and a conbination of exhal ed
nitric oxide and bl ood eosinophils. Then I'm
listing | L-6 as another biomarker, but |'m not
really categorizing it as T-2 or non T-2, I'm
classifying it as a separate biomarker, in and of
itself, so. | think sputum eosinophilia was
perhaps the first, true asthnma bi omarker.

Certainly we've had atop skin
sensitivity, but | think those are better

bi omarkers for allergy, as opposed to asthma, so |
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t hi nk sputum eosinophilia was really the first,
true asthma bi omarker, we know that it's
predictive of the efficacy of inhaled
corticosteroids. There have been several studies
t hat have been, published on that, as well as the
efficacy of eosinophil targeted biol ogic therapy.
We know t hat, eosinophils are, decreased when we
treat patients with corticosteroids and Anti-I1-5
targeted therapies, with the decrease generally
predicting the response. However, in the US,
maybe not in sone other countries, we're very
limted in our ability to use sputum eosinophils
because it's expensive to do, it's poorly
standardi zed, and certainly not every patient can
actual ly provi de an adequate sputum sanpl e, but.
Here you can see, again is the exanple of the
efficacy of an Anti-I1-5 therapy, which really
only showed up when you targeted patients who had
sput um eosi nophi |i a.

Al of the earlier trials that had been,
done had been negative, but when you sel ected

patients that had sputum eosinophilia in the first
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1 pass, you were able to denonstrate efficacy.

2 Wel |, that was kind of a breakthrough

3 study, needless to say, and so that was very

4 exciting, that sputum eosinophilia could predict

S response. But we all knew that, that was going to
6 be way too expensive, conplicated, et cetera, so.
7 The interest increased again in |ooking at bl ood

8 eosi nophils, blood eosinophils as a biomarker for
9 predi cting responses, to biologic therapy.

10 This was really, despite decades, |

11 t hi nk, of research that had been unproductive in
12 det er mi ni ng whet her bl ood eosinophils, or its

13 products, could be a successful bionmarker.

14 Overall, the previous studies had showed that, the
15 rel ati onshi ps to sputum eosi nophils, or |ung

16 eosi nophils, was actually quite poor. And there'd
17 been several studies published in that regard.

18 But | o' and behol d, when bl oody

19 aci dophils were used as a surrogate for sputum

20 eosi nophilia, in sone of the early Anti-I1-5

21 studies, in fact, you were able to predict people

22 t hat had about a 50 percent reduction in asthmm
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exacer bations, when they were treated with
Anti-I1-5 therapy, using 300 eosinophils per
mcroliter as the cut point. Again, | think you
can see that, that efficacy curve is actually
pretty, simlar to what | showed you for sputum
eosi nophi | s.

Now, that's using kind of a random
random but certainly a specifically defined
targeted cut point of 300. How do we cone up with
that 300? | think this is still, sort of, a
noving target, this is an early study that was
done with benralizumab, |ooking at inprovenent in
FEV-1, on the basis of starting a, starting |evel
of bl ood eosinophils going from 200, to 300, to
400. | think it's quite clear that as you
i ncrease the nunber of eosinophils in your blood,
there seens to be a better response, so.

Where is that actual cut point? It
probably varies frompatient to patient, the
context of the inhaled corticosteroid dose that
they're taking, and naybe even whet her they | ust

had a viral infection not that |ong ago, or were
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exposed to the neighbor's cat. So there's a | ot
of i1ssues, | think, on what is the best cut point,
that still remain.

And then, of course, you have to bring
up the concept of, do you need to sanple several
times? How predictive is a single blood
eosi nophi|l count as a neasurenent of el evated
bl ood eosi nophil s?

And this was, | think, a very inportant
study published a few years ago, where patients in
a placebo armof an anti |L5 receptor antibody
study were actually foll owed over the course of
their study with nmultiple eosinophil counts
obt ai ned.

Basically, of patients entering this
trial on placebo, 35 percent of those individuals
were with | ow eosinophils on entry, so |ess than
150 eosinophils per mcroliter actually reached
the 300 mcroliter threshold at sone point in the
trial, soreally quite a bit of novenent, but only
22 percent of those wth greater than 300, dropped

bel ow t he 150, so. If you get soneone who's over

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma page-

166

1

10

11

12

13

14

15

16

17

18

19

20

21

22

300, | think it's a pretty reasonabl e indication
t hat they probably generally run hi gh eosinophils,
but if they're low, |I think that, it does suggest
that you shoul d probably neasure it several tines,
and, of course, if you use 150, you have even nore
novenent back and forth.

Now, | already alluded to exhaled nitric
oxi de, and how exhaled nitric oxide can be
el evated in a variety of different biologic
situations, and | think the sane is true for
eosi nophils. Just the presence of el evated bl oody
eosi nophi |l s, does not necessarily, give you the
best indication of how well soneone will respond
to Anti-11-5 therapy.

This was a study by Jean Bl aker and
col | eagues, the reference got cut off here, that
was published a few years ago | ooking at the
predi ctors of, response to Anti-IL5 receptor
anti body t herapy.

You can see that, there were several
reasonabl e predictors, certainly nasal polyps,

per haps not surprising, since nasal polyps are
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traditionally associated with high | evels of

eosi nophils in the blood, and oral

corticosteroids, nore severe di sease, but then,

t here was anot her one, which was the age at onset

of disease. So the later, that you got your

di sease, the nore likely you were to respond to an
Anti- | L5 receptor antibody, as conpared to early

onset di sease.

The differences were really pretty,
dramatic with about a twi ce as high a nunber of
pati ents who got their disease later in life
responding. | think this then has inplications,
and |'mglad we had the discussion earlier, about
pedi atrics, because | don't think you can apply
the sanme standards fromadults to children. Wen
the study that was, done |ooking at nepolizunmab in
chil dren showed efficacy, yes, indeed, the drug
was efficacious in children with high | evels of
bl ood eosi nophils, but.

The efficacy was nmuch | ess than what we
had seen in adults, really, about half of what we

had seen in adults. And certainly, if you |ooked
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at tine to exacerbation, there was actually no
difference in the tine to exacerbation, so clearly
di fferences, despite the fact that the starting
bl oody aci dophils are, al nost exactly, the sane.
Alittle bit of a sunmary about bl ood
eosi nophils. dearly inexpensive, well
standardi zed, every |aboratory in the country, and
nost of the world can do it. It predicts response
to all current biologics, but many with el evat ed
| evels, will poorly respond. So again, it's very
sensitive, but not as specific, levels are
| npacted by corticosteroids, and are vari abl e.
Cut points are | oosely applicable, and you may
need several neasures to determ ne whether soneone
truly has el evated eosi nophils.
They are not currently response
bi omar kers. For biologic therapies, eosinophils
al nost always, go to zero with all the Anti-IL-5
therapies that are out there without relationship
to clinical response. And of course, wth
dupi  umab, you al nost al ways get either no change

or, sonetines even an increase, and you'll still
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get a clinical response, so really, not a very
good response bi onarker.

Let's nove to exhaled nitric oxide.
Unl i ke bl oody aci dophils, where you're really
measuring a systemc conpartnent, this is a
measurenent of local lung airway inflanmation.
It's a gas neasured in exhaled breath, it's
generated by an enzyne called, Inducible Nitric
Oxide, that is expressed in high anmounts in the
airway epithelial cells. It's induced by IL-4 and
IL-13 in airway epithelial cells, but also induced
by Type-1 cytokines. |It's up- regulated in a
range of patients, and generally responsive to
i nhal ed corticosteroids, and for that reason, it's
been used really as an indicator of poor
adherence, but.

It can al so predict patients who are
going to be oral corticosteroid dependent, so it
can go fromvery mld allergic rhinitis patients,
all the way to very severe, oral corticosteroid
dependent patients. So although it's hel pful, it

has a ot of, issues but it's probably as good or
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1 better, than bl oody eosinophils, as a predictive

2 bi omar ker .

3 And these are data fromthe anti-TSLP

4 study | ooking at the inprovenent in exacerbations
5 with increasing | evels of bloody eosinophils. And
6 you can see that there's a very nice inprovenent

7 I N exacerbations, as bl oody aci dophils increase,

8 but simlar to that, you saw a simlar increase in
9 reduction in exacerbations as | evels of exhal ed

10 nitric oxide increased, so seemngly pretty, good
11 I ndi cator for responses in exacerbations.

12 Now, the thing that differentiates

13 exhaled nitric oxide from bl oody aci dophils, in ny
14 opinion, is that it's a pretty good response

15 bi omar ker, so.

16 FeNO declines with Anti-IL4 receptor

17 anti bodi es, and anti-TSLP anti bodi es doesn't

18 decline with Anti-I1l-5 antibodies, and this is

19 froman early study that we did, |ooking at the

20 ef fect of dupilumab on exhaled nitric oxide.

21 You can see that within four weeks there

22 was a pretty, nice reduction in exhaled nitric
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oxide. And interestingly, that degree of
reduction in exhaled nitric oxide, actually
correlated quite nicely with an R value of 0.4
with the inprovenent in FEV-1, so it really did
have a response that was tracked with the clinical
response, but. Interestingly, it doesn't predict
the reduction in exacerbations, that is actually
separ at e.

| give you a summary of exhaled nitric
oxi de: Exhaled nitric oxide requires an FDA
approved device to neasure. The actual cost is
| ow, but often, it's not approved by insurance.
Absol ute | evels cover a broad range, no little
correlation with severity or control. Cut points
remain fluid, and contextual predicts response to
Anti-1gE, IL4AR and anti-TSLP, it's a response
bi omarker for FEV-1 with Anti-I1L4R and possibly
anti-TSLP, but. The lack of decrease in FeNO to
bi ol ogi cs, or corticosteroids, nmay indicate that
there's conplexities underlying that inflammtion,
whi ch suggest that, the |oss of that decrease is

due to increasing conplexity of the di sease
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itsel f, so.

Can an i ndex better predict response?
Bl oody aci dophils and exhal ed nitric oxide al one,
are of nodest predictive value, so can we conbi ne
then? Can we conbine a system c bi omarker and an
airway biomarker, to lead to better prediction of
responses?

And el evations in both, could in fact
i ndi cate, the greatest Type-2 inflammtion. So |
actual |y thought about this and went back to the
severe Asthma research Program SARP dat abase, an
Nl H sponsored study, and pulled out the patients
I n our dataset, and this is about 500 patients,
and divided themby their bloodiest infills,
greater than or equal to 300, their exhaled nitric
oxide. Oxide greater than or equal to 25, in the
18 year olds and above, so this is only adults,
and | think what you can see is, as you go across
fromleft toright, the people on the left, |ess
than 25, |ess than 300, have very little el evation
of Type-2 biomarkers. On the end, you have those

I ndi vidual s who are el evated exhal ed nitric oxi de,
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el evat ed bl ood eosi nophil s.

There's actually, five tines greater
sput um eosi nophils in those who have both
bi omar kers el evated, as opposed to one or the
other. There's a fourfold increase in the Type-2
gene nean, again, consistent wwth a | ot of Type-2
i nfl ammation. They have a 50 percent greater
exacerbation risk, they have a | ower FEV 1,
percent predicted, and they have a hi gher
bronchodi | at or response.

You do not see this pattern in children.
| went and | ooked at the SARP database by chil dren
that relationship does not, exist in the children,
so it's very specific to adults and ast hna.

How does that apply to responses to
bi ol ogi ¢ therapy? Certainly, we actually have
sone data that have suggested that that
conbi nation of an index m ght be better than
ei t her bi omarker al one.

This is with dupilumab data, and agai n,
the four boxes are generally here, with | ow

exhaled nitric oxide in the orange box, the
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hi ghest exhal ed nitric oxide and bl ood eosi nophils
in the green box. You can see | ooking at rates of
exacerbation, as a start, the rates of
exacerbation are considerably less in patients
wWth |ess, elevations in these biomarkers. |f you
have one el evation or the other, the exacerbation
rate increases a little bit, but when you have the
conbi nati on, you have the greatest degree of

exacer bati ons.

Then, when you intervene with the
biologic, in this case, dupilumb, there is the
greatest reduction in exacerbations, and it's
| ndependent of dose, both doses worked equally
well. Are there any non Type-2 biomarkers? Well,
as | began, the lack of Type-2 bi omarkers
currently defines Type-2 |ow, and Type-2 | ow may
actually be a corticosteroid effect, that they
have suppressed nost of the Type-2 inflanmmti on.

Sput um neutrophils, are highly vari abl e,
poorly predictive, CRP is, only occasionally,
el evated, so what about IL-6? W know now, from

several years ago, that high plasma A sle-6,
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associ ates with conponents of asthma severity,
conponents of the netabolic syndrone.

This is Mchael Peters' work it was,
publ i shed, several years ago. High IL-6 bears no
relationship to Type-2 biomarkers, and it can be
present in patients wth high Type-

Bi omarkers, or in patients who have no
Type-2 biomarkers. |t certainly associates with
nore severe di sease exacerbations. Lower |ung
function does associate with higher BM netabolic
abnormalities and, it also, interestingly
associ ates with, higher all cause nortality.

I n our SARP data set, it generally
associ ates with poor outcones across di seases. |
actually think, it's a biomarker of badness, as it
were, no nmatter what your di sease.

It's also, interestingly, independently
I nfl uenced by pollution, and we're going to
present sone of that work at ATS. This is just
plasma | L-6 in relationship to exacerbations,
again, in the SARP network. | think you can see

that in the panel to your left, that as IL-6
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| evel s increase, there is a very robust
predictability of exacerbations neasured

| ongi tudinally, which is actually better than the
ability of bloody acidophils alone, to do that,
Sso.

I n concl usion, Type-2 bionmarkers, bl oody
aci dophils, and FeNO have greatly inproved our
ability to phenotype and treat, asthma and severe
asthma. The prediction of responses to biol ogics
is inperfect, and they likely performless well in
chi | dren.

Bl ood eosinophils and IL-6 are all
predi ctive biomarkers, but only FeNO and sputum
eosi nophi |l s are sonewhat response bi omarkers.
Devel opnent of FeNO bl ood eosi nophil, naybe, even
with and without IL-6 in adults, could greatly
| ncrease our predictive, our ability to predict
t he response to biologics, and.

Type-2 |l ow asthma, remains with limted
bi omarkers, but in fact, | actually think that
| L-6 may be the best predictive biomarker for the

nost severe outcones, but we have no i dea whet her
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it's a response bi omarker.

Thank you very nuch --

DR. HERSHEY: We'll nove on to our next
speaker, Dr. Robert Hamlton. He's a professor
of nmedicine and director of the Dernatol ogy,

Al lergy, and dinical |Inmunol ogy Reference
Laboratory at the Johns Hopkins University.

The title of his talk is: Conponent
resol ved testing and I gEE quality as prognostic
and predictive bionarkers.

DR. HAM LTON: Thank you very nuch.
Well, I've changed the title a little bit to focus
on | gE anti body as an ideal diagnostic nonitoring
response, predictive and prognostic biomarker in
respiratory allergic disease.

|'"mgoing to extend it, not only to
allergic asthma, but actually to other forns of
respiratory allergic disease. M thene today is
to try and, convince you that, it's tine to
transition froma single-plex technol ogy that
we' ve been using since 2010, when the NIH and the

FDA hel d their biomarker neeting on asthma years
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ago, to a new technology that's cone out of
Europe. It's cleared in Europe, and is poised to
be nmaybe cleared by the FDA here in the United

St at es.

First, | would |ike to begin by over
view ng | gE anti body, identified as the core
bought bi omarker for atopy assessnent in asthna
studies that we identified in a 2010, NIH FDA
bi omar ker wor kshop on allergic disease, very nuch
| i ke what we're hol di ng t oday.

Second, |'d like to describe how the |IgE
antibody fits into nultiple biomrker categories.

And third, I'd i ke to exam ne the pros
and cons of the technol ogy that was used back in
2010, that was avail able, was nost cost effective,
and how today we have a new technol ogy, that we
need to consider its pros and cons as well.

The all ergy explorer, the mcroarray
that cane out of Vienna, the follow ng of, the
ALEX 2 chip IgE and, how it can actually help us
I n assessing atopic status in respiratory di seases

such as allergic asthma. And also, it has inpact
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on food allergy, that we'll hear about later from
Dr. Sanpson and a variety of others.

| don't have to convince you that |gE
has a central role to play in allergic reactions,
and so therefore, IgE anti body can serve as a very
good confirmatory nmarker for atopic status.

That's what it was identified at this 2010

bi omar ker neeting, the presence of IgE antibody is
a risk factor for allergic disease, and we all
know that it needs to be linked with a clinical
history to nake a diagnosis, so it's not
definitive, but it's very inportant.

As a risk factor, IgE helps us confirm
changes in atopic status foll ow ng exposure to
envi ronnental allergens and therapeutic
i nterventions. It hel ps us confirminmmune
responses follow ng exposure to environnental
al l ergen sources, so it can be a response narker
| gE antibody to select allergenic nolecules
conponent s.

And part of my talk is to convince you

that, we now have to begin | ooking nore at the
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conponent specific IgE responses, and so it can
help us in identifying certain risk related risks
associated with serious allergic reactions. And
we' ve heard about Corey Keith's work with Area-2
that, maybe didn't span out in later studies in
adults. We'Ill hear nore about that.

Finally, I1gE as a prognostic biomarker
can identify the |likelihood of allergic responses,
only when it's linked with the clinical history,
Wi th a convincing, objective association of
synptons with tenporal exposure to the allergen
itself. So IgE antibody discrimnates asthm
subtypes very well, and possibly, as possibly the
nost inportant discrimnator to help us define
whether in fact it's allergic triggers, or it's
non allergic triggers that you have to focus on
when you're managi ng your allergy patient.

| f you look at IgE in terns of the best
gui dance docunent |isting of a biomarker, |gE has
all the properties of a very well defined
bi omarker. It has Uni Prot code, it's found in

serum biologically, it's very, very linked. It's
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| i nked well with the binding TIGEFC receptors on
mass cells, and basophils and involved in the

rel ease of, nediators foll ow ng exposure to

al | ergeni ¢ nol ecul es, and associated with, chronic
i nflanmation in bronchi as it relates to allergic
ast hma.

Now, back in 2010, the best technol ogy
we had, which was the | east expensive anal ysis,
was the Phadi atop system

This nmultiall ergen screen on the
| mmunocap system and as a single-plex assay
system it allowed us to get a discrimnation
bet ween the presence and absence of, allergic
di sease to 10 najor aero allergens, that we
t hought drove nost of the allergic disease in the
United States.

The problemwas it was a plus or m nus,
yes or no. And every asthma study that was funded
by the NIH after 2010 was asked to neasure
Phadi atop, as an indicator to separate atopic from
nonat opi ¢ asthnma, as a biomarker. In ny |ab,

we' ve participated in a |lot of NIH sponsored
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anal yses, studies such as, the echo crew, and a

variety of other nmulticenter studies, all of which

had Phadi atop as a target.

Now, oftentines they wanted, after the
Phadi at op positive response, to discrimnate
bet ween the actual specificities of the allergens
that are driving the allergic response, and that
requi red neasuring |IgE antibody to individual
al l ergens. The problemwas that was very costly
and really, not in the purview of nost of the NH
sponsored asthma and allergy, respiratory allergy
related studies that we actually were invol ved
wi t h.

So back us to 2010 and this very
| nportant NI H and FDA sponsored bi omarker study
wor kshop. Al kis Togias was coordinating it at
that point. W had many of you actually in that
neeting, and of all the biomarkers that were
identified, and. | don't want to dimnish in any
way, 1ron oxide or eosinophilic neasurenents, the
core biomarker that was identified for

reconmendations for every asthma study that was
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supported by the NIH, was the Phadi atop, the nulti
al l ergen screen, that allowed discrimnation of

at opi ¢ versus nonatopi ¢ di sease, the presence of

| gE anti body.

The problemwas, at that tinme, and it
was the best technology for the cost, it had ten
aer ol ogy neasurenents, and so, it was marked as a
core biomarker, and all the others were either
suppl enental or energing. The publication that
Dr. Scheffler, and Dr. Wenzel chaired and
publ i shed two years after that neeting, sort of
set the stage for NIH sponsored respiratory
rel ated di sease studies to alnost, require a
di scrimnation of atopic versus non-atopic,
st at us.

So the Phadi atop, let ne just, for those
of you that are not famliar with this technol ogy,
qui ckly indicate that, the Phadi atop has two
conponents to it. It has a calibration conponent,
where we have an anti IgE that binds to an |IgE
reference serum it's the third IgE reference

preparation, and it's detected by an anti-IgE 2-
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site immunoenzynetric assay, on the other side of
t he assay system so runs sinultaneously. W have
a solid phase allergen.

Now, in the nultiallergen screen, we
actual ly have 10 aeroal lergens linked to that
solid phase so. W're neasuring IgE antibody to
10, one-to-ten aeroall ergen neasurenents, and we
add the patient serum if we can add the patient
serum and then it binds to maybe one of the
aeroal |l ergens on that solid phase, and we detect
it, with the sane anti |gE detection anti body.

Now, the reason why this works, and it's
reasonably quantitative, is because when you
dilute out the calibration curve with the specific
| gE neasurenent, they dilute out in parallel. So
you can actually get close to quantitative
measurenents of IgE antibody. And in fact, the
| gE anti body assay that we have today, is possibly
the nost quantitative antibody that's used in all
di agnosti ¢ i munol ogy today, because of this
technol ogy that has been fostered both by Thermal,

Fi sher and al so by Sienens.
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Now, the strengths of the Phadi at op,
whi ch were identified in 2010, were that it's a
single screening assay, typically between 30 and
$50 per neasurenent, and it could discrimnate, or
determ ne I gE antibody to the 10 aeroall ergens
that were believed to be, the nmajor aero allergens
driving nost allergic respiratory allergic disease
in the United States.

The Phadi atop i n Europe had birch,
i nstead of replaced birch with oak. This single
test was required for nost aeroallergen rel ated
Nl H sponsored studies, and it required only 40
mcro liters of serum with a hundred mcro liter
dead volune. So the quantity of serumwas very
reasonabl e, the cost was very, very mniml, for
getting this very key piece of infornation, but.
What were its limtations?

Well, it was a qualitative neasurenent,
positive or negative. She didn't knowif it was a
specific IgE response to dust mte, or to oak, or
to any of the other tenor allergens that were

identified. And now FDA really didn't want us to
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I ndicate to you what the specificities were, but
because we're novi ng way beyond the Phadiatop, to
a nultiallergen screen with al nost 300 al |l ergen
specificities, this becones irrel evant.

So we were neasuring dust mte, cat dog,
Alternaria, two tree pollen allergens, tree oak
and elm two grass pollens, the neadow fescue,
Canadi an bl ue, and the Bernuda, and then two
weeds, ragweed, and then saltwort.

Now, the problemwas, as we grew after
2010 we realized, well, we're mssing a nouse,
we're m ssing cockroach, both very inportant
| ndoor air allergens driving a ot of asthma. It
had no definitive specificity data. It was
positive or negative. That didn't tell us very
much, but it did help discrimnate, at |least in
the early days, between atopic and non-atopic
ast hma.

And it didn't give us any information
about what we know today to be, these nol ecul ar
al l ergen cross reactive famlies, profilins and

thermonycin. And so for all these reasons, al ong
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cane the group in Vienna that devel oped the | SAC,
that was sold to Therno-Fi sher Scientific, and
t hey devel oped a new technol ogy called the ALEX
Expl orer.

The Al lergy Explorer has a trenendous
nunber of strengths and a couple of limtations.

It's a nultiallergen specific IgE
anti body, chip based array that has on it neasures
of IgE antibody to 117 individual allergenic
conponents, sorry extracts, and 178 i ndivi dual
al | ergeni ¢ conponents. Very powerful technol ogy,
very, very amazing, requires 100 mcroliters of
serumw th a dead volune of 40, it's al nost
equi val ent to the Phadi at op, but.

Its strengths are that it gives you
gquantitative neasurenents for all of these
al l ergenic specificities and close to a
guantitative, alnost close to a quantitative
nmeasurenent with greater than 0.3 units per liter,
which is very close to that 0.35, which we all
claimis clinically relevant for Imunocap. It

can go down to 0.1, but at 0.1 to 0.35 there's
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sone question about the clinical utility of those

measur enent s.

It gives you definitive specificity
data. It gives you information about cross
reactive, allergenic famly |IgE anti body
reactivity, very inportant in both respiratory a
in food allergy and, it's becom ng even nore
| nportant in venom all ergy.

Now, limtationis, and | can see Bob

nd

Wod, the pediatric allergist who runs the clinic

at Hopkins saying, this is absolutely,
unacceptable. It's a fixed panel, so you're

nmeasuring | gE anti body to al nost 300 all ergen

specificities, which neans you're going to detect

venomin a person who has asthnma. |s venom
specific IgE relevant to asthma? Well, probably
not, but is it useful to know about it, well,
maybe it is.

The other thing is, it detects
asynptonmati c sensitization. You can be positive
for 1 gE anti body, but not have any clinically

rel evant objective synptons, so the fixed panel

I S
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really, one of the constraints, and.

This technol ogy involves a chip. On the
chip, there are alnost 300 allergenic
specificities marked in little dots, and it has, a
nunber of the dots around it are actually
controls, it has built in control, and it, believe
it, or not, even has a total serumIgE that's been
| ndi cat ed.

Now, if you conpare the IgE and the
ALEX-2 version, it doesn't agree perfectly well
with the I munocap and the Immulite based on the
Col | ege of Anerican Pat hol ogy Proficiency Program
that we have in the United States, so. The
Phadi at op, as we know, has these ten
aeroal l ergens, and |'ve marked in red the
specificities that match really the Phadi atop. As
| nmentioned, what's mssing is, at |least for
asthma studies, is Inner City Asthma Studies is
nmouse and cockr oach.

And | want to also point out that, it
has nol ecul ar nol ecules that allow you to

discrimnate and identify IgE antibody to all the
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maj or 10 aero, and food, and venom cross reactive
allergen famlies. These are the profilins, the
PR-10 fam |y, the nonspecific lipid transfer
proteins. And I'll go on and on, and you can
actually look and ook at it in the nolecular
al | ergol ogy user guide, that was published by
EAACI back, actually this past year, and the
references at the bottom

Now, to investigate the utility of the
ALEX-2 in conparison to the classic Phadi atop, we
went to University of Chicago, and they were
studying two genetically identical populations.
One was Am sh and one was Hutterites, and the
Hutterites had a threefold higher frequency of
asthma than in fact, the Am sh, and the question
was why?

W knew that the Am sh used
non- mechani cal farm ng horse plows and they rode
around in their horse buggies to church, whereas
the Hutterites actually used nechanical farm ng
machi nery, and they were very, very state of the

art. W evaluated the atopic status of these
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1 asthmatic children using, both the Phadi atop and

2 the ALEX-2, to confirmthe specificities with the
3 ALEX-2, because | was a little bit skeptical of

4 sonme of these.

S | confirnmed, a |lot of these

6 specificities, wwth the | munocap indi vi dual

7 neasurenentS. |If you take and | ook at two groups,
8 one group was the Phadi atop negative popul ation, a
9 total IgE, less than 100 international units per
10 M., and a negative Phadi atop negative for 10 aero-
11 all ergen specificities. The second group we

12 | ooked at, were the positive Phadi atop greater

13 than 100 international units of total IgE, and a
14 posi tive Phadi at op.

15 Now, if you take just an exanple of the
16 i ndi vidual s that were negative for a Phadi at op,

17 and had a total IgE |less than 100, so they'd be

18 really classically defined as nonatopic. And | ook
19 at six of the individuals, three of them had |IgE
20 anti body, to allergens that either were poorly

21 represented on the Phadi atop, such as the

22 i ndi vi dual nunber two that had I gE anti body to
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drop 23, poorly represented on the Phadi at op.
Because of the limted binding capacity of the
actual matrix, where you can't bind all the

al | ergeni c nol ecules fromdust mte, when you have
ragweed and all the others on there.

W al so detected one of the children had
an | gE anti body response to honeybee venom Now
these are farmchildren, they're out playing with
their honeybee hives all the tine, so that's
rel evant, but it's not relevant to asthma. It was
relevant to the well being of the child. If we
| ook at the second popul ation tine, second
popul ation, we have a discrimnation zero
all ergens, such as all of the grasses in the
trees, but also detected |IgE antibody to
aspergill us.

Now, alternaria was on the Phadi at op,
not aspergillus, but isn't aspergillus as
| nportant as alternaria for sensitivity to
respiratory di sease? And also we detected, |gE
anti body to rabbit, these kids all happen to have

rabbits as pets, so those were detected in
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addition to the aero all ergens.

Finally, the IgE anti body neasurenents
with the ALEX-2 allowed detection of the
specificities to the allergenic conponents. And
the exanple I'Il give you is an individual child
who actually had I gE anti body not only to sonme of
the nmajor aero allergens detected in the
Phadi atop, but also to the profilins, where they
had sone reactive, sone oral allergy synptons
rel ated to nel on, because of the cross reactive
nol ecul es between the profilin nelon and the
bri dge pollen responses.

Now, the two challenges | see wth
nerging, or noving froma Phadiatop to a
mul tiallergen ALEX-2 are twof ol d.

First, there's just an overwhel m ng
amount of information that's provided here.

You get 300 all ergen neasurenents, nany

of which are extract and conponent conparable. So

you woul d detect simlar, but the conpany al so has

allowed us to get information very rapidly, just a

mnute. Allowed us to get information rapidly by
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2 data rapidly, and then Raven, which actually
3 allows interpretations using sophisticated Al
4 rel ated information.

5 The second challenge is really, the
6 asynptomati c sensitization.

7 | know sone allergists are going to

14 no synptons in this.

18 now, probably only for N H sponsored studi es.

20 specificities, the amount of serum needed is

22 threefold higher, the sensitivity is slightly

17 cl earance wwth the FDA, it can't be used right

21 conparable to the Phadi atop, the cost is about

8 really be, unhappy wth detecting honeybee venom
9 i n a person who, they would only search out for

10 | gE antibody to the aero, allergens or, to a food
11 al l ergen. Like Bob wood, that just really would
12 say, this is ridiculous, I shouldn't be detecting

13 | gE anti body, | can't explain, because there are

15 This is just a sinple sunmmary to show

19 It neasures many, many nore all ergen

1 usi ng software called Raptor, which calculates the

16 you where in fact we stand. The Alex-2 is pending
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| ess, but it gives you quantitative data. It
all ows you to deal with this issue of
carbohydrate, cross reactive, determ nants that,
it deals with directly by an inhibitor.

One of its [imtations, well
established, is the high levels of IgE and I gE-4
anti body after inmmunotherapy can inhibit the
actual binding of the IgE to the Iimted anount of
bi ndi ng capacity on the chip.

One last thing, | have to go, and |
woul d |ike to suggest to you the follow ng: W
are starting a brand new research study called the
US atopic status study, which will followin the
vein of the N. Haynes, which wll be done in two
years tinme. W are recruiting new fellows from 15
centers in the United States to collect serumon
100 individuals. Send it to us, and take a
standardi zed history, and they will receive an
Al ex-2 profile, plus an | mmunocap profile, and Al
supported interpretations of those data.

The educational opportunity -- you're

going to push nme off, one second, |'m al nbst done.
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| view this as a great educational opportunity for
new fellows comng into allergy, where they'l|

| earn about | RB subm ssions, about the power of
nol ecul ar allergy, and also get their nane on an
aut hori zed paper that's peer reviewed.

And with that, I'd like to say that --
it's maybe now tine to begin considering the new
technol ogy on the block for discrimnating atopic
status, the Alex-2. But we have to renenber the
gol den rul e of diagnostics, and that is that
asynptomatic sensitization tells us that, even
wi th any nmethod that we neasure, we detect |gE
anti body, we have to always link it to the
clinical history, objective tenporal relationships
bet ween the synptons and the exposure, to actually
make the diagnosis of allergic disease with that.

Thank you very much for being patient,
appreciate it.

DR. HERSHEY: All right, thanks
everybody. W' re going to break for lunch now,
and as Ron said, there's going to be food

avai l able, | think, at the sane place where coffee
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1 was available this norning. |'mnot sure how | ong
2 it's going to take to get all through there, so
3 |"'ma little reluctant to shrink our |unchtine.

4 So let's plan to neet back at 12:15, okay.

5 ( Recess)
6 DR. HERSHEY: All right, everybody,
7 we're going to go ahead and get started. It's

8 1:15. This is continuing Session 2, Biomarkers in
9 Respiratory Allergic D sease. So please take your
10 seats and |I'll introduce our next speaker. Qur

11 next speaker is Dr. Matthew Altman. He's an

12 Associ ate Professor in the division of Allergy and
13 | nfecti ous Di seases Departnent of Medicine at the
14 Uni versity of Washington, and he's the head of the
15 allergy section. The title for his presentation
16 today is Host Prognostic Biomarkers for Chil dhood

17 Ast hma. Thanks, Matt.

18 DR. ALTMAN:  Well, thanks, Nero

19 (phonetic), and thanks everybody.
20 Hope everyone had a good | unch.

21 And I'Il start slow as people nake
22 their way back in. But it's a
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pl easure to be here. So, Nero
nmentioned the topic, but |I'm going
to tal k about prognostic biomarkers
for chil dhood asthma, and |I' m goi ng
to talk Iargely about sone of our
wor k, which is through the Inner
Cty Asthma Consortium now CAUSE
Consortium as sort of an exanple |
t hi nk, nore than any currently

est abl i shed bi omarkers, but an
exanpl e of what we're doing and
what can be done.

So, we actually got this background.
|"mgoing to just have like two slides on
background and then kind of get into the current
science. | think Sally Wenzel set this up very
nicely. This is just to kind of give an exanple
that there are certain biomarkers that we use in
asthma. This is actually adults. They've been
nicely summarized in this New Engl and Journa
article fromabout a year ago, and they are, in

effect, blood eosinophils, FeNO and the presence
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or absence of allergic sensitization. And
certainly, those are useful, but as |I'll showin a
nonent, they're far from perfect.

And again, just a little background. |
have another talk where | go through this in
detail. So how did we get to these bi omarkers and
why do they matter? Well, | think the exanple of
bl ood eosi nophils and anti-IL-5 therapies is a
perfect exanple, and this is just to illustrate
that we had several studies of, in this case,
mepol i zumab. They're the first four listed there
outside the green box that attenpted to use
nmepol i zumab to treat asthma, asthna all conmers
Wit hout a biomarker, and they failed. It was only
when bl ood eosinophils or other netrics of
eosi nophilia were incorporated that we saw
positive outcones and led to the ultimte approval
of the drug and really the expl osion of biologics
and asthma that we've had over the | ast decade or
soO.

And this is just to illustrate it. This

was the Lancet paper showi ng the efficacy of
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nmepol i zumab, specifically in those adults wth
sput um eosi nophi |l s, el evated sputum eosi nophil s,
FeNO or peripheral bl ood eosinophils. Now, the
trouble still with this, and this is what |'m
going to illustrate in the next point, is that
there's an efficacy there. You can see a
reduction in exacerbations by about 50 percent,
but it's far fromconplete. So, if blood
eosi nophils were truly a marker of response to
this drug, you' d expect sonething closer to 100
percent reduction in exacerbations, which, of
course, we don't have.

So, what is lacking with our current
t herapies, or r maybe | should say with our
current biomarkers? It's to say that while
they're effective in the studied popul ations |ike
mepol i zumab, in that exanple, all of them-- |
mean, | showed you one of many RCTS | ooki ng at
biologics in asthma, it's about 50 percent at
best. Wi ch neans one of a couple of things.
Ei t her 50 percent of people don't respond despite

havi ng t he bi omarker of el evated bl ood
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eosi nophils, they all have a 50 percent response
rate, or sonewhere in the mddle of that. And I
think the reality is exactly that. It's sonmewhere
in the mddle. You have sone people who have a
perfect response, sone people who have no
response, and sone people who have a parti al
response. And in part fromnot having a | ot of

nol ecul ar data in the studies, we don't know
terribly well who those responders and
non-responders are.

Just sort of, to sonme of the other
points we heard earlier today. One, we don't
actually have conparison. So, we have the sane
bi omarkers in effect for all these drugs, but we
don't know whi ch works for whom and what
bi omar kers may be better for one drug or the
other. And we don't really have nol ecul ar data of
t he response or non-response to best understand
t hese drugs.

So, what we've been doing in the Inner
Cty Asthma Consortiumis to ask, can we use these

rational |y designed drugs, these rationally

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma Page' 202

10

11

12

13

14

15

16

17

18

19

20

21

22

desi gned biologics, but this could really apply to
any therapy, to better understand the nechani sns
of treatnent response and failure. Wich, if we
under st and t he nechani sns, that should give us
nore precise biomarkers and then ultimtely, nore
preci se treatnent selection. And to identify,

i deal Iy, novel treatnments for those who don't
respond to the current drugs.

So, I'"'mgoing to spend nost of ny tine
tal king about this study that we carried out in
the Inner Gty Asthma Consortium |It's called
MJPPITS 2, and it's really just to illustrate --
and at the end, |'lIl give you several other
studi es we've done, sort of towards the sane
approach, but just to give an illustrative
exanple. So, here we were | ooking at nmechani sns
underlyi ng asthma's exacerbations, prevented or
persistent with, in this case, nepolizunab
therapy. These were 6 to 17 year old urban
children with relatively severe asthnma, at |east
two exacerbations per year, and they net the

criteria of having el evated bl ood eosinophils.
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And | don't wite it here, but they all had
allergic sensitization as well, with varying

| evels of IGE. And it was just a sinple RCT of
mepol i zumab versus pl acebo, plus guidelines based
managenent for a year. And wth npost asthma
studies, the primary outcone was rate of
exacerbations. | guess what set it apart, is
what's |isted there at the bottom is we
integrated a ot of ancillary nechanistic studies,
and I'mgoing to focus really on airway
transcriptomc profiling, though I'll draw a
slight contrast to what we see in the bl ood
because that was brought up earlier. W've also
| ooked at sputum blood flow, cytonetry of the
eosi nophil and other things. But again, |'Il
focus on the transcri ptom cs.

So, the clinical question was pretty
sinple, does the drug work or not? And actually,
Dr. Wenzel showed this outcone earlier, but in
effect, it did. So, we did see a significant
reduction of exacerbations, but not even at that

50 percent rate that | alluded to for nost of
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these studies. Rather, it was.73 rate ratio,
| ndi cating probably this drug is somewhat | ess
effective in children, and maybe we can find out
why. And | guess that's actually inportant,
because if we want to get it, responders or non
responders, we need this sort of clinical outcone.
So, then ny question for the study was,
as | alluded to, what are the actual
mechani snms/ what predicts responder status? So,
"Il just sort of outline this in general. |
won't go into a ton of detail. But as we heard
fromAlkis earlier, you can actually get a |ot of
i nformation fromthe nose. So, in this case, we
use sinus | avage, which is a heterogeneous m xed
cell sanple. W can get a lot of information from
that. What | list here is virology, cel
differentials, and host MRNA sequenci ng. Sane
with blood, and we can | ook at airway and
peri pheral response over tine in these children.
This is the nost conplicated figure |I'1]
show, so I''ll walk through it sonewhat slowy and

you can, of course, read about it in detail in the
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publication. So, fromthat nasal |avage sanpl e,
we neasure 15,000 genes, the expression of them
In prior work, we had al ready done a
di nensionality reduction to understand what are
t he fundanental pathways that you can identify in
this. 12 of themare listed here. These are, of
the 50 plus pathways we had previously identified,
the ones we found to be nost associated with the
primary outcone. So again, rate of exacerbations.
This is a sparse partially squares regression
anal ysis. So, we're selecting out the features
that show the greatest relationship in either
pl acebo or nepolizumab. And the bars indicate, as
you can see in the bottom a propensity to either
a higher or |ower exacerbation rate. And red is
the Pl acebo group and blue is the nepolizumb
group. But basically, what you can see -- and
this is all at baseline, so this is before they
received the drug at the tine of random zati on.
So, what you can see is that there's a
bl ock of eosinophils associated nodules related to

type 2 inflammation, eicosanoid netabolism
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cytoplasmc proteins that indicate if you go on
pl acebo, you're going to do poorly, you' re going
to have a high rate of exacerbations, and if you
go onto nepolizumab, you're going to do well.
That was relatively expected, albeit there's sort
of nore detail here than sinply bl ood
eosi nophi li a.

In contrast, we then found that whole
bl ock of epithelial pathways that showed sonewhat
the opposite. So higher expression of those
tended to indicate you're going to do worse if you
recei ve nepolizumab, probably than you woul d have
even done with placebo alone. And then you see
sone that are sort of mxed and invariant to the
drug, like the eosinophils activation nucous
secretion pathway, where you're kind of going to
do poorly regardless of treatnent if you have high
el evation of that. And then at the bottom there
are sone protective ones, but it gives us an
overall profile of, sort of, who does well and who
doesn't do well on the drug.

And just to then take it a step further,
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we had baseline sanple collection. W also had
sanpl e collection at tinme points throughout, and
here we're showi ng end of study. But you can see,
as you woul d expect, those eosinophil pathways are
decreased by nepolizumab therapy. That's the
first colum wth the dowmn arrows. And agai n,
quite curiously, we saw that nepolizumab actual ly
i ncreased the | evel of sonme of these epithelial
pat hways at the group |evel and placebo had no
effect on any of these. So that was nice. It
gave us sort of an indicator of responsiveness.
What we' ve gone on to do since then is
really nore targeted towards this devel opnent of a
bi omarker. So can we use a conbi nation of these
or ultimately then a conbination perhaps of a few
genes to really predict response to therapy? So,
| ooks like a little bit of a PowerPoint issue
here. But the method we use, this is sort of all
machi ne | earni ng approaches, we used here nodel
based recursive partitioning, which is just a
fl exi bl e approach where you can kind of use

i nteraction nodels, you can use a negative
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bi nom al distribution for the rate of

exacerbation. So, it's just useful for this data
type and you can now partition your population to
i dentify what are the cut points for responder and
non responder.

So, when we do that, if we take these 12
pat hways, that | showed in the PLS nodel, and j ust
plug themin, we can kind of pick, again, one or
two or even three of these nodul es and the cut
poi nt at which you see a clear response or not.

So, inthis case, the first one is an epithelial
associ ated extracellular matrix nodule that cuts a
group that's going to do poorly, then one of the
eosi nophils nodules that's going to cut a group
that does well. [If you plug that back into a nore
famliar view, in effect, what you can see is we
now, in the mddle graph here, identify those who
are high by that cut point in the eosinophils
pathway, lowin the epithelial pathway. And
suddenly we see a better, albeit still not

perfect, response to nepolizumab.

In contrast, on the right hand we see a
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group, again, that has the high epithelial, that's
show ng a trend anyway towards a poor response,
and then a fairly large subset of the popul ation
that does relatively well in ternms of exacerbation
rates and well, whether they're on placebo or not.
So, this allows us to, in effect, partition based
off of a couple of biomarkers who in the

popul ation really needed the drug, who probably
shoul d not have been in the study for one reason
or another. But we can do better than that. And
again, we can ultimately do this in a way that

m ght be clinically applicable into the future.

So those nodul es are conposed of hundreds of

genes. There's a lot of bioinformatics necessary
to do that. Utimtely, if we could have a 1 or 2
or 3 or 4 gene panel, that woul d probably be nuch
nore clinically rel evant.

So, in this case, again, we can go
towards sort of, you know, nmachine learning to
probe this large data set. | just showthis to
kind of notivate the nethod we're using. This is

LASSO Regression with cross-validation and test
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and training to nmake sure that we're fitting the
data well wi thout overfitting it. And fromthat,
sel ecting out a parsinonious set of genes which
are going to best partition our popul ation. So,
you can use various netrics here but we'll select
down to a small nunber of genes, sonething |ike
20, that explain nost of the variance of the
cohort. And then fromthere go back and use this
nodel based recursive partitioning to understand
how our popul ati on shoul d be subdi vi ded.

So, when we do that, we can now nove to
a 3 gene panel, which | have |listed here. And
these are by no neans the be all, end all of
bi omarkers, but it's a first approach or a first
attenpt at what works well for this study
popul ati on. And what you can see is there's an
eosi nophi | associ ated gene SWAP-70, a neutrophil

associ ated gene, and an epithelial associ ated

gene, where again, we can partition the popul ation

now into four groups, and in this case get an even

better understandi ng of response and non-response.

So, on the left hand side of that, you
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1 can see those who have really a dramati c response
2 to the drug and those who would be theoretically

3 the ideal candidates in this cohort to be treated.
4 In the third panel, again, this idea that perhaps
5 there are those who actually do poorly on the

6 drug, and we see that now as nore statistically

7 robust, those who have high ACE-2 expression in

8 the epithelium and then two other groups that are
9 sort of nore nodest or a null effect. This sort
10 of approach has now given us, at |east again

11 Wi thin this cohort, this, of course, all needs

12 val i dati on and many ot her steps down the road, but
13 a way of best selecting out responders and

14 non-r esponders.

15 Before | leave this study, | nean, that
16 was really the take honme point. | actually don't
17 know how nuch tine | have left, but | just wanted
18 to say one nore thing, so I'll plug this in. In
19 addition to sort of profiling at baseline, | think
20 what's been very inportant in this study and ot her
21 studies we've done is to then actually understand

22 what's going on during illness. So again, in
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chi | dhood asthnma we' re usually | ooki ng at
exacerbations rather than just profiling during
wel | ness, we can profile during illness, and
conpare expression patterns in an exacerbation
happeni ng on drug or off of drug. And what we
see, again, this is alot of information, but here
is |I'mhighlighting those pathways in red that are
particularly elevated during on the left
mepol i zumab exacerbati ons versus pl acebo

exacer bati ons versus non-exacerbation events. On
the right, two colums, and you can see they | ook
very different. And in fact, many of the sane

pat hways that | indicated as predictors for a poor
response are also highly elevated during the
mepol i zumab exacerbations. Really just sort of
addi ng additi onal evidence fromnew sanples at a
new tinme point that these are probably pathogenic
to a certain extent in those kids who are doing
poorly on the drug, where again we see that

eosi nophils pathway is playing a magjor role in the
pl acebo exacerbati ons.

So that's all, really, just to say a |ot
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of information can be gained. | guess that's ny
next slide, probably. So, what did we |earn from
this? From adding nolecular profiling to a
mepol i zumab RCT in children? Well, we |earned
that the drug works. It didn't work as well as we
woul d expect. But taking it a step further, by
usi ng nasal profiling of the transcriptone, we
could pretty accurately identify both the
beneficial and del eterious responses to the drug.
And usi ng sone fancy machi ne | earni ng approaches,
we can distill a lot of data down into probably a
handf ul of genes where, and this point canme up
earlier, a conbination rather than one or another,
give us a pretty accurate predictor of response.

| didn't really showthis -- well, this
was ny last point, that then, in addition, if you
profile during illnesses, you can understand ot her
pat hways, and in particular, not to get too deep
into the biology, but a ot of non T2 stuff cane
up in this analysis as being relevant to residual
exacerbations. And there's probably, | didn't

show it, but sonme reciprocal relationships anong

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma Page' 214

1

10

11

12

13

14

15

16

17

18

19

20

21

22

t hese pat hways.

Just to -- so, that's one exanple |'ve
given you. | threwthis slide in over the l[unch
break just to say it's not only in this Inner Cty
asthma study, this is a recently published
| mmunot herapy study, this is not asthma, this is
not kids. But just to show the sane idea of nasal
profiling of the transcriptone, we were able to
understand, in effect, where tezepel umab pl us
subcut aneous i mrunot herapy was or was not
effective and identified novel nechanisns, which
you see at the bottom of this graphical abstract
of a mass cell gene expression signature in nasal
brushi ngs. And again, not to bel abor the point,
but we've done this across a |lot of different
studi es and any of these would be good exanples to
t hi nk about. Both the nethod we use, how we
generate our data, how we do the Om cs anal ysis
towards this idea of nechani sns/ bi omar kers of
clinical response and asthma outcones, and
pedi atric ast hma.

So, with that, just acknow edge this
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1 work is all funded by N AD through Inner Cty

2 Ast hma CAUSE and or the |Inmune tol erance Network.
3 Dan Jackson, Jim Gern, and Bill Busse are the ones
4 who have really led that and just privileged to be
S i nvolved in ny group in Seattle at BRI and UWwho
6 do this anal ysis.

7 DR. HERSHEY: Thanks. Ckay, our next

8 speaker in this session is Professor Mhammed

9 Shanmi. He is fromlnperial College in London and
10 he's a | eader in respiratory allergies and how

11 di sease nodifying treatnents affect inmmune

12 responses. The title of his talk, which is the

13 | ast in this session, is Cellular biomarkers for
14 response to AIT for respiratory allergies.

15 DR. SHAMII: Thanks very nmuch. This

16 doesn't seemto be ny presentation. Seens |ike

17 Eric has junped the hoop. Eric, shall | present
18 your talk here? So, while they're fixing the tech
19 issue, I'd just like to thank the organizers for
20 this neeting, particularly, and especially Ron,

21 for inviting ne here to tal k about bionmarkers for

22 noni tori ng i mmunot herapy and particularly focusing
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on cellular biomarkers. | thoroughly enjoyed the
neeting, the regulatory neeting, that are

organi zed in Europe by Stefan Veith. And it's
just nice to be invited here to have a feel of the
U.S. perspective.

So, these are ny disclosures. M
research group is based at Inperial College in
London, and this is ny group. And the data |'I|
show you is generated by these team nenbers. |f
you happen to be in London, pop by and say hell o.
And |'ve been tasked to talk to you about cellul ar
bi omarkers for nonitoring response to
| mmunot herapy for respiratory allergies. And now
"Il be focusing particularly on aero allergens
for this particular talk. But | mght give you a
bit of a snapshot for food allergy as well.

So, allergen i munot herapy as we know
it, is a highly effective treatnent for |1gG
nedi at ed di seases, particularly it is associ ated
with reduction in synptons, need of rescue
medi cati ons, and inprovenent of quality of life.

But nost inportantly, | think as Al kis nentioned
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it nicely, it induces inmmunol ogical and cli nical
tol erance. And what this neans is that you have
to give it for a period of three years to be able
to induce tolerance. And if you don't give it for
three years, then you are on the road to

tol erance. But how do we find out? What about

bi omar ker s?

Well, in order to understand the
under pi nni ng nmechani smor the identify bionarkers,
we need to understand the underpi nning mechani sm
of allergic disease. And our current
understanding, really, is that when we think about
an allergic individual sensitized and allergic to
aeroal l ergen, firstly, what you see is the
di sruption of the epitheliumintegrity. Were you
see the allergen are dissipating through. Then
you have the immature dendritic cells that are
capturing the allergens and then they mgrate
towards the draining | ynph node. They activate
into 9T cells into 2T to 2A cells, anti follicular
hel per cells, and then they help V cells to

differentiate and proliferate into 1gG producing B
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cells. And the 1gG sensitizes MAR (phoneti c)
cells. And follow ng all ergen exposure,
subsequent all ergen exposure, we have
degranul ation of MAR cells and basal cells in a
| ocal target organ.

But when you give i nmmunot herapy over a
course of three years -- so when you are, in a
way, Yyou are inducing immunol ogical tolerance.
What you see, really, is that you have restoration
of the epithelial barrier integrity. So you have
| ess of the alarm ns, the cytokines that drive
type 2 responses, such as R25, TSLP, and IL-33,
com ng through the epitheliumor activating
innately for cells. You have induction of
regul atory LC-2s. You al so have induction of
regul atory DCs as well as regulatory T cells, the
FoxP3 T cells, the ALTEN inducible T cells, the
L-35 producing T cells. And what you have, for
exanpl e, L-35 has the capacity to prine B cells to
becone regulatory B cells. And these B regs
produce 1gG 4, but also have the capacity to

suppress T effector cell functions on a cell to
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cell contact dependent nmanner. But al so, these V
regs have the capacity to produce 1gG4. And if
we evaluate the 1gG 4 that is induced foll ow ng
| mmunot herapy, all it tells us is exposure in a
sense, but not necessarily the function. But
| gG 4, particularly that has high affinity, high
avidity, and specificity, is able to inhibit the
earl i er phase response, such as activation of MAR
cell and basal cell, but also the T cell
responses.

So, you need to give inmunot herapy for
three years. And this is an el egant study by
St ephen Durham that el egantly showed in 1999 t hat
you give i munot herapy for three years. Wat you
have there is, you have 36 patients at the end of
three years. On the right hand side, you have,
the top row shows the pollen count for the third
year and then the subsequent years. And then you
have the second row, synptom scores, rescue
nedi cation scores, and visual anal og scales. So,
clearly, at three years, those who received

| mmunot herapy had | ower synptom scores, rescue
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medi cati on scores and the VAS scores were | ower
conpared to pl acebo.

But after, in the follow up group
particularly -- so these were random zed to either
be on mai ntenance treatnment or discontinued
treatnent, and they recruited just normal allergic
i ndi viduals. And clearly, those who were nore
mai nt ai ned treatnent, but al so discontinued
treatnment, had | ower synptom scores, rescue
medi cati on scores and VAS scores. And simlarly,
what we al so see is that whether you give SCI T and
SLIT, if you give it for three years, you induce
tolerance. So, this is another random zed blind
pl acebo control trial. Steve was very nuch
involved in this. This was a European study, a
| arge study, three years of treatnment in patients
with allergic rhinoconjunctivitis and three year
follow up. And clearly you can see that. So
three year treatnent and two year follow up, and
you see a reduction, sustained reduction, of
synptons at follow up, one year and two years.

So really, the key is that we know t hat
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i f you give treatnent for three years, you induce
| mmunol ogi cal tolerance. But we need to really
t hi nk about what's really happening in the context
of biomarkers. And I'd like to go over three
sinple vignettes, in a sense. So, the first thing
|'"d like to talk to you about how grasp on SCI' T
and SLIT is both associated with the generation of
di stinct subset of regulatory innately for cells.
How SCIT and SLI T i nduces, suppresses Th2A cells,
as well as inhibits activation of T follicle
hel per cells and induces T reg cells.

And finally, what | would Iike to do,
rat her than just focusing on bi omarkers of
tol erance or bionmarkers of efficacy, |I'd like to
hi ghl i ght how we can use bionmarkers to actually
t hi nk of a novel approach of i nmmunotherapy, in
particul arly thinking about depictnent polyner as
grass pollen extracts for immunotherapy. So,
i nnately Iynph cells are immune cells that bel ong
to the lineage negative cells, negative |ynphoid
cells, and lack T cell receptor, and play an

i nportant role in i mune henostasis, infections
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agai nst m croorgani sns, but also play an inportant
role in chronic type 2 inflanmmation that can be
grouped into three subsets. So, ILC1s, |ILC 2s,
and ILC-3s. And ILC-2s particularly responds to
TSLP, [L-33 and IL-25, and secrete a | ot of
cytokines, particularly type 2 cytokines |ike L-4
and L-5, particularly 5 and 13.

And what we had done several years ago,
we nonitored the frequency of ILGC-2s in grass
pollan allergic individuals in and out of the
pol | en season and those who received
| mmunot herapy. And we were able to denonstrate
that in the i munot herapy treated patients there
were a blunting of the increases in |ILC 2s during
the pollen season, while in the allergic
i ndi viduals there was a cl ear high frequency of
| LC- 2s. And the question then was what was
regulating at the innate i nmmune conpartnent? What
were the regulatory nechanisns? 1|s there
I nduction of |ILC-2s that have regul atory capacity?
So we were very nuch interested in | ooking at L

| LC-2s that produce |ILC 10 and whet her they have
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1 the capacity to regulate innate i nmmune responses

2 at the l|ocal target organ. But as a surrogate, we
3 | ooked in periphery.

4 So we were able to generate |ILC 10

S producing ILCs in the lab. And the way you do

6 that, you purify ILCs from peripheral blood, nore
7 nucl ear cells. You stinulate with RA27 and 33 and
8 you stinmulate themwth a retinoic acid. And what
9 you see is that you then | ook at the popul ati on of
10 | i neage negative cells that are RCD- 127 positive
11 and | ook at a double positive that CRTH2 positive
12 and KLRGL positive.

13 But because we do 18 color or 36 col or,
14 flow cytonetry it's very difficult to really be

15 obj ecti ve about the way we do these analysis. And
16 one way we did is we use unbi ased machi ne | earning
17 al gorithm anal ysis for visualization, where we

18 reduce the dinensionality into 2-D of all the

19 paraneters. So, each dot represent a cell and the
20 cells that are close to one another are nore

21 |ikely to be expressing the sane marker.

22 So you have, firstly, you have, in the
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absence of retinoic acid, we're | ooking at CRTH2,
2 KLRGL, and IL-10. And in the presence, what you
3 see is the red dot flacking in the area of CRTH2,
4 but predom nantly KLRG and there is a small

S | sl and where you can see the IL-10s. And if you
6 | ook at the bottom what you see here is that you
7 only see induction of ALTEN producing ILCs in the
8 cells that have been stinulated to retinoic acid
9 and are typically expressing KLRGL. And you can
10 measure protein expression of |IL-10 over the

11 course of 8 days in a tine dependent nmanner. You
12 can al so take the cells and throw themin the air
13 and they fall like a tree. And then you can | ook
14 at individual node and the PI (phonetic) represent
15 t he expression of the markers. And we were able
16 to identify, so this called flosum (phonetic),

17 we're able to identify two neta cl asses,

18 particularly nmeta classes 6 and 10, that were

19 flagged in the presence of retinoic acid as a mark
20 of whether the cells had the capacity to produce
21 | L-10. And you can see increase in abundance in

22 the neta classes 6 and 10, but al so expression of
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| L-10.

So, the nost inportant thing i s so what
we're seeing, we're able to generate IL-10
producing ILCs in vitro, but so what? So, we
recruited non-atopic controls. Cross-pollen
allergic individuals and patients received
| mmunot herapy during the pollen season and were
able to | ook at evaluate the frequency of these
| L-10 producing ILCs. These were clearly
dysregul ated in a grass pollan allergic
I ndi vidual, so | ower proportion conpared to
non-at opi c controls and sonewhat restored
fol l ow ng subcut aneous i mmunot herapy, to our
surprise. W've done a |ot of studies and | ooked
at several correlations, but we were able to see a
nodest correlation of synptom scores versus the
proportion of IL-10 producing ILCs, an inverse
correlation which was reproduced in a context of
synptom scores, but also VAS scores as wel |.

W went on to validate this into a
random zed doubl e blind placebo controlled tri al

wi t h subl i ngual inmunotherapy. | had a fellow who
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came from Swi tzerl and, we worked very closely
together with Steve, and perforned a random zed
trial on sublingual imunotherapy. So this was
initially a 12 nonth study, placebo and acti ve.
Patient received treatnent for a course of 12
nont hs and then they were followed up for up to 24
nonths in the actively treated group. So at
baseline, if you |look at the TNSS for placebo and
SLIT, they match at baseline. And at 12 nonths
there was a reduction in the TNSS area under the
curve neasured by -- so this is TNSS neasurenent
of TNSS after nasal allergen challenge at 12

nont hs, or at baseline, and we | ooked at the
proportion of IL-10 producing ILC2s. So, these
remai ned very nuch unchanged in the placebo group
between 9 and 12 nonths, but sonewhat they were
el evated in the actively treated group. So, we
al so | ooked at the association between the TNSS
scores as well as the frequency of these |IL-10
producing ILC, but the level of IL-10 that we're
secreting. So, we're able to denonstrate a |inear

i nverse correlation between IL-10 producing |ILC2s
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and the TNSS scores, as well as the |evels of

2 | L- 10.

3 So what we're able to really do here, to
4 really have a | ook at first glance, what happens

S ri ght beneath the epitheliumand where are the

6 under pi nni ng nmechani smthat we're seeing follow ng
7 | mmunot her apy and whet her we coul d have a very

8 nice biomarkers. \Were ILC2s they, initially,

9 they come fromILC precursors, an express CD117,

10 and they can differentiate into an NKp46 or KLRGL,

11 | mmature |1 LC2s, which has the capacity to becone
12 | LC2 when exposed to TSLP, and IL-
13 O IL-10-producing ILCs when it's

14 exposed to IL-7, IL-33, and retinoic acid. And

15 we're able to denonstrate in this particular study
16 that there was a clear dysregulation of these

17 | L-10 producing ILCs in allergic individuals,

18 whi ch was sonmewhat restored foll ow ng grass pollen
19 | mmunot herapy, SCIT and SLIT. W did a |ot of

20 functional data analysis where we were able to

21 | ook at the capacity to restore epithelium

22 integrity, how they can suppress Th2 effector
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cells, and also highlight their potential use as
potential biomarkers. And we're currently
validating this in the [ arge studies.

Secondly, what | would like to
hi ghl i ght, when we think about cellular responses,
wel |, Th2 responses are promnent in allergic
di sease. And so what happens followng SCI T and
SLIT? Well, in an el egant study, again, this was
a study that was funded by I TN and NIH, and Steve
was the primary investigator, it was a random zed
blind placebo control trial of SCIT and SLIT
single center study 100 and we had 36 patients in
the active arm SCIT, 34 in the placebo, and 36 in
the SLIT group. But this was a way of conparing
SCI T versus SLIT in the sane group, a single
center study. So, it was a 1 year study and 1
year of treatnent. And at baseline, we perforned
I ntranasal allergen challenge, collected TNSS
scores, during the pollen season we coll ected
synpt om scores, rescue nedication scores, quality
of life scores. And we did this at baseline, year

1 year 2, and we stopped treatnent and foll owed
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themup for year 3.

And if what you can see here in the
TNSS, if we |look at the TNSS score, this is data
that (inaudible) actually generated. And it was
very nice to see that what you see here, at year 1
and year 2, SCIT and SLIT are associated wth
reduction in TNSS. But at year 3 we | ose that
effect. And we also had a placebo effect. But
when we | ooked at the total nasal synptom scores,
a change in increase for both SCIT and SLIT at
year 1, year 2, and this effect was | ost and the
pl acebo remai ned pretty nmuch the sane. But the
key point here is that it's very difficult to cone
across the studi es where you have response and no
response. So, it was really good to be able to
have a study that, where we can actually really
| ook at the certain biomarkers in collaboration
with Bill Cark and Eric. Wat we did is we
| ooked at the frequency of Th2A cells. And if |
just get you to focus on the top right panel, what
you see is that SCIT and SLIT had reduction in Th2

cells at year 1, year 2, and we |ost that effect
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at year 3. So again, mrroring simlar to what we
saw with the total nasal synptom scores.

W tend to focus about T cells,
particularly Th2 cells, IL-4, IL-5 producing
cells. But we tend to forget about the cells that
are really inportant in driving |IgE responses.

And T follicular helper cells are critical in

hel ping B cells to differentiate into an anti body
producing cells. T follicular helper cells are T
cells that express CD4, CXCR5 and PD-1. And in
order for themto differentiate into a Tfh cell,
they need to interact with dendritic cells and
they require particular signals such as IL-12,

| L-27, IL-6. And these signals provide a
downstream acti vation of stat 3 and stat 4, which
allows themto express IL-21, CXCR 5, and PD- 1.
And IL-21 is critical for helping Bcells to
differentiate and swtch into an anti body
producing cell. So it's very crucial. And when
you have a conbination of IL-4 and |L-21, you have
a huge boost of IgE. And this is an experinent

that illustrates this, where you can culture
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1 peri pheral but nore nuclear cells, stinulate the

2 cells with IL-4, I1L-21, and CD40 |igand. But when
3 you have a conbination of IL-4 and |L-21, you have
4 a massi ve boost of IgE that is produced in vitro.
S So, we perforned a cross-sectional

6 study, a cross- sectional study where we recruited
7 non-at opi c controls, untreated grass pollen

8 allergies, SCIT and SLIT treated patients. This

9 was a pilot study, a small core study, and these
10 are the patient denographics on how we sel ected

11 our patients. And we |ooked at the rhinitis total
12 synptons scores during the pollen season. Wat

13 you can see here is the treated group, SCIT and

14 SLIT, have | ower RTS conpared to the allergics.

15 The non-atopic controls are behaving thensel ves.

16 Then you have the IL-21 producing cells are

17 el evated in the grass bone allergic conpared to

18 non- atopi ¢ control, but sonewhat restored in SCIT
19 and SLIT treated patients. And we al so | ooked at
20 the cells that regulate Tfh cells. These are

21 Foxp3 TFR cells, and there are sonewhat the

22 reverse where they were lower in the grass pollen
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all ergic individuals conpared to non-atopic
controls and sonmewhat induced followng in the
treated group, SCIT and SLIT.

So, what about the evidence of IL-21 in
the nasal fluid? So, this patient had underwent
I ntranasal allergen challenge with collected nasal
fluid. And we | ooked at IL-4, IL-6, IL- 21, |L-6,
particularly because IL-6 drives IL-21. But we're
al so very keen to | ook at the conbination of IL-4
and IL-21. And these were increased in a tine
dependent manner in the allergic group and sonehow
had inhibited in the SCIT and SLIT treated group
and not nmuch in the non-atopic individuals. W
went on to do a |lot of analysis, including ataxic,
| ooki ng at the epigenetic effects of SCIT and SLIT
at the chronosone level in the Tfh cells and T
follicular regulatory cells. And what you see
here on the left, firstly, in Tfh cells there's
nore accessibility in the chromatin region, in
particularly allow ng expression of IL-4, |IL-21,
| L6, and less in the Tfh so that they have

restriction in terns of functionality. And on the
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1 right, this is reverse where they are much nore

2 functional and the Tfh have nuch nore, |ess,

3 chromatin accessibility and unable to produce nore
4 | L-4, |L-21.

S So, this is what we knowin ternms of the
6 under pi nni ng nechani sns of when we are noving

7 towards i nduction of tolerance, we influence the
8 | nnat e i Mmmune conpartnent by induction of IL-10

9 produci ng regul atory cells. W are danpeni ng Th2
10 cells, Th2A cells, and nodulating T follicular

11 hel per cells by inducing T follicular regulatory
12 cel |l s.

13 But how can we use biomarkers in terns
14 of thinking of using and identifying a candi date
15 that will be able to induce tol erance when we use
16 it for immunotherapy? | won't go nmuch into this
17 detail, but | think it's inportant to highlight

18 t hat when we think about biomarkers, they're not
19 just for diagnostic or prognostic, but we can use
20 them for drug developnent. And | think it's a

21 very nice way of being able to understand by

22 perform ng basic research and really identify the
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1 rel evant key nol ecul es, and how we can thi nk about
2 under st andi ng the node of action, whether there

3 can be a therapeutic target. Can we use themin
4 pre-clinical studies? Can we use themfor

S stratification of patients? Can we use them| ater
6 on for qualification in terns of rel evant

7 bi omarkers for validation and use for clinical

8 trial, but also real world evidence studies or in
9 a clinical practice?

10 So, here's an exanpl e, thinking about

11 optimzing allergoids as a novel approach for

12 | mmunot herapy. And this is really a way of using
13 a larger nolecule that is unable to activate T

14 cells or Th2 cells particularly. And what one can
15 do is purified -- you use an extract which

16 undergoes a mld acid treatnent. It can becone

17 depegnent ed, can be polynerized, chemcally

18 pol yneri zed. One can |ook at the IgE binding and
19 | ook at, particularly the epitope, where you have
20 | gG binding. And we had one candi date, that as

21 you can see, in the native flip the top row, you

22 have the various different epitope, |gE epitopes.
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This is reduced when you depignent it and when you
under goes pol yneri zati on you have | ess | gE

epi topes, but the IgE epitopes remain the sane.
You can use basophil activation to | ook at
reactivity or activation of basophils and sel ect
the candidate that is a little bit nore
hypoal | er geni c.

And what we did is we perforned
single-cell analysis, RNA-Seq, in three patients
and we're able to denonstrate by the power of
using single cell transcriptomcs. W were able
to denonstrate that the polynerized Depigoid
nol ecul e was able to reduce regulate I1L-4, I1L-10
pat hway, suppress antigen presentation, induce
regulatory T cells that express CD-52 and express
their functionality towards Siglec-10. And then
we validated this in in-vitro study wwth 16 grass
pollen allergics and 12 non-atopic control to be
able to denonstrate that they were the right
candi dates and they were unable to stinulate Th2
cells, Tfh cells, but they were prom nent i nducing

B regulatory cells and T-regs but al so were
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hypoal | er geni c.

And | think what we were able to really
do here is denonstrate that you can use bionarkers
to also select the relevant candi date that one can
use for inmmunotherapy. | think we're also doing
simlar in a context of using virus |ike particles
expressi ng peanut and noving into the peanut
allergy field. And we have sone very el egant data
showi ng reducti on of basophil activation, |IgE
medi ated, Th2 activation, Tfh2 cell responses Tfh
follicular regulatory induction, IL-10 producing B
cell induction, and Tfhl responses.

| think wth that, | would like to just
acknowl edge the teamthat have worked towards the
data |'ve generated you. But | just want to just
| eave you with a thought. | think we are at the
stage where we have access to all this wonderful
-om c technol ogy, but also we are thin the era
where we can use a lot of informatics to neke
sense of what we're doing. And | think what we
need to do is to think about our patients, how

het er ogeneous they are, put themthrough the
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rel evant pipelines where we can do a |ot of
neasurenents, and do the relevant data sign that's
validated to be able to identify responders,
non-responders, and | ow responses. And | think
this is really the way forward.

And just on the last slide, what | woul d
just like to highlight here is that what we need,
really, is to think about biomarkers of
desensiti zation, efficacy, and tol erance. And we
need to really think about whether it's for SCIT
or whether it's for SLIT, or whether it's for
nodi fied allergen. W should be really putting
theminto one pot.

And finally, I'd like to invite you al
to Val encia, where we have the European Acadeny
neeting, and hope to see you there. Thank you.

DR. HERSHEY: Matt, Sally. Dr.

Ham | ton, if you have any questions, just please
nove to the m crophone. One of the m crophones.

DR. KRI SHNAN: Gary Krishnan, from Eli
Lilly. This is a question for Dr. Altman. Really

enj oyed your tal k. Have you pressure tested the
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reliability of your thresholds in your nodels
usi ng prospective studies? Especially when it
cones to gene expression, which in individual

patients varies quite a bit.

DR. ALTMAN. Yeah, no, it's a very good
guestion. W have certainly not pressure tested
anything to the point of saying this is a
clinically reliable test that we would inpl enent
in a study. As to that sort of variability over
tinme, | nmean, we've used these exact approaches
and t hese genes and these nodul es now across
mul ti ple studi es and have seen really a very
consi stent pattern. W don't have anot her
nepol i zumab RCT, you know, to sort of fully
validate it. W are currently validating the
utility of sonme of those genes in observati onal
cohorts to |l ook at just exacerbation rates in
general. So, you knowit's a work in progress.
But as with anything, you would want truly
external validation to generalize the result.

DR. HERSHEY: Any ot her questions?

DR RABIN: There was one virtual
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1 gquestion for Dr. Hamlton. A questioner wanted
2 to know whether or not it was worthwhile in the

3 context of sone reports that there's | gE agai nst
4 several viral antigens, |like RV and such, and

S whet her or not it would be worthwhile to add that
6 to a multiplex cartridge such as the one you spoke
7 about ?

8 DR. HAM LTON. | don't think that's ever
9 been rai sed before, actually. And we've talked
10 about al pha-gal and a whole, and a whol e host of
11 ot her allergens, but never viral antigens or

12 al l ergens. Good questi on.

13 DR. HERSHEY: Wayne? DR Shreffler:

14 Hi, so, question for Dr.

15 Shanmji. M, do you have a sense of the
16 relative contribution of IL-10 fromthis ILC

17 popul ati on versus adaptive T cells or other

18 sources?

19 DR. SHAMJI: Yes.

20 DR. SHREFFLER: In the context of, you
21 know, allergen IT?

22 DR. SHAMJI: It certainly, we' ve done
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conparative anal ysis where we've stinul ated RCs,
purified RCs, with RA and IL-7 and | L-33, and al so
stinmulated B reg with CpoG and CD40 ligand. Sorry,
ny asthma is kicking inalittle bit. M voice is
com ng down --

DR. SHREFFLER: We'll get you a | ozenge.

DR. SHAMII: -- while tal king about the
relevant topic. Sally, maybe you can hel p? But
the point being is that pound for pound, they
produce a | ot of IL-10, and they have the capacity
to sort of support the epithelial integrity in
ternms of, you know, induction of IL-1 and so on.
So certainly, they do have not only the capacity
to suppress Th2 cells, they produce a |lot of the
| L-10 concentration is really high, but also
hel ping the epithelial cell integrity
regener ati on.

DR. HERSHEY: Lady in the back?

QUESTIONER: This is a question for Dr.
Ham lton. Dr. Hamlton, this new ALEX technol ogy
that you showed was very interesting. Do you

think that we will ever be at the point where
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t hose of us who order serum specific IgE testing
for foods wll actually get a result that says
sonet hing other than just greater than 100? And
do you think otherwise that this is sonething that
we shoul d be tal ki ng about thinking about?

DR. HAM LTON. So, your question is
whet her | aboratories will ever report greater than
100 kilo international units of allergen specific
| g? Do you find |l evels above 100 to be
clinically useful ?

QUESTIONER: Well, | don't know. |'ve
never had them so | haven't had the opportunity.
But | like that | get a total serumIgE, and | do
wonder sonetines if ny |evel were 102 versus
10,000 if | wouldn't do sonething different with
t hat .

DR. HAMLTON. Wll, it's a very good
gquestion. W actually, in the clinical |ab that |
run, do titer out all serum above 100 to the | evel
by doing a dilution analysis. So we actually do
that. But in reviewng the College of American

Pat hol ogy Proficiency survey data, very few
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| aboratories do that. |In fact, |['mstill
surprised that there are nmany |abs still reporting
in class units which we've tried to elimnate.
So, it's a very good question. Thank you very
much.

DR HERSHEY: Dr. Drazen?

DR. DRAZEN. Jeff Drazen from Boston.
For the biomarkers to be useful they need to be
reasonably repeatable. And I think reasonable
i dea that IgE is reasonably repeatable within an
| ndi vidual over relatively short periods of tine,.
But of the other biomarkers we've tal ked about,
Sally nmentioned in, and you nentioned, about the
variability. How do we deal with this variability
wWithin a given patient? Because we're going to
| abel a patient. Do we label themas Iow all the
time, high all the tinme, or sonebody who junps
around in that mddle group? It's not going to be
terribly clinically useful. So how do we
categori ze the repeatability? How do we use it to
our advantage or understand it to our

di sadvant age?
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DR. WENZEL: Jeff, as always, that's a
great question. You know, | think we use it to
our advantage. The noise is often where the
signal is. You just have to look for it. And we
publ i shed a paper in SARP, we actually published
now a coupl e of papers, looking at variability of
FeNO and variability of sputum eosinophils and
sputum neutrophils, and, you know, those that are
persistently I ow, persistently high, and the ones
that wiggle around. And interestingly, probably
the nost intriguing ones are the ones that are
changi ng, and they seemto have sone of the worst
synptons, the nore exacerbations, et cetera. And,
you know, | think it's because it is contextual,
right? That if you had a virus a nonth ago or if
you were treated, you decided to becone nore
adherent to your corticosteroids over the |ast two
days because you knew you were seeing the doctor.
You know, all those sorts of things can influence
the variability. And | think those patterns of
behavi or may be part of it. And then your

envi ronnment al exposures are obviously going to
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vary, too. But the noise is actually probably
where sone of the nobst inportant exacerbation and
severe patients lie. The noisy ones.

DR. HERSHEY: WMatt, did you want to say
sonet hi ng?

DR. ALTMAN: Well, | would second that.
On the one hand, it makes it tough to actually
cone up with drugs and clinically treat because,
you know, asthma is variable over the course of
the year, it's variable over tine. W've seen in
our studies that your transcriptone state in the
nose, at a given point, sort of predicts the tine
to your next exacerbation. So, they're at risk
periods. And for exanple, we see in kids in the
fall, those who have a low interferon basal tone
are the ones who exacerbate that fall. So, you
know, that nekes it tricky because you treat them
wth a certain drug at that point in tinme and then
a different one at a different point, that all
gets nuddy.

But there's real data, there's rea

information, within that variability if you know
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how to | ook at it, you know. So, | think it's
| nportant that we understand that. W're doing a
study now where we're | ooking at T2-high and
T2-1ow, and surveying throughout the course of the
year, to better understand that variability and
how it relates to types of exacerbations.

DR. WENZEL: And |I'Il just add one other
thing. So, |I showed the data about pheno and
bl ood eosi nophils. That was one neasurenent. But
it seemed with that one neasurenent to predict
things 3 years and 4 years down the line. So, a
singl e nmeasurenent was actually pretty good. But
| think we, as a collective, should cone up wth
sone standards that to actually know whet her
sonebody is high eosinophils or not, you need to
neasure it three tinmes. | think a single
measurenent is probably not enough. You need to
measure exhaled nitric oxide three different tines
and three different occasions. But if you pass
the ceiling, whatever that ceiling ends up being,
you have that background. | actually pretty

strongly believe that. That that background of
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type 2-ness, whatever we want to call it, is there
and doesn't go away. |'ve never seen it go away
Wit h.

DR. SHAMJI: Biomarkers to assess
| mmunol ogi cal tolerance, for exanple, follow ng
| mmunot herapy. What we always do is you start
Wi th optim zation validation, analytical
validation in a pilot study and then you take it
into a clinical study, and only when that's
reproduci ble and informative. Then the key then
is to take it forward for qualification. And the
key el enent here is, you know -- the graph that |
showed in terns of nechanism all the work we've
done in ternms of T cells, Bcells, RC2s, and so
on, in terns of reproducibility, they are
reproduci bl e and they can be done by i ndependent
operators. And if you think about the differences
between in small pilot study, starting with
at opi cs and non-atopics, before we actually
evaluate in treated group, the concept is to
al ways think of a pilot study where you're

optim zing and validating these biomarkers. Then,
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you can then take theminto a clinical study to
validate them prior to valid qualification.

DR. HERSHEY: Thank you. Next.

DR. ORTEGA: Hi, and Hector Otega, San
Diego. And | was interested, Sally, in the
comment about |L-6 and recognizing there is a
maj or gap on the non-type 2 biomarkers. And do we
know if the elevated IL-51is, | nean IL-6, is
correlated with the | ow response on the drugs that
are now used biologics for all commerce, like
tezepel umab or even dupil umab? And that's one
comment. But also, probably this workshop shoul d
be an incentive to | ook for additional biomarkers
in the non-type 2.

DR. WENZEL: Yeah, no, | don't know
whether it's a predictor of response to type 2
biologics. Like |l said, it's fascinating. |It's
there in everyone. It is conpletely independent
of type 2 biomarkers. But if you |ook at the
peopl e that have type 2 high inflammtion, and you
start them on whatever your biologic of choice, is

there a difference in response? W can | ook at
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that in SARP. W have not done that yet, but we
can look at that in a pretty rigorous way. So,

t hank you for that suggestion.

DR. HERSHEY: | have one question while
we're waiting for this lady to conme up. | have
one question for our panel. W heard from several

of you biomarkers at different tissues, right.
And | think it's becom ng increasingly evident
that allergic diseases are systemc. They

mani fest in the blood, right, with the i mmune
responses, and they manifest locally. And | just
wonder what you think about that in terns of the
future biomarkers. | nean, are we going to need
-- Matt showed how we had to use two or three

di fferent genes, and Sally presented sone
exanples. And | wonder how we're going to really
thi nk about this collectively and bring it.

DR. ALTMAN. | nean, | can tell you, |
appreci ate that comment. That, you know,
system c, and we can neasure things in the bl ood.
| mean, ny bias froma lot of data sets nowis

that, and we kind of heard this earlier, |ooking
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in the airway, and we're |ucky, and that we can
conveniently sanple the airway. | nean, upper
airway at least. The signals are nuch nore robust
there in all of our data sets. There are things
that you see in the blood. Sone of themare
genetic, you know, sone of themare not.
Interferon is a classic exanple where you can see
sort of basal interferon tone well in the bl ood.
But | think a |lot of these tissues eosinophils,
tissue epithelial things show up better in a nasal
sanple. So, |I'mcertainly a proponent of that.
But we're always going to | ook at both and see how
t hey associate to one another, or at |least that's
what we're doing in our studies.

DR. HERSHEY: | think with skin types we
m ght have even nore that we can add in.

DR. WENZEL: And | would just add, |
think there could be differences in children and
adults wwth this, too. That, | think I'm
hypot hesi zi ng here, that chil dhood di sease coul d
be nore target organ focused. But as you go on

with | onger duration of the disease, nore
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1 envi ronnent al exposures, et cetera, it could

2 becone nore systemc. And | wll say, that the
3 | L-6 in the bl ood has zero connection with
4 literally any gene expression in the lungs, in

S sputum or in epithelial brushings. So, it's a

6 conpletely separate conpartnent, which we don't

7 understand at all, to be quite honest with you.

8 DR. HERSHEY: Interesting. D d you have
9 anyt hi ng you want to add?

10 DR. SHAMJI: Just to echo what Martin

11 and Sally nmentioned, really an integrated approach
12 of looking at the | ocal target organ with all of
13 t he novel technol ogies we have. Looking at, for
14 exanpl e, proteomcs wth oiling, |ooking at

15 special transcriptomc with the signal cel

16 approach, | think it's only going to tell us nore
17 about the underpinni ng mechani sns and the

18 | mmunol ogi cal response. W can then take that to
19 translate into rel evant bi omarkers.

20 DR. HERSHEY: Thank you. Last questi on.
21 DR. TRI PATHI : Hi, Anubha Tripathi, FDA

22 CBER. Thank you all for your talks. This
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gquestion is really directed at any of you, but,

Dr. Hamlton, you first touched upon it, and then
Dr. Shanji touched upon it. | think as your | ast
slide, you tal ked about the Raven Al software, and
| was just wondering if you can -- or with the
multiplex. Did 1l get that right? | was just
wonderi ng what your experience is with that? And
| guess, along the lines of what we're discussing
t oday, how you see that working into perhaps the
bi omar ker di scussi on.

DR. HAM LTON: So where does the
multiplex fit into the future of diagnostic?

DR. TRI PATH : Well, you actually, on
your | ast slide, you tal ked about using Raven Al
sof t war e.

DR HAM LTON. Ch, right. Yes. So, one
of the problens with having data from 300 all ergen
specificities is that it's extrenely overwhel m ng.
So, we're fortunate that conputer Al has
sinplified it by not only allowng us to anal yze
t hose data quickly, but also provide general

i nterpretations based on the allergenic profiles.
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And what's very nice is that you get infornmation
about cross-reactivity and suspected or expected
synptons, that in fact may relate to cross
reactive allergenic of famlies that we woul dn't
really know.

In the United States, allergists are not
really well versed in the details of nolecul ar
allergology |like they are in Europe. Because
actually nost of this actually grew up in Europe.
Most of the nolecular allergens. That's why the
maj or conpani es that are producing these nultipl ex
conponents based assays are actually in Europe.

So, we have an educational gap here in the United
States, | view, which we have to fill, and we can
fill that by Al prograns that allow us to get sone
general interpretations of data, both for extract
and conponent reactivity.

So, | see the transition of serologic
nmeasurenents of IgE antibody in the United States,
and the world, transitioning fromthe singleplex
assay to a nultiplex technol ogy, because mnultipl ex

technology is the only cost effective way for us
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to actually get nmeasurenments to conponents.
O herwise, it just can't be done. So, | don't
know i f | addressed your question or not.

DR. TRI PATH : Well, ny question was,
what is your experience with, how does the -- so,
that's what the Raven Al software does, is put
t oget her cross reactive and then synptons, and
then the physician checks? |s that what you --
what's the readout that you get?

DR. HAM LTON: Yeah, the readout is
actually an interpretation, providing profiles of
synpt omat ol ogy based on the allergenic profiles
that m ght be expected to be seen. For exanple,
in the case of profilin, the one case | presented,
the child my very well have an oral allergy
synptomto nelon, even though their primary
sensitivity is to birch pollen due to Bet v 1 one
cross-reactivity -- or Bet v 2 cross-reactivity,
sorry. So that type of interpretation is very
hel pful as a starter, but ultimately cones down to
the allergist ability to actually interpret the

data. And that requires know edge about the
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1 clinical utility of the allergenic conponents.

2 And that's not as trivial as we would like to

3 t hi nk, unfortunately.

4 DR. TRIPATHI: Right. And | was just

5 wondering, Dr. Shami, you nentioned it as well,

6 have you used nmachi ne deep learning in your?

7 DR. SHAMII: Yeah, thanks for asking.

8 Actually, we are. W are using a |ot of nachine

9 | earning al gorithns and working with

10 bi oinformatician to really data m ne studies from
11 clinical trials, real world evidence studies, and
12 so on. So, it'sreally, it's early stage because

13 the thing is, the output, the key is how do we

14 i ntegrate the data nicely to make good sense of
15 it. And actually, even if we do and we have sone
16 i nteresting data clusters, we do need to validate

17 theminto real clusters because otherw se we are
18 only tal king about virtual clusters. So, | think
19 we have to go through the process and then we have
20 to be very thorough in terns of really |ooking at
21 the data. But thank you.

22 DR. TRI PATHI : Thank you.
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DR. HERSHEY: Al right. Join ne in
t hanking all of our speakers. W're going to take
a 15 mnute break. W'Ill reconvene at 2:35. Thank
you.

(Recess)

DR TOGQAS: Mght be tine to take a
seat so that we nove to session three. And this
session is entitled Biomarkers in Food Allergy and
those who were not earlier here today, ny nane is
Al kis Togias from N AID, and we have a nunber of
speakers, starting with ny dear coll eague.

SPEAKER: This neeting is being
recor ded.

DR. TOE AS: Pam Guerrerio is D rector
and Chief of the Laboratory of Allergic D seases
in the Division of Intranural Research at N Al D.
She graduated the nedical scientist training
program at Johns Hopkins University and conpl eted
medi cal school and a PhD in human genetics and did
her residency and all the good things there. And
now she's going to talk to us. The title is food

allergy, risk factors and current clinical
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endpoi nts for efficacy. Pan?

DR. GQUERRERI O Thank you, Alkis, and
good afternoon, everybody. 1It's been a great
session so far, so thank you to the organi zers for
the opportunity to present and be part of this is
it this.

Al right. As Alkis nentioned, |I'm
going to discuss two topics today. First, known
risk factors for food allergy, and then second,
clinical endpoints that can be used to assess the
efficacy of treatnents for food allergy. | have
no conflicts of interest.

The trenendous increase in the
preval ence of allergic diseases over the [ast few
decades has raised a ot of interest in the
factors that account for this. At this point, the
pat hogenesis of food allergy is thought to involve
both a genetic predisposition as well as exposure
to triggers in the environnent. One way to ask
whet her genetics contributes to a disease is to
ask whether that disease tends to run in famlies,

and twin studies can be especially helpful in this
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regard, since tw ns share many of the sane

envi ronnent al exposures and al so the sane in utero
environnent. Several years ago, it was showed
that the concordance rate for food allergy anong

| dentical twins who share 100 percent of their DNA
was 82 percent, conpared to only 20 percent for
fraternal twins, who only share half of their
genes.

Anot her study found that children who
have a parent or a sibling with peanut allergy are
seven tines nore likely to be allergic to peanut
than children who have no famly history.

Cverall, the heritability of food allergy is
estimated to be about 80 percent. Using a nunber
of different approaches, variants in several genes
have been identified and consistently associ at ed
with food allergy. These include the HLA genes,
whi ch are involved in how food allergens are
presented to the i nmune system CD14, which
encodes the co- receptor for |ipopolysaccharide, a
conponent of bacterial cell walls; the Th2

cytokine I L-13 STAT6, which is a transcriptions
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factor downstream of the Th2 cytokines; and then
variants in filaggrin, SPINK5, and other genes

i mportant in the skin barrier function have al so
been linked to food allergy.

However, it's inportant to note that all
of these studi es have only detected associ ations
bet ween these genetic variants and food all ergy,
and they don't necessarily inply that any of these
genetic changes on their own would be sufficient
to cause food allergy. The sharp increase in food
al l ergy preval ence over a relatively short period
of tinme suggests that genes are not the whole
story. Qur gene pool just doesn't change that
qui ckly. And so, there's good evidence that there
are several other risk factors for food allergy,

i ncl uding nal e sex, race, and ethnicity.

Food allergy is about twice as conmon in
mal es than femal es, and there's sone evidence
mal es have nore severe reactions as well.
Interestingly, this changes during adol escence
when food allergy becones nore common in fenal es.

There's al so sone studi es suggesting that
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sensitization to food all ergens, and perhaps even
food allergy itself, is nore conmbn anbng Asi an,
Bl ack and Hi spani c individuals than those of
Eur opean ancestry.

Epi dem ol ogi cal ly, there have been
mul tiple studies suggesting that vitamn D
i nsufficiency is an inportant risk factor for food
al lergy. Several groups have shown that infants
who are born in the fall and winter nonths are at
hi gher risk for food allergy than those that are
born in the spring and sunmer when there's greater
W |ight exposure. Oher studies have found that
t he nunber of hospital em ssions for allergic
reactions to food and the nunber of prescriptions
for epinephrine autoinjectors increases the
farther you go fromthe equator, and that
rel ationship held true i ndependent of | ongitude.

But sone of the best evidence actually
cane out of the HealthNet study from Australia
t hat | ooked at over 5,000 infants. And here they
found that those infants who were lowin vitamn D

were 12 tines nore likely to devel op peanut
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allergy than infants who had normal vitamn D

| evel s. There's al so been sone interesting data
suggesting that the increased use of ant acids,
especially during infancy, may be contributing to
this rise in food allergy.

Under normal circunstances, stonmach
acids reduce the allergenicity of food proteins by
denaturing the protein and breaking it down.

Under normal circunstances, about 2 percent of
food proteins are absorbed into the systenic
circulation. There was a study done actually
several decades ago that showed adults who were
treated wth these antiul cer nedications actually
devel oped new sensitization to food all ergens,

al though the clinical significance of that wasn't
cl ear.

More recently, Ed Mtre and col | eagues
reported a retrospective cohort study where they
| ooked at over 800, 000 infants who were enroll ed
in the mlitary healthcare system The study
i ncl uded about an equal nunber of boys and girls.

They reported that 7.6 percent had been prescri bed
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a histam ne-2 receptor antagonist, and 1.7 percent
a PPl, a proton punp inhibitor, during their first
year of life.

They showed that infants who received
ei ther of these nedications were over two tines
nore likely to have food allergy than infants who
didn't receive these drugs. Now, again, this
study is only detecting an association. It
doesn't necessarily nmean that use of these
medi cations is causing food allergy, but it does
suggest that these nedications nmay not be
conpl etely benign.

One of the nore popular theories to
explain the rise in food allergy is called the
hygi ene hypothesis. And this essentially posits
that we are keeping infants too clean and that by
not exposing themto gerns, their inmune system
isn't devel oping properly and they're starting to
react agai nst innocuous antigens in the
envi ronnent, such as food antigens. So, what is
the evidence for this? W know that the

preval ence of allergic disease is lower in |ess
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devel oped countries that |ack adequate sanitation
and a clean water supply. And these countries
of ten experience a concomtant increase in the
preval ence of allergic disease as their countries
beconme nore westernized. Children who have cl ose
contact with aninmals, either because they grew up
on a farmor they have a pet at hone, especially a
dog, seemto be protected. Children who have
mul tiple older siblings also seemto be at | ower
risk. And then there are sone birth cohort
studi es, but not all have shown that infants who
are born by caesarean section are nore likely to
have chal | enged proven food allergy.

One way all those exposures m ght be
i nfluencing the risk of food allergy is by
changing the mcrobionme. There is nowreally
quite a trenendous body of data suggesting that
dysbiosis early in life is playing a very
| nportant role in the pathogenesis of food
allergy. From an epidem ol ogi ¢ standpoint, we
know t hat use of antibiotics during pregnancy or

in infants during the first nonth of life was
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1 associated with a higher risk of cows mlKk

2 allergy. Oher studies have found that the | evels
3 of triclosan, which is a very common anti bacteri al
4 agent found in hundreds of househol d products, was
S hi gher in the urine of children who were

6 sensitized to food and environnental allergens.

7 And then germfree mce or mce that have been

8 treated wth broad spectrumantibiotics tend to

9 have higher total IgE |levels and are al so nore

10 susceptible to beconmng allergic to foods. And

11 this can be prevented if you col oni ze the m ce,

12 only during the neonatal period, with a m xture of
13 bacteri a.

14 There's al so been sone interesting

15 studi es suggesting that allergic infants nmay be

16 m ssing bacteria that protects themfromthe

17 devel opnent of food allergy. |In this study by

18 Cathy Nagler's group at Northwestern, they took

19 stool specinens fromeither mlk-allergic infants

20 or healthy infants, and they used that to col oni ze
21 germfree mce. And they found that the infants

22 who received stool fromthe food allergic infants
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1 al so becane allergic to mlk and anaphyl axed,

2 whil e those that received stool fromthe healthy

3 i nfants were protected. They went on to show t hat
4 coloni zation of the germfree mce with just a

S single strain of bacteria was sufficient to confer
6 protection, which of course has very i nportant

7 t herapeutic inplications.

8 Anot her inportant risk factor also seens
9 to be the timng of solid food introduction. |'m
10 sure nost of you in this roomare famliar wth

11 the LEAP trial where four to el even-nonth-old

12 infants at high risk for peanut allergy were

13 random zed to either early peanut introduction or
14 strict peanut avoidance. And as |'msure you

15 know, the results are very striking. Those in the
16 consunption group had a nmuch | ower rate of peanut
17 all ergy than those in the avoi dance group, and

18 this protection was even seen in those infants who
19 were al ready sensitized to peanut when they

20 enrolled in the study. However, this protection
21 afforded by early introduction seens to be very

22 al l ergen specific. These infants were protected
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1 agai nst peanut allergy, but not tree nut or other
2 food all ergies.

3 Overall, the evidence for early

4 i ntroduction really seens to be strongest for

5 peanut and egg, although there may be different

6 wi ndows of opportunity for other foods. For

7 exanpl e, there was recently a random zed

8 controlled trial that found that infants who

9 received cows mlk fornmula in the first one to
10 two nonths of life were less likely to have mlk
11 allergy at age six nonths conpared to infants who
12 strictly avoided m |k during that early peri od.

13 And then finally, there's a grow ng body
14 of data that the skin may be an inportant route
15 for initial sensitization to food antigens. Under
16 normal circunstances, the skin forns this

17 protective barrier both to environnental insults
18 and al l ergens. However, in children who have

19 eczema or have variants in those genes that are
20 i nvol ved in the skin barrier function, such as

21 filaggrin, there is increased penetration of food

22 all ergens as well as release of epithelial derived
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alarmns that then skew the i mmune response
t owar ds Th2.

Al nost a decade ago now, G deon Lack's
group showed that the probability of a child
devel opi ng peanut allergy was directly
proportional to the anmount of peanut protein that
was present in their household dust and that
rel ati onship was even stronger in those infants
who had eczemm, especially severe eczena.

Qur group had recently shown t hat
I nfants who were either sensitized or allergic to
peanut at one year of age, a greater percentage of
their peanut specific T cells expressed CLA, which
s a hom ng receptor that directs novenent of the
T cells towards the skin conpared to their
non-allergic controls. And these infants had a
correspondi ng reduction in the nunber of
peanut-specific T cells that expressed al pha
4/ beta 7, which is a gut hom ng receptor. So,

t hese data al so suggested that sensitized and
allergic infants first encounter peanut allergen

i n the skin.
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So, to sumarize this first part of ny
talk, | think there's very strong evidence that
genetics plays an inportant role in the
devel opnent of food allergy. But there's also
convincing data that several early life events,

I ncluding vitamn D deficiency, exposure to
antibiotics, and perhaps antacids, the age of
solid food introduction, and dyshiosis al so plays
a very inportant role.

Al right, for the second half of ny
talk then, I want to discuss clinical endpoints
that can be used to assess the efficacy of
treatnents for food allergy. And these fall into
three main categories, the anmount of food the
patient tol erates post-treatnent conpared to
pre-treatnent, safety outcones, and then patient
and caregiver reported synptons and quality of

l'ife.

The vast majority of food allergy trials

to date have relied on the oral food challenge to
determi ne how nmuch food a patient can consune

wi t hout having an allergic reaction after
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1 treatnent, and | think for good reason. The food
2 chal l enge is the nost objective and quantitative

3 assessnment we have to determ ne how nuch food a

4 patient can tolerate. However, what increase in

5 t he anount of food tolerated actually constitutes
6 an effective treatnent can be debated, but | think

7 this is areally inportant question to answer

8 because this will determ ne whether or not an
9 I ntervention is deened to be effective.
10 Anot her i nportant question is whether

11 the benefit is sustained once treatnent is

12 di scontinued. Desensitization refers to this

13 I ncrease in the anount of food that a patient can
14 consune before they have an allergic reaction, but
15 it requires that they continuously are exposed to
16 t he food.

17 Sust ai ned unresponsi veness or remn ssion
18 refers to a lack of clinical reactivity to the

19 food that persists even after they stop treatnent.
20 But even here, sone |evel of continued exposure

21 may be necessary, although the dose and the

22 frequency of that exposure is not well defined.
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Al t hough food chall enges are the gold standard,
they certainly do have their limtations, as A kis
alluded to earlier today. There is always a risk
the patient will have an allergic reaction, and in
sone cases those can be severe. The procedure is
time consumng, both for famlies as well as

i nvestigators. It requires highly trained
personnel and it's expensive to do.

There has been a trenendous anmpunt of
het erogeneity across clinical trials in how food
chal | enges have been done. |In the case of peanut
AT, the cumul ative dose of peanut chall enged has
ranged anywhere from 1,000 to 10,000 mlligrans of
peanut protein, and so passing a challenge in one
study can nean sonething very different than
passing a challenge in another study. There's
al so variability in how nuch tinme is weighted
bet ween doses, anywhere from 15 mnutes to 2
hours, depending on the trial, and that can have
an inpact on what eliciting dose is identified.

In sone studies, investigators stop

chal | enges only when the patient has objective
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1 synptons of a reaction. But in other studies, the
2 chal l enges are said to have failed that the

3 patient has subjective synptons in two organ

4 systens and even severe subjective synptons in

5 just a single organ system There also isn't any
6 consensus on when chal | enges shoul d be perforned
7 during the course of treatnment. |In the case of

8 A T, nost desensitization challenges are done

9 after several nonths on mai ntenance dosi ng, but

10 rem ssi on chall enges have been done anywhere from
11 one week to 12 nonths off treatnent. And as you
12 m ght expect, the longer patients are off

13 treatnment, the nore likely they are to regain the
14 reactivity.

15 Al kis alluded to this as well earlier

16 this norning, but there's al so no consistent way
17 that food chall enge outcones are reported. Sone
18 studies will report the eliciting dose, the

19 hi ghest dose the patient received, that led to the
20 synptons that stopped the challenge. Qhers wll
21 report the highest dose that they tol erated, and

22 then other studies will report the curul ative dose
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that they either tolerated or that led to a
reaction. Al of these are absolutely valid
approaches, but the inconsistency across studies
has nmade it confusing to conpare results across
the different trials.

We al so don't know the rel evance of how
much food a patient can tolerate during a food
chal l enge relates to their real life tol erance,
where food generally is not eaten in a graded
stepw se fashion. W also know that there are
ot her vari abl es, such as exercise, viral
| nfections, even sleep deprivation that can affect
an individual's level or threshold of reactivity.
Food chal l enges al so are not validated to predict
either the frequency or the severity of allergic
reactions in the real world, and this can be
sonething that's very challenging to study given
the relatively | ow frequency of accidental
exposures and reactions.

The second i nportant clinical outcone,
then, is safety, and this can be assessed in a

nunber of different ways, including severe adverse
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events, need to use epinephrine, anaphylactic

epi sodes, and non-anaphyl actic synptons. A recent

net a- anal ysi s by Chu and col | eagues, they | ooked
at 12 different random zed controlled trials for
peanut O T and they found that conpared to
| ndi vi dual s who were strictly avoi di ng peanut or
who received placebo, those in the active arm of
the trials were nmuch nore likely to pass an oral
food challenge to peanut, with a relative risk of
12. However, they were also nore likely to
experi ence anaphyl axis, a greater frequency of
anaphyl axis, a greater need to use epi nephrine,
and nore serious adverse events and non-
anaphyl acti c reacti ons.

And so, | think in discussing or

considering any new treatnent for food allergy,

patients are going to have to bal ance the risk and

the benefits in having those discussions with
famlies. | think it's inportant to understand
what they hope to achi eve by undergoi ng the
treatnment. 1In a recent survey by Dunl op and

col | eagues, they asked 123 caregivers of children
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who either were actively receiving i nmunot herapy
or had in the past, nostly for peanut and tree nut
allergy. And here 62 percent of the respondents
said their primary goal was to reduce the risk
that their child woul d have a severe life
threatening reaction; 11 percent wanted to avoid
the hassle of strictly avoiding foods; and, only 9
percent wanted to actually incorporate the food
into their diet.

But anot her study, another survey of
al nost 370 caregivers of children with food
all ergy found sonething very different. Here, the
vast majority of respondents said their goal was
really to be able to eat the food and i ncorporate
it into their diet, and this was especially the
case for children who were allergic to egg, mlKk,
wheat, and soy.

| think all of us can agree that any
treatnent for food allergy needs to lead to
meani ngful long-terminprovenents in patient
|ives. But unfortunately, at this point we have

very little data on how our current treatnents for
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food allergy are doing in that regard. And that
neta- analysis by Chu | nmentioned earlier, they
found no inprovenent in food allergy quality of
life with peanut O T, but there was very little
data to evaluate. There's only been three
random zed pl acebo-controlled trials that have
conpared post treatnent food allergy quality of
| ife between subjects in the active and pl acebo
ar ns.

| think it's easy to i magi ne how a
treatnment for food allergy would i nprove quality
of life, certainly by protecting against any life
threatening reactions, obviating the need to read
| abel s and strictly avoid the food, and then
certainly being able to incorporate the food into
the diet. But | think for sonme patients there's
sone treatnments that mght actually reduce quality
of life, especially if it leads to a higher rate
of reactions. Although here the reactions may be
nore predictable in sone people that will lead to
| ess anxiety, but | think you also have to

consi der the burden of the treatnent as well.
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1 In the case of AT, nmny regi nens

2 mandat e that patients not exercise, shower, or

3 bathe within 3 hours of taking the dose. They're
4 asked not to take the dose right before bedtine.

S It can involve frequent clinic visits, especially
6 during the buil dup phase. They often need to take
7 t he dose every day, which can be an issue if you

8 don't like the way it tastes. And | think we have
9 to assune for many patients, treatnent will need
10 to be |ifelong.

11 Part of the issue with discussing the

12 pros and cons of any new treatnent for food

13 allergy is that heterogeneity across studi es that
14 | alluded to earlier and is just creating

15 confusion for clinicians and patients on how to

16 really consider the results of the various trials.
17 To address this issue, there has been a mgjor

18 effort to try and devel op a core outconme set for
19 food allergy that will define specific domains and
20 outconmes within those donmains that will be

21 nmeasured in every future food allergy treatnent

22 trial.
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There are currently two of these
initiatives underway. One is being led by the
Core Qutconme Measures for Food Allergy Consortium
and anot her by the European Acadeny of Allergy and
G inical Inmunology. And the goal of both these
efforts is trying to devel op sone international
consensus on core outconmes and the instrunents
that will be used to neasure those outcones that
wll be used in all future trials.

So, to summarize the second part of ny
talk, the main clinical endpoints we have now to
determ ne the efficacy of treatnents for food
allergy are really the anount of food tolerated,
safety, and then patient and caregiver quality of
life. The oral food chall enge has been the main
tool we've used to neasure food tolerance,
al though it certainly has its limtations and
better biomarkers are needed. That significant
het er ogeneity across study has made it very
chal l engi ng to conpare outcones across trials.

But we hope that issue will be alleviated with the

devel opnent of a core outcone set that ideally
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wi Il put nore enphasis on patient reported
out cones. Thank you.

DR. TOEd AS: Thank you, Pam Qur next
speaker is Dr. Elena Goleva, who's a professor in
t he departnent of pediatrics at National Jew sh
Health in Denver. She received her PhD fromthe
Nati onal University of Kyiv, Ukraine, and a
postdoc training with Donald Leung and Nati onal
Jewi sh Health. Currently, her research is
focusing on the epidernmal devel opnent,
kerati nocyte biology, skin barrier function, and
| mmune responses in atopic dermatitis and food
allergy. And Elena is going to talk to us about,
|l et's see what you're going to talk, the
rel ati onship of atopic skin disease to food
al l ergy. Thank you.

DR. GOLEVA: Thank you. | would Iike to
t hank the organi zers for the opportunity to
present at this workshop. So, as you know, since
birth, our skin is subject to a nunber of
envi ronnental exposures, and skin is creating a

barrier protecting us fromvariety of
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I nterventions, although the underlying genetics
may al so be contributing to the skin barrier
function.

So, recently, the dual allergen exposure
t heory has been introduced, suggesting if initial
exposure to food allergen occurs through the skin,
then this may involve allergic sensitization.
However, if the exposure is occurring through the
gut, this creates a tolerance. So, there are a
nunber of pathways that are considered to be
I nvol ved in skin barrier dysfunction that lead to
eczema devel opnent and |ater to food allergy,
which starts with initial barrier insults through
scratching, mcrobe exposures, allergen,
underlyi ng genetic abnornalities, stress and
pol | uti on exposures, which rel ease a nunber of
alarmns, TSLP, 1L-33, IL-25, and these are
I nvol ved in regulating dendritic cell function and
initiation of type 2 allergic responses in the
ski n.

So, in a recent study that we published

i n Sci ence Transl ational Medicine, we actually
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have shown that patients with atopic dermatitis
with food allergy have the greatest skin barrier
dysfunction. So, |ooking at the transepi der nal
water loss in the skin of these patients, we have
found that normal non-1esional skin of these
patients actually has a higher transepi dernal
wat er | oss as conpared to patients wwth AD only or
healthy controls. And the greatest difference was
seen with tape stripping. So, if you perturb the
barrier and anal yze the water | oss as you sanpl e
the skin, the tool area under the curve for
patients with AGN food allergy was the greatest.

On the nol ecul ar side. Wen we | ooked
at the conposition of the skin of these patients,
turns out the anount of EOS ceram des, those are
hi ghl y hydr ophobi ¢ ceram des that are involved in
skin barrier and hydrophobicity was significantly
decreased in ADFA patients conpared to AD and
heal t hy subj ect s.

On the other end, if you |look at the
keratins as a representation of epidernal

devel opnent and differentiation in a nornal
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| ooki ng skin of ADFA patients, we've seen a
greater anount of keratin 5 and keratin 14, which
are usually expressed in the deeper |ayers of the
skin, suggesting that their skin has not been
fully differentiated. At the sane tine, we've
seen evidence for increased keratin 16 levels in
the skin of such subjects, suggesting that there's
sone evidence of hyperprolific response instead of
differentiation occurring in the skin of such
i ndi vi dual s.

| would like to point out, so, all these
patients in the study, they were allergic to
peni s, and these patients had a history of
anaphyl actic reactions. So, therefore, | would
| i ke to propose that probably the changes in skin
barrier actually, and the changes in tool and
changes in skin barrier conposition may actually
be as a predicting factor for patient either
passi ng or not passing oral food chall enge, but
this remains to be seen.

So, our group has introduced mninmally

| nvasi ve skin sanpling using a tape strip
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anal ysis. So, what is happening? W are using

t hese di scs, which have adhesives. They apply to
the skin, and then we apply up to 20 discs to the
sanme area, and these discs are stored and could be
preserved at -80 for prolonged tinme prior to
analysis. In a nunber of publications, we have
shown that these skin tapes could be used for a
variety of applications for RNA seq anal ysi s,

| i pi dom ¢ anal ysis, proteom c cytokine and

met abol i ¢ anal ysi s.

So, | would |like you to introduce to our
work that we had done in the birth cohort study,
trying to understand how is skin barrier involved
in regulation or predictability of a future
allergic response. So, this is a cohort of
patients that we have enrolled together with our
col | aborators in Seoul, South Korea. So,
al together, there were over 100 participants in
this study, and these patients were nonitored for
24 nmonths since birth. And at 2, 6, 12, and 24
nont hs, the sanples were collected fromthese

patients.
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At the end of the study, by 24 nonths,
we determ ned that there were 28 patients with
atopic dermatitis. N ne infants devel op eczenma
with food allergy, and nine patients had food
allergy only. So, first, we were interested to
see whether we were able to predict future eczenm
devel opnent in this cohort. So, what we have
done, we took the tape strips fromthese patients
at two nonths of age and characterized the
cytokine profile in these sanples. So, what we
determ ned that there was already an increase in
TSLP in the skin tape strip sanples of kids that
devel oped eczema in the future, at least at 6
nonths or up to 12 nonths of age. Also, we've
seen an evidence for increased levels of IL-13 in
t hat group.

Profiling the lipid profile in the skin,
we have determned that in these patients that are
destined to develop eczena in the future, we
al ready see changes in the ECS cerani des that are
cross linked to cornified envel opes, so called

protein bound ceram des. So, EQGS ceram des are
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| i nked to proteins, and this creates a hydrophobic
2 barrier in the skin. So, as you can see, EGCS

3 ceram des or protein-bound ceram des were already
4 significantly reduced in skin of kids at two

S nont hs of age prior to devel opnent of eczens,

6 suggesting there were already sone nol ecul ar

7 processi ng occurring in the skin that were

8 conprom sing their skin barrier function.

9 So, these two |ipoxygenases, ALOXE3 and
10 ALOX12B, are involved in a nodification of ECS

11 ceram des prior to their cross linking wth

12 cornified envel ope proteins. So, what we found
13 that these two |ipoxygenases are actual ly under
14 TSLP regul ation. And using keratinocyte cultures
15 whi ch were exposed to TSLP, we've shown that both
16 of these |ipoxygenases can be inhibited by TSLP.
17 Therefore, we suggest that the type 2 inflammatory
18 response that is already establishing in the skin
19 of these infants in two nonths may be involved in
20 the regul ati on of protein-bound ceran de

21 formation.

22 So, then, using the multivariable

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma page

. 284

10

11

12

13

14

15

16

17

18

19

20

21

22

| ogi stic regression analysis, we were trying to

estimate the risks of a future eczena devel opnent.

So, individually, just |ooking at TSLP al one or

the famly history of atopy, the odds ratio of

future eczema devel opnent were at | east twofold or

sixfold. However, if we are now conbining this

together with few lipid markers, you see that the

odds ratio is starting to increase.

So, here, if we're using TSLP and a
protein bal anced ceram des, the odds ratio of
future eczema prediction is now up to thirtyfold.
And t he hi ghest conbi nation which was a famly
history |IL-13 and a protein-bound EOCS ceram de
pl us a sphingonyelin gave us an odds ratio of 54
of future eczema prediction.

We al so noticed that in this cohort
there were a nunber of children that devel oped
food allergy in the future. Mst of these
children, they had food allergy to egg. One of

the patients was peanut allergic. W also were

i nterested to see whether any predictors of future

food all ergy devel opnent at two nonths of age.
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So, what we found was there were these uni que
ceram des with nonounsaturated fatty acids, 24:1
and 26:1, which were uniquely increased in the
skin of the future food allergy kids. And we
thi nk these ceram des may al so be involved in the
regul ation of the skin barrier. And this stens
froma prior work with artificial |ipid nenbranes
where researchers were m xing ceramdes with
nonounsaturated fatty acids or non-unsaturated
fatty acids. And when they found that when the
menbranes are enriched in such nonounsat ur at ed
ceram des, then the water flux through such
menbranes i s increasing suggesting that
nono-unsaturation of fatty acids and ceramdes is
i nvol ved in water regulations with the barrier.
Therefore, we al so suggest that likely the
| ncreased presence of such ceramdes in the skin
or future food allergy kids may indicate al so sone
barrier deficiency early onin life in such
I ndi vi dual s.

On a cytoki ne perspective, |ooking at

t he panel of cytokines in a skin tape sanpl es,

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma Page' 286

[ —

10

11

12

13

14

15

16

17

18

19

20

21

22

what we found here that uniquely |L-33 was

i ncreased in all of the kids that devel oped food
allergy in the future. And again, using a

conbi nati on of these markers. |Individually, they
all had sone predictability for future food

al l ergy devel opnent. However, the greatest effect
was achieved if we conbined IL-33 and 24:1 and a
ceram de with the odds ratio of future food

al l ergy prediction of 100 fold. So, this data
wi Il be actually presented at the Al neeting this
week.

Usi ng ani mal nodel studies, it has been
shown that both TSLP and IL-33 have unique role in
a future eczema or food allergy devel opnent
through the epithelial perturbation, these
alarmns are rel eased. However, and one of the
recent studies by Dr. Jaha's group have shown t hat
I f you perturb the skin barrier, you can see
el evation of TSLP in IL-33 at the skin site. But
when you | ook at the plasma, actually you only see
| L-33 increase in circulation but you do not see

TSLP rel ease. But if such aninals then are
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chal l enged with oval bumn, it turns out that this
nmechani cal skill injury pronotes food allergy
anaphyl actic reaction due to IL-33 rel ease from
the skin, which then pronotes intestinal nast cell
expansi on.

So, in conclusion, | hope |I've provided
you sone evidence that epicutaneous sensitization
may contribute to food allergy devel opnent and our
birth cohort studies support this theory because
there are uni que changes that we are observing in
the epiderm s and epidernmal barrier conposition
that occur in infants at two nonths prior to
devel opnent of AD or food allergy. So, we
observing an increase in TSLP which is al so found
in patients with eczenma and the increase in TSLP
is also found in the future AD infants. On the
ot her hand, we see an increase in IL-33 in the
skin of future food allergic individuals.

So, therefore we propose that there's a
uni que role for TSLP and IL-33 in future AD and FA
devel opnent. And ani mal nodel studies al so

support sonme of this notion.
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1 Wth that, I'd like to thank our funding
2 agency, Atopic Dernmatitis Research Network and

3 al so Sunbeam ABC. And also, | would |ike to thank
4 the | ab and nunber of coll aborators and Dr. Ahn

5 and Dr. Kim our collaborators at Sansung Medi ca

6 Center that enrolled this birth cohort which we're
7 now i nvestigating. Thank you.

8 DR. TOEd AS: Thank you, Elena. Qur next
9 speaker is going to be Al exandra Santos, who is

10 Prof essor of Pediatric Allergy at King's College
11 London and Attendi ng Physician Pediatric Allergy
12 at the Evelina London Children's Hospital,

13 qualified in Medicine fromthe University of

14 Coi nbra and specialized in allergy and clinical

15 | mmunol ogy and conpl eted her PhD at King's

16 Coll ege. And Alexandra is going to talk to us

17 about basophil activation tests.

18 DR. SANTOS: Thank you very nuch, Al Kis.
19 |'"d like to thank Dr. Rabin and all the organizers
20 for the great opportunity to be here and actively
21 participate in this workshop. It's really a great

22 pl easure to tal k about basophil activation test
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and whether it's ready for prine tine.

So, these are ny disclosures and this is
the outline of ny talk. So, | will take you
through the rationale for using the basophil
activation test as a biomarker for food allergy.
Then, which type of biomarkers | think the
basophi| activation test constitutes in the
context of food allergy, and al so sone validati on,
technical and clinical validation that we and
ot hers have done and that support the use of this
test nore wdely.

So, the rationale to use the basophi
activation test as a biomarker for food allergy is
t hat basophils, together with mast cells, are
defector cells of acute allergic reactions. So,
as |'msure you're all very famliar, in an
all ergen specific i nmune response, there's a Th2
bi ased response to the allergen. B cells are
commits switch on to I gE production, commt to
producing IgE, and differentiating the plasm
cells that produce IgE. And this IgE is bound to

high affinity receptors on the surface of nast
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1 cells and basophils. And this is sensitization.
2 But then in allergic individuals who

3 al so have I gE, when they are next exposed to the
4 allergen, then the allergen is able to cross link
S two or nore IgE nolecules on the surface that are
6 recept or bound on the surface of the mast cells

7 and basophils. And then this triggers cel

8 activation and the granulation with the rel ease of
9 vasoactive nediators that are responsible for the
10 allergic synptons. So, the basophils are central
11 cells to acute allergic reactions to foods.

12 Now, the basophil activation test is a
13 flow cytonetry based assay. So, we use whole

14 bl ood i n an anticoagul ant that needs to be done
15 Wi thin 24 hours of blood collection. Then a snall
16 vol unme of blood is aliquoted to different tubes
17 that are then stinulated wth different

18 concentrations of the allergen, buffer alone as a
19 negative control, or anti IgE as an | gE nedi at ed
20 positive control, and FMLP or another non-IgE

21 medi ated stinmulant that is able to activate

22 basophils |ike FMLP as a non-|gE nedi ated positive
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1 control. And then we add anti bodi es sustai ned for
2 t he basophil population. And then within this

3 basophi| popul ati on, we | ooked at activation

4 mar kers on the surface of basophils, and CD63 is

S one of them and CD203c is another activation

6 mar ker that is used.

7 And so, the typical result for the

8 basophi|l activation test in an allergic patient is
9 this bell shaped dose response curve, where with
10 I ncreasi ng concentrations of the allergen, there
11 IS an increase in the expression of the activation
12 markers up to a plateau. And then we often refer
13 to basophil reactivity as the proportion of

14 basophils that are activated at a given

15 concentration. And the sort of inflection point
16 of this dose response curve is the maxi nal

17 reactivity. And then we refer to as basophi

18 sensitivity the anount of allergen or the

19 concentration of allergen that is needed to induce
20 basophil activation. And EC50 would be the

21 concentration of allergen that's needed to induce

22 hal f nmaxi mal reactivity of the basophils. And so,
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these are different ways to report the outcones of
t he test.
So, the beauty of the basophil
activation test is that it is a functional assay
t hat neasures the conbined effect of different
characteristics of IgE. So, it not only detects
t he presence of IgE, but also whether this IgE is
able to convey the activation signal onto the
basophils. And | keep citing this work fromquite
a few years ago now by Kristas and Net al
(phonetic). And it's with
house-dust mtes. So, not really
food allergy, but | think it's a
very el egant work where they
sensitized human basophils with
nonocl onal anti bodies towards their
P2
(phonetic), and then they sensitize
t hese basophils with a known
repertoire of nonocl onal
anti bodi es, and they very elegantly

show that, and |I'mjust giving two
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exanpl es here.

So, for specific activity, which is the
proportion of IgE, that's allergen specific in
relation to total IgE, and the affinity of IgE for
all ergens. So, they showed that inducing
variation of these functional characteristics of
| gE woul d reflect on a different |evel of basophil
activation. And so specifically for specific
activity, which is the top graph, they show t hat
the nore allergen specific IgE, you add the sane
amount of IgE. So, just the proportion of IgE
that's allergen specific, the greater the
proportion of basophils that becone activat ed.

So, essentially it changes basophil reactivity.

Whereas if you synthesize the basophils
Wi th anti bodi es that have higher affinity for the
all ergen, this doesn't significantly change
basophil reactivity. So, in terns of the
proportion of basophils that becone activated, but
as you have anti bodi es of higher affinity, you're
able to induce basophils with | ower anounts of

allergen. And so, this reflects nore changes in
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basophil|l sensitivity.

So, we have done sone studies in the |ab
usi ng plasnma frompatients. So, not nonocl onal
anti bodies. W are not so sophisticated, but we
were | ooking at just plasma from patients that
wer e assessed for possible peanut allergy. So, in
red, you see allergic patients, in blue, patients
that had I gE but were tolerant. And we neasured
the levels of specific IgE to peanut, which is
what you see in the upper left graph | abeled with
specificity. Then we cal culated the amount of IgE
that's allergen specific, that specific activity
as a proportion of total IgE. W neasured
di versity as the nunber of allergens within
peanuts that |gE recognized, and then avidity as
the strength of which the collective of |IgE binds
to the peanut extract.

And as you can see fromthe graphs, all
of these variables, particularly specificity,
specific activity and diversity, were directly
correlated with basophil and nmast cell activation.

And so, we then put this in diagnostic nodels.
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So, conbi ning these functional characteristics of
| gE. So, what you can see in the graph is the
rel ative i nportance of the various functional
characteristics of IgE to induce basophil and nast
cell activation. So, diversity and specific
activity were the nost inportant. Titus, which is
what we currently used in clinic, was actually the
| east inportant.

And then here you can see in the table
t he di agnostic performance of these nodels,
considering three or four functional
characteristics, and then the basophil activation
test and the mast cell activation test. So, you
can see that the basophil activation test
performed best, but al so using these functional
characteristics perforned better than just
measuring the levels of IgE to peanut. So, which
type of biomarkers can the basophil activation
test constitute in the context of food allergy?
So, | think it can be a diagnostic bi omarker, a
prognostic bi omarker, a response bionmarker and a

predictive biomarker. And I'll show you sone
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evi dence of why that is.

So, in ternms of using the basophil
activation test as a diagnostic bi omarker, so we
have been conducting studi es funded by the Mdi cal
Research Council in the UK , where we invite
children that need a challenge for clinical
reasons, and then we do doubl e-blind,
pl acebo-control |l ed food chall enges in al
children. So, these were studi es desi gned
according to the starred guidelines. So, we do
doubl e-bl i nd, placebo-controlled food chal | enges
in all children. And then on the day of the
chal l enge, we do skin prick testing and we coll ect
bl ood sanples for igg testing and for the basophil
activation test.

So, this is an exanpl e of basophil
activation test, the egg, for exanple. So, you
can see how we identify basophil. So, in the
first row of flow plots, you can see we gate on
t he | ynphocyte nonocyte popul ation, then site
scatter | ow CD203c positive, and then CD1 to 3

positive, HLA-DR negative, and that's our basophil
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popul ation. Then we gate the negative control,
and then we neasure whatever is above that with
the increasing concentrations of allergen or
positive controls. So, we have conpleted the
study for peanuts; we have conpl eted the study for
egg; and we are close to conpleting the study for
cow s mlk, sesane, and cashew nuts. And the
reason for this is that, as you know, the allergy
tests are allergen specific, so we have to really
to validate them for each individual food allergy.
So, for the basophil activation test to
peanut, we have previously shown that this
di stingui shes quite well between allergic patients
there in red and patients that have |IgE to peanut
but are tolerant in blue. In our initial
di scovery cohort, the basophil activation test to
peanut had both high sensitivity and high
specificity. W then validated this in an
| ndependent popul ation and applied this cutoff
that we had previously identified as the opti mal
cutoff, and that was for the 100 nanogram per

mlligramconcentration, or the average between 10
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and 100, which perforned exactly the sane.

And this had a | ower sensitivity at 83
percent, but a high, very high specificity, so it
was 100 percent. In this validation cohort, we
then had the opportunity to test wth exactly the
sane nethod for the basophil activation test to
peanut, the children that were comng to the end
of the LEAP study, and then one year l|later at the
end of LEAP-On study, and al so the peanut allergy
and sensitization study.

So, on the day that they cane for their
peanut allergy assessnent, which included food
chal l enges, in the vast majority of cases, we did
t he basophil activation test. And so, applying
the cutoff that we had previously identified to
this very |l arge popul ation of very well
characterized children fromthe LEAP and
associ ated studies, again, the sensitivity was
| ower but the specificity was 99 percent. So,
confirmng that the basophil activation test is
very useful to confirmthe presence of peanut

allergy if the test is positive. And the ROC
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1 curves in the mddle show the relative perfornmance
2 of the basophil activation test in relation to the
3 other tests done in parallel in the initial

4 di scovery cohort.

S So, nore recently, we concluded the

6 study for egg allergy where we included 150

7 children aged 6 nonths to 15 years that needed a
8 chal l enge to egg and 40 percent of those children.
9 So, 60 out of the 150 reacted and the others did
10 not. W had a small proportion of indeterm nate
11 chal |l enges. As you can see fromthe graph in the
12 m ddl e, there was a very good discrimnation

13 between the results of the basophil activation

14 test inthe allergic children conpared to the

15 children that were sensitized but tolerant. The
16 sensitivity of the basophil activation test the

17 egg was 78 percent and the specificity was 77

18 percent. And on the right-hand side you can see
19 the ROC curves conpared to the other tests that

20 were done in parallel.

21 Now, recently, to informthe new EAACI

22 clinical guidelines for the diagnhosis of |IgE
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1 nedi ated food all ergy, we have conducted

2 conprehensi ve systenmatic review of the literature
3 and neta-anal ysis of the accuracy of any tests to
4 di agnose any food allergies, so long as the

S studies included at |east a proportion of patients
6 t hat underwent chall enges. W included 149

7 studi es overall and this corresponded to over

8 24, 000 subj ect s.

9 In terns of the basophil activation test
10 studi es, we included 27 studies and we were able
11 to do neta-analysis for the basophil activation

12 test to peanut and the basophil activation test to
13 sesane because for the other foods we didn't have
14 enough nunber of studies. These figures on the

15 | eft-hand side show the risk of bias assessnent

16 for the studies included in the neta-analysis,

17 where green neans |low risk of bias and red high

18 risk of bias. And you can also see the diagnostic
19 performance of the tests as a result of the

20 net a-anal ysis. So, with the basophil activation
21 test to peanut having about 91 percent sensitivity

22 and about 80 percent specificity, and the basophil
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activation test to sesane having 89 percent
sensitivity and al nost 93 percent specificity,
what you can see on the right-hand side is how the
basophi| activation test perforned conpared to the
other tests in the same studies in the sane
net a-anal ysis. So, you can see that for peanut,
t he basophil activation test and specific IgE to
Rh2 (phonetic) using the | munoCAP single plex
were the best tests. And so for the sesane seed
al l ergy, the basophil activation test was the best
test followed by Ses | 1 specific IgE.

We have now conpl eted the guidelines
t hat have recently been published and t he basophil
activation test was included as a recomended test
to support the diagnosis of |gE nediated food
allergy wiwth high certainty of evidence. It was a
condi tional recommendation, mainly for the fact
that it's not a test that's widely available to
clinicians. And in the diagnostic algorithm so,
i n the diagnostic pathway, the basophil activation
test figures as a sort of subsequent step in the

di agnosti c assessnent.
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So, after patients are submtted to skin
pre-test, specific IgE and then specific IgE to
I ndi vi dual conponents for the food that this is
i nformati ve, and then the basal activation test
can be done, particularly for peanut and sesane,
which is where he had the strongest evidence. And
then oral food challenges only if needed to
clarify the allergic status.

So, now sone data on the technical
val i dation of the basophil activation test. So,
this is a study that we did at King's Coll ege
London. So, where we assessed the intra assays
coefficient of variation, which is what you can
see in the left-hand side graph, which was | ess
than 5 percent in experienced hands. W i ncluded
102 children that were being assessed for possible
peanut allergy in this study, and 72 of these were
allergic and 30 were sensitized.

We tested the children using two
different nmethods for the basophil activation
test, and this is the correlation plot for these

two nethods. So, you can see that there was a
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strong direct correlation between the two net hods
for the basophil activation test, but the results
were not exactly the sane. W had our in house
met hod and then an external nethod, and this
external nethod had about 4 patients out of 32
that were challenged. So, selecting only the
patients that were chall enged, there were four

t hat were m sdi agnosed conpared to the outcones of
chal | enges.

W also did the sane patients, and all
these patients we tested in two |abs on the sane
day. So, in our research lab at King' s College
London, and then in a diagnostic lab. And this is
how the result | ooks |ike for 100 nanograns per
mlligramof peanut extract. So, very strong
correlation between the two results, which was
much better than we expected with a very | ow
variation. So, this was a very nice proof of
concept that if the nethods are very carefully
standardi zed and perforned in experi enced hands,
then they can be very reliable and reproduci bl e.

Now, the basophil activation test as a
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1 prognostic biomarker. So, there is evidence from
2 studi es that the basophil activation test can

3 provi de sone i nformation about patients that at

4 hi gher risk of having severe reactions and al so of
S reacting to |l ower anmounts of the allergen. |'m

6 gi ving you, here, the exanple of severity for tine
7 constraints. So, we and ot hers have shown t hat

8 the greater the proportion of activated basophils,
9 the higher the risk that patients wll experience
10 an allergic reaction during challenges. So, this

11 on the far left, it's the graph of our initial

12 study. So, where we | ooked only at patients that

13 had a positive challenge, so they had chal |l enge

14 proven food allergy, and then within those we

15 | ooked at whet her they devel oped a severe reaction
16 or a non-severe reaction. And the basophil

17 activation test discrimnated well between the two
18 gr oups.

19 In the mddle graph, it's | ooking at the
20 severity of allergic reactions in participants in

21 t he LEAP and associ ated studies. And so here we

22 went a bit further. So, determning cutoffs for
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1 the basophil activation test to identify the

2 pati ents that have severe reactions, which are the
3 ones that you can see in the mddl e graph as

4 having red dots. So, these are the patients that
5 had severe reactions on the challenges. And so,

6 the cutoff for the basophil activation test had

7 100 percent sensitivity and 97 percent specificity
8 to identify the patients that had severe reactions
9 during the chall enges.

10 And then on the far right is a figure

11 froma study by Sharon Chinthrajah and col | eagues
12 | ooki ng at peanut allergy confirmed by chall enge
13 and |l ooking at a variety of different paraneters,
14 clinical and i munol ogical, to predict severity of
15 allergic reactions during peanut chall enges. And
16 t he basophil activation test and two asthnm

17 bi omarkers were the best predictors of severity

18 and severe outcones.

19 W have al so done -- apol ogies, this was
20 meant to be ani mated, but we have just finished

21 the X study and we did simlar analysis |ooking at

22 severity of allergic reactions. So, the tables
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that you cannot read are just a |list of paraneters
that we | ooked at in terns of how different they
are in severe reactors versus non severe reactors.
And these are doubl e-blind placebo-controlled food
chal l enges to egg. And there was no statistical
significant difference in this long list of
paraneters except for specific IgE 12 ovonucoid
and the basophil activation test to egg at a
variety of concentrations.

What you can see in the |eft-hand side
Is a representation of the result of the basophi
activation test to egg in severe reactors versus
non severe reactors. And then in the mddle the
ROC curves for the basophil activation test in red
and the specific IgE 12 ovonucoid in green. And
then on the right-hand side, the sensitivity and
specificity of the identified cutoffs for the
basophi| activation test to predict severe
reactions to egg during chall enges, which was 76
percent sensitivity and 78 percent specificity.
Now, the basophil activation test as a predictive

bi omarker. So, | give the exanple here of two
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peanut oral immunotherapy studies that have shown
that the basophil activation test can identify as
early as three nonths into treatnent the patients
that are going to have sustained and

responsi veness versus the patients that are going
to have transient desensitization. So, 1'd like
to highlight here the study by Saritha Patil and
col | eagues where the basophil activation test to
Rh2 as early as three nonths enabled to

di stingui sh these two different pathways.

So, with patients that had sustai ned
unr esponsi veness having a decreased basophil
activation to Rh2 that was sustai ned over the
course of treatnent and after treatnent, and then
Wi th patients that had transi ent desensitization,
there was a slight reduction in basophil
activation, but this quickly bounced back to
| evels simlar to pretreatnent levels. And then
this random zed controlled trial of peanut oral
| mmunot herapy had a simlar finding.

Now there are a variety of studies in

the literature docunenting the basophil activation
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test as a response biomarker. So, |I'mgiving here
sone exanples of studies | ooking at allergen
specific i munotherapy in different nodalities.
So, oral immunotherapy, sublingual i nmunotherapy,
and epi cut aneous i nmunot herapy to do two different
all ergens. So, peanut and egg. And just taken
t oget her, what the studies can showis that there
IS a decrease in basophil activation to the
al l ergen conpared to placebo. And this can be
quite early, during -- quite soon after the start
of treatnment, as early as 12 weeks, for exanple in
t he peanut epicutaneous study. And this is not
seen in placebo treated individuals or in the egg
O T study that | bring here, which conpared to
patients undergoi ng a baked egg diet.

So, now the question is whether the
basophi| activation test can be used as a
surrogate endpoint. So, we've heard a | ot about
this today and | think |I have provi ded sone
evidence that there is a clear nechanistic
rationale to use the basophil activation test as a

possi bl e surrogate endpoint, that if used in a
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st andardi zed way and carefully inexperienced hand,
it can be a reliable neasure. There is evidence
fromrandom zed controlled trials that the
basophi|l activation test mrrors the clinical
outconme. There's data from observational studies
defining very precise cutoffs. And so, | see the
basophi| activation test as a potential surrogate
endpoi nt both for clinical practice and for
clinical trials.

W' ve heard about the advant ages of
doing this in food allergy, which would be to
reduce doubl e-blind placebo- controlled food
chal | enges, have easier assessnent of patients,
have | ess invasive, less risky procedures. So,
this would facilitate the feasibility of clinical
trials and woul d al so encourage patients to
participate in clinical trials.

Now, of course this would be the
benefits. O course there are risks, and | think
we can mtigate those risks. For exanple, for the
basophil| activation test, there's about 10 percent

of subjects that have non responder basophils.
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1 So, for those individuals, we could have an

2 al ternative, which could be a nmast cell activation
3 test, or could be IgE neasurenents or a

4 conbi nati on.

S And also, if we did do a study where the
6 basophi| activation test was used as a surrogate
7 endpoint, | think this could be conplenented with
8 di rect evidence fromclinical benefit, and this

9 could be an additional trial |ooking at oral food
10 chal | enge outcone or looking at real life benefit
11 in terms of the ability of patients to introduce
12 the food, the reduction in allergic reactions or
13 severity of allergic reactions in the comunity.
14 And with this, | would |ike to conclude
15 with nmy take-hone nessages. So, the basophi

16 activation test is a functional assay that

17 I ncludes all elenents of acute allergic reactions,
18 as nmuch as we can do in a test tube, and reflects
19 wel |l the clinical phenotype of patients. | think
20 there's clear evidence associating the basophil

21 activation test with the outcone of oral food

22 chal | enges and whether the patients are allergic
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or tolerant, severity of allergic reactions during
chal | enges, clinical response to i nmunonodul atory
treatnments, and prediction of response to
treatnment, whether this is going to be favorable
or not. And for this reason, | think the basophil
activation test can be used as a diagnostic
bi omar ker, as a prognostic bi omarker, as a
response biomarker, and as a predictive bi omarker.

And |l astly, the basic activation test
has been recommended as a test to support the
di agnosis of IgE nediated food allergy in the new
EAACI clinical guidelines. And | think it can be
a validated or at |east a reasonably likely
surrogate endpoint for food allergy.

And | would like to thank all my | ab and
about two study team all ny coll eagues and
col l aborators and ny funders, particularly the
Medi cal Research Council in the U K  And | nmune
Tol erance Network and NFH in the U S.

And t hank you for 1|istening.

DR. TOEd AS: Thank you, Al exandra.

Thank you very much. Qur next speaker is Dr. Hugh
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Sanpson, who's Kurt Hirschhorn Professor of
Pedi atrics at the Icahn School of Medicine in New
York, and has over 40 years' experience in
transl ati onal research focusing on food allergy
and basi c i nmunol ogi ¢ nechani sns. Need to say
he's a past-president of the AAAAI, and nost
i nportantly, he was el ected at the Nati onal
Acadeny of Medicine in 2003. Hugh.

DR. SAMPSON. Thank you, Al kis and like
to thank the organizers for inviting me to this
nmeeting. So, |I'magoing to be speaking about

epi tope specific antibodi es as possible

di agnostic, prognostic, and predictive biomarkers.

To start, | do want to give ny disclosures to | et

you know that Munt Sinai has |icensed the IP for

comerci al devel opnent of this speed based epitope

assay that 1'll describe to you to allergenics.
And | do sit as an unconpensated nenber on their
boar d.

So, the objectives of ny talk in the
next 20 mnutes is to describe the rationale and

t echnol ogy for mapping allergenic epitopes,
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1 di scuss how epitope specific IgE may be used as a
2 di agnosti c bi omarker, and then di scuss sone

3 evi dence on how epitope specific IgE profiling may
4 be used as a prognostic and predictive bionmarker.
S So, just to give you a little history on
6 this, this all started over 25 years ago when we

7 asked the pretty naive question about whether or

8 not epitope specific IgE binding to various food

9 al | ergens could account for the differences we see
10 in allergenic reactivity. And at that tinme there
11 were a fair nunber of the allergenic proteins that
12 had been well characterized. W knew the am no

13 aci d sequence, there was sone information on

14 confirmation, but basically we know that |gE or

15 any anti body can bind to either conformational or
16 | i near epitopes. Now, when we do these assays, at
17 that tinme, the technol ogy was this spots nenbrane,
18 and basically we are able to generate 10- to

19 15-nmer am no acid peptides. And what we woul d do
20 Is basically take the sequence of the particular
21 protein, we'd generate a series of overl apping

22 am no acid base peptides so that we could identify
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where specifically these antibodi es bound to the
| i near portion of the various proteins.

And with that, we started off with
ovonucoi d and using patient plasma serum  So,
this is serumfrom patients who had undergone oral
food challenges to egg. W were able to identify
five |locations, or epitope regions on the
ovonucoid. W then started | ooking at i ndividual
patients, and when we did that, we found that only
about 50 percent of them actually bound any of
these linear epitopes. So, we tried to figure out
what was going on, and we basically took these
proteins and we ran themon native gels. And one
set was just the native protein, one we reduced
and al kyl ated. So, you've linearized the protein,
so you' ve |lost the conformational epitope. And
then we al so | ooked at degl ycosyl ati on.

And what we saw was that the children
who had the persistent allergy, those that did not
outgrow their egg allergy were the ones that were
bi nding to the |linear epitopes, whereas the

children that had transient or would outgrow their
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1 egg allergy, which is about 80 percent of

2 children, did not bind these |inear epitopes. So,
3 this got us into the concept of linear and

4 conformational epitopes, but |ed to the hypothesis
S that the induction of IgE to these various |inear
6 epi t opes, which would largely not be unaffected by
7 ei ther processing or digestion, were responsible

8 for the long | asting persistent allergy.

9 So, then Wayne Shreffler cane into the
10 | ab, and WAyne was interested in peanut, and

11 peanut had a whol e | arger nunber of potenti al

12 epitopes. And he devel oped this epoxy glass slide
13 assay where we were able to analyze 210

14 overl appi ng peptides at the sane tine. And we

15 generated this profile of epitopes, or potenti al

16 bi nding to peptides, for Ara h 1, 2,and 3.

17 We then ran into the problemof trying
18 to get consistent epoxy glass slides. So, we had
19 a lot of problens with getting different, |ots of
20 slides that would bind these peptides in an

21 equi val ent manner. So, then noved on to the

22 Lum nex system where we then started conjugating
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the various Lum nex beads with the various
peptides. And here we took 64 peptides, which
seened to be the nost informative fromthe work
t hat Wayne had done, and put this into this assay
system this Lum nex assay system where we coul d
then get nean fluorescent outputs, intensity
out puts, on each of these separate peptides with a
very high throughput system

And then shown down here is basically
| ooking at the kind of map you mi ght get from a
whol e group of patients. But basically, this
fluorescent intensity reflected IgE | evels to each
of these different peptides. The other advantage
of the Lum nex system when we conpare it to the
mcroarray is that we are able to use nuch snaller
anounts of serumor plasma, that its high
t hr oughput can be done in much less tine than we
could do with the slide nmethod. And then also the
variation in reactivity to the various peptides
done on different days, different anounts, was
much tighter using the Lum nex bead system

And then this is just giving you
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basically a heat nmap readout of a nunber of

pati ents that had been anal yzed for binding. And
what you see along the y-axis is, or the

hori zontal that goes across the y-axis there is
the individual patients, and each col um
represents a different peptide. And you can see
that there are major differences in the different
patients. And wth that, you can basically sort
I ndi vidual s out into those who are, in this case,
we're calling themallergic, but these are the
reactors fromthe nonreactors.

So, then we wanted to | ook at whether or
not this assay, where we're | ooking specifically
at different epitope binding, could be nore
accurate in the diagnostic arena than what we have
currently. So, we were able to get 133 subjects
fromthe LEAP trial, and these were individuals
that were in the avoider group. And then anal yzed
them for epitope binding. And basically, what we
were able to find after going through vari ous
machi ne-1l earning algorithns were two epitopes that

seened to be nost specific in the diagnosis of
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peanut allergy, as shown by oral food chall enge.
So, we took this algorithmand then we
applied it to two other study cohorts, the CoFAR2
cohort that we had. So, this was 82 patients
under the age of or at about five years of age,
and then 84 patients who were in the Poise trial
at Stanford, |ooking at peanut oral immunotherapy
and taki ng baseline sanples. And then this slide
just shows you the different sensitivity
specificity of all the different nethods of
| ooki ng at peanut allergy. And the ones, | think
that are nost inportant to us as clinicians is the
accuracy of diagnosis. And what you can see are
t he accuracy of diagnosis for skin test, for
specific IgE to peanut and the various conponents.
Looki ng then, though, at the use of
t hese two specific peptides, you see that the
accuracy rate is significantly better than what we
see wwth the standard nethods in use. And then if
we want to conbine all three together, we can
actually get a little bit better accuracy. And

so, looking at this and conparing the different
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1 groups, we see that the concordance with the oral
2 food chal |l enge was about 93 percent using this

3 bead- based epitope assay, conpared to prediction
4 with the prick skin test, which was in about 84

S percent, and then | mmunoCAP IgE and Ara h 2 were
6 significantly lower. So, overall, this assay did
7 seemto have best concordance with the outcone of
8 oral food challenge in this group.

9 The next thing then was to | ook and see
10 was it possible to use this profiling to get a

11 better idea of how nuch peanut i ndividuals would
12 be able to tolerate before devel oping a reaction.
13 And there was evidence, again, fromsone work that
14 Wayne had done | ooking with the mcroarray system
15 that the nore diverse epitope binding you had, the
16 nore likely you were to have a reaction or a

17 different reaction rate.

18 So, we basically were able to take

19 sanples fromtw studies for the discovery cohort,
20 the BOPI trial from London and then the OPIA trial
21 fromAustralia, and use those to devel op the

22 al gorithm based on the different chall enge |evels.
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And you see the different anobunts of protein that
t hese individuals ingested, which would then give
us a broad range of different |evels of
reactivity. And then we were able to use three
other trials, Cafeteria trial, CoFARG6, and POPEETS
trial, along with sone sanples fromthe first two,
to validate this system

So, looking at this, this is now just a
heat map representation of what |gE | ooks |ike.
The red is the higher Ievels of nean fl uorescent
intensity, the blue are the lower. And what we
can see is that there is a nice inverse
correl ati on between the cunul ative tol erated dose
and the diversity of IgE binding to these various
epi topes. But the question was, and again, using
machi ne | earni ng, whether we could cut that down
SO you can use this in a nore effective way. And
we found that in this case, there were two
peptides that did seemto be nost representative,
and these were one fromAra h 2 and one fromAra h
3.

In | ooking at the predictive nodels,
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there was a strong suggestion that we would, in
fact, be able to get sone idea putting people into
three different buckets, |ow, noderate, and high
tol erance to the peanut protein. And fromthis,
we have this result where we were able to put
people into these different areas, either |ow,
noderate, or high threshold |levels. And when we
run these algorithns, then what we can see is, for
exanple, if you happen to be in the [ow threshold
group, you have about a 50 percent chance of
tolerating a cunul ati ve dose of 44 mlligrans of
protein, or you would react after the 30 mlligram
dose, the 100 mlligram dose. Wereas if you're
in the mddl e group, you would have about an 80
percent tol erance or probability of tolerating
that anount. |If you're in that high group, you
actually have 95 percent. So, nost |ikely, you
woul d tolerate that with no difficulty.

Looki ng at hi gher dose levels. So, now,
this woul d be sonebody who woul d respond after the
300 mlligramdose. And what you see is in that

| ow group, only 10 percent would tol erate that,
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whereas in the noderate group, about a third, and
in that high tol erance group, you actually have
about 75 percent of them could tolerate this dose
with no problem

So, we then went on and | ooked at sone
other things. One is, could we predict early on
in children whether or not they were going to
devel op peanut allergy? And this cones from 293
subj ects out of our CoFAR2 Natural Hi story study,
where we | ooked at epitope profiling, using the
Epi t ope plus peanut specific IgE, or using the
standard peanut specific IgEin the Ara h 1, 2,
and 3. And what we wanted to see was whet her or
not we could predict in this group by either 3 to
15 nonths of age, which is when they entered the
trial, or 2 years of age, what the outcone would
be at 5 years of age. And basically, what you see
fromthis is that if you conbine the epitope
specific IgE wth peanut specific IgE, you could
predi ct at about 95 percent accuracy, who, in
fact, would end up with peanut allergy at the

5-year chall enge.
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We then al so had the opportunity to | ook
at another group of patients, and this was from a
cohort of patients from Turkey, where Dr.
Sackensen had eval uated these mlk allergic
children with different forns of mlk protein.
And we know that about 80 percent of children wll
outgrow mlk allergy. W know that that group can
often tolerate baked m |k products. But also, as
they develop their tolerance, they are able to
tolerate | ess denatured protein.

So, she had chal | enged these patients
first to baked the baked m | k products. So, a
muf fin. Those that tolerated that got chall enged
to a Geek yogurt, which has a fair anpunt of
denaturation of the protein, and then to whol e
mlk. And divided those into the three groups.
And we wanted to know, could we profile these and
be able to determ ne who, in fact, would fall into
each of these groups.

And so, |l ooking at this group, then
again, this is a heat map representing that. And

as you see, as you go on the heat map fromri ght
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to left, the baked mlk reactive group. So, these
are the group that probably are not going to
outgrow their mlk allergy, had the nost |gE
bi nding to a di verse nunber of epitopes. And as
you go across, you see nmuch less in the way of
bi nding. And the figure on the right there just
shows you that correl ation.

And what you can see fromthis is that,
in fact, as you go right to left, there is |ess
| gE binding. But the question was, could we
actually pigeonhole theminto their particular
group? And this is just show ng you the outcone
of that conparison. And you can see that we are
able to determ ne with about 95 percent accuracy
whi ch group each of these patients would fall into
based on this algorithmgenerated with the epitope
profiling. And so, you have ability to phenotype
these children at about 86 percent with a high
sensitivity and specificity, the area under the
curve being 0. 89.

And then finally, one of the things we

wanted to see was whether or not we could predict
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in this trial of mlk oral inmmunotherapy, who
woul d end up devel opi ng sust ai ned

unr esponsi veness. And what was done here was
taking the children fromthis MIk OT trial.
This was one where we used MIk OT plus or m nus
omal i zumab. I n this case, omalizumab had no
effect on outcone, great effect on reducing
adverse reactions, but no real difference in

| mmunol ogi ¢ response.

But again, what we wanted to know coul d
we see who, in fact, was going to devel op the
sust ai ned unresponsi veness, who was not going to
get a good response, and who would only be
desensitized? So, we had serra (phonetic)
avai l able from 47 of the 55 children that were in
this, who had conpleted this trial. 94 percent of
t hem passed the 10-gram m |k oral food chall enge
at the end of the trial. O that group, they then
went off all i nmunotherapy for eight weeks and
then were re-challenged to 10 grans. And half of
the children were able to tolerate that.

So, we then evaluated the IgE and 1 g4
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binding to 66 different mlk epitopes. This is
using the algorithmfor this, we found that there
were six epitopes that seened to give us the best
predictive value. And what you see here is with
these six, we had an area under the curve of about
0.95. This breaks down the whole cohort, but
basically we have sensitivity about 87 percent,
specificity of 86 percent, and an accuracy about
86 percent. So, npbst patients, as you can see
there, were in the correct, or were correctly
predicted. This, then all has to be vali dat ed.
The last two are really things that have just been
done under di scovery.

So, in conclusion, the bead-based
epi t ope assay has been validated as a potenti al
di agnosti c bi omarker for peanut allergy. This is
commercially available froma CLIA certified |ab
I n Pennsyl vania, and there's work ongoing to try
to do simlar validation wwth mlk, egg, wheat,
and sesane. The bead-based epitope assay has al so
been validated as a potential prognostic biomarker

for a range threshold of reactivity or
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accunmul ative tol erated dose. And again, this is
al so available fromthe sane |ab in Pennsyl vani a.
We then have, at |east have discovery

phase data suggesting that the bead-based epitope

assay may al so be useful in predicting the degrees

of mlk and egg sensitivity. |In other words, wl|
they tolerate the unbaked form cooked form et
cetera? Also, may be very useful for the early

i dentification of infants at risk of devel opi ng
persi stent peanut allergy, mlk, or egg. And I
think this is especially critical now because
there's a |lot of evidence suggesting that early

i ntervention in those first few years of life can
be very critical.

And then also for identifying mlKk,
peanut allergic patients who are nore likely to
achi eve this sustained unresponsi veness or
rem ssion conpared to those who were likely only
to end up with desensitization. And | think this
becones i nportant when you're having those
di scussions with the patients about going into

sone form of immunotherapy. And then finally,
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early studi es suggest that the bead-based epitope
assay profiling may provide sone predictive

I nformation regardi ng the peanut allergic
patient's potential for severity of reaction
foll ow ng an accidental ingestion.

Wth that, | just want to acknow edge
the people that did a lot of the work, especially
our statisticians who do all the nachine | earning,
Mayt e Suarez-Farinas and Maria Suprun. A |ot of
assi stance from Bob Getz (phonetic) and Paul
Kearny, who were at AllerCGenis. And then thanking
all the investigators fromthese various trials
who provided us with patient sanples to eval uate.

Thank you.

DR. TOEd AS: Thank you, Hugh. So, our
next speaker is Eric Wanbre. Now, | will have to
apol ogi ze to Eric only because your biosketch was
not transcribed on tine. So, all | can say --

DR. WAMBRE: But you know ne.

DR TOGQAS: -- is that I know you very
wel | from when you were at Benaroya. But | do

know that you're the Associate Director of the
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1 Jaffe Food Allergy Institute at the Departnent of

2 Pedi atrics at Mount Sinai. And, of course, that

3 you have a long history of working on T cells and
4 food allergy. So, if that's enough, go ahead.

5 DR. WAMBRE: That's perfect. Thank you.
6 So, good afternoon. So, | would |ike to thanks

7 Dr. Rabin and al so the organi zer for giving ne

8 this opportunity to talk about prognostic

9 bi omarker in food allergy.

10 And | would like to start because it's,
11 | think, one of the |ast presentations today that
12 | think overall, we can see bionarker as kind of

13 an art, an art of forecasting individual clinical
14 outconme. And a year ago, | had the pleasure to

15 visit Istanbul, where | discovered that over there
16 you can see sone people that are reading at the

17 pattern of your coffee cup and to see, to predict
18 your future. And actually, when | was there, |

19 was really inpressed about this, and |I realized

20 that | was al nost doing the sanme thing, and | was
21 kind of surprised. But at least | would Iike to

22 hi ghl i ght one things, one key differences between
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what is done in Istanbul and what we are doing is
clearly that what distinguished the nystical

readi ngs of the coffee ground from our bionarker
di scovery is not just the tools that we enpl oyed,
but the rigorous validation process we add there,
too. And by this, |I nean how t he extensive
clinical research and data anal ysis we are doing

to validate those bhi onmarker.

And | would like to start with this, the

limtation right now, and at least this is ny
point of view, but in food allergy, clearly right
now, the main limtation is the difficult access
to the biological sanples for food allergy, and
mainly to cover the broad spectrum of the di sease
severity, because nost of the tinme when you get
access to those patients, you want to nmake sure
they are truly food allergic. And the only way
right nowis food challenged. And this is not
easy to get access to all those bl ood sanpl es
covering again the broad spectrum of disease

di versity.

So, the goal is really to encourage
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efficient nonitoring during the clinical trial.
That's where we usual ly have access to all those
sanples, and that wll head also to have those
bi omar ker validation. So, overall, | think we
need to have an increased coll aboration between
the industry, academ a and al so the FDA.

The other limtation | see is not about
t he discovery of the biomarker, but mainly about
t he weakness about financial support to devel op
the clinical grade prototype. Once we found a
potential biomarker, then we need to standardize
t he assay and we need also to do a | ot of
techni cal performance. Looking at the
reproducibility sensitivity, this is not really
fun to do, but that's very inportant when we want
to validate a bi omarker.

And finally, the last things that kind

of summari ze everything, that's also to ensure the

transparency and integrity of the road that are
used to generate sophisticated analysis. This
point mainly came from COVID when we saw a | ot of

tsunam of data from COVID research. But as
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system biology rely increasingly on the conpl ex
nodel and graphics, there is a risk that the
quality of the underlying raw data is overl ooked.
And this really enphasized the need for rigorous
data validation to prevent incorrect concl usion.
So, as prognostic biomarker m ght al so
I nfl uence, can be also influenced by therapeutic
i ntervention, the distinction between predictive
and prognostic nmarker can be anbi guous. So,
overall, we can say that prognostic biomarker
really try to forecast disease outcone, while the
predi ctive biomarkers wll try to forecast the
treatnent outcone. And in food allergy,
prognosti c bi omarker can inform about the
progression of the disease irrespective of the
treatnment, specifically trying to predict the
| i kel i hood of outgrowi ng the allergy, the
devel opnent of tolerance, but also the risk, how
severe could be the reaction after an acci dental
exposure. It also can help to identify the
persistence at the severity and whether -- how

dangerous coul d be the food challenge in those
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patients. And finally, those prognostic bi omarker
can help clinician to make i nfornmed deci si on about
the prevention strategy, disease nmanagenent, and
treatnment option.

So, currently there is several
prognosti c bi omarkers that have been identified
that hold prom sed and as the previous two talk
earlier we showed that the basophil activation
test is one the diverse IgE repertoire as well,
and this usually reflects the severe on the type.
We al so observed that the high specific IgE titer
could be also used as a prognostic biomarker. The
size of the wheel fromthe skin prick test, also
t he conponent testing, the diversity of the
al l ergen that could be involved. And also,
finally, there is sone report about increased T
cells repertoire.

Cverall, that's not the only one. W
have also the allergen specific T cells. A few
weeks ago, there was al so a very nice paper about
the B cells as a potential biomarker to predict

the severity. W have gene expression. W have
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3 however further investigation.

S are likely to be involved in the disease

7 cells activation and commtnent to Th2 |i neage

8 precede the nmain effector phase of the allergic

9 di sease, they may represent potentially a very

13 there was a relationship between the all ergen

14 specific T cells and the clinical outcone.

2 represent putative on the type axis which require

10 good prognostic biomarker that will inform about
11 the di sease progression. This is what | tried to

12 do in the | ast decade. So, | tried to see whet her

1 the m crobi one netabol one proteone that can really

4 So, prognosis biomarker for food allergy

6 pat hogenesis or the tolerance induction. And as T

15 And as | said, food allergy is a very

16 (i naudi bl e) disease. It involves
17 ki ds, teenager, adults, you have

18 different synptons, the severity

19 vary, the level of IgE So, that's
20 not an easy task. And as |

21 menti oned earlier, the access of

22 bl ood sanples was really the
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limtation of investigating this

| ink between T cells and clinical

outcone. So, a few years ago, we

had this idea of providing i nmune

nmonitoring as a service to get

access to those sanples, to those

clinicals.

So, the goal is really to provide inmune
nonitoring solution tailored for conpany or
organi zation conducting clinical trial in food
allergy. And the goal was to provide them
services for basophil activation test or T cell
assay or any assay they were | ooking for. And
right now, we are structuring this platforminto a
non-profit academ c research organization within
the Mount Sinai. And the goal really is to serve
as a central |aboratory for nechanistic studies.
And overall, we want to take advantage

of the biological sanples collecting fromindustry
or governnent sponsored trial, and taking
advant age of the patient with clear clinical

outcone, and to gain insight into the nmechani sns
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1 underlyi ng the imune nedi at ed di sease.

2 W al so want to discover and validate

3 new bi omarker and translate this to clinical and
4 drug devel opnent. W hope that this will enhance
S our ability to match the right patient with the

6 ri ght nmedicine, accelerate the devel opnent of the
7 therapy. And also, our goal is to harnoni ze the
8 net hodol ogy to ensure the repository across varied
9 cohort and trial.

10 So, what we've learned fromthis, so the
11 next couple of slides, it's really a sunmary of

12 what we observe in blood sanples fromfive

13 different clinical trial. And so, all those

14 patients are nost |likely your patient and they

15 were all challenged, so they all react to maxi mum
16 500 mlligrans during a screened visit.

17 And the first things we tried to | ooked
18 was whether T cells could be used as a potenti al
19 bi omarker. And we focus on the Th2A cells. And
20 this is just representative data show ng you what
21 we have when we | ooked at the allergen specific T

22 cells in a non-allergic patient versus a peanut
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allergic patient. And you can see, |ooking at the
CRTH2 expression which clearly define the Th2A
phenotype, as well as the ST2 expression, that if
you are non-allergic, if you don't have any peanut
allergy at all, you don't have any expression of
CRTH2 or ST2 within your peanut reactive T cells.
However, if you are allergic, you will have nore
cells, about 10 to 50 fold higher frequency, and
you wi || have expression of ST2 within the peanut
reactive T cells. So, peanut specific Th2A cells
are restricted to the peanut allergic individual.
The other things is we wanted to see
whet her the Th2A cells may play a role during the
food challenge. So, on figure A, you have an
exanpl e of a patient that received a whol e food
chal l enge and there is only 10 days apart from
t hese two assessnents. So, pre-challenge, you see
a clear Th2A phenotype on this patient
characterized by expression of CRTH2. And if you
focus on CD38, this is used as a natural
activation marker. And you see that before the

chal l enge, the cells, we only observed 16 percent
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in this exanple of activation. However, 10 days
after the challenged, now the cells, the T cells
were highly activated with 60 percent of the
activation. And we al so observed a dramatic

| ncrease of the frequency in the periphery of

t hose peanut reactive T cells.

So, yes, the Th2A cells are, those data
suggest that they are involved in the food
al l ergi c pathogenesis. Interestingly, |ooking at
the overall Th2A cells, that's on figure D, we
al so observed that we can see sone proof of
activation of these subsets. And here we conpared
t he conventional Th2 versus Th2A pre and post.
And you see that nost of the activation was
observed within the Th2A cells.

So, then we | ooked at the heterogeneity
of the patient, because one things that strike us
s, yes, all the patients were challenged. Yes,
all they reacted. However, you see that when you
| ooked at CCR6 and CRTH2, it's not a yes and no
response. You have patients that don't have a | ot

of CRTH2 expression within their peanut reactive T

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma Page' 339

10

11

12

13

14

15

16

17

18

19

20

21

22

cells. And interestingly, we nade the sane
observation for CCR6. And actually, we observed
that the patient with high | evel of CRTH2 were
usually the one with a low | evel of CCR6, which
coul d be associated with a Thl7 |i ke response.

So, then when we | ooked at the peanut
specific T cell response, we observed that these
cells minly fall in three T cell subset, the
Th2A, the Th2 conventional, but also the Thl7
cells. And when we | ooked at the -- we decided to
classify the patient based on the [ evel of Th2A
cells. So, we defined the patient wwth a | ow Th2A
| evel , nmeaning |ess than 20 percent Th2A cells as
the Th2A | ow peanut allergic patient. And in
contrast, the patient that have nore than 20
percent of Th2A will be the Th2A high patient.

And when we | ooked at the
characteristics of Th2A high versus Th2A | ow
peanut allergic i nmunotype, we first observed that
Th2A hi gh patient have statistically higher
frequency of circulating peanut reactive T cells.

Interestingly, they also have a statistical
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difference in termof the peanut specific |IgE and
| g4, suggesting a potential functional connection
in B cells derived shift fromlIgE to | g4.
However, we did not observe any differences by
| ooki ng at the skin pretest.

When you tal k about biomarker, it's very
i nportant to nmake sure this is stable in a short
period of tine. So, to do this, you have here an
exanpl e of a Th2A hi gh peanut allergic patient
with a lot of CRTH2 positive cells. And bel ow you
have a Th2A | ow peanut allergic patient with
al nost no Th2A cells. And you see on the bottom
this is called a river plot. You see, just focus
on the red river that depict the Th2A cells. You
see that this is stable over tinme in a short
period of tinme. By short period of tinme, | nean
Six to two years. You see that in the toddlers
there was no variation over tine whether you are
Th2A high or Th2A low. And sane thing in adult,
I f we define soneone as a Th2A hi gh peanut
allergic patient that's maintained. And this is

| nportant because we want to make sure we can al so
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1 use this as a way to have a predictive bionarker

2 during therapy.

3 However, when we plot all the data from
4 the different patient we received, there was

5 di fferences, we observed differences between age.
6 So, the question, and it's also related to this

7 norning talk, was, is pediatric food allergic

8 patient simlar to teenager or even adult?

9 Because you can see that the younger popul ation
10 tend to be Th2A | ow, while when you are a teenager
11 you tend to be nore Th2A high patient. So, then

12 t he next question was, is drugs working simlarly?

13 And you wll see on the next couple of slides.

14 So then how the Th2A cells are inpacted
15 during i nmunot herapy. So, this is just, | wanted
16 to show you a real life in ny lab. So, when we

17 recei ve sanples, so we need about 10 mlligrans of
18 bl ood to performthis assay. And this is now

19 Wi thin the peanut reactive T cells. So, we

20 received the first sanples and you see here about
21 83 percent of Th2A cells characterized by

22 expression of CRTH2 and 161.
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And then when we receive, at the end of
t he escal ation during Palisad (phonetic) trial, we
observe that now the frequency of Th2A cells
percentage go down to 23 percent. And at the end
we had these sanples, we only have 3 percent. And
our goal was to predict whether it was at |east an
active or placebo. And we predicted it was an
active patient. And actually, we were right. And
just to make sure this is two different pictures,
that's not a side effect.

So, this is the statistic, the statistic
behind that. W had a clear decrease of the
peanut specific Th2A cells during Patforia

(phonetic) trial while the Thl7
seens to plateau. And we did the
sanme thing. And once we receive a
pl acebo, usually that's what we
have. You have about the sane

| evel of Th2A cells, 73 at
basel i ne, 67, 74 at the endpoint.
So, we conclude it was a pl acebo.

Actually, we give that to i nmune. So,
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this is the statistics. And they say, oh, that's
pretty good. After we were unblinded, they say,
oh, you're pretty good, but you have one patient,
you' re wong. One of the patient was in the
active group and I was just, okay. | nean, that's
science. But actually, we carefully |ooked at
this patient and first of all, yes, we were w ong,
but this patient was also technically a
non-responder. You see, that's the one |
hi ghlighted in red. This patient, at baseline and
the maxi numtol erated dose was 10 mlligrans. At
the exist visit it was 30 mlligrans. Didn't
reach the primary, neither the secondary endpoint.
And when you | ooked at the raw data, you see that
this patient remained a Th2A high patient. So,
' m not sure what happened on this patient because
you al so see that the IgE | evel increased
dramatically and not the Ig&4. But at |east we
were predictive, also. So, we can al so predict
who were the non- responder here.

The next was about the inpact trial.

So, now | ooki ng at younger patients, those
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patients were age one to three years old. They
recei ve high dose i munot herapy. And again, we
observe this strong correl ati on between the
frequency of peanut specific Th2A cells and I gE

| evel, even at that young age. And here | pl ot

di fferent i nmmune characteristics. W can see that
the Th2A hi gh patient were again |inked with high
| evel high frequency of peanut reactive T cells.
CD154- pl us the TH2A high patient were al so the one
with a high I evel of peanut IgE, also with high

| evel of peanut 1gG4. However, there was no
relationship with the maxi mum dose. But keep in
mnd that this dose was up to 500 m i grans.

What we observed during this trial is
then consistent with the entire study was, so, the
conclusion of this trial overall, was the | ower
basel i ne peanut specific |IgE were predictive of
sust ai ned unresponsi veness and age al so was a
factor. The younger the better. The younger
patient were the one with a sustained in
responsi veness. And when we | ooked at the Th2A

phenot ype, we observed that there was an increased
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| i kel i hood of resistance to tol erance induction by
OT in the Th2A high peanut allergic, nmeaning that
i f you are defined as a Th2A high peanut allergic
at baseline, you have a benefit, you will have a
benefit, but you will be desensitized. However,
you won't have rem ssion, neaning that you wll

| ose your benefit when you stop the therapy.

You see that in blue. The blue curve
reflect the patient that were desensitized and
rem ssion sustained benefit. And they were the
one that started wth the | owest frequency of
peanut and the | owest proportion of Th2A while the
patient that started that had rem ssion or sorry,
they were desensitized. No rem ssion or
rem ssion. They always started with the highest
| evel of Th2A.

Finally, recently we also | ooked at a
known extract based i mmunot herapy. This is data
from Aravax that are using now epitope to help to
desensitize or even induce tol erance in peanut
allergy and overall, so this product is called

PVX108, and it covers seven synthetic peptide from
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RH1 and RH2. And the goal of peptide
| mmunot herapy is to bypass the i nmune nedi at ed
response and to directly target the T cells. And
so, this trial focused on the efficacy. That was
a phase one. And first of all, it's a very safe
approach. You see that even the basophil, there
was no basophil activation ex vivo using PVX108.
There was no adverse events during the trial.
However, what we observed is a strong
decrease of the peanut specific Th2A response.
And interestingly, this response even went down
after the therapy stopped. So, this therapy
st opped after week 21 and they foll owed those
patients after 18 nonths and we see the Th2A cells
decrease. However, the question | would Ilike to,
it's an open question that | would |ike to address
was, do the changes in upstream bi omarker can
occur before they are observabl e neasured clinical
benefit? Here you specifically target the T cells
and we don't know what will be the inpact on the
| gE and 1 g4, because we bypass that. So, can

nodul ation of the T cell response can predict
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before the benefit of this therapy? So, this is
an open question. W wll learn soon. But it
nmeans that sonetine you should also wait a little
bit. If you see a change in the T cells and no
clinical benefit, it's probably because of the
kinetic, the half-life of the IgE or how the | g4
wll be elicited. So, open question.

So, | wll stop here. Just ny
conclusion. Overall, it's clearly the next few
years wll be critical tinmes to further eval uate
prognosti c biomarker currently show ng prom se,
while continuing to utilize advance in high
t hr oughput technol ogi es and conput ati onal bi ol ogy
to help optimze the nost prom sing bi omarker.
And by working together with patients, physicians,
scientists, industry, FDA, NIH we can envi sion
the discovery and all the confirmation of several
bi omarkers in the near future.

| would Iike to thanks ny previous team
fromthe Benaroya Research Institute that
generates nost of the data that | just show you

here. | also would Iike to thanks fundi ng support
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fromthe NIH, ITN, and the Food All ergy Research
and Education. Also, the access to those precious
sanples fromclinical trial, fromthose different
conpani es that run those clinical trial. And
finally, I would like to thank ny new team at

Si nai, people fromthe Jaffe Food Allergy

I nstitute, and al so the people fromthe | nmune
Moni toring Center and the new acadeni c research
organi zation that we wll |aunch in tw nonths
call ed OCAM ( phonetic) Immune. And thank you,
everyone.

DR. GUERRERI O Thank you, Eric. So,
we're going to nove to our |ast speaker, who is
Wayne Shreffler. He's going to talk about
cellul ar biomarkers for response to AIT for food
allergies. And few words about Wayne. He's the
Chief of Pediatric Allergy and | nmunol ogy and
Director of the Food Allergy Center at
Massachusetts CGeneral Hospital. He's also an
| nvestigator at the Center for |nmmunol ogy and
I nfl ammat ory Di sease and the Food Al lergy Science

Initiative. Recei ved his MD and PhD from New Yor k
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Uni versity, and he did his fellowship in allergy
at Mount Sinai .

DR. SHREFFLER:  Thanks, Alkis. Geat to
be part of this synposium Thanks, Dr. Rabin and
all the organizers for inviting ne and actually
just for the vision of doing this, |I think it's an
i ncredi bly inportant thing, and it's great to see
FDA interested in engaging on this topic. And the
need for biomarkers, | think, is, as soneone
specifically focused on food allergy, but not
limted to that, certainly, really inportant, al
the way fromclinical outcones to better
predi ctors.

So, when | got the first sort of note of
the title and it said cellular biomarkers, |
t hought, oh, great, I'lIl tal k about basophils. |
used to do sone basophil work, and then | saw Al ex
was on the program and | thought, okay, well,
that's clearly not going to be ny topic for today.
And then | thought, well, I'll talk about Th2A and
peTh2 T cells. And | saw Eric was on the program

| said, oh, God, okay, that won't be the tack I
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shoul d take, either.

So, what I'"'mgoing to try to do is, this
is last and | east, because this is an area, |
think, in the biology and food allergy right now,
where we are furthest froma validation of the
ki nds of things that I'mgoing to tal k about,
although I wll tal k about peTh2s. But that is, |
thi nk, an inportant aspect also of bionmarker
research. And for those of us who have condemed
ourselves or didn't have the wit to do high-1evel
| mmunol ogy in really cutting and informative
nodel s, we relegate ourselves to trying to
under stand and get insight into the biology by
| ooking at the cells that we can access from our
patients in the settings of interventions, as you
al I know.

So, disclosures here, none particularly
directly relevant. Just a quick note on the
nmet hodol ogy that | won't have tine to go into.

And so, a lot of this is going to get glossed
over, but we can talk about it afterward. There's

a lot of different ways already sone of the data
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1 t hat you've seen have attenpted to interrogate

2 sonet hi ng about antigen specific T cells, ranging
3 fromtetraner selection. W haven't seen too nuch
4 of that in today's session, to a |ot of activation
S and enriching for putatively antigen-specific T

6 cells on the basis of their activation state post
7 either in vitro nost often, or sonetines in vivo

8 exposure to antigen. And that's a good nethod in

9 many ways. It's the nethod that we have
10 available. It's been refined a | ot over tine, but
11 it Is subject to a lot of, and a | ot of bystander

12 activation that we have to really keep in mnd at
13 all tines.

14 So, by way of overview, | amgoing to

15 obviously limt ny scope for tine and just because
16 it's what |'mnost famliar wwth on T cell

17 subsets, and I'mgoing to talk in the context of
18 OTtrial data. |1'mgoing to talk about the CH
19 subsets that | see sort of the npbst convergence in
20 the literature around that | think that we're

21 getting kind of on the way toward within the

22 adaptive conpartnent, understanding their
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pl ausi bl e role in i mune pat hogenesis. So,
potentially soneday actually surrogates, but nore
| mredi ately correl ati ve observati onal data. And
so, their potential for either diagnostic or

nmoni tori ng bi omar kers.

So, these include both dynamc it
| nduced changes such as the ones we've just seen
fromEric in the Th2A or peTh2 subset, as well as
potential baseline differences. And I'mgoing in
order of kind of the strength of the evidence to
t he weaker evidence as we go.

And finally, I'lIl throwin a teaser of
unpubl i shed data and try to pronote ny fell ow
who' Il be presenting later in the neeting for
those of you that are attending that as well. |
think looking at, | think really interesting,
again, in the spirit of the discovery part of why
we | ook at biomarkers and the potential for that
as a biomarker for iatrogenic eosinophilic
gastroi ntesti nal di sease.

So, T cells of course exit in their

nai ve state after education and then progress
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after antigen engagenent through a series of
differentiating steps and lose nulti potential and
acquire nore and nore specific effect reflection,
function rather. And as they do that, their
hom ng capacity changes. So, it goes fromprimry
| ynphoi d homing to hom ng to peripheral sites.
And that can affect our ability, again, for those
who' ve condemmed ourselves to | ooking at a | ot of
peri pheral blood in humans, what we can actually
see. And along the way they al so have changes to
their surface markers sone of which are directly
i ndi cative of differentiation, others of which are
i ndi cative of function.

| "' m highlighting CD27 because we know
that's inportant as a marker of term nal
differentiated effector cells such as those Th2As.
And these are the subsets of cells that |I'm going
to tal k about, the Tfhl3s, the Th2A' s, these
Thl7-1i ke cells, and Tregs and especially type 2
devi ated Tregs.

So, starting with this Tfh subset. So,

we know that follicular hel pers are obviously
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adapted to provide B cell help for antibody
production. W've heard already from ot hers about
that. Tfhl3 are a subset that are uniquely
required in a couple of nouse nodels, at |east,
usi ng very sophisticated techni ques of
| i neage-specific deletion for the generation of
high affinity IgE and consequent food anaphyl axis
in those nodels. And they're also strongly
associ ated with human disease. And I'll show a
little bit of data on that.

Their expression of 21 is a little bit
| ower than non-type 2 Tfhs and their really, sort
of, signature hallmark is high production of
| L-13, but also other Th2 cytokines, although IL-5
is generally lower. Here's data from Stephanie
Ei senberg's paper actually show ng this popul ati on
of PD-1 high CXCR5 positive cells, and conparing
themin an LPS i nduced inflammtory state in nouse
with Alternaria. And you can see this energence
of this IL-13, IL-4 positive population within
that Tfh gate that is in the top-right panel,

obvi ously markedly enhanced and i nduced in the
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Alternaria nodel. And you can see things such as
in the mddle bottomthe differences in IL-21
production, or in the right their expression of
GATA3.

We can see these also in a popul ati on of
patients wth peanut allergy at baseline
under goi ng about to undergo peanut O T, that is
oral i mmunot herapy anong the CD154 positive. This
I's 20-hour in vitro stinulated. Again, getting
back to that bystander issue where we could in
fact observe in this UVAP distribution sone
segregation of different Th2 subsets, including
these Tfhl3s in the top, highlighted there, and in
fact show that the correl ati on between serum | gE
fromthose patients to IL-4 production in those
cells, but not, for exanple, by conparison in Th2A
subsets in the bottomtwo panels here, or other
CD4 subsets that we | ooked at were correl at ed.

So, really correlative data supporting in humans
that that is the subset producing IL-4 that's
i nportant for driving | gE production.

Th2As, 1'l1 be brief because you've just
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heard so nuch about them and | think we're
al ready supposed to be in our panel discussion.
These are circulating termnally differentiated
effector nenory cells. They're really highly
differentiated, low proliferative potential,
presunmabl y, although not a | ot of direct evidence
around that, strongly associated wth seasonal hay
fever as well as IgE food allergy, by Eric. They
are CCR6 negative, as he just showed us, CD161
positive, 49D positive.

Interestingly, they have, actually, a
| ot of features of tissue resident nenory cells,
which if we have tine, we'll talk a little bit
nore about. But really, in terns of their
functional characteristic, what is inpressive, |
think, is their high nultipotent production of Th2
cytokines, including IL-4, I1L-13 and IL-5, and in
human | L-9, probably not so in nouse, where it
seens |like these are really the equival ent of high
| L-5 CCR8 positive effectors in nost Miurine Models
of Allergic Inflammation, by ny read of the

literature at |east, and | think maybe | acking
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actually in sone food allergy nodels.

They al so acquire a really interesting
i nnate |i ke capacity to be sensitive to alarmns
t hrough upregul ation of |L-25 receptor and |IL-33
receptor, and have a really interesting, and this
Is one of the kind of features that is rem niscent
of resident nenory cells, especially in the skin
t hat have been described, this kind of
upregul ati on of cassette of (phonetic) genes that
provides for them capacity to both sense and
nmet abol i ze |ipids, including hematopoietic PG
synt hase, rather, et cetera.

So, Eric has already shown us this, but
greatly expanded in circul ati on anong patients
with hay fever, activated and expanded in season
of exposure and activated post in the case of
peanut allergic patients, a challenge 10 days
| ater, as he's already shown us. This phenotype
Is remarkably simlar, and Eric nade pains to
point that out in his first publication in 2017 to
wor k by Cal Prussin when he was still at N H,

characterizing this popul ation of what he called
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pat hogeni c effector, Th2s expanded and associ at ed
with the eosinophilic gastrointestinal disorders.
These features in this table, | kind of
chal | enge anyone to really find things that
differentiate circulating Th2As, as we've cone to
coin and termthem fromthese tissue resident
peTh2 cells. They're highly simlar, including,
really, their pattern of chenokine receptor
expression, their transcription factor profile,
maybe sone differences in Eones (phonetic), but
really a ot of overlap in phenotype. And this,
and, sorry -- in Calman's work, what he enphasi zed
was really, it was repetitive TCR stinulation. He
could replicate this in vitro under Th2 pol ari zi ng
conditions. That repetitive engagenent of TCR was
sufficient to drive the phenotype of these cells
in vitro, and suggested that the nature of
allergic inflammation in the setting of
eosi nophilic gastrointestinal disease, or in
asthma, or in nasal polyposis, or in atopic
dermatitis, all of contexts where these cells have

been observed, lent itself, perhaps, to chronic
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stinmulation and the acquisition of this phenotype.
2 However, | think the other strain in the
3 literature that's really interesting when thinking
4 about these cells conmes fromlabs that had studied
5 early on, so called Th9 cells. And these are

6 cells actually, that in several |abs can be

7 i nduced by co-culture with IL-4 and TGF. And the

8 nodel that those groups, kind of, have been

9 pursuing is that this is a phenotype that is

10 acquired with tissue residents and actually may

11 not be so dependent upon repetitive TCR

12 stimulation as the nodel of peTh2s and yet have a
13 | ot of phenotypic overl ap.

14 And so, | think, again, trying to

15 under stand the biology fromwhat we can observe

16 suggests that there may be nultiple pathways to

17 acquire at |east sone of these phenotypic

18 attributes in the context of allergy. And one of

19 the first observations actually before, back in

20 2014, al though people in asthma were descri bing

21 these cells, it wasn't really on the food allergy

22 | andscape, at least not to nmy mnd or
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recol | ection.

But this paper by Hel en Brough and
G deon Lack's group conpared using sonet hi ng
called a mcroarray, which | thought was going to
| and really well until Hugh pulled out |ike the
spots data and glass mcroarray slides. So, using
this older technique, a bulk, bear in mnd,
techni que, nevertheless, the really differentially
expressed genes kind of have these features,
certainly suggestive and characteristic of Th2A,
peTh2 cells, including hematopoietic PG synt hase
and high levels of IL-9, IL-5 13, even in excess
or above |L-4. Just conparing atopic but
non-allergic to peanut allergic patients after
stimulation in vitro and sorting of CD154, CD69
doubl e positive cells.

And Cecilia Berin actually began, along
wi th ot her |abs show ng kind of clinical
correlation not in the context of AT but just at
basel i ne between Th2 effector function and things
|ike eliciting dose at baseline. So, suggesting

that, renmenber, this is not the popul ati on of

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma Page' 361

10

11

12

13

14

15

16

17

18

19

20

21

22

cells per se, at least to the extent to which you
accept IL-4 percentage in surrogate for Th2As.
Buyer beware, there would be Tfhs in here as well,
but they're very rare. So, to the extent that you
sort of accept that as a marker of that phenotype,
a correlation between that and clinical
sensitivity with sonething seem ngly as crude as
just a graded food chall enge.

And our | ab has been really interested
inthis as well, but initially really, kind of,
went into it with trepidation, that sort of
stratifying patients on sonething |ike what
threshold of allergen they react at and | ooki ng
for non-1gE dependent reasons for that.

Certainly, there's lots of understandi ng, and
you' ve heard from Alex indirectly through the
basophil and Hugh directly through studies of |gE
epi tope binding pattern differences in

di versification, sone of that explanation.

But this suggests to us, and |I'l|l show a
little bit nore on why | think so, that there are

| gE i ndependent vari ables that influence that
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sensitivity as well. Another exanple of the kind
of clinical prognostic biomarker utility of an
assay like this when conparing baseline baked egg
chal | enge patients, all egg allergic but
differentiated by their reactivity to baked egg
versus tolerance to that, a well-known way of
stratifying phenotype and food allergy for those
in the audience that don't sort of |live and
breat he food allergy stuff.

And so, we al so showed in a threshold
type study conparing patients that react at |ow
versus high threshold, these differences in 154
reactivity and a phenotype shown here by bul k RNA
seq. Again, with highlights of this peTh2
phenotype. Qur friend hematopoietic PG synt hase
PPARganma, |L-9, IL-5. But also, nmarkers of a
Th17-11 ke phenotype, certainly well represented
within that 154 positive reactive popul ati on and
upregul ated in the | ow dose reactive patients
versus the hyporeactive patients. |f you put them
in culture and stinulate themw th autol ogous

nonocytes, they certainly will make Th2 anti body
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nicely, including IL-9 in an antigen specific sort
of way with equal, no difference between the
groups, if you polyclonally stinulate.

And al t hough they have these
transcriptional features that ook IL-17-1ike, we
didn't get really any IL-17 protein secreted to
speak of, or IL 22, which was al so
transcriptionally upregulated. So, suggesting
that they have sone of this sort of, maybe not a
fully licensed phenotype in terns of their Th of
17 characteristic.

But the other thing we did in this
paper, and | think this is sonething we haven't
heard too nmuch of yet today, is to use TCR
sequencing as a neans of trying to hone in and to
sone extent overcone the bystander problemthat
one has when you sort of don't want to use
tetraners, don't want to bias yourself or limt
yourself to certain HLA restriction and are
stimulating with whole antigens. And that is that
we conpared by bul k TCR sequenci ng the sequences

that were enriched in the 154 reactive cells
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1 versus the resting cells and net a statistical

2 threshold for that enrichnment and then used those
3 sequences as a way to interrogate the rest of the
4 bul k dat a.

5 Very briefly, if you do that, these

6 sequences i ndeed | ook neaningfully enriched for

7 notifs suggestive of specificity, and they are

8 over abundant as cl onotypes, now in the reactive

9 versus the hyporeactive, correlating with what you
10 see if you just | ook at CD154. Now we al so, from
11 the sane patients just sorted out effectors in

12 Tregs, show that they have good contrasting

13 phenot ype, including evidence of functional

14 suppression, and then use the sort of validated

15 enriched for specificity clonotypic information to
16 | ook at those conpartnents and see, whoops, sorry,
17 that the reactive patients, that the difference,
18 what di stingui shes themis the expansion of that
19 ef fector population, not differences in their

20 under | yi ng regul at ory popul ati on.

21 So, again, this is in the category of

22 prognostic bi omarker as sonething that suggests
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| ow- |l evel reactivity anong patients. And here to
ne is one of the inportant punchlines. |t has no
correlation with IgE titer. So, this is
i ndependent of what's driving IgE. It's not about
the Tfhs. It's a different nmechani sm suggest ed.
We hypot hesize that it has to do with how these
cells can drive mastocytosis and infl uence gut
barrier.

So, Tregs, quickly, allergen specific
FOXP3 play a critical role, we know, in oral
tol erance, certainly in animl nodels and from
human nut ati ons, accidents of nature as well.
There are different flavors of regulatory cells,
the follicular regulatory, that really effectively
suppress IgE in a nunber of nodel systens.
RORgamma- T that can suppress Th2 inflammtion at
vector sites, and GATA3 positive, which Tal al
Chatila showed really nicely sone years ago, that
can exacerbate, in fact, Th2 inflanmmti on.

CD137 is a marker that will sonmewhat
enrich for Treg. It depends a little bit on how

| ong the activation is in in-vitro and what the
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context is. But a marker of note in kind of this
di scussion of biomarkers. This is fromTalal's
paper, really. Al |I've shown here is the human
data, where he shows really nicely that there's
not only a reduction in overall FOXP3 CD25s, but
there's a bias, an increase, actually in this
phenotype of |L-4 GATA3 positive Tregs in disease
versus healthy controls.

So, along with that, sone evidence from
mlk specific, but I just want to highlight that
this is mlk specific that have been expanded in
vitro for several days. And I'll cone back to why
| think that's inportant. W see again, within
the Th2 nodul e score popul ation, a sizable Treg-
| i ke population as well, smaller in these roughly
10-year-olds to Eric's age dependent thing, not
two-year-olds. So, already a good conpl enent of
Tfhs, as well as Th2As. These are basically all
Th2A hi gh patients, but also this regul atory
popul ati on.

And interestingly, if you ook at their

TCR repertoire, because this is single cell RNA

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


www.andersonreporting.net

Bi onmar ker-driven drug devel opment for allergic diseases and asthma Page' 367

10

11

12

13

14

15

16

17

18

19

20

21

22

seq data with matched TCR, they're really nuch
nore polyclonal and there's no overlap in their
repertoire with other Cb4 conpartnents. Cecilia
Berin, | think, has done as nuch to address the
paradox of why we see bulk Treg increases in
multiple studies of OT and yet have failed to see
antigen specific signature increases by show ng
actually that there are a coupl e popul ati ons of
FOXP3 positive cells, sone with nore functional
activity, suppressive activity, some with |ess,
but high I evels of FOXP3 expression that are
energe in a bystander |ike fashion dependent on
IL-2. And lastly, the Thl7 popul ati on, which we
think corresponds to the CCR6 positive group.

So, to sort of sumup this part, the
response biomarkers | think that we can really
begin to have sone confidence in, are limted to
really this profound suppression of Th2A that Eric
has just shown us. There is evidence also for
effector cell exhaustion anergy. | think that
essentially is where sone of these cells go.

There is sone gl obal expansion of Treg from
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several papers, but we don't really see an
expansi on of antigen specific Tregs, and we don't
see suppression of Tfhl3s.

At baseline in terns of predictive. So,
Eri c has shown you the [ ow Th2A story. Cecilia
Berin has simlar data. W have simlar data that
it's really the treatnent responders that have
strong suppression of Th2A. And Cecilia's data on
Tregs, which | won't have tine to go into, shows
this gl obal expansion. This is our data show ng
Wi thin the CD154 positive or 137, not shown here.
There's not really an O T induced difference.
There's a little bit of an expansion, an |L-10
signature within these Tfh-1ike Tregs, but it's
not significant in this small population. It's
sonething to | ook at nore.

So, the predictive phenotype, is there
one? W have a little bit of data to suggest that
there are not well mapped to these specific CHM
subsets, but an inflammtory signature, a T cell
activation signature, and one other thing, which

was high | evels of GPRL5 expressi on anpbng patients
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1 who failed to have treatnent response in OT,

2 That's really caught us our eye, because
3 we have a story energing about GPRL5 in the

4 setting of EOE. GPR15 is associated with peTh2

5 cells that are really unique to ECE, active versus
6 remssion. |If we take advantage of Eric's

7 observation of CD38 upregulation, and this is what
8 Caitlin will show on Saturday, we can see, in

9 fact, that there is an upregul ation of CD38

10 positive GPR15 positive cells wthin active ECE,

11 and that these markers, sort of, exploiting this
12 phenot ype, begin to approach sone fairly

13 | npressi ve AUCs when discrimnating active versus
14 no ECE, and even when di scrimnating between

15 active and rem ssion di sease state.

16 And 1'll leave it at that, just with

17 your thanks. And the point that biomarker work is
18 al so sort of about discovering those new

19 bi omar ker s.

20 Thank you.

21 DR. TOd AS: Thank you, Wayne. Wy

22 don't you stay here? W have, unfortunately, only
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15 m nutes.

DR. RABIN. W have a little bit |onger.

DR. TOE@ AS: Alittle bit Ionger.
That' s wonder ful .

DR. RABI N. Because our speaker wll be
here at about 5:15 or so.

DR. TOG AS: So please, all speakers
cone here, and we don't have enough seats, so --

DR. RABIN. We'll bring one up.

DR. TOE@ AS: -- grab a chair and we'l|l
be fine. But before we start this discussion, we
had a discussion with the FAB Alliance G oup that
has a | ot of stakeholders related to biomarkers in
the food allergy arena. And what |'d |like to do,
and we've had an agreenent to do that, is ask one
of their representatives in this case, is, |
think, Kari Brown to join us and actually give us
a couple of mnutes of sone thoughts about where
they're coming fromwhen it cones to the
bi omarkers of food allergies. So, Kari? Yeah.

Pl ease.

DR. RABIN. Excuse ne. Right before you
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do that, a nunber of people online and here have
asked whether or not slides are going to be
avai l able or the recording is going to be
avai l able. The answer to slides is no. The
answer to the recording is yes. [It'll be
avai l able in about two and a half to three weeks.
My guess is if it's like we do wth our advisory
commttee and such, it wll be on the sane webpage
that you use to register for the neeting.

DR. BROMN:. Geat. Geat. Thanks for
giving us a chance to speak real quick. So, I'm
Kari Brown. |I'mwth Revelo Therapeutics, but |I'm
speaki ng today as a nenber of the FAB Alli ance.
So, that's the Food Allergy Bi omarker Alli ance.
So, this alliance was actually forned quite
organically fromnultiple people in this room who
identified the issue with having limted options
for determning efficacy in food allergy clinical
trials.

So, the Alliance is a group of
I ndi vi dual s across academ a. So, researchers,

clinicians, people in industry, in clinical
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1 devel opnent groups, and also in different

2 bi omar ker approaches, al so people from pati ent

3 advocacy groups. So, anyone is able to join who

4 is interested. W are approach agnostic. W

5 recogni ze that approaches in terns of identifying
6 vi abl e (phonetic) bionmarkers for determ ning

7 efficacy in food allergy clinical trials, could be
8 algorithmc. They could integrate nultiple

9 bi omar kers, and they also could potentially just
10 decrease the need of the volune of double-blind

11 pl acebo-control |l ed food chal | enges, and not

12 necessarily elimnate the need.

13 So, really, our goal is to cone together
14 across, | would say, silos. Sonetines it tends to
15 be right in academ a and in funding. Governnent
16 funding in academ a nay have nobre communi cation in
17 their research industry and regul ators may have

18 nmore comunication in their silos. So, we're

19 really working to bring groups together across

20 these wal | s and have conmuni cation across the

21 groups as possible to nove this forward.

22 So, if this is of interest to anybody,
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you're wel conme to speak with nme or Thonmas W I ners
has been doing a |ot of the coordination of this
as well. So, if you would like to join the
effort, we are volunteer, non-funded, but we are
all trying to nove this forward. So, this, today
Is a big step in terns of bringing nmultiple groups
together in the roomtogether. So, | think the
Alliance really appreciates that initiative and
t hanks for giving us the chance to speak.

DR. TOGd AS: Thank you, Kari. Wy don't
you take a seat?

DR. BROWN. Thank you.

DR. TOG AS: So, thank you, everybody.
These were great tal ks, great presentations, and
so we probably shoul d have sone discussion. But
before we start, we are at this stage where a | ot
of great data have been presented, a |lot of things
are noving forward. Wat's in ny mnd, and |'I]
ask the first question is, okay, where do we go
fromhere in terns of bringing those things
toget her, those observations together? Do you, in

your m nd, have sone thoughts about this as
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opposed to just doing the wonderful research you
are doing? Wat wll bring this research together
in away that will produce the basis for noving
forward with bi omarkers? So, who wants to take
this? Erik, go for it.

DR. WAMBRE: As | nentioned earlier, the
way to really push those biomarker is having
people running clinical trial. | nean, |'m
t hi nki ng about the industry or governnent pushing
t hose biomarker. Not forcing, but at |east having
sonme nmechani stic study along wth the clinical
studies. | think that will hel p pushing the
basophil| test or diversity of IgE repertoire. The
T cells, all the T cells. And nuch nore. There
I's much nore biomarker. |[|f they are al ways
associated with clinical sanples with very cl ear
pati ent outcone and clinical data, | think that
wi [l help.

And the other things, as | nentioned,
and actual ly, Al exandra Santos highlighted that,
I's, when you have a bi omarker, you need to do a

| ot of validation, sensitivity, robustness, et
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cetera, et cetera. This take tinme and noney. And
| agree, it's not fun. You have to do it
sonetines 10 tinmes the assay to nmake sure it's
stabl e, and you have the sane concl usi on, but
usual |y nobody want to sponsor that. And | think
that's one issue.

DR. TOE AS: Yeah. Thanks, EriKk.
Sonebody el se wants to add to this?

DR. SAMPSON: |'Il just second what Erik
said, but also, if there was sone way to get sone
kind of a repository of all the different sanples
t hat have been around for these various clinical
trials, it would be a great way to be able to do a
| ot of validation on sone of these assays.

DR TOE@ AS: It's a good point. Ckay,
well, that's ny question, so let's see what the
audi ence has to ask. Steve?

DR. TILLES: Since nobody el se is going
to ask a question. Steve Tilles working at
Ai mune Therapeutics, and this is actually, |
think, primarily for Dr. Santos, but be interested

in the rest of the panel's thoughts as well. And
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1 Dr. CGuerrerio tal ked about the unnet need of food
2 allergy. And we've sort of had a consensus in

3 this group that double- blind, placebo-controlled
4 food chal |l enges aren't necessarily a wonderful

S thing to have in every trial.

6 | will say that at the podium at many

7 neetings, a lot of thought-|eaders think there's
8 no problemwth that. And we give epinephrine

9 fairly routinely during these challenges. So, |
10 really feel like this is a big, alnost existential
11 threat in sonme ways to innovation reaching the

12 masses. And so, ny question is, with this el egant
13 presentation and you proclaimng that this woul d
14 be transferable at experienced sites, how far are
15 we fromthis being either a tabletop option or at
16 | east Wi despread so it can be used as a surrogate
17 outcone in pivotal trials?

18 DR. SANTOS: Thank you very nuch for

19 your question. It's difficult to know how far we
20 are, because | think there's a | ot of boxes to

21 tick and people to convince, | think. But | think

22 froma scientific evidence point of view and
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maybe one of the things, and adding to the
previ ous, actually answering the previous
guestion, maybe we can | ook at, |ooking at the
evi dence we have and synthesizing this evidence to
see whether it answers the requirenents to
actually be able to use the basophil activation
test, for exanple, as a surrogate endpoint for a
clinical trial.

The oral food chall enges are wonderf ul
i n many ways, and they are safe and they are
| nportant for sone patients, but they do, could
create selection bias in the studies, not only
fromthe clinician's point of view because there
are patients that we wouldn't dare chall enge, but
fromthe patients as well, because sone patients,
whi ch are not necessarily the nost severe, don't
want to undergo a challenge for one reason or
another. So, | think that it would be really
hel pful for other reasons as well.

| think that it would be inportant to
maybe synt hesi ze the evidence that we have. O

course, it's not a perfect, and it's not the sane
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as a clinical outcone, and that's absolutely fine.
And | think we can nake a |list of and be consci ous
of the limtations and address them and see

whet her there is good enough to be able to do nore
trials, and then also to increase the
applicability of using these treatnents in
clinical practice, because in clinical trials,
chal | enges have a | ot of challenges and create
selection bias into clinical studies and so on.

But | think it's much nore difficult to convince a
patient to do a treatnent in real life and see
whet her treatnent is working by doing repeated
challenges. So, | think this is a bigger problem
and | think we need to be pragmatic as well, and
make it easier for our patients to actually have
solutions for them

DR. TOd AS: Ron?

DR. RABIN. So, question fromthe crowd
and fromne as well, about the BAT. Dr. Santos,
first of all, why do you think that you get the
di fferences that you get dependi ng upon the food

al | ergen, peanut versus egg, for exanple? So,
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that's question nunber one. Wy don't you answer
that and then I'll go on.

DR. SANTOS: Thank you. So, it's
i nteresting because fromthe existing literature
on IgE tests, for exanple, the cutoffs that have
been identified over tinme are different for
different foods. And because patients are
allergic to one food and not the other, | still
bel i eve that diagnostic tests are allergen
specific. Having said that, and having applied
the sanme nethod for the basophil activation test
to different foods for peanut, egg, and | can
di scl ose prelimnary anal ysis we've done for mlKk,
the optimal concentration is 100 nanograns per M.
| don't know why that is. |If there's any
brilliant mnd in the room So, the optinal
concentration to be able to. So, this is the
concentration at which the test distinguishes best
between allergic and non-allergic. So, there are
sone simlarities that | don't fully understand.
This is why we are doi ng separate studies.

In the end, we may possibly cone to a
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conclusion that actually you need the sane
concentration of allergen, and the cutoffs are not
that different. So, we can extrapolate to other
foods, which I think, froma practical standpoint,
woul d be very beneficial, because doing all these
studi es take years and we need to di agnose
patients today to different foods. So, that would
be very hel pful. But we have been doing these
studi es separately on the assunption that

al l ergens performdifferently and the diagnostic
tests need to be validated separately.

So, far, as | said, the concentration,
the optimal concentration, is the sane for the
studies so far. The cut offs are not exactly the
sanme, but not that different. So, we'll see.

DR. RABIN. All right, ny second
gquestion has to do wth how you performthe assay,
because, as | understand it, there are two
different ways that one could performthe assay,
which is using the patient or the subject's own
basophils, which is nost of the data that you

presented, is that correct?
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1 DR. SANTOS: Yes, that's correct.

2 DR. RABIN. O with acell line. ay.
3 And that when you use the patient's basophils, the
4 attraction is that you're kind of integrating the
S cellul ar responsiveness. But if you're using a

6 cell line, for exanple, then really you're | ooking
7 at affinity, avidity, and those sorts of things.

8 And | can't renenber. | think that you did sone

9 conpari son studies with the sane sera, and you

10 still found that using the patient's basophils was
11 better?

12 DR. SANTOS:  Yes.

13 DR. RABIN. (Gave you better ROCs. |Is

14 that correct?

15 DR. SANTCS: Yes, that's correct. So, |
16 think in an ideal world, if we can have both, |

17 thi nk the basophil activation test is still closer
18 to the clinical phenotype than any passive

19 sensitization assay, because it uses the patient
20 unt ouched bl ood that contains defector cells and
21 the anti bodies in the sane anobunt and affinity,

22 all the characteristics that are in the patient.
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So, that is, in ny opinion, and in ny experience,
It's best than using any passive sensitization
assay, which is dependent on the cellular system
which is not fromthe patient. And, yeah, as you
said, it's a functional test of the antibodies
rat her than the whole integrated system

We have conpared, for peanut only, we
have directly conpared the basophil activation
test with the mast cell activation test, and we
have seen that they are both in the specificity is
simlar. So, when a test is positive, it predicts
peanut allergy wwth a simlar specificity. But
t he basophil activation test is nmuch nore
sensitive, so you have a lot nore fal se negatives
in the mast cell activation test. The mast cell
activation test, however, has one advantage, which
s to provide results for patients with
non-respondi ng basophils. So, these patients that
have the | gE nedi ated pat hway sort of shut down,
then if we transfer those serumonto another cell,
they can elicit a response. But still, if | have

to choose, | would choose a basophil activation
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test for a biomarker for food allergy.

DR. RABIN. Ckay. Thank you.

DR. TOE AS: Corinne? Oh, |'msorry.
There was sonebody. Ckay, you guys deci de.

DR. KEET: | guess ny questionis, if
we' re thinking about biomarkers of response for
I mmunot her apy and t hi nki ng about sort of what was
di scussed this norning about how we think it nmay
be in the causal pathway, whether we think there
needs to be coherence, especially if we're | ooking
at bl ood bi omarkers between the different nethods
of 1 mmunotherapy in terns of the predictors of
response to therapy. @Gven that, nmaybe we think
t he endpoi nt of desensitization may be simlar, or
whet her you think that actually that's not the
case and that we should be pursuing OT bionarkers
and SLI'T bi omarkers and EPI T bi omarkers and
what ever el se we di scover.

DR TOG AS: It's a good question. Wo
wants to take it?

DR. SAMPSON: Go ahead.

DR. WAMBRE: At |east just one. Just
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one coment. | think it depends where in the
cascade the biomarker is. As | nentioned, if you
use DNA, vaccine, or peptide imunot herapy,
probably your best readout will be the T cells.
However, if you want to block, if you want to use
| g4 as a new therapy, | think you should | ook at
| gE and the basophil test. So, | think it really
depends of what is your nmain target, | think.

DR. TOd AS: Yeah.

DR. SAMPSON: Yeah. | nean, very
prelimnary data with the peptide assay, you do
see different responses to different epitopes when
you | ook at O T versus epic versus slit. But
that's all prelimnary, so we'll have to see what
pans out.

DR. TOd AS: Yeah. For response to
treatnment, | can see that different biomarkers
wi Il be nore appropriate. But for diagnosis,
prognosi s of disease, natural history kind of
thing, then maybe we shoul d have, hopefully, sone
comon bi omarkers that will allow us to predict a

few things. Question for Wayne, since you haven't
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gotten into the discussion. Wen it cones to T
cells, I've always been concerned, especially
since we're doing a lot of pediatric research
about bl ood vol unes and what are the prospects of
bei ng able to conduct this work with nuch | ess

bl ood vol une?

DR. SHREFFLER: | don't know what the
big deal is. Kids have a |lot of blood. You know,
| mean, Eric has shown el egantly, Cecilia, others,
that you can to sone extent take advantage of the
hi gher | ynphocyte counts in young pediatric
patients to your advantage and do neani ngf ul
assays wth feasible anmounts of blood. Certainly,
10 M.s is great, but you can go below that for
many of these readouts.

| think when you get into sone of the
things that -- you know, I"mreally interested in,
the TCR repertoire space.

DR. TOQ@ AS: Mm hm?

DR, SHREFFLER: And there, you generally
need depth that's harder to achieve with I ess than

at least 20/30 mls, and the nore the better,
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frankly.

DR. TOd AS: Yeah.

DR. SHREFFLER: However, | do think that
we see in the case of peanut, in the case of mlKk,
where the data sets are becom ng substanti al,
there are sone really dom nant public TCRs that,
when | ocated in a particular CD4 subset, | think
may well have biomarker utility and that are
abundant enough that there's always going to be
sanpling error and that's going to be a major
limtation on sensitivity. But | think that an
assay |like that ought to probably able to achieve
hi gh specificity.

DR. TOG AS: Before you run, there was

sonebody waiting back. I|I'msorry, | don't know
your nane.

DR, SORELLE: Yeah. No, please. I'm
Jeff Sorelle. 1'mfromUT Southwestern. 1, in

addition to doing basic science research, also am
a pathologist, run the clinical |ab test that
hopefully we could use one of these soneday. So,

when we evaluate a new test, and as the FDA
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nmentioned this norning, they have to | ook at
several different factors. So, | wondered if we
can nmaybe just do a show of hands. Since you've
all shown good biol ogical applicability, who all
has now done testing on sanples in over three
clinical trials with the assay you presented?
Andre, | think you've done over.

UNI DENTI FI ED:  Yeah.

DR. SORELLE: And then who has done
testing on at |east 100 patients? And who has
done all of this on |ike over 400 or 300? Soneone
there. And then who has | ocked down a cut off and
t hen done a validation cohort study? So, we
obvi ously have a | ot of good data here to nove
forward with trying to figure out what these
cutoffs need to be or what are our goal posts, and
probably we'll have a conversation with regul ation
going forward to say which peopl e have net or
whi ch tests have net these criteria and can we
nove forward with. So, that's all that | sort of
had to say. Thank you very nuch for all the

really great data.
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DR. TOG@ AS: Sonebody wants to respond
to that or you're all in agreenent?

DR. SHREFFLER: Yeah, | think these
kinds of alliances with industry, because it's
about the funding, right? 1It's about doing the
boring work that's not going to get a conpetitive
RO1L, you know what | nean? | nean, it's work that
needs to be done, but it's very yeoman's practical
kind of stuff. It's what | get bored with
personally. Right. But it's really inportant if
we're ever going to translate this to sonething
that's useful.

DR TOd AS: Ron?

DR. RABIN. Yeah, | had a question for
Hugh about the bead assay because | think there
was sone data published about it. But as |
remenber, you didn't discuss |gG and |1gG bindi ng
to the peptides, particularly during OT, and
whet her or not that was predictive. Can you give
us a few short words on that?

DR. SAMPSON: Yes. Basically, all the

data | showed you is published sonewhere, but |
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guess you're not going to give out the slides, so
they're not going to know where. But anyway.

DR. RABIN. Well, | can have everybody
emai |l you if you want.

DR. SAMPSON: No, no. That's okay. |
get enough emails. Actually, surprisingly, the
reason we're not using it, when we use these
machi ne-1 earning algorithns and identify what are
the nost predictive epitopes and 1gG and | g4
don't rank up there. And that really surprised
me, especially with the i nmunotherapy trials. W
al ways think that that's one of the inportant
factors, but they don't weigh in. They're down
the list. But we have | ooked at them

DR. VOLLMERS:. Al right, Thomas
Vol I mers again, AllerGenis and the Food Al lergy
Bi omarker Alliance. M question is, how do you
all think we should | everage the nonentum gai ned
fromtoday, the excitenent perhaps in the room
about bi omarkers and response narkers? And where
do we take this neeting? Maybe it's Duran

(phonetic) as well. And where do
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we go fromhere? How do we
conti nue the conversati on as

academ a, the FDA, the N H,

I ndustry?

DR. SHREFFLER: Send us noney, Thonas.

DR. VOLLMERS: Believe ne, don't have
any.

MR. RABIN:. Well, are you asking ne?

DR. VOLLMERS:. Yeah, you too. Yeah.
Yeah.

MR RABIN:. Well, | nean, | think we

| earned a ot today and | think we have to have a
| ot of internal discussion. | think eventually,
as these things cone out, what happens is, | think
the way things evolve is that if things have real

i npact, they would probably go before an advisory
commttee at sone point. And whether, how far we
are fromthat stage, | would not begin to predict,
certainly. | think for obvious reasons, we're
very careful about revealing what we think in the
nonent. So, this has been very revealing to us.

We've | earned a | ot about bhi omarkers. W' ve
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certainly established our objectives here. W
hope that the norning talks have inforned industry
and those of you who are interested in this about
what you need to do to bring things to us. And
how fast things wll evolve, | couldn't predict.
But that's the process.

DR. ORTEGA: Just one comment. | don't
try to inpose any work to those who are sitting
there, but | work years ago at NHLBI, and often we
used to generate sone proceedings. Have a
publication out of that, because you are very
famliar to that.

MR. RABIN:. It's going to happen.

DR. ORTEGA: Maybe if it's that on the
books, that will be first step, too.

DR. TOG AS: | think Ron has already
initiated the process.

DR. ORTEGA: Perfect. Yeah.

COURT REPORTER: Could you state your
name, pl ease.

DR. ORTEGA: Hector Otega, San Di ego.

COURT REPORTER: Thank you, sir.
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1 DR. TOG AS: Al right, unless sonebody

2 has sonething else to say, | have the privilege to

3 cl ose the neeting. Ron, do you have to do sone

4 cl osing argunents? No, he doesn't. Ckay. Well,

5 t hank you very much and we'l|l see you soon at the

6 Acadeny.
7 (Wher eupon, at 5:11 p.m, the
8 PROCEEDI NGS wer e adj our ned. )

9 * * * * *

10
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