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PROCEEDI NGS

DR. Bl RNKRANT: Good norning. M nane is
Debbie Birnkrant, and I amthe director of the
Di vision of Antivirals at CDER FDA.
|'"d like to wel come everyone to this virtua
wor kshop on consi derations for PML clinical trial
desi gns.

PM. is such an inportant topic, that the
Di vision of Antivirals has continued our efforts to
support PM. therapeutic devel opnent throughout the
COVI D- 19 pandem c, despite the considerabl e demands,
COVI D- 19 has brought on the division and our
col | eagues.

Because PM. is also a conpl ex di sease,
today's workshop brings together a nultidisciplinary
team of specialists in infectious diseases,
neur ol ogy, virology, rare di seases, and
bi ostatistics fromthe FDA, NIH, EMA, academ a,
along with industry representatives and PM. patients
to address this inmportant topic.

We want to thank our speakers and
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panelists for their efforts and preparing for the
wor kshop t oday.

Next slide, please.

So let's start with a brief background to
set the stage for today's presentations and
di scussions. W are here today because there is an
unnmet nedical need for PM. therapeutics. PM is a
devastating, rare, opportunistic brain infection
that occurs in patients with inpaired cellul ar
I muni ty.

It presents with a variety of serious
neurol ogi ¢ synmptons, including nental status
changes, hem paresis, gait ataxia, and visual
synptonms. The only PM. treatnment is to reconstitute
t he i mmune system when possi bl e.

Unfortunately, inmune reconstitution is
not al ways possible or rapid enough to prevent death
or devastating neurologic conplications. O those
who survive, approximately 80% wi |l not have
recovery fromtheir neurologic deficits.

| nportantly, there are no approved or
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effective nedical products avail able for the
treatment of PML, and that is why we are hol di ng
this workshop today.

Next slide, please.

The FDA is commtted to hel ping support
t he devel opnment of PM. therapeutics. One essential
aspect to successful and efficient product
devel opnent is optimal clinical trial design. FDA
i's hosting today's workshop because we recognize
that design in clinical trials for PML is
chal I engi ng for several significant reasons.

First, as | nmentioned, PM.L is rare. NORD
estimates that the incidence is 1 in 200,000, and
there are approxi mtely 4,000 new cases per year in
the U.S. and Europe. Clinical trial design is often
nore difficult to address for rare diseases for
which there's Iimted nedical and scientific
know edge, natural history data, and drug
devel opnent experience.

PM. is rapidly progressive and often

fatal, which nakes it also difficult to study.
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Di agnosis of PML is often made |ate into di sease and
presentation, and neurol ogic presentation in course
varies based on | ocation and characteristics of
brain | esions.

Anot her chal lenge is that natural history
differs by underlying i mune di sease and i npairnent.
And, lastly, nobility and communi cati ons
difficulties, although comon, may be difficult to
quanti fy.

Next slide, please.

So the purpose of today's workshop is to
foster an exchange of ideas on addressing the
chal | enges and clinical trial design considerations
for devel oping products for the treatnent of PM.
It is not product specific, and we will not be
maki ng regul atory decisions at this neeting. All
opi ni ons, recomendati ons and proposals are
unof ficial and non-binding an FDA, NI H, and al
ot her participants.

We very nmuch hope that today's neeting

wll serve to nove the field of PM. therapeutics
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forward by building on prior collaborative efforts,
which will be discussed, and we are al so | ooking
forward to hearing fromall of you on this topic.

So now | would like to turn the program
over to ny colleague, Dr. Virginia Sheikh, who w |
provide a brief background on FDA's recent efforts
to support PM. therapeutic devel opnent, and then
address housekeeping itens before we get started.

Virginia, | turn it over to you.

DR. SHElI KH: Thank you, Dr. Birnkrant.

Next slide, please.

Good norning, everyone. As Dr. Birnkrant
mentioned, |I'mVirginia Sheikh, and I'm a nedi cal
officer in the Division of Antivirals at FDA CDER
As Dr. Birnkrant alluded to in her remarks, today's
wor kshop is part of a coll aborative,
mul tidi sciplinary effort between the FDA, N H and
academ c experts, that began nore than two years
ago.

The col |l aboration began with a product

nonspeci fic di scussi on between the FDA and NI NDS
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clinicians focused on how PM. Phase Three clinica
trials mght be designed. It was immediately
evi dent that PM. presented several significant
chall enges to clinical trial design, and that these
chal l enges were likely to deter industry engagenent
and hanper product devel opnent.

We determ ned that considerable work woul d
be required to flesh out the existing scientific
evi dence and to establish consensus on key PM
clinical trial design issues.

Soon after, we established the PM
clinical trial design collaboration. This is an
informal, coll aborative effort designed to
facilitate clinical devel opnent of effective
t herapeutic products for the treatnment of PM.

We focused on five key areas for which we
created working groups; JC virus biomarkers; brain
I magi ng; patient-focused drug devel opnent; clinical
outconmes, and clinical trial design.

The col |l aboration has two main ains, the

first is to identify know edge gaps and devel op
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plans for filling those know edge gaps. Today
representatives fromeach of the project working
groups wll provide talks nmeant to summari ze the key
findi ngs of the working groups, and to set the stage
for the discussion sessions.

The second aimand ultimte goal of this
project was to devel op one or nore phase three
clinical trial designs for PML that m ght be
acceptable to regulators, clinicians and patients,
and it mght foster industry engagenent.

Pl ease keep these ains in mnd as you
participate in today's workshop. As nenbers of the
smal |, but dedicated, PM. clinical research
community, each of your perspective is needed to
overconme PML clinical trial design challenges.

Next sli de.

Today's workshop is organized into five
parts. W will begin the workshop with several
essential PM. background tal ks; thereafter, we wl
cover for main topic areas; potential endpoints for

PML clinical trials; PM patient perspectives;
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sel ection of control groups for PML clinical trials,
and, finally, clinical trial designs for PM
treatment trials.

Some of the nost essential work of today's

wor kshop wi |l take place during three panel
di scussions. Each of the panel discussions will be
noder ated by an FDA reviewer and will include five

to six PML experts from academ a, and an industry
panel i st.

Each of the discussions will be preceded
by brief tal ks designed to provide background for
the di scussions. Panelists will be asked to weigh
in on key PML clinical trial design challenges.

In addition to the perspectives provided
by panelists, we encourage workshop participants to
contribute to these inportant panel discussions
usi ng Zooms Q and A function.

Next sli de.

Now sone wor kshop | ogistics. This neeting
is being recorded. Speaker slides, transcripts and

recordings will be available in the com ng days.
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Next, | am very pleased and proud of the
range of expertise and experience we have in today's
wor kshop speakers and panelists; however, in the
interest of time, we're going to keep introductions
very brief. | encourage all of you to view the
wor kshop website for speaker and paneli st
affiliations, disclosures, and, frankly, inpressive
bi ogr aphi es.

If you are not a workshop speaker or
panel i st, your m crophone and video are
automatically turned off today; however, as |
menti oned, we still very much want to hear from you.
Pl ease use the Q and A function at the bottom of
your screen to ask questions and provide comments
for the panel discussions.

We encourage you to use the chat function
for networking and for exchangi ng i deas, as you
woul d in an in-person event; however, questions and
comments entered into the chat will not be actively
collated for panelists or noderators. |If you're

experiencing any Zoomdifficulties today, please
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reach out to the public neetings team at the enmi
address provi ded here.

Next sli de.

Wth that, we'll begin the workshop.

Next sli de.

| would like now to introduce the three
speakers tasked with providing us background for
today's workshop. First, we will hear about JC
virus virol ogy and PM. pat hogenesis from Dr. Gene
Maj or, Senior Advisor to NINDS, Director of the CLIA
Laboratory of Mol ecul ar Medi ci ne and Neurosci ence,
and Scientist Eneritus at NI NDS.

Second, we will hear about PM. drug
devel opnent history, current standard of care, and
the PM. therapeutic | andscape from Dr. David
Clifford. Dr. Cdifford is the Ml ba and Forest Seay
Prof essor of Clinical Neuro Pharnmacol ogy and
Neur ol ogy at Washi ngton University in St Louis.

Third, we will hear about clinical
out comes anmong PM. patients from Dr. Bryan Smth,

head of the Clinical Neuro H V Research Program at
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NI NDS.

Next sli de.

Dr. Major, the floor is yours.

DR. MAJOR: Thank you very nuch, Virgini a.
And it's a real pleasure to be anongst ny col |l eagues
and to participate in this trenmendously inportant
wor kshop and conf erence.

So we're going to start by | ooking at
sonet hing of a basic science view of the causative
agent of the disease PM., that's the human
pol yomavirus JC, and we'll |ook at sone details on
how a viral infection |eads to a denyelinating
di sease.

And could | have the next slide?

These are just the disclosures. You can
take a few seconds to | ook at this.

And then we can have the next slide.

This is what | call the cast of
characters, and in the m ddle you see an MR scan of
a PML patient brain with the classic definition of

subcortical white-matter | esions. We'll have nmuch
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nore imaging in one of the talks later by Mke. And
if you look at at just to the left of that MR scan,
you see the plaque lesions in a Luxol fast blue
stain fromthat brain tissue, the D for
denyel i nati on, and you can see sone of the |esions
that are there that are small, but they do enlarge
and they have a tendency to coal esce into those
| arger | esions, as you see in the box in the scan.

Ri ght bel ow denyelinating Luxol fast blue
stain is the histopathol ogy where you have
bi zarre-1 ooki ng astrocytes, that's the A and
sonetinmes they can be m sdi agnosed as being glionmas
at gliomas, and there are several cases |ike that
that are quite inportant in the literature, they're
bi zarre astrocytes, but they are -- they can be JC
infected. There are al so macrophages in the
hi st ol ogy of this disease.

To the right of that and bel ow the MR scan
is the incitu DNA hybridi zati on using biotin-I|abel ed
JC DNA probes. Those are in the -- they're in the

nucl eus of an infected oligodendrocyte, and the
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density of that staining reflects a concentration of
the viral DNA, which we can find in the nucl eus of
the infected aligo. And we quantitated that sone
years ago, so you can find 10 to the 10th to 10 to
the 12th viral genonme copies per cell in sone of

t hese PML brain tissues.

To the right of that, again, in the
nucl eus of an oligodendrocyte is a pact series of
what we call crystallization of the virion
particles, the newly nmultiplication of variance.
And, again there, any single cell can have 10 to the
8th to perhaps 10 to the 10th viriont particles in
t he nucl eus of a single oligodendrocytes.

Just above that are not infectious
particles, but what they are are assenbly of the
variant protein, capsi protein, which is the
structure that you see in the box in the corner
there, and these are variolite particles. W had
cl oned out the gene for the VP-1 for JC, and
purified the protein. And if you put that in a test

tube with alittle calciumand other buffers,
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actually, the VP-1 will self-assenble into these 40
nanonet ers hexahedral particles.

And if you | ook hard enough in that box,
there is the tip of one of these icosahedral
particles that's called aCAP sonmewhere, and we know
a good deal about the structure of VP-1 and where
anti body responses are nade to.

So those are the cast of characters. Now,
how does all of this work so that you finally get
PML as a di sease.

So we coul d have the next slide.

This is what | call, putting the pieces of
t he puzzle together. W'II|l go through the steps,
which is really the heart of the matter here for
this particular talk today.

I n order for anyone to devel op PM., you
first have to beconme infected with JC
Ser oepi dem ol ogic studies tell us that with
advanci ng ages, the percent of individuals in a
popul ation increases, so that, for exanple, in

individuals in their teens or their 20s, they're
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per haps somewhere in the vicinity of 15 to 25% of
t he popul ation nmay have cone in contact with JC and
devel oped anti bodi es.

By the time that you go into your third
decade, fourth, fifth, sixth, and so forth, there is
a hi gher percent of the population that's
serologically positive. So what happens, we think,
I's approximately 30% of the population that is
seropositive can develop a persistent |atent
infection in the kidney.

And that's evidenced by the fact that
i ndi vi dual s beconme biuric. And you can excrete
tremendous anounts of variant particles in the
urine, but for reasons that we really don't
under st and, there's no pathol ogy associated with
t hat infection.

In some -- in about 30% and that's
| ooking at a variety of different studies that have
been done, and that's globally because JCis a virus
that's represented throughout the worl d.

In a nunber of 1 ndividuals who are
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| atently or persistently infected, or frominitial
I nfection perhaps, infection then can escape from
the kidney and can be found in the peripheral
circulation, approximately 2 to 3% if you do
cross-sectional studies will find that the
popul ation is viremc.

And the virus is dissem nated, and we feel
as if it's dissem nated into |ynphoid organs,
i ncluding the bone marrow. And it could be other
tissues as well, but these are what we woul d
consi der the functional sites of latency. And it's
within these cells we're particularly -- we have

been particularly interested in the bone marrow, and

where rearrangenents -- and we'll see this in the
viral genone -- of the regulatory region may take
pl ace.

Now, interestingly enough, in MS patients
treated with natalizumab, there are a popul ati on of
bone marrow cells, CD-34 hemat opoi etic progenitor,
which mgrate out into the peripheral circulation in

concentrations that are perhaps as much as 10-fol d
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hi gher than normal physiology of the i nmune system
woul d be.

So, for exanple, if we had 1 or 2 or 10,
or whatever the nunber could be, of those cells from
the marrow that could be latently infected, they're
now found in peripheral circulation. Those cells
have a tendency to differentiate the CD-34s into
| ymphocyti c pat hways and not nonocytic pat hways.
And in those that are pre-B, CD-19, CD 20, they're
very good hosts for the growth of JC virus, and so
the virus continues to grow in those type of cells.

Wth tinme, it |ooks as if natalizumb has
an effect on the up regulation and down regul ati on
on a nunber of genes, and mcro RNAs that regul ate
the differentiation of these cells.

And this was not identified by our
| aboratory, but it was identified by Raija Lindbergh
i n Livacabos's (sp) | aboratory in Basel. The pala
domain is very inportant in B cell differentiation,
and spy B is used by -- it's a transcription factor

that's used by JC in order to grow.
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As these cells then multiply, and as the
cells differentiate, then the virus continues to
grow. In sone cases then it could be in a mature
CD-19, CD-20 B cell, or -- and you find these in the
peri pheral circul ation.

What happens at that particular point is
that the virus then can enter into the brain. And
we really don't have exactly the nmechani sm behi nd
that. The Atwood Laboratory at Brown University
seens to think that the virus can be found in
cellular vesicles that can gain entrance, perhaps,
to the choroid plexus, but there's anple evidence to
say that it's certainly a hematogenous spread into
the brain.

So the virus then gets into the brain; it
infects the astrocyte, and it effects the
ol i godendrocyte. There is another transcription
factor, which is very inportant, called NF-1X, there
are four class nenmber of nuclear factor one that are
transcription factors, ABC and X ol i godendrocytes,

astrocytes have a high concentration of NF-1X and
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not AB and C, and that nmakes those cells, alnost by
definition, susceptible to infection.

And then that infection proceeds, and as
we have seen on the previous slide, that PM
initiates as the virus destroys the all egos by
alitic necrotic cell death, JC can be carried into
the CSF, and that's what we | ook for, of course, in
t he di agnostic PCR

So that's putting the pieces of the puzzle
together. A lot of things have to happen here in
order for successful infection to take pl ace.

Can we have the next slide?

| wanted to show you this particular slide
because it was a very interesting case. It was
actually from several decades ago, and it was one of
Dr. Joe Berger's patients.

On the | eft-hand panel there is another
| NCYTO DNA hybri di zati on of the autopsy tissue have
a PML patient, it was a young man, wth
W skott-Aldrich Syndrone, and the density of the

staining tells us that there was a high copy nunber
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of the virus that was there.

On the right-hand side -- and we received
that brain tissue into the | aboratory on the
ri ght-hand side. W also found a bone marrow bi opsy
fromthat patient, and you can see the bone on the
ri ght-hand side, you can see a
hybri di zati on-positive cell there in the m ddl e of
t hat panel.

We did the nucl eotide sequencing of the
virions both fromthe brain and the bone marrow, and
they were virtually identical. The reason | wanted
to show this is because, interestingly enough, that
bone marrow bi opsy was taken four years prior to the
time that that patient devel oped PM..

And we have a nunber of other sets like
that, so that really started our investigation of
the linkage with the cells of the -- infected cells
of the inmmune system and cells of the nervous system
as wel | .

And the next slide.

Let's take a ook at the viral genone, and
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there are two points we want to nake with this
particular slide. One is just to do sonething of an
expl anation of the variants that occur during the
course of infection, and the other is just to show
you where the targets are for the PCR assay for the
detection of a viral DNA, principally what's found
in the CSF.

And there will be a |lot of discussion
about that later on. So let's take a | ook at what's
call ed the archetype. And just for ease of
di scussion then, we like to kind of block those
nucl eoti de sequences in the genone. To the left of
t he genonme, as you see there, they're the sequences
whi ch make the viral T protein, that's a
non-structural protein, it has about 12 functions,
on the | eft-hand side.

On the right-hand side there are the
sequences for the capsid proteins that make up the
structure. The intergenic region there, which is
bl owmn up there for archetype of prototype, is the

non-codi ng regul atory region, and that's really the
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engi ne that drives the infection.

For the archetype is what we find in the
ki dney and in the urine, and it's generally
consi dered non-pat hogenic, and it's in the sequences
whi ch we define as blocks A, B, C, D and E, F goes
on a little bit later.

And since it's generally considered as
bei ng non- pat hogeni ¢, what seens to occur, and
perhaps this -- tissues, is that you have del etions
of the B region; you have a deletion of the D
regi on; you have duplication of then those bl ocks A,
C and E, and they turn out to then be the prototype,
which is the vastly mpjority of the arrangenent of
t he nucl eotide sequences in the PM. brain tissue.

And so then you have the difference in
t hese variants, and we'll call themvariants, that
can be found during the course of infection.
Archetype general ly consi dered non-pat hogenic; the
prototype consi dered what's now being called the
neurotropic variant, and those are the genera

specific ones that we | ook for.
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In the PCR assay that we had devel oped in
the |l aboratory quite a nunber of years ago, we
target that T-protein region because it's unique to
JC and it's conserved, so that if an individual has
JC DNA in their peripheral circulation and in the
brain, which we find also in the CSF, then if we
receive a sanple, for exanple, for -- you know, from
these individuals, then that's the region that we
quantitate the amount of DNA that's there where we
detect it.

We al so have priner pairs and probes in
the D region of the archetype in the sane test tube
so that, for exanple, if we get a CSF, we're able to
tell the treating neurologist in the viral DNAis in
the tissue, in the CSF, in the brain, in the plasm
or serum how much is there, and that's done by
t hose targeted sequences in the T-protein, and al so
we can -- we can say what the variant is; is it the
non- pat hogeni ¢ archetype or the pathogenic
neurotrophic prototype by the detection of that

particul ar region there.
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At the Atrinmus (sp) neeting a nunber of
years ago in Paris, we also introduced anot her
series of prinme repairant probes |ooking at the
VP-1, and that was for different reasons, just in
case we m ssed sonething in T-protein coding
sequences, but that hasn't been used very nuch at
al | .

So there are two things that are inportant
fromthis slide, one is the differentiation between
the archetype in the prototype, and the other is to
take a look at the fact that in this particular PCR
assay, which is -- continues to be, perhaps, one of
the nost sensitive of assays because we can detect
viral DNA and determ ne what the variant is at 10
copies per M.

So could we have the next slide?

There are several factors that | like to
di vide these into, post-factors and viral-factors
that are typical characteristics in PM. patients.
Those factors include ineffective T-cell responses,

In sone cases, anti-inflammtory-type responses,
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finding IL-10, for exanple, in the CSF.

In a series of studies that we did with
our coll eagues at the Vacci ne Research Center and
with Dani el Duick -- Danny Duick and our group, we
| ooked at a number of T-cell populations in PM
patients, and we find that generally PM patients
w |l have a |ack of CD-4 and CD 8 responses.

And in the very early days of |ooking at
t hese i mmune responses, lgor Koralnik's group did --
started a great deal of understanding of what these
T-cell responses were like, and | think that's a
critical, inportant point here in terns of
under st andi ng how i ndi vi dual s and patients control
the infection.

We have expressions of the DNA-binding
proteins that are used by JC, particularly cel
types that may becone infected that have the
appropriate transcription factor DNA-bi ndi ng
proteins that the virus needs to grow. And, of
course, evidence of virema in the plasm or serum

and cell conponents, if we choose to nonitor
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i ndi viduals for virema, and we can now tell the
di fference between the variance, the archetype or
t he prototype.

Viral factors, as we've tal ked about, is
t he arrangenment of the regulatory region, again, the
nucl eoti de sequence in these tandemrepeats, is it
neurotrophic, is it not. Latent cytes and i nmune
systemcells, | think is another critically
i nportant point to look at in ternms of where the
virus may be in an individual.

And al so there are sonme hyper-vari abl e
regions in the capsid VP-1 protein as well, which
may give you an idea, in sonme cases, of what the
oncom ng pat hol ogy may | ook Iike. So there are host
and viral factors that take place here.

In the last slide -- if we can have the
next slide?

There's a summary of these points one, two
and three that we've just discussed. | do like to
say a few things about risk assessnment markers for

PM., that you can neasure in the blood, and there
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are several that can be done relative -- which can
be done relatively routinely.

| think if you have a patient who may be a
ri sk patient because of underlying disease, and the
treatment for that underlying disease, which either
nmodul at es or depresses the i mune system | think if
that individual has a rise in antibody -- to the
virus, that usually is an indication of an active
I nfection.

And so that should be a kind of warning
sign if that individual is viremc, for exanple,
with a pat hogeni c genotype and not the
non- pat hogeni ¢ genotype, which our nultiplex assay
can determne, that's al so another sign, and
ineffective T-cell responses as well. And | think
we have to pay a little bit nore attention to that
in terns of nonitoring patients.

So that concludes kind of |ike an
O ynpi c-speed event here and trying to get through
t he pat hophysi ol ogy of PM. and how a viral -induced

denyel i nati ng di sease can occur. | think I've got
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maybe 30 seconds left to be able to say I'"'mglad to
pass the baton here to ny good friend and col | eague
Dr. David Cifford, who will tell us nore about
treatment in PML patients. So thank you all for
your attention.

DR. CLI FFORD: Geat. Wll, thanks, Gene,
and it's a real honor for nme to be here to share
this very inportant neeting with this group of
friends and col | eagues.

Next sli de.

Just background, and primarily an N H
supported researcher, but have consulted wth nmany
conpani es around issues with PM.

Next sli de.

My objectives in this discussion are going
to be just to rem nd again the challenges we face in
devel opi ng therapeutics for PM. to review a few of
the leading clinical efforts that have been done at
trials, and then to outline what | consider current
manage.

The next sli de.
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s just an endorsenent of this effort for
developing real clinical trials. W' re often
tenpted by our clinical experience grappling with
dangerous di seases, to believe we can see the truth
t hrough i ndividual observations, in nmy experience,
Is a really dangerous phrase for a clinician to use,
and | just think it's really critical, especially
for a slippery and dangerous disease |ike PM that
trials that are appropriately desi gned and powered
be desi gned, so thanks to all those that arranged
this discussion to optim ze that approach.

The next slide just goes over, once again,
sone of the challenges. It has not been for |ack of
i nterest or passion that those of us that have taken
care of patients with this terrible disease have not
conme up with an approvable intervention
t herapeutically.

And so the challenges are very real and,
you know, it will not be easy to get this trial
designed. This is a rare disease, but with a rapid

time course, so it's a subacutely progressive
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di sease.
And it really takes your breath away as a
clinician to see how rapidly patients will progress,

and so there's very little time to identify the
di sease; to decide what you're going to do, and

I nplement it. And when you're doing experinental
interventions, it's cunbersone, so this is very
chal | engi ng to approach.

The next slide enphasi zes, again, how
unpredictable it is; where it's going to occur; what
part of the sky is that shooting star going to be
in, and so prior know edge of the people that
develop it is usually not avail able, and the
progressi on and background is highly vari abl e.

The next slide would just point out that
doi ng clinical assessnment of the patients that
devel op PM.L is also very challenging because it
doesn't develop in perfectly healthy people, it's
not the only problemthat's happening at the tine it
devel ops. These are people with often malignancies

or severe inmmunodeficiency, and may have multiple
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active problens, so dissecting out what you're doing
to PML in this setting is particularly chall enging.

Next slide enphasizes that the correlation
of the clinical manifestation of the disease, which
is what everybody really cares about at the end of
t he day, and the anmount of disease in the brainis
not a -- it's not a tight correlation, you can have
massi ve lesions, like in this scan, in the frontal
| obes that may have m ni mal synptons, whereas, just
a tiny portion of a cubic centinmeter of tissue
involved in critical regions of the notor system or
brai nstem can be | ethal.

So it's very hard to correlate the anount
of disease that you're fighting biologically with
the clinical outconmes that you're seeing.

Next slide just is to enphasize that you
don't get nultiple shots-on-goal with each of these
rare patients that have this disease. This is a
di sease that causes, essentially, permnent
disability, and so you really have one chance to do

your best gane with treating it, and that is -- that
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Is -- conpounds difficulty. On nore chronic

di sease, you could try vari abl e approaches or del ay
the onset of therapy, but it's nmuch nore dangerous
to do that with this disease.

And the next slide is just to enphasize
that this is -- this is really a brain disease, and
So testing the therapeutics requires getting them
into the brain, which has, as we all know, real
probl ens because the bl ood-brain barrier and the
uni que environnment of the brain.

So the next slide, |'mjust going to point
out that while treating it is so difficult, it would
be ideal if we could just prevent PM. so
t herapeutics that m ght arrest this virus before it
causes di sease and prevent it would be ideal.

And, again, this has been non-trivial, the
usual approach to preventing a viral disease is sort
of vaccination, you know, give the individual the
antigens so that the i mune system can work out a
system for controlling this virus.

But that happens in alnost all of us, and
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it fails in the people with PM.,, and so that's not
an easy approach. And if you have a novel way to
nodi fy that preventive approach, it still is going
to be very costly because the rare -- the rarity of
t he disease in even a high-risk popul ation.

So we need wi ndows of opportunity, and at
present we'll have to discuss what the best w ndows
are, but they're are none of them easy.

Next slide |I believe we get into the |ist
of the trials that | wanted to just briefly touch
on. But it's not been, as | said, for |ack of
interest in devel oping therapeutics that we don't
have an ideal approach.

The first one in the next slide is our
effort to test cytosine arabinoside, which | think
is one of the best trials that we've ever designed
and |'m proud of it. The neurologic aids research
consortium and the ACG ran this random zed
multicenter trial in which patients with Al DS and
devel opi ng what | ooked |ike PML were rapidly

bi opsied and entered into this trial.
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And they were random zed either to the
nost active anti-retroviral therapy we could offer
in this pre-cart era, or that therapy plus either
i ntravenous or intrathecal cytarabine.

And t he background, of course, is that the
best therapy we had was usually Zi dovudi ne with
ei t her di danosi ne or stavudi ne, and people were all
generally already resistant to Zi dovudi ne through
nono t herapy before we added the second aggressive
therapy for their anti-retroviral therapy.

And then the next slide, this was a
deci sive and inpactful trial, first, it allowed us
toreally map out what is the natural history of PM
rapi dly di agnosed and actively foll owed, and the
answer was this dreadful disease that had a nedi an
survival time of only 15 weeks after the hurried,
rapi d di agnosis of the disease. And so people die
uniformy and rapidly when the i mune system can't
be nodi fi ed.

And, essentially, the trial did show that

cytarabi ne was not able to influence that course.
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We think probably because the delivery of the drug
was i nadequate to the brain tissue where it needed
to get.

The other thing the trial did was to give
really, | think, the first systematic | ook at CSF
viral load, and Gene Major |ead and effort to study
viral load, and we could really already see that
| ower viral burden in the CSF was correlated to
better survival tines in this disease.

So the next slide.

You know, a good clinical trial, even if
it doesn't succeed in finding a successful drug, can
be inmpactful, and this trial did change practice
such that cytarabine really fell off the map as a
sensi bl e approach to treat PM.L patients, and it al so
set the stage for understanding how Cart, when it
was i ntroduced just as this trial ended, changed the
natural history.

So the next slide just notes, Dr. Walter
Royal lead this effort to try to study and Topot ecan

drug to treat PM.. Again, in-vitro evidence
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suggested that it could be active against JC virus,
and so a phase-two trial was designed. And the
I mportant thing for us thinking about trial designs
was this trial was designed to | ook at imedi ate
versus del ayed institution of the intervention.

And then the next slide.

Unfortunately, it turned out that
Topotecan was quite toxic and it really was a trial
that had to be abandoned, and it al so suggested
al nost everybody was random zed or had to be started
on i medi ate therapy, and so there really wasn't an
adequat e conparative experience by this i medi ate
versus del ayed design. So that flanmed out,
unfortunately, rather quickly.

The next slide has to do with the risks of
hi storical controls. And so of course we're
thinking of a viral disease, and interferon is a
ki nd of elenmentary school antiviral approach, and we
didn't m ss that thought, and so we had al pha
interferon in our therapeutic reginen.

So a nunber of people | ead by a group at
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Hopki ns | ooked at al pha interferon in consecutive
patients treated with it that had devel oped PM. in
the setting of H V.

And the initial inmpression was, wow, you
know, naybe we've got sonething, the nmedian
survivals in the treated patients with al pha
interferon were | onger than we'd seen in untreated
pati ents; however, the experience that, oh, you
know, our active anti-retroviral therapy is changing
t he biology of the disease canme into play, and when
the data was re-anal yzed | ooking at the use of
antivirals in CD-4 counts, the inpact of interferon
went away.

So, again, a rem nder of the danger of
hi storical controls in a | andscape where therapeutic
approaches i s changi ng.

The next slide is about the second of our
NARC ACDG | ead efforts to treat PM,, and it was | ead
by Dr. Christina Marra, and it was an effort to |ook
at cidofovir, a DNA antiviral active drug given |V,

and it was primarily designed as a safety trial, but
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| think one of the contributions in terns of trial
design that this trial contributed was we built
out cones at ei ght weeks on the neurol ogic exam
hypot hesi zing if we had an active good drug that
woul d show i nmprovenent in neurol ogic outconmes after
a couple of nonths of therapy with a good drug.

And so the next slide shows that scale,
and | think that in discussions about grading
clinical change, this could be at | east a good
starting point because we spent considerable tine
trying to build a scale that wei ghted scores of
clinical inpact of disease around the areas that we
know PML could affect. So this, | think, could be
br ought out and | ooked at agai n.

And the next slide, unfortunately, again,
this intervention didn't seemto work. |t was done
in a nmessy period, it was open-I|abel, and nost of
the patients got anti-HV therapy, and you can see
the outcones were that as we went from baseline to
week eight in the first and second columm, that the

CD-4 counts were tending to rise, and in the next
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line, the plasma HV RNA was falling.

So we had an active treatnent of HIV,
which is what you will always have because you can't
deny the use of the H V therapy, and indeed in that
setting it looked like there was a trend for the JC
DNA to fall and, in fact, all of the nedian JC DNA
at ei ght weeks was already down to undet ectabl e DNA.

Unfortunately, the neurol ogic examdidn't
i nprove with survival to eight weeks, in fact, it
got worse, as did the MRI. Now we could probably
i nterpret that experience by the onset of sonme IR'S
and worsening clinical status, but in the setting of
controlling the infection.

So we had an over 50% survival to 12
weeks, and that really was a critical time in this
trial, certainly hopeful in ternms of that.

But in the next slide, cidofovir was sort
of put in better perspective by pooling our study
with five other cohort studies that Andrea De Luca
pul | ed toget her.

And in the next slide you can see that in
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terms of survival, the inpact of adding cidofovir to
CART really -- it nmade no difference. So although
it was a reasonably nontoxic therapy, it was
cunbersone to give, and it really did not inpact at
all the outcone in ternms of patient survival.

But we can see here that instead of having
peopl e dyi ng al nost al ways, at |east 90% as had
been done in the pre-CART era, now there's |long-term
survival out to several years in the CART era. So
t he biology of the disease clearly, clearly changed
by active anti-retroviral therapy, and could that be
better.

And so the next slide was, | think, a very
i npactful study where the French ANRS group | ead by
Jacques Coslo tried to push the envel ope of what's
t he nost aggressive H'V therapy we can design in the
| ate 90s, and they added Enfuvirtide to at | east
three active CART drugs, assuned that maybe that 50%
survival that | showed you in the cidofovir trial
was what woul d happen wi t hout aggressive therapy.

But with aggressive therapy, in the next
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slide, you can see that they actually got about 75%
survival, so up the ante even further by aggressive
use of CART. They also showed the biology of the
CART era PM., which was that really the deaths that
happened were all in the first four nonths.

Thi s di sease, the shooting star, the rapid
course, the disease plays itself out, certainly in
the first six nonths and, in fact, all the deaths
from di sease were in the first four nonths of this
actively-foll owed group

And as they went through the first six
nont hs, nost of the survivors got undetectable JC
DNA sinply fromactive H 'V therapy. Better
responses in terms of CD-4 count and | ower JC DNA
were associated with better survival in the
uni vari ant anal ysis.

So in the next slide, this is the
background that we have for nodern CART therapy, and
with protease inhibitors and nodern therapy of any
sort you don't have Enfuvirtide, | would say that

we're really looking at 75% survival is what you
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could get fromH V al one, which makes the HIV group
of patients a difficult one to add in therapy to
because, at l|east for survival, there's very little
room for inprovenent. And with a very small study,
it's hard to prove a change of survival that's going
to be that small.

Next sli de.

The final trial that | will bring up is
our Mefloquine trial. Now, this cane out of the
effort |l ed by Biogen in response to the issues
around PML with Natalizumab to seek out other
interventions. And in a high-throughput study of
many avail abl e drugs, sonmewhat surprisingly
Mefl oquine fell out as having efficacy in inhibiting
JC DNA in vitro, and in concentrations that we knew
we could get in the brain of patients in a nontoxic
way .

So this was a trial where we conpared
standard of care wi thout Mefloquine to standard of
care plus Mefl oqui ne random zing all comer PM

patients. And the inportant part of this trial is
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it was a trial in which the endpoint was selected to
be the JC DNA copy nunber in the CSF at the baseline
and under therapy.

Unfortunately, in the next slide you wll
see that, while the random zati on worked
beautifully, the standard of care in Mefl oquine
groups and essentially identical viral |oads in the
CSF basel i ne.

Unfortunately, as we went forward, we
could see no inpact of the addition of Mefloquine to
standard of care. However, you know, four weeks is a
very short time to clear DNA fromthe CSF, and the
power of this study to tell us anything at eight
weeks was mnimzed, you can see only three patients
remai ned in the standard of care analysis at eight
weeks.

So the study was -- turned out to be
under powered for the endpoint that we were
interested in, and eight weeks may be a little bit
too short to study the endpoint of JC DNA viral

| oad, but an inpactful study.
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So I'"'mgoing to just nove forward one
slide in and say that this study doesn't rule out
t he use of Mefloquine because it didn't prove it was
i nactive, but it certainly doesn't support it as a
hi ghl y-active intervention.

In the next slide | was asked to just
menti on what the standard of care is, and |'mreally
going to stop because this panel has expert people,
| think that my approach to care of PML is to make a
really clean, clear diagnosis with MRl and JC
detected in the central conpartnent, to stage the
di sease to understand where we are in the setting of
I mmunodefi ci ency and i nmune response so that you can
t hi nk about the active interventions that you can
of fer.

To offer inmmune reconstitution to
everybody, that's clearly advantageous clinically,
and where it can be done, and often can be done, can
be life saving.

To support these patients through, the

outcone is not as bad in everybody as our early
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results suggested, so |'m supportive, and then to
use -- care to actively treat IRIS where it's
present and support these patients, encouraging
peopl e to have hope that they can conbat this
di sease.

But clearly we need active treatnment for
the virus, and that's what this conference, | hope,
Is going to set up the approach that we can do that.

And so having burned up ny tinme, as usual,
|'"'mgoing to stop with that and we can flip through
my other slides, and I wll thank my other fol ks, so
just going right through just the next one, |'ve
really covered each of these points, and you can
review themin the slides later on, but they're
standard points that experts know about this
di sease, and | would just sort of stop and thank al
of my friends and supporters and teachers.

And I'll pass it on to Dr Smith who's
gonna carry on.

DR SMTH: Thanks, Dr. Cifford.

|"'m Bryan Smith, I'"'mat the NITH |I'mcurrently in
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D.C. where there's a |lot of construction outside, so
| apol ogize in advance if there's too nuch noi se.
So I'"'mgoing to tal k about clinical outcomes anong
PM. patient populations, and this is on behalf of
our Clinical Qutcones Wrking Goup, which |I'II
I ntroduce nonentarily.

Next sli de.

So I'"mgoing to go over our working group
structure and objectives, I'll talk about PM
pati ent popul ati ons, specifically thinking about
clinical outcomes and how much the underlying
di sease really dictates those outcones. |[|'Ill talk
about outcones over tinme, when we've collected data,
we've certainly seen that what era we're coll ecting
data from again, dictates what the outcones are for
patients with PM.

Survival is really at the heart of PM
clinical outcones, but |I want to think beyond that,
and what has been collected so far in ternms of
disability and functional status, in addition to

survival. And then | also want to briefly touch on
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| RIS and how that certainly inpacts clinical
outcones in these patients.

Next sli de.

So historically survival in patients with
PML has been uniformy dismal, unfortunately, and
limted attention has been paid to establishing
measurenents of functional outcones in PM., those
related to disability or activities of daily |iving.

Next sli de.

And it really depends on the popul ati on,
so for sonme patients with PM. who have a poor
prognosi s, survival is a nmeaningful outcone neasure,
and really the only outcone neasure that we would
need for a clinical trial. But for others, those in
whom PML has nuch hi gher survival rates, measuring
the PML-rel ated disability is a nmuch nore nmeani ngf ul
out cone neasure.

Next sli de.

So we established a PML Clinical Qutcones
Working Group at the NIH and the FDA with these

nmenbers with the purpose of evaluating the
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differences in outcones that are reported anong PM
di sease popul ations to see which neasures have been
used previously in the literature, and for which
di seases.

And then really to think ahead to eval uate
t he neasures that are currently out there, how
suitable are these for endpoints in PM. trials, and
what potentially is mssing fromthe field in terns
of establishing clinically-rel evant outcones.

Next sli de.

So we did this with a systematic review
that is ongoing. W started with nore than 1, 300
Pub Med hits that potentially could relate to
clinical outconmes in PM.,, and we ended up with 121
studies. And all of these included at |east three
cases, and all had data related specifically to
clinical outconmes in patients with PM.

Next sli de.

So of the 121 studies, the nmedian
publication year was 2009, we actually had over

6, 500 i ndi vidual patients whose clinical outcones
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were reported. The nmean cohort size of each
i ndi vi dual publication was about 54 participants
with PM.. And then you can see that the vast
majority of the studies were small cohorts or smal
case reports of patients.

There were somewhat surprisingly a good
nunber of very large studies, sone nore than 50
participants with PM.. W had about a little over
25% of our studies had a relatively | arge nunber of
partici pants, so that was very hel pful.

Next sli de.

And here is the breakdown by underlying
di sease, so not surprisingly, cohorts with HV --
with patients with H'V and nultiple sclerosis made
up the vast majority of the clinical outcones
reports.

You can see that for sonme of the other
di seases, they're certainly relevant for research
studies, but there are very few reports in the
literature frompatients with these vari ous

under |l ying conditions, idiopathic CD for

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 51
| ynphopeni a, non-henmat ol ogi ¢ oncol ogi cal cases,
transpl ant cases. There's certainly very -- groups
of patients with the dire need for PM.-specific
therapies, but it's relatively rare in the
literature.

Next sli de.

So what we found, and what | think is at
the heart of our results across the board, was that
t he underlying disease is critical. So when we | ook
at the percent survival, the underlying disease
really dictates the percentage of patients with PM
that will survive. So in MS here on the left,
survival is just over 90% and this is an average
across all of the reports that we found.

On the other end of the spectrum we have
primary immunodeficiencies that are already
di agnosed, and survival for those patients is about
10% again, very small nunbers of patients, but very
poor prognosis. So for those conditions on the
ri ght side of the graph, survival would be a very

easy outcone neasure for a trial because the natural
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hi story of the disease has uniformy | ow survival.

Those di seases on the left side of the
graph woul d be the opposite, so if you neasure
survival, you're probably not going to get a good
nmeasur e of whether your drug is working or your
product is working, because the natural history
survival is so high for those di seases.

Next sli de.

So we al so know that the time when the
study was published dictates the clinical outcone as
well, in this case percent survival still. So just
as probably the nost inportant exanple would be HV,
and we Apriori (sp) did a binary cut off of 2006
when CART ace inhibitors becanme avail abl e, and again
this is just publication date, but you can see that
there's a general linear curve upward here with
I nproved percent survival as tinme goes on.

And so down bel ow you can see that percent
survival 2006 and onward is 52.5% probably higher
now, and pre-2006 it was only about 30% of patients

with H V.
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Next sli de.

So there is limted data on survival
beyond percent survival, so certainly it's rel evant
to think about the tinme to death or risk factors for
death, but those outconmes are nobre inconsistent in
the literature, the summary nethods that people used
for these neasures is very inconsistent.

But even with those inconsistencies, we do
see that the underlying di sease probably dictates
t hose outconmes as well, so thinking about the tine
to death, for exanple, really varies nostly by the
under| yi ng di sease.

Next sli de.

So it's inportant to think beyond
survival, we want to think about disability. So
survival doesn't capture the full spectrum of
clinical outconmes across PM. popul ati ons, so we want
to nmeasure function. And we can do that with
measuring a patient's synptons; we can neasure the
neur ol ogi ¢ exam abnormalities and quantify that,

potentially, and al so we can neasure the functi onal
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status, how soneone is doing in ternms of his or her
daily living activities.

And these are all things that m ght be
relevant for clinical trials because they're all
quanti fi abl e.

Next sli de.

So there are a few commonl y-used scales in
the literature, and Dr. Baldassari is going to
di scuss these in nmuch nore detail, so I'Il just skim
over them for now, but a |ot of these vary by the
pati ent groups. So, for exanple, in neurology we
use the nodified ranking quite a bit; in cancer,
oncol ogi sts use the Karnofsky Performnce Scal e
pretty frequently, or versions of that, and then in
MS there's a disease-specific scale, the EDSS,
that's comonly used.

And so it's not surprising in patients who
have M5 and PM., that commonly the EDSS is reported
as a disability scale or a disease-specific scale
when neasuring how the PML is affecting them

There are advantages and di sadvantages to
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each of these, but the main point is really none of
these could be used it as a sole clinical outcone
measure in a PM. clinical trial, and I think this
really highlights the need for a PM
di sease-specific scale that incorporates different
aspects of these existing scales that could be used
for a clinical trial.

Next sli de.

So, for exanple, again, this comon thene,
t he underlying disease really dictates the outcones.
So, for exanple, we have HI'V and nultiple sclerosis,
we did see that the Karnofsky Performance Score was
| ower in patients with H'V conpared to nultiple
sclerosis, and, simlarly, in those studies that did
report the EDSS, certainly a smaller nunmber in the
HI'V group conpared to MS, we do see that the EDSS is
hi gher and, in a sense worse, in the H'V group.

Next sli de.

So | briefly want to talk about IRI'S so
| RIS is I nmmune Reconstitution Inflammtory Syndrone.

For patients who start a therapy that's working

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 56
agai nst the di sease, commonly he or she will have a
clinical worsening as the therapy m ght be working,
so, for exanple, anti-retroviral therapy. So it's
i nportant to know that IRI'S m ght negatively inpact
a disability scale, despite the product actually
wor ki ng, despite a positive effect.

So the likelihood of IRIS during a
clinical trial will depend on the intervention and,
of course, the underlying disease, so we really need
a standardi zed way in the field to define and report
RIS for trials.

Next sli de.

So in conclusion, PM. prognosis varies
wi dely, nmost of this is related to the underlying
di sease that defines the natural history of the PM
prognosis. There's currently no ideal clinical out
point -- I'msorry, endpoint for use in a trial,

t hough we do think a di sease-specific scale will be
of trenmendous val ue.

And I RI'S nmust be recogni zed and account ed

for when nmeasuring and reporting clinical outcones,
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because it's going to confound the results quite
significantly unless it's accounted for.

Next sli de.

So this is a collaborative effort, this
systematic review that is being conducted, and all
t he di scussions and concl usions that we conme up with
have been a very large coll aborative effort, and I
just want to acknow edge and thank our group here.
Thank you.

DR. SHEI KH: Thank you so nmuch, Dr. Smth.
So we're going to go on a 10-m nute break right now,
soif we could all return to the neeting at 11:15.
So | guess a nine-mnute break. We'Ill talk to you
all in nine mnutes.

(Wher eupon, a short break was taken.)

DR. SHEI KH: Wel conme back from break
everyone. W' re now going to dive deep into
consi dering endpoints for PM. clinical trials.
To nmake sure that we're on the sanme page as we
prepare for the first panel discussion, I'mgoing to

provide a brief overview of what we want our focus
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to be on, and sone key consi derations for endpoi nt
sel ection for PM.

Next sli de.

So first, the endpoints discussion today
is meant to focus on primary and key endpoints that
could be used in clinical trials designed to
establish PM. product and efficacy and safety.
These di scussions are not neant to preclude the
i nclusi on of exploratory or secondary endpoints that
m ght informfuture trials.

Addi tionally, we want the discussion to
focus on information that is available currently.
So, for exanple, although there may be ot her
bi omarkers that are scientifically interesting and
that weren't for their study, we want to focus a
di scussi on on endpoints that could be incorporated
as a primary endpoint into a PML clinical trial
t oday.

Next sli de.

As we enbark on discussions about clinical

trial endpoints, please keep these inportant
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endpoi nt characteristics in mnd, first, the
selected clinical trial endpoint should be well
defi ned.

Second, the endpoint should be reliable.
Thirdly, the endpoint should be clinically
meani ngful. So what do | nean by this exactly? So
t he nost straightforward exanples of clinically
meani ngf ul endpoints are direct nmeasures of clinical
benefits, such as nortality or survival or another
nmeasure of how people feel, function or survive.

For PM., a neasure of neurol ogic outcones,
as Dr. Smth was just referring to, would fall into
this category of a direct clinical benefit -- direct
measure of clinical benefit.

But clinical trials can also use
bi omar kers that had been established as clinically
meani ngf ul endpoints. An inportant exanple in
virology is HV viral |oad, which is now used as an
endpoint fromnost clinical trials leading to H'V
drug approval .

I n sone cases biomarkers that are
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reasonably likely to predict clinical benefit, but
are not yet established as clinically neaningful
trial endpoints, can be used to support drug
approval. In the US., this is via the accel erated
approval pathway. Drug conpani es whose products are
approved via this pathway are required to conduct
confirmatory trials, and products can be renoved
fromthe market if the confirmatory trials do not
show t he product provides clinical benefit.

Next sli de.

So although Dr. Smth just covered this to
a great extent, | just want to clarify why we're
tal ki ng about sonething other than survival when
survival is such an inportant outconme for anyone,
and particularly in the setting of PM., |ike why are
we even having this discussion.

So nortality rates are generally high in
PML, and survival is clearly a clinically neaningful
obj ective endpoint, and it's generally considered to
be a gol d-standard clinical trial endpoint; however,

using a survival as an endpoint for PM clinical
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trials mght confer sone di sadvant ages.

And sonme of those di sadvant ages m ght
i nclude the followng: So, first, survival and
nortality do not capture the full spectrum of
serious and clinically meaningful PM clinical
outcones. For exanple, the clinical outconme of a
pati ent who becones permanently bed bound is not
captured by survival outcone al one.

Additionally, as Dr. Smth nentioned,
survival rates are already high in certain patient
groups. For exanple, PM. nortality is relatively
infrequent in the MS patient population in whom a
PM. di agnosi s m ght be made pronptly, and for whom a
reversal of immnosuppression is often possible.
Nonet hel ess, eval uati ng whether this patient
popul ation may benefit from an investigational PM
treat nent maybe warrant ed.

And, finally, the use of a surviva
endpoint may require a larger sanple size for an
adequat el y-powered clinical trial. This may be

problematic in a rare disease |like PM. for which
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clinical trial recruitnent and retention is likely
to be chall engi ng.

Next sli de.

As | nentioned earlier, neurologic
progression is another inportant clinical endpoint
for PML, and Dr. Smth nentioned this going into
sone detail about this; however, there's also sone
chal | enges inherent to the selection of this type of
trial endpoint; nanely, the use of neurologic
progression as an endpoint requires a selection of a
reliable, well-defined, neaningful scale.

Furt hernore, neurol ogic scales, also
cal l ed functional scales, and disability neasures
t hat nmeasure neurol ogi c progression, should
adequat el y capture neani ngful clinical outcomes for
PM. specifically, and Dr. Smth tal ked about that
previ ously.

Dr. Bal dassari will describe a lot -- the
various disability outconme neasures in nore detail
i n her upcom ng talKk.

Next sl i de.
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Scientifically valid bi omarkers have al so
been used to accel erate therapeutic product
devel opnent in many di sease areas, including viral
di seases. Devel opi ng bi omarkers for PM. coul d be
very val uabl e; however, we al so have to overcone
challenges in this area, too. The first challenge
iIs that currently no bi omarkers have been
established as predictors of clinical benefit in the
setting of PM.

Second, the use of biomarkers, for
exanpl e, brain imging and the results of nolecul ar
tests, would have to be supported by strong
scientific evidence supporting the bi omarkers use as
a predictor of clinical benefit.

To inform our discussions about biomarkers
as endpoints for PML clinical trials, we'll hear a
talk on MRI imaging of the brain, and a talk on JC
virus DNA in the CSF later this norning.

Next sli de.

Wth that, | will introduce our next

series of speakers. First, Dr. Laura Bal dassari,
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Medical Officer for CDER s Division of Neurology II,
will provide a talk on PML disability outcone
measur es.

Then Dr. M ke Wattjes, Professor of Neuro
Radi ol ogy at Hanover Medical School in Hanover,
Germany, will provide an overview of brain imging
in PM.,, and third, Dr. Irene Cortese, Director of
the Experinmental |mmuno Therapeutics Unit of NI NDS,
Ms. G na Norato, Statistician at the NINDS Cini cal
Trials Unit, and Dr. Paola Cinque, Senior Physician
at the San Raffaele Scientific Institute in MI an,
Italy, will together provide a talk summari zi ng
avai |l abl e data on JC virus DNA in the CSF as a
predi ctor of PM. clinical outcones.

Next sli de.

Dr. Bal dassari, you have the floor.

DR. BALDASSARI : Thank you so nuch,
Dr. Shei kh. Morning everyone, nmy nane is Laura
Bal dasarri, and I'ma clinical reviewer in the
Di vi sion of Neurology Il at FDA. [|'Il be speaking

about clinical disability outcome neasures in PM. on
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behal f of the PML Clinical Qutconmes Wrking G oup.

Next sli de.

As discussed by Dr. Smth and Shei kh
earlier, assessnment of PM.-related disability nay be
nore nmeani ngful to sonme patient populations in
survival, but a standardi zed assessnent has not been
devel oped. Qur working group sought to evaluate the
use of disability neasures for PML in the literature
in order to detern ne whether any existing neasures
woul d be suitable for use as a key clinical trial
endpoi nt.

Next slide, please.

To acconplish this goal, as Dr. Smth
di scussed previously, we conducted a systematic
review to evaluate the use of clinical outcones in
PML in articles from 1990 to the present that
i ncluded at | east three patients. Qur key outcones
of interest for survival, which was di scussed by
Dr. Smith, clinical disability outconmes, and the
preval ence of PM. synptons within key neurol ogi cal

donmai ns.
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Next sli de.

Utimtely, 121 studies were included in
our anal ysis, which conprised approxi mtely 6,500
patients. Most studies were retrospective cohorts
or case series, and studies nost commonly reported
data from popul ations with H'V and nmultiple
sclerosis or were m xed popul ati ons of vari ous
under | yi ng di seases.

Next sli de.

| first wanted to highlight our findings
related to common signs and synptons of PM., which
inform further discussion of appropriate outcone
measures. Anong approxi mately 2,200 patients for
whom clinical synptom data were avail abl e, the nost
common signs and synptons were reported in the notor
and cognitive domains, wth approximtely 50 and 40%
preval ence, respectively.

| would also like to highlight that visual
were synptons reported in approxi mately 23% of
patients.

Next sl i de.
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The second key finding that I wll be
di scussing is that of disability outcones utilized
in the existing literature. O the 121 studies
i ncluded in our analysis, 72% did not report a
quantitative clinical disability outcome; however,
many studies reported nore of a gl obal inpression of
neurol ogi c i nprovenent or worsening wthout a
quantitative or standardi zed assessnent.

Of the studies that did report clinical
di sability outconme, the nost commonly reported scale
were the Expanded Disability Status Scal e or EDSS,
t he Karnof sky Performance Score and the Mdified
Rankin Scale. A few studies also reported a novel
scale, including the PM. clinical score fromthe
Cidofovir trial discussed by Dr. Clifford earlier.

As it was discussed by Dr. Smth
previously, the disability scale used, as well as
the severity of disability, varied by underlying
di sease.

Next sli de.

Qur group, therefore, evaluated the three
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clinical disability scales that were nost commonly
used in further detail. The EDSS or Expanded
Disability Status Scale, is a 10-step scal e based on
a standardi zed neurol ogi cal exam which was
devel oped by Dr. John Christie for use in patients
with multiple sclerosis. The overall score, which
ranges fromzero to 10, is determ ned by the
quantitative eval uation of eight functional systens,
i ncl udi ng anbul ati on.

Each functional systemis graded on a
scale fromzero to five or six, and the nunmber of
domains in which the patient has varying degrees of
disability determ nes the overall score. For
exanple, a patient with noderate disability in one
functional systemwho is fully anbul atory woul d
receive a score of three, as indicated in the table
on the right side of the slide.

This table and figure bel ow al so
denonstrates that above a score of a four, the score
is driven primarily by anbul ation, and that a score

of six, unilateral assistance is required for
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anbul ati on. Above the six, the steps refl ect
increasing levels of disability related to
anmbul ati on, use of arms, communication, and the
ability to eat.

Next slide, please.

So when we consi dered applying the EDSS to
PM., we noted several potential advantages and
di sadvant ages. The EDSS does account for
mul ti-focal central nervous di sease -- system
di sease, and has a broad range of outcones.
Addi tionally, clinical meaningful changes in the
EDSS are relatively well defined, and it is a
commonly utilized outcone in phase three trials for
mul ti pl e scl erosis.

However, limtations to the application of
EDSS in PML include its intended specificity for M5,
the lack of formal assessnent of PM.-rel evant
domai ns specifically related to behavior, cognition,
cortical visual function and seizures. |It's focused
on anbul ation, the integrator of variability, as

wel |l as statistical properties.
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Next slide, please.

Next, we consider the Karnofsky
Performance Score, which is an 11-point functional
scal e devel oped for use in patients with cancer that
i's based upon the ability to performactivities of
daily living. The table on the right side of the
slide shows that a score can range from 100, which
is normal, to zero, which is death, in increnments of
ten. Patients who are able to work, but can live at
hone, receive a score from50 to 70, and those who
are unable to care for thenselves and require
speci alized or hospital care, receive a score of 40
or | ower.

Next slide, please.

So when consi dering applying the Karnof sky
Performance Score to PM., we again noted severa
potential advantages and di sadvantages. This scale
I's not specific to an underlying disease, it
assesses a broad range of outcones and is a
reasonabl e assessnent of overall disability, and is

al so commonly utilized.
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However, |imtations include | ack of
assessnment of domains relevant to PM., and the
course nature of the categories may not capture a
clinically meaningful change in patients with PM.

Next sli de.

Finally, the Mddified Rankin Scale is a
seven-poi nt functional scale originally devel oped
for use in patients with stroke. Scoring is based
upon the ability of patients to performactivities
of daily living. As indicated by the table on the
right, the score can range from zero, which is no
synptons, to six, which is death.

Patients who could wal k unassi sted are
assigned a score of three or |ower, those who cannot
attend to their activities of daily living wthout
assi stance or wal k, receive a four, and those who
require constant care due to severe disability
receive a five.

Next slide, please.

So when consi dering applying the Mudified

Rankin to PM., we again noted several potential
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advant ages and di sadvant ages, several of which
over|l apped with our assessnent of the EDSS and
Kar nof sky Performance Score.

Simlar to the Karnofsky Performance
Score, the Mudified Rankin is not specific to an
underlying di sease, it assesses a broad range of
outconmes and there's a reasonabl e assessnent of what
overall disability and ability to conduct activities
of daily living.

Clinically meani ngful changes in the
Modi fi ed Rankin are defined as well; however, also
simlar to the Karnofsky Performance Score,
limtations include | ack of assessnent of domains
relevant to PML, and the course nature of the
categories may not capture a clinically meaningful
change in patients with PM.

Next slide, please.

We therefore determ ned that none of the
exi sting functional or disability scales previously
utilized in PML were ideal for us as a key clinical

endpoint in a therapeutic trial, as discussed by
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Dr. Smth earlier. W then consi dered devel opnent
of a PM.-specific scale for this purpose, which
woul d ideally quantify and wei ght the severity of
common neurol ogi cal synptons associated with PM. in
ternms of their overall contribution to disability.

However, we do recogni ze sever al
chal l enges to the devel opnent of such a scal e,
including the rarity of PM.,, which may limt the
avai lability of patients for scal e devel opnment; the
choi ce of an appropriate anchoring scale, and the
dedi cated process of scal e devel opnent.

Next sli de.

So in summary, our systematic reviewthe
literature denonstrated |imted and het er ogeneous
application of clinical outcone neasures across PM
clinical studies. The clinical outcome neasures
that were previously applied to PM. | ack granularity
and specificity for relevant domai ns comonly seen
and leading to disability in patients with PM.

Devel opment of a PM.-specific scale would

be ideal for use in the clinical trials setting, but
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may be | ogistically challenging.

In ternms of our next steps, our systematic
reviewis currently ongoing to allow for
conprehensi ve assessnent of PM. clinical outcones in
the nedical literature.

Next slide, please.

| would Iike to end by acknow edgi ng the
menbers of the PML Clinical Qutconmes Wrking G oup.
Thank you all for your tine and attention this
nmorning. And | will now turn things over to
Dr. Mke Wattjes to discuss brain imging in PM.
Thank you.

DR. WATTJES: Thanks, Laura. Many thanks
for your kind invitation to this nonunental neeting.

Next slide, please.

These are ny discl osures.

Next slide, please.

So this is the agenda. So | wll start
with some introduction words, and then I will focus
on the standardi zed acqui sition for PM. not only for

di agnosti c purposes, but also for disease and
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treatment nonitoring.

And then we will discuss the imging
features, very inportant to understand the MR
nmet hodol ogy in terns of diagnosis and treatnent
nmonitori ng, of course, and then we will focus on the
| esi on evol ution and whether or not the outcone
nmeasures -- the inmagi ng-based outcone neasures are
ready for clinical trials.

Next sli de.

So, first of all, it's very inportant that
imaging is part of the Holy Trinity of diagnosis of
PM., including the clinical assessnent, the CSF
anal yzes and, of course, inmaging.

And next slide.

And this has been incorporated in the --
di agnostic criteria facilitating very early and al so
a very specific diagnosis of PM.

Next sli de.

So in ternms of the standardi zed i mage
acqui sition, we know that the flare has a high

sensitivity in ternms of the PM. | esion detection,
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T-2 can detect certain inmaging features quite
specific for PML, at |east very small intra-I|esional
nodul es or vacuoles at T-1 was able to detect the
stage of the disease in ternms of your irreversible
denyelination, but also in terns of detection of
finding i magery finding suggestive information in
DW is able to detect the architects of viral
replication, and particularly on the border of the
| esi on where the oligodendrocyte swelling is taking
pl ace.

Next sli de.

So for nonitoring -- well, for screening
pur poses in patients with a higher risk of
devel oping PML like a -- treated patients, we can
use a -- scan protocol skipping the T-1 post -- or
if you' re able to apply or to acquire a 3D flare.

Next sli de.

You can even nore shorten the protoco
| i ke suggested by the recent MNCMC gui del i nes by
using our 3D flare in detail on the vy.

Next sl i de.
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So, in ternms of image nethodol ogy, we are
differentiating two different types, very roughly
classically -- classic PM. having these very nice
hyperintense -- T-2 hyper-intense |lesion in the
subcortical white matter, but also involving the
cortical gray matter, hypo-intensity on the T-1, and
a hyper-intensic intensity on the -- and
particularly at the border of the |esion where
active viral replication takes place.

In contrast to that, we have also the so
called inflamatory PM. show ng i magi ng findings
suggestive of inflammation, including contrast
enhancenent for |esional edema and provisional
swel | i ng.

Next sli de.

In ternms of |lesion evolution, this is an
exanple of a white matter onset PM.,, so this is a
treated patient, you see at sonme nonment new | esions
are occurring in the deep white matter or in the --
cortical white matter and then spreading al ong

the -- fibers or other white matter tracks, and then
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becom ng confluent and very dark on the T-1.
However, considering PM. as an excl usive
white matter disease, it would be a failure of
i magi nati on because PML is not an exclusive white

matter disease, it's also a cortical gray matter

di sease.

Next sli de.

And these | esions can start in the
cortical gray matter, like here very nicely

denonstrated, and then subsequently can involve the
oxi-cortical white matter and DHWC -- adj acent deep
white matter. And this is very inportant, not only
in terms of making the correct diagnosis, but also

in terns of understanding the |esion evolution for

clinical trials.

Next sli de.

We can al so have sort of selective tropism
of the virus, alnobst exclusively focusing on the
cortical gray matter, like seen in this patient
here, coining the term GC virus-rel ated

encephal opathy. | call it sonmetines cortical
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phenotype, and the very end is the heliotropi sm of
the granule cells in the cerebellum accordingly, so
the term GCN granul e cell neuropathy.

Next sli de.

So in ternms of the relationship between
I magi ng finding and -- detection of -- in the CSF
it's very inportant that there is a relationship
bet ween i magi ng and CSF fi ndi ngs.

Now, this is exclusively present at the
time of the diagnosis, so we know that the nunber of
copies detected in the CSF is related to a | esion
volunme, and that the | esion volume has al so sone
predictive value in terms of the prediction of
whet her or not the GC virus can be detected and the
CSF are not.

So when the |esion volune gets smaller --

Next sli de.

-- the likelihood that we are able to
detect GC virus in the CSF and the copy nunber of GC
virus on the CFS is going down, and it can be the

case that we see a PML lesion -- a small PM | esi on
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on the MRI and the GC virus is negative.

And this limts our ability to facilitate
a very early PM. diagnosis while we're not able to
detect GC virus in the CSF.

Next sli de.

So in ternms of |esion evolution, imaging
can serve as a nethod to denonstrate |esion
progression and | esion dissem nation, |ike shown in
this picture here, very nicely shown the
di s-cortical phenotype of PM.,, and then subsequently
i nvolving also the white matter in the contral ateral
hem sphere over a period of several nonths.

But not only the lesion evolution in terns
of volune changes is very inportant --

Next sli de.

-- but also to detect other phenotypes
li ke the PML | RIS phenonenon that can occur after
the reconstitution of the imune system which is
reflected by T cell nediated inmmne response agai nst
the virus leading to i magi ng findi ngs suggestive of

inflammation |ike contrast enhancenent and appeared
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| esi onal edenmm.

Next sli de.

This is an exanple of PML IRI'S, the | esion
grows rapidly and then as sonmeone was show ng, a
nmess of 1imaging findings suggestive of inflammtion,
particularly on the border of the original PM
| esions, but also el sewhere, particularly in the
perivascul ar spaces.

So this is a sort of conplication of
i mmune reconstitution, which can occur during
treatnment of PM. and, therefore, | think for safety
reasons, imaging is very inportant to facilitate a
very early detection of PML I RIS | esions on the M.

Next sli de.

Anot her exanpl e how i maging can facilitate
a very precise lesion evolution is during the virus
T-cell treatnment fromour |ocal cohort in the early
stage the flare inmages are able to denonstrate the
progression of the disease at some nonent the | esion
volune is stabilized, and then at some nmonent we see

an inproving in terns of |esion volune on the flare.
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It's not clear what kind of |esions do
shrink or what the underlying pathology really is,
but these imaging findings in ternms of resolution of
RT |l esions or partial resolution of T-2 lesions is
qui te conclusive, at least in our cohort.

Next sli de.

And this is also demonstrated in this
patient very nicely show ng a huge PM. mani festation
in the posterior fossa, also with a |ot of inmaging
findi ngs suggest the inflanmation, you see at sone
moment that the inflammtory signs, so the contrast
enhancenent is decreasing and also the T-2 | esion
denonstrated here on the | ateechot2 is decreasing.

And it's very inportant to understand
using quantitative MR techniques, what kind of
pat hol ogy al ready shrinks on the T-2, whether this
Is edema or whether this is really a parti al
renyel i nation.

So therefore --

Next sli de.

-- it's very inportant to nove on to the
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next step to use quantitative MR techniques, in
particul ar volunetric neasurenents, but also M
techni ques focusing on mcrostructural changes,
including -- transfer ratio and -- imging to really
under st and what ki nd of changes can show an
I nprovenent on MRI, as nicely shown on the T-2 i mge
in the slide before.

A very nice exanple to further increase
t he precise neasurenent of |esion progression is
the --

Next sli de.

-- artificial-intelligence based aut omated
segnentati on technique introduced by Irene Cortese's
group, very nicely shown here, the GC net nethods
very nicely showi ng the automatic -- very precise
automati c segnentation of the lesion here in the
deep exo-cortical white matter, which is very close
to the manual segnentati on done by an expert.

So this, | think, is the future we have to
address to very precisely docunent and nonitor the

| esi on burden occurring over tinme, and the next step
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to understand whether or not these |esions can show
sonme neuronal repair nmechani sm based on
m crostructural MRI using nyelin water fraction
i magi ng or MIR

Next sli de.

To sumup, | think a nulti-sequence brain
MRI not only facilitate a very early PM. di agnosis
according to the -- criteria, but it's also a good
screening tool for high-risk patients |ike
Nat al i zumab MS patient, for exanple.

And MRl - based treatnent nonitoring in PM
really requires a standardi zed MRl acquisition
protocol. The increase of TT lesion burden is a
reliable marker in terns of di sease progression.

The detection and the nonitoring of inmaging findings
successive of inflammation |ike contrast enhancenent
Is very inportant, not only for safety purposes, but
al so for nmonitoring of disease progression and
partial resol ution.

| showed you this exanple when the

i nflanmmati on went away in the case we treated the
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patient with BK-specific T-cells.

Disability and decrease of patient
progression, like shown in the exanples | showed
you, is quite suggestive of treatnent effect;
however, this has to be validated in conclusion with
ot her outcome neasures |ike CSF findings and
clinical findings, of course.

And | think the major future challenge is
to nore precisely assess the | esion burden by
artificial-intelligence based automated segnentation
tools like shown in the slide before, but also to
I mpl ement quantitative MRl techniques focusing on
the m crostructural changes suggestive of neuronal
repair and renyelination to understand which kind of
pat hol ogy really inproves during treatnment to better
understand the real pharmacal dynam c effect of
experinental treatnment, the treatnents in the
clinical trial setting.

Havi ng said this, many thanks for your
kind attention.

Next sl i de.
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And many thanks to ny coll aborators in
Hanover Medical School in particular, to ny
col | eague Thonmas Siplets (sp) -- Thank you very
much.

DR. SHElI KH: Thank you, Dr. Wattjes. And
now I'I'l ask, | believe, it's Dr. Cortese who's
going to start the next talk.

DR. CORTESE: Thank you for the
opportunity to speak here today, and a really
speci al thank you to Virginia Sheikh for all her
work on this project and in leading up to this
wor kshop.

The talk here today is a shared
presentati on between nyself, G na Norato and Paol a
Cinque, and we will be presenting on behalf of our
wor ki ng group, the nenbers are listed here. CQur
wor ki ng group was tasked with the eval uation of the
potential of JCV DNA in the CSF as a biomarker for
PM. product devel opnment. and while the working group
explored the role of JCV DNA nore broadly and is

putting together a detailed report of our findings,
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today we will really focus on the question of
suitability of JCV DNA as an efficacy endpoint for
clinical trials.

And | just want to make note that this
gquestion is asked i ndependently of details of a
specific treatnent approach, which could, in itself,
shape how such an endpoi nt m ght need to be defined
and used.

Next slide, please.

As this audi ence knows, CSF JCV PCR has an
established role as a diagnostic biomarker for PM,
whet her and how CSF JCV PCR m ght nove beyond the
di agnosti c bi omarker, and whet her quantitative
assessnments of CSF JCV DNA m ght provide usable
i nformati on about a patient's di sease course or
response to treatnent, has not been established.

Next slide, please.

And so a question today is whether JCV DNA
in the CSF could al so serve as a predictive
bi omarker, defined as a biomarker that reflects the

i kel i hood of a treatnent effect of a specific
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I nterventi on.

Next slide, please.

Concei vably, a subset of predictive
bi omarkers m ght be able to very reliably predict
the true clinical outcone of interest. That is, how
a patient feels, functions or survives, and could
then effectively serve as a surrogate outcone
substituting for the true clinical outcone.
Val i dated surrogate outconmes can |ead to vari ous
advant ages, they mght sinplify trial design, reduce
requi red sanple size or shorten a study's duration.

But the bar for qualification of a
predi ctive, and certainly have a surrogate endpoint,
i's very high.

So our working group set out first to
expl ore how wel |l [ ongitudinal neasurenents of JCV
DNA in CSF correlate with clinical outconme, and then
as we'll hear fromny co-speakers, we expl ored
practical ways a JCV DNA endpoint m ght be defined
and appli ed.

Next slide, please.
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Up front we need to recognize an inportant
[imtation of JCV DNA neasurenents represented by
technical variability, and this is both over tine
across studies and across | aboratories. Sone of the
nost i nportant sources of this variability stenmmed
from changes in PCR net hodol ogy over the | ast
decades, variability in assay sensitivity over tine
and across | abs, which even today easily range from
10 copies per ml| to sone 500 copies per ml, and
also froma | ack of compn assay standards used
across | abs.

So taken together, this creates a major
chal l enge in evaluating existing data, and is a
reason why true nmeta analysis is not possible.
So if CSF JCV DNA copy nunber is to be used as a
bi omar ker, sone |evel of standardization wl]l
certainly be required.

That said, hopefully we're still able to
appreci ate consistent patterns in the data and
across patient cohorts that m ght informon how CSF

JCV DNA can best be used as a neasure of PM

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 90
di sease.
Next slide, please.
So our working group tackl ed these
gquestions in two ways, first of all, by a review of

existing literature focusing on reports that
contai ned sufficient detail to describe the

rel ati onshi p between quantitative CSF JCV DNA and
clinical outcones.

Next slide, please.

Qur second approach was a prinmary anal ysis
of sanples submtted to a single |aboratory the NIH
LMN CLI A Laboratory, which was under the
directorship of Gene Major from 1999 to 2019. In
this analysis we included 942 sanples submtted to
the lab for testing between 2005 and 2019 derived
from 452 uni que patients.

Whil e the underlying disease is known for
nost of these sanples, information is otherw se
limted in terns of clinical course or ultimte
out cones.

Next slide, please.
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A subset of the sanples included in this
dat abase were derived from patients enrolled in the
Nl H PML clinical cohort, patients for whom we do
have detail ed |ongitudinal follow up, including
clinical and radiol ogical data. Forty-eight
patients fromthis data set were anal yzed, and they
were selected as those who were tested while the LWN
CLI A Lab was acti ve.

Next sli de.

Here we see it depicted nore detail of
this cohort. On the left we see a distribution by
cal endar year, and on the right, the case
di stribution by underlying disease. As we will hear
later in this talk, we were additionally able to
t ake advantage of two validation cohorts with
testing performed in different centers.

Next slide, please.

Looking at the published literature, there
are remarkably few reports detailing |ongitudinal
quantitative JCV DNA in the CSF and its relationship

to clinical outcones. Representative figures from
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two studi es are shown here. Overall, the pattern
that enmerges is that declining CSF copy nunber is
seen in patients with clinical stabilization, but
not in untreated patients or those having
progressi on of PM.

And, simlarly, a decline of CSF copy
nunbers associated with inproved disability
out cones.

Next slide, please.

Anal ysis of the LMN CLI A dat abase
specifically for the endpoint suitability question
all owed to appreciate the |ongitudinal course of JCV
copy nunber across the |argest categories of
underlying di sease in this database.

Al t hough clinical outcome is not avail able
for these patients, we observed, as you see on the
far left, that the greatest uniformty of decline in
copy nunber was achi eved anong MS Natalizumab PM.,
al so associated with |longer duration of follow up
avai |l abl e, which m ght be inferred to indicate

| onger survival in these patients.
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And while in the m ddl e panel and on the
ri ght panel we observe sonmewhat m xed copy nunber
trajectories in other major disease categories,
per haps agai n consistent with the variable clinical
outcones seen in these diseases.

Next slide, please.

Anal ysis of the NIH PML clinical cohort
for whomultimate clinical outcone is known, shows
that all the patients that ultimately died, depicted
in red and on your left, had an increase in CSF copy
nunmber over tinme, while about 87% of those that
survived had a decreased or stabilization of CSF
copy nunber over the tinme sanpling was perforned.

Now |'I'l now hand over the mc to G na.

MS. NORATO. Thank you. So to further
I nvestigate --

Oh, next slide.

To further investigate CSF JCV DNA as a
bi omar ker, we used this observational retrospective
data and identified three time points of interest,

the 30, 60 and 90 days, each with a 14-day w ndow
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around each of those tine points. |Individuals were
classified as having a decline in log 10 JCV DNA
copy nunber of either a quarter, half or full log 10
decline, and individuals were classified as
surviving greater than six nonths, nine nonths or 12
mont hs, based on the survival data.

Next slide, please.

So just to give a brief overview of the
results, we found that survival at six nonths may
not be of particular interest. W calcul ated
six-nmonth data -- survival data, but we are not
showing it for this talk. Survival was not
di fferent between nine nonths and 12 nonths, so we
cal cul ated the nine-nonth data, but it's not shown
here since it is redundant.

And there were also sone futility neasures
that we investigated, such as increases in copy
nunmber, but these are not shown here for brevity.

Next slide, please.

So this denonstrates how we conpiled the

data so all of the data can be put into,
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essentially, a two-by-two table of whether or not
t hey survived past six nonths, and whether or not
they had a decline that was greater or |ess than
each of those specified declines, a quarter log, a
half log or a full |og.

Next sli de.

And we can see how we can develop this
tabl e again for the half |1og 10 decli ne.

Next sli de.

And also a full log 10 decline. And all
of the data will be used in this two-by-two fashion
to help us collect data, such as sensitivity,
specificity and positive and negative predictive
value, and also to performformal testing using
Fisher's effect test.

Next slide, please.

So this is a conpilation of those results
that existed across all those little two-by-two
tables, and in the NIH cohort in particular, again
to separate that fromthe validation cohorts that

we'll be tal king about. And to briefly orient you
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to the table, on the first colum we have the tine
poi nts of interest, day 30, day 60, day 90, and we
al so descri bed baseline behavior.

The second colum is the -- each of those
definitions of interest, as far as which would be
nost useful biomarkers, so that's our quarter |og,
half log and full |og ten decline.

The third colum is the nunber of
I ndi vidual s who -- the nunber of individuals who had
data at each of those tine points.

And then the five remaining col ums
descri be the actual results, the data, so the first
of those is survival anong those who neet the
definition, this is what we call positive predictive
val ue.

And then we see survival anong those not
neeting the definition, this is the inverse of
negative predictive value, specifically we're
t al ki ng about survival here, so it's the inverse.
And then we see sensitivity and specificity, and

sensitivity is those who neet the definition who
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al so survivor are a true positive rate. And
specificity is those who do not neet the definition
out of those who die, so that's the true negative
rate.

And the final colum we have the P val ue
for the Fisher's Exact test, as | noted before.

Next sli de.

So just to go over sone of the results in
particul ar, at day 60 we can see that as we increase
the cutoff here as we have a higher cut off for
decline, we see a higher nunber of -- a higher
survival rate anong those not neeting the
definition, or in other words, a |ower negative
predi ctive value, and we al so see nore sensitivity.
So our better sensitivity is existing at the quarter
or 0.25 log 10 decline and in our half log 10
decl i ne.

Next slide, please.

And we can al so use our P value as a
mar ker for possibly predictive results here, so we

see | ow P val ues, which are good, at our quarter |og
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declines of both day 30 and day 60.

Next slide, please.

And we can see across those results, high
positive predictive value, as noted 89% and 100% A
| ow survival rate in those groups, 43% and 46% and
decently high sensitivity and specificity.

Next slide, please.

And again, we can see simlar strong
results also for the half |log greater than --
greater than or equal to half |og 10 decline, again
with very high positive predictive val ue, sonewhat
wor se survival predictability anong those not
neeting the definition, |ower sensitivity, sonmewhat,
but still decent, and very good specificity.

Next slide, please.

And at day 90 we can see a simlar pattern
of results; however, overall these are sonewhat |ess
convincing than at the other tinme points.

Next slide, please.

So broadly we summari ze our NI H findings as the

behavi or at 30 and 60 days for this biomarker may be
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t he nost predictive of survival, and also in that
way, the quarter or half log 10 declines m ght be
t he nost predictive.

Now I'lIl hand it over to Dr. Cinque.

DR. CINQUE: Thank you, G na. Thank you
|rene, and also to the organizer for inviting ne.
To present sone data based on previous findings
given by Gna, I'"'mgoing to continue with show ng
the data of the value of the reduction of JCV DNA in
CSF for predicting survival in two different
cohorts.

And next slide. please.

So these two cohorts were one from M I ano
at San Raffaele Hospital, and Multicenter cohort
t hat was including patients put together by
Martin-Bl ondel in Toul ouse and receiving |7 cohort
PD-1 bl ockers. And these are the two -- what we
call the two validation cohorts.

Next slide, please.

So this is a representation of the cases

in the cohort of Mlan, including 73 patients with
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| ongi tudi nal eval uati on of CSF sanples, 46 had two
sanpl es taken 30 days apart, and 39 had sanpl es
taken at 60 days apart.

So as we see here, the timeframe is quite
large. We started collecting sanples in 1992 and we
ended two years ago in 2019. So we have a
di stribution of cases with a |lot of cases with HV
infections in the first years of the survey, and we
can see on the right part of the slide that npbst of
the patients actually were H'V, and nost of them
wer e observed after the introduction of
anti-retroviral treatnment.

But we have a nunber of patients with HV
infection in PML that were observed before 1996,

t hen we have the other patients that we can see here
bel onging to patients with idiopathic

| ynphocyt openia, MS, primary inmunodeficiency, blood
neopl asns or other diseases.

So one sinple connection to the PCR assay,
we have used as the sanples, the sanme assay that was

areal time PCR --with a | ow vol ume detection of 100
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copies for M.

The next slide, please.

So here is a sinplified table that shows
the predictive value of a reduction of either or .25
or 0.5 lot, JCV DNA in CSF either at 30 or 60 days,
and the predictive value for survival, and the
negative predictive value or diverse and sensitivity
and specificity, and also we eval uated the val ue of
the JCV DNA | evel at the baseline sanples or
predi cting survival.

The next one, please.

And we can see that the best predictive
val ues -- positive predictive values and specificity
actually were observed at base 16 at -- | ooking at
t he decline of 0.25 or 0.5 between two CSF sanpl es.
So we had a predictive value of 62 and 87,
respectively, and a quite good specificity.

So this is neaning that if you -- if we
see a decline of JCV DNA at 60 days, this patient is
likely to survive, but other patients will survive

despite not reducing their DNA in CSF.
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The next one, please.

This is the second cohort, it includes 56
patients, and 21 and 20, respectively, had a
foll owup sanple at 30 and 60 days, and these
patients were included 31 patients who woul d be
receiving a reconbinant JURM 7 --7, and 22 were
treated with anti PD-1 -- plaques.

So this is a multicenter cohort, so the
PCR assay used was different in different center,
but each patients were evaluated at the sanme center
in the same | aboratory with the sane assay, so the
case distribution by cal endar year, you can see here
that we go from 2010 to 2020.

And nost of the cases were observed during
the | ast years, and the majority of the patients
bel onging to this cohort were patients wth
hemat ol ogi cal malignancies or H V infections
receiving -- but we have quite a significant nunber
of patients with conbined i mmunodeficiency or
i diopathic CD-4 deficit.

So the next one.
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Again, so this was the sane representation
as before -- and | think there is another one --

Next one, please.

Yes, so that is highlighted highlighting
t he data about predictive -- positive predictive
val ue for survival that was 90% and good specificity
at day 60 for both the 0.25 lot decline and 0.5 | ot
decline in this cohort as well.

So the next one.

And this slide is one that summari zes the
value for predictive value for survival, negative
predi ctive value, inverse of these cal cul ati ons,
sensitivity and specificity in the NIH cohort, the
M | ano cohort and in the Multicenter cohort.

And if we | ook at sensitivity and
specificity, we see the specificity was high in al
the three cohorts, with the highest value found in
the NIH cohort. And sensitivity was -- for
sensitivity we saw val ues that were nore different
bet ween the three different cohorts and were ranging

from29 to 71% wth the | owest and the highest
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values in the NIH cohort for, respectively, 0.5 and
0.25 |l ot decline.

So these differences may be due to a
nunmber of reasons that we may want to discuss, and
t hese are including, of course, the PCR assay that
was used, the characteristics of the cohorts, and
also the timng of the CSF sanmpling related to the
onset of disease and also different interventions
that were applied to patients included in these
cohorts.

So l'd like to conclude with the next
slide.

And we can see that both 0.25 and 0.5 | og
JCV DNA copy nunbers in CSF declines at 60 days
predictive for survival at 12 nont hs.

On the other hand, the baseline CSM JCV
DNA copy nunber was not related strongly to
survival, and these data were sort of reduced in the
val i dati on cohorts that -- supporting for these
initial finding that was observed in the NI H cohort,

and of course differing cohorts may account for
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differences in values that we found by cal cul ating
survi val

And | think there is a last, final slide.
Yes.

And I'd like to thank you on behalf of the
whol e group, all the | aboratories and people in the
lab that did the PCR assay and all our coll eagues at
NI H at San Raffaele Hospital, and all the
col l aboration for the nulti-centric PD-1 17 cohorts.
And thank you for your attention.

DR. HARRI NGTON: Okay. Well, thank you
all. We wll now nove to the panel discussion. So,
first of all, 1'd like to thank all of this
norni ng' s speakers for the excellent presentations,
that certainly helped to set the stage for what |
think will be a very interesting and inportant panel
di scussion. | just want to make sure everybody can
hear nme okay. Looks |ike we're good.

So ny nane is Patrick Harrington, and | am
a Senior Clinical Biology Reviewer in the Division

of Anti-virals at FDA CDER. Qur goal over the next
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45 mnutes or so is to dive a bit deeper into the
topic of potential PM. endpoints in clinical trials,
and of course we're focusing on efficacy endpoints
specifically.

And to discuss this topic, we have a very
di stingui shed panel of PM. experts representing
academ a, governnent and industry, and |I'mjust
going to introduce very briefly each of the panel
menbers, so that we can spend as nuch tine as
possi bl e on the task at hand.

Menmbers of the audience can find nore
detail s about each panelist on the website for this
neeting, so please feel free to | ook over the bios
and di sclosures and all those other materials.

So on the panel, hopefully, all the
panel i sts have their caneras on and their mcs
ready. And so I'll just introduce each of the
panelists in no particular order.

So first we have Dr. lgor Koralnik, who is
t he Archi bald Church Professor of Neurol ogy and the

Chief of the D vision of Neuro |Infectious D seases
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and d obal Neurol ogy at Northwestern University; we
have Dr. Roland Martin, who is a professor and head
of the Multiple Sclerosis Center at the University
Hospital Zurich in Switzerland; we have Dr. Cl enens
War nke, who is a consultant of neurology at the
Departnment of Neurol ogy, University Hospital of
Col ogne in CGermany.

We have Dr. Serena Spudich, who is the
G | bert G azer Professor of Neurology and the Chief
of the Division of Neurol ogical Infections and
A obal Neurology at Yale University; we have
Dr. Avindra Nath, who is the Clinical Director at
the U.S. National Institute of Neurol ogical
Di sorders and Stroke at the NIH, we have
Dr. Christina Marra, who is a Professor Eneritus and
Vice Chair for Academ c Affairs in Neurology at the
Uni versity of Washington in Seattle.

And finally, we have Dr. Jennifer Lyons,
who's a Senior Medical Director in G obal Medical
Saf ety at Bi ogen.

Wel I, thank you all for being here. So
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does everybody have their -- okay, so we've got our
caneras on ready to start our discussion.

Agai n, thank you all for being here.
will also note that the previous speakers are
avai | abl e on standby to answer any clarifying
questions on their presentations that the panelists
may have. Menbers of the audi ence can al so use the
Q and A function to ask questions of the panelists,
and we will collect those questions and try to get
as many answered as we can.

| see there are already a few questions
that we will hopefully address. The panelists can
use the chat to communicate with each other during
t he session so, you know, to decide who m ght be
able to answer the questions that are bei ng asked,
but the audi ence comments and questions in the chat
will not be collated for this panel discussion, so
If you really have a burning question, use the Q and
A function for that.

So I'"'mgoing to start our discussion with

probably the broadest and nobst chall engi ng question,
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and |I''m hoping that each of you on the panel will be
willing to provide a response, and when you do

respond, please keep it to just one or two m nutes
to allow time for discussion.

So, as we all know, it's inportant that
efficacy endpoints in clinical trials of
I nvestigational PM. therapies really, |ike any
t herapies, are adequately designed to determne if
the investigational products are effective and
provide clinically meani ngful benefits to patients.

The primary efficacy endpoints in PM
clinical trials may be based on a direct and clear
clinical outconme, such as survival or a reliable
neasure of disability, as has been discussed by the
previ ous speakers.

A primary efficacy endpoint may al so be
based on a | aboratory marker, which we would call a
surrogate marker, such as the JCV DNA levels in CSF
al so discussed by this norning' s speakers. But that
surrogate neasure can only be used as a prinary

endpoint if that | aboratory marker is reasonably
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expected to informa clinical outcone.

So the question is, based on your
experi ence and your expertise and your assessnent of
t he data di scussed by the previous speakers, which
ef ficacy endpoints do you feel are nost clinically
rel evant and feasible for clinical trials evaluating
PM. treat nents.

And 1'd really like, if at all possible,
pl ease specifically comment on what you think m ght
be the single nost appropriate and feasible primry
efficacy endpoint and di scuss why.

And so if the panelists want to raise your
hands, | will take volunteers to begin addressing
this question, otherwise, | will just start calling
on people. Do |I have any volunteers for this yet?

DR. MARRA: ['Ill volunteer.

DR. HARRI NGTON: Thank you, Dr. Marra.

DR. MARRA: First of all, I want to say
that |'ve never seen you in a tie before.

DR. HARRI NGTON: It happens soneti nes.

DR. MARRA: You | ook great. You know, |
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don't know that | can answer this question, which is
why | decided to go first. | think survival is the

nost obj ective, but people have pointed out that in
the MS popul ation, that probably isn't a reasonable
outcome. But, again, people in the chat have tal ked
about the different groups of people who get PM,
and | think we need -- we probably can't |unp them
al | together.

So for whoever showed that nice graph of,
you know, the half of people who don't do well, for
them survival would be a great outcone. So | think
we can't lunp everybody together. Survival is the
nost objective. | think disability is a really
i nportant outconme, and that we haven't done enough
for that.

| don't think that foll ow ng neuro exam or
follow ng volune of lesions is probably going to be
t hat useful because those |ag behind what you're
eventually going to get, and | think that the PCR is
very conpelling, although |I think that the nunbers

are really small, | was pointing out that the
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confidence intervals, even around those hundred
percent estimates, are going to be really w de.

And the thing | would pitch to the rest of
t he panel, because I"'mreally interested in what
t hey have to say, is how we take into account imune
reconstitution. | think a bunch of us are on a
Del phi Panel that's |ooking at how to identify
I mmune reconstitution, and one of the things that's
cone up there is that can you still have detectable
pat hogen and have RIS at the sanme tine.

And | think that's a really inportant
gquestion that we're going to have to address, maybe
with a DNA outcone it isn't as difficult, but I
still think that IRIS is going to be the real
confounder here, | nean, that's -- | think that's
why peopl e, obviously, with M5 do so nuch better.

So l'mreally interested in what the panel
has to say about taking into account IR S and what
ki nd of disability outcones they think would be
good, and how they feel about the PCR in general.

DR. HARRI NGTON: Okay. Thank you very

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 113
much, Dr. Marra.

Dr. Koral ni k, do you have any comments on
your favorite primry endpoint for a PM. clinical
trial?

DR. KORALNI K: Well, first | want to
congratul ate all the speakers and all the organizers
for putting this workshop together. An amazing
anmpunt of work that's going to be very useful, you
know, going forward.

| agree with Christina in ternms of the
maj or endpoi nt being survival and disability, the
issue is that there is such variability in survival,
as we have seen in the different underlying
pat hol ogies that |lead to PM. that you need to have a
very | arge group of patients, and so you can't just
lunp them all together, you need to differentiate
those with H V and those with underlying malignancy.

| think it's inportant to realize that the
| ength of follow up needs to be, you know, probably
nore than just 30 or 60 days, because we've seen

that a lot of patients end up having burnt out PM

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 114
and will be able to stabilize the disease in tine.

And it's also inportant to define which
medi cati on, you know, you're giving to the patients.
If you're giving sonething that is inmmune active
| i ke Natalizumab or Nivolumab, for exanple, that
will be able to reinvigorate the T-cell against JC
virus, then you need to al so neasure an endpoi nt
whi ch woul d be the T-cell function of these
patients.

| hope that | answered the question
succi nctly.

DR. HARRI NGTON: | think we'll probably
get back to you. |I'msensing a thene already that
there may not be one-size-fits-all, but we'll
continue on the question as far as, you know, what
you think are the nost inportant primary endpoints
for PML trials in general, and then maybe we'l
focus on specific sub groups after that.

So maybe we'll go to Dr. Spudich.

DR. SPUDICH. Sure. And I'mgoing to

echo, you know, this is such a disease which is
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always a terrible diagnosis to give a patient, and
" mso glad that we're doing this neeting because |
think we just -- it's absolutely inperative that
these clinical trials can be designed.

You know, mny thought is actually | think
neuro imaging is quite valuable in the patients that
| followed, and I'Il say that |'ve never been
involved in clinical trials for PM,, |I've only taken
care of patients with PM. clinically.

But | do think that it's very helpful to
follow neuro i maging, partly because it's incredibly
reveal i ng about the RIS phase, and | think it's one
of the things that can help sort of us understand
the timng of IRI'S, and al so prognosticate when you
see RIS on your imaging, which sonmetinmes is
difficult to assess clinically when you're | ooking
at a patient.

It can be informative, both in terns of if
the patient's doing poorly at that tinme, that may
not mean they're going to be doing poorly six weeks

| ater, and it also -- you know, | think we still
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have an understandi ng of whether IRI'S actually hel ps
with | ong-term outcones.

So when |'mtaking care of a patient, | do
use neuro i magi ng as an endpoi nt, but usually not at
the six-week tine point, nore sort of at the three
month tinme point or so.

The other thing I'll say is that, you
know, even nmaking things nore conplicated, | don't
think | ooking at a patient who has H V who's on
anti-retroviral therapy, who has PM., who's been on
stabl e therapy and gets PM., can actually be | unped
with sonmeone who has a new diagnosis of HV and is
starting therapy for the first tine.

I n my experience those patients often do a
| ot better in terns of their PM. prognosis than
sonmeone who, unfortunately, gets PM. when they have
well -treated HI'V where you have |less to do for
I mrune reconstitution.

But, you know, | think that the -- |I'm
very interested in the CSF bi omarkers, and | think

t hat thinking about JC virus DNA, as well as
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potentially other markers of injury in the CNS m ght
be inportant, but I think those are still
expl oratory.

DR. HARRI NGTON: Okay. Thank you.

Dr. Martin, do you have sonme commrents on
t his?

DR. MARTIN: Yeah. And also thank you for
having ne, and | think a lot of interesting and
i nportant things have already been said. | believe
t hat probably one cannot lunp all the different
therapies and all the ains together.

If you had a trial that is nore
exploratory with a new approach and tries to
establish efficacy on a surrogate with nore
i mmunol ogy, nore biology and i magi ng, but is not
definitive on the long termin the clinical outcone,
t hen probably the trial has to include slightly
di fferent outcone neasures or sets of outcone
measures than a trial that would be considered
definitive proof of efficacy on the nost inportant

outcone, which is long-termsurvival, elimnation of
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the virus, and stabilization of disability or even
I nprovenent of quality of |life of neurol ogical
exans.

So | think the type of trial and the
approach, and whether it's nore exploratory or it's
al ready getting close to providing approval data, is
a very inportant consideration, but the outcones, to
me, have to be conbinations of markers that depict
t he biology of the disease, as well as imging and
clinical data.

DR. HARRI NGTON: (Okay. Interesting. So a
conbi nati on endpoi nt approach. GCkay. W m ght cone
back to that. So let's see if Dr. Lyons has any
t houghts on this question.

DR. LYONS: Yeah, sure. Thanks. And |
woul d also |ike to echo what everyone has said about
how wel | put together this conference is, and thank
you for inviting nme to be a part of it.

| would also just nention that, you know,
what everyone has said, | agree with that this

one-size-fits-all approach, it poses a challenge
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because, as Dr. Smth had noted, there are very
di fferent outcones based on what the baseline
di sease is, and so for that, the fact in and of
itself, it makes it very difficult to have a single
out come neasure that would be useful for every
popul ati on.

However, if you separate the popul ati ons,
then it becones a very difficult objective to enrol
patients in your trial. So | think that is just one
chal l enge at the very beginning that has to be sort
of sorted out. That said, in an ideal world, | do
l'i ke the idea of having a PM.-specific clinical
endpoint, a scale that could take into account the
common findings that are seen with PM. and coul d be
used as marker for inprovenent.

Agai n, because in sone popul ations
survival is likely, but disability is actually where
the long-termissues arise. | also -- | like the
i dea of MRI endpoints; however, | think for patients
who have severe disease, it becones a little bit of

a -- it could becone a little bit of a logistic
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issue if you are trying to neasure -- trying to do
volunetric analysis and you have a patient who
actually can't tolerate an MR, then that could pose
| ogi stical challenges just to the study in and of
itself.

And then for the CSF biomarker, that is
also a -- you know, it's a great idea; however,
again, noting that there are differences in the
popul ati ons, so one of the things that | have seen,
you know, when | was treating patients was that CSF
viral load in HYV, it can be different from CSF
viral load in, say, a patient who has an underlying
di sease of MS.

And if you have variability in the
quantity at baseline of their CSF viral |oad, then |
think that would potentially pose a challenge in
using that as an outcone's biomarker, again, if
you' re pooling popul ations.

So ny favorite in an ideal world, and |
know it doesn't exist yet, would probably be to --

for us to develop a PM.-specific -- or a PM-quasi
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specific -- as specific as we can be with the
variability in clinical manifestations of PM., but a
clinical functional outcones score.

DR. HARRI NGTON: Okay. Thank you.

Dr. Warnke, could you coment on the
guesti on?

DR. WARNKE: Thank you very nuch, and
t hanks also for inviting ne.

It's a very interesting discussion, and |
like to try and argue to choose a surrogate
bi omarker for the key clinical trial outcone
measure. And what | was wondering, we didn't
di scuss so nuch cl earance of JC DNA from CSF, so no
copies at a certain time point as possible
bi omarker, | think this is related to maybe | ack of
sufficient data on this.

But let's say at a tinme point of 12 or 24
weeks, this could be a good surrogate of that the
infection is under control, and also the MR n ght
also aid in this respect, so no new |l esion at a

certain tinme point could be a nice additional
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endpoi nt. Maybe these two together are the tine
points or the outcome nmeasures | would | ook at,
because this is what | clinically would also do in
my single patients.

DR. HARRI NGTON: Okay. Thank you very
much.

And, finally, Dr. Nath.

DR. NATH: Thanks very much. First of al
| want to start by thanking all the organizers and
speakers, | know they put in a huge anount of
effort, they've been working on it for over a year
and trying to put all this together. And I
particularly want to thank Dr. Shei kh for her
| eadershi p, without which this would never have
happened.

So now with regards to endpoints, | think
one consensus seens to be enmerging, that there is no
one single clear wnner here, each of these
potential endpoints have their drawbacks. And the
i dea al so seens to be energing that maybe sonme sort

of a conposite endpoint may be worthy of
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consi derati on.

So, you know, our usual fallback is to
consider clinical endpoints in a neurol ogical
di sease, but the problemw th that is that as soon
as you do the sanple size calculations, the study
beconmes so huge that it will be alnobst inpossible to
conduct .

So then your next best choice biomarkers,
the problemwi th the biomarkers are that they aren't
really very well standardized, there's |ots of
variability and they vary frominvestigator to
i nvestigator and institution to institution.

So it's a viral disease, one would think
t hat nmeasuring the virus should be the answer, but,
as Paol o showed that -- you know, the variability
bet ween regions and |labs is so nuch that it
becones -- even within a single lab the variability
I's enough to whereby a single end point, it becones
har d.

However, | think what is critical is that

in the context of whatever clinical study we do, we
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need to try and standardi ze these bi omarkers because
ultimately that's the only way that we'll be able to
do small sanple size patients and really test a
| ar ge nunmber of conpounds or drugs or anti bodies or
what ever it mght be -- therapeutic agents m ght be.

And wi thout that, | don't think we're
going to make any progress. So | think we need to
put a huge anount of effort and develop a reliable
bi omarker that is reproducible, and unless we have
surrogate endpoints, | don't think this field is
going to nove too nuch further.

DR. HARRI NGTON: Okay. Well, thank you
all for the comments. | want to dive a little bit
deeper into the JCV DNA potential endpoint, and just
throw in a couple comments just because | was on
that working group, so |'mpretty famliar with the
data, and maybe sone of the previous speakers can
cone in and expand that discussion as well.

But, you know, one of the things that we
considered with the JCV DNA |evels in CSF as a

potential endpoint is, of course, what many of you
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have nentioned, Dr. Lyons in particular nentioned
that, you know, depending on the underlying disease,
the -- you know, the baseline |level could be quite
variabl e, which creates a challenge with using that
as a surrogate neasure.

And that's part of the reason why we
focused on not -- not the absolute |evel, but the
change from baseline. So we're |ooking at the
change from baseline as an indicator of how the
patient m ght be respondi ng virologically.

And | wonder if others on the panel can
ki nd of coment on whet her that change from baseline
val ue, you know, which can be used regardl ess of
your baseline level as long as it's a quantitative
nmeasure, does that help to make that a nore wi dely
applicabl e surrogate marker that could be used for,
you know, the broad PM. patient popul ation.

Again, bringing up the issue that if you
start dividing up everybody into smaller groups,

t hat they beconme al nost too small to conduct a trial

or it just becones really challenging to power a
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trial for efficacy.

So does anybody have any thoughts on that
as far as just a specific change from baseline to
say, you know, day 60 or, you know, a particular
time point as a potential neasure of how the patient
I's respondi ng.

DR. MARRA: Well, even though -- | asked
this question in the chat -- even though baseline
DNA doesn't seemto be a marker, it seenms to ne that
you still would need to take into account baseline
val ue because 25% of the person starts with 100, and
25% of the person starts at a mllion strikes ne as
sort of a different situation.

| don't know that you can lunp -- again, |
know we don't want to lunp everybody together so we
have greater power, but | would Iike to see an
anal ysis of that that took into account people wth
| ow nunbers and people with high nunbers.

DR. KORALNI K: So, Patrick, if I may?

| think we also have to consider where the

patient is in their disease when they are enrolled
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in the trial. Because, you know, diagnosing PM. is
not easy for people who don't see that every day in
their clinic or on the ward, and so, you know, on
nore than 100 patients where we had exactly the tine
of synptom onset and tinme of diagnosis, the medi um
delay to diagnosis was two and a half nonths, right.

So when you have sonebody who's already
advanced when they are di agnosed, then they may not
have, you know, a high level of JCV DNA in the CSF,
and they may al ready have advanced di sease. So it's
difficult to nmeasure, you know, a difference from
baseline if sonebody is already severely affected
clinically to the point that the famly is
consi dering even going to hospice rather than to
going to a clinical trial and follow up.

Plus, it's not trivial to do serial LPs,
you know, in those patients, especially when they're
severely affected. So to rely too nmuch on the
change in DNA value of a time may be putting
ourselves in a corner, which is going to be

difficult to enroll patients, right, in those
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trials, yeah

DR. HARRI NGTON: Okay. Thank you for your
coment s.

DR. MARTIN: Patrick, |I have one coment.
One thing that was alluded to a little bit, but
which | think is also inportant, what kind of
treatment one is exam ning.

So, for exanple, an antiviral nmonochrone
anti body that would not change the host's i mrune
responsi veness to the virus, one would probably need
to look at different things, and if you have a
treatment where you reinvigorate or reactivate the
I mmune system that was not fully functioning before,
and really clearly have sonmething in the trial that
consi dered that.

DR. HARRI NGTON: Okay. |I'mgoing to
let -- Dr. Clifford has his hand raised, if he wants
to ask a questi on.

Go ahead, Dr. Cifford.

DR. CLI FFORD: Thanks. You know, as |

reflected, really wonderful coments about the
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sel ection of these markers, but as a gray-haired
clinician, I'"mincreasingly backing off into saying
what's the |l ong-termvalue that we can get out of a
trial, and | think that it nmay be that we will want
to think about a delayed final outcome sort of
assessnment as the primary value that we place on --
on a planned interventi on.

Because there's so nmuch noise in all of
the issues of, you know, staging the patient
initially; how much virus we're dealing with; how
much of the brain is already danmaged.

The change and the final outconme in the
clinical status after the dust is settled, which
means, | think, nine nonths or longer into the
di sease, because we know that it's going to take
some nmonths for the virus to be controll ed.

And that the immune reconstitution
response goes on for at |east six nonths, and you
can see the functional inprovenent in the
Nat al i zumab patients in the second six nonths of

follow up after the disease.
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And so, you know, how nmuch per nmanent
damage is done by the IRI'S, you know, is there a
bal ance of stinmulating too much IRIS or too little,
all of those things are going to be part of a
successful therapy, and so | would -- | would
encourage our field -- and I"mgqguilty, too, | want
to know in the first three nonths if I'mon the
right track.

But as | said, this is a disease where you
may only have one shot per patient, and we shoul d
make smart trials to give patients a good
opportunity for therapy.

But | think mybe we ought to settle back
and just say, you know, we have to be satisfied,
we're going to have to conpare the final outconme and
how well we do in the end. Because at an interim
point, we're not going to be able to act on
effectively for that patient.

So | just would put that thought into the
consi deration of when you want your primary outcomne,

maybe we're struggling to have it too early, and
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that's just not practical for a disease of this
ki nd.

DR. HARRI NGTON: And just to clarify, when
you say your primary outcone later on at six or nine
nont hs, you're tal king about survival or disability?

DR. CLI FFORD: Percentage of | oss of
function that has accrued in the course of |iving
through this disease and surviving it. So | think
that's very inportant, but, you know, because we're
starting with very different baselines, the ultinate
outconme, short of survival --

| mean, we all -- we want to have our
patients, but we also want to prevent as nuch
disability as we can, and whether the disability is
caused by PML or by the virus or by RIS or by side
I ssues that we've brought up by sone powerf ul
t herapy that, you know, both gave us an i nmmune
system but al so danaged our patients in the
process, you know, the ultimate integration of what
the outcone is is really inportant.

And | would say maybe this field has tried
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to have quick answers that are possible in diseases
i ke H'V where you can see viral |oads in
correlations with outcones, but maybe it's just too
much to ask for this disease.

DR. HARRI NGTON: All right. Thank you.
There are a bunch of questions about, you know,
what's the inpact of baseline JCV DNA | evels, for
exanmpl e, or other baseline factors, and whether for
t he surrogate marker, for exanple, if you stratify
patients by their baseline disease, do you |ose that
potential association with clinical outcones.

And | wonder if one of the earlier
speakers woul d comment on that.

And | see Paol a Cingque has her hand raise,
maybe she coul d answer that and ask her question at

the sane tine, if that's possible.

Dr. Cinque?
DR. CINQUE: Yes. Well, I was interested
on the issue of the -- virus to your answer that you

rai se, and al so sone of the panelists, and because

as you anticipated, it's very difficult in clinical
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practice to identify patterns anong patients because
it looks like every individual patient has his own
ki netics or trajectories.

So for clinical trials actually it is
really difficult to have a glioses an endpoi nt
because the clearance is the ultimate goal, | agree,
because this is a viral disease for rem ssion, but
then it m ght be reached after maybe six or nine
nont hs, and there's also -- Igor was underlined that
was very inportant, we don't know at what stage of
di sease we get patient for the first tinme, so we
don't know actually the baseline -- objectively.

And I'd also like to nake a very short
comment to link the CSF finding to MR, because | do
believe MRl is fantastic now for conditions |ike --
where CSF exam nation is a bit insensitive, although
our experience that was quite proven over tinme, is
that the follow up -- the changes in M
| ongitudinally occur with sone delay after clinical
i nprovenents and viral declines.

There may be one exception, that is when
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we have an IRI'S, so the viral |load is maybe al ready
in downhill and MRl is nore real time, and | think
this is also inportant. So it seens |like in our
experience that clinical changes and CSF changes go
paral lel, and MRl changes show up a bit later. And
| don't know whet her you have the sane experience
with that.

DR. HARRI NGTON: Go ahead, Dr. Spudi ch.

DR. SPUDI CH: You know, we haven't talked
about, | don't think today, is whether or not
follow ng system c i mune paraneters in conbination
is predictive. And, you know, we've tal ked about
| RIS as being a negative thing, but of course the
positive imune reconstitution that we've seen when
people either stop their immunosuppressants or they
have an inmprovenent in their HV control, for
exanpl e.

And, you know, | think that conceptually I
think of that as being predictive of outcone, but I
don't know if that's being shown to be predictive of

outconme, and so should sonme sort of system c inmune
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noni toring be part of an outcone that one's
carefully followng to assess efficacy overall for
PM_.

DR. HARRI NGTON: All right. Dr. Nath, did
you have a comment about that? | noticed your
expressi on.

DR. NATH: No, no, | was distracted a bit.

DR. HARRI NGTON: Oh, sorry.

DR. NATH. | think the points are nade,
you know, it's true, | think the clinical endpoints
always -- and it's very hard to argue agai nst them

and that's what affects the patient's ultinmte
outcone. And | do agree that, you know, things --
course and trajectory is going to differ from
patient to patient, and that it's going to take a
whil e before you know the ultinmte answer.

And | think because of those
variabilities, the problemwth that is that when we
did the sanple size calculation, and maybe -- exact
nunbers here, it just seenmed |ike the sanple size

was so |l arge, you needed |like 200 patients or
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sonet hing of that nature, that you'd never be able
to do the clinical trial, you know

And it doesn't matter what kind of agent
you're going to use, | think you're going to run
across those kinds of problenms. So you need sone
ki nd of conposite whereby you've got some bi omarkers
to go with it.

As | nentioned earlier, despite the
dr awbacks of all the biomarkers, if you have good
bi omar kers, you can decrease the sanple size. So
you have to | ook at that aspect, it has to be
taken -- | nmean, into account. You may have the
best wish list, but the practicality of how to do
t hese studies is going to be inportant.

And if you have a very large study, then
you're going to be able to study only one conpound
every few years.

So we want to study a | arge nunber of
these things and multiple candi dates sinmultaneously,
so somehow we need to factor in how we're going to

decrease the sanple size and yet study vari ous
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agents.

And we can't just be doing exploratory
studies on five patients and ten patients here and
make very little headway, you know.

DR. HARRI NGTON: Thank you. Those are
excell ent points. And that's really why we work so
hard to try to see if, you know, there is a
surrogate marker out there that, you know, would
potentially reduce the need for a certain sanple
size that just becones not feasible for PM.

|"mgoing to let Dr. Cortese comment. She
has her hand rai sed.

DR. CORTESE: Thanks. Hi. | just wanted
to follow up on sone of the comments that were nade,
and | wanted to add that surrogate outcones al so
have anot her inportant value, which is by shortening
the duration of trial participation, it also
I ncreases acceptability for the patients. And so it
i ncreases a very real problemin trials in a rapidly
progressive di sease where patients naybe have little

confidence that they're getting better or that
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they're going to survive, that it helps to retain
themtill the end of the study.

And so if we were able to identify sone
sort of a surrogate that could reliably -- and this
woul d obvi ously have to be validated, and we have to
prove that it actually does predict the ultimte
true clinical endpoint, but it mght nake it so that
actually running trials is nore feasible and
practical, in addition to possibly reducing sanple
Si zes.

The other thing | just wanted to nention
respondi ng to Serena and Rol and earlier about
I mrunol ogi cal outcones, | nean, these are obviously
incredi bly inportant, but it depends, you know, on
the treatnent intervention. So an imune -- sort of
way to nmeasure inmune reconstitution and achi evenent
of immune reconstitution probably is nore or |ess
val uabl e dependi ng on the intervention that's being
used.

So it's kind of difficult to speak sort of

agnostically without an actual treatnent in m nd,
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but, obviously, you know, that does play a role in
whi ch endpoint is chosen.

DR. HARRI NGTON: All right. Thank you.
Dr. Martin, do you have a comment ?

DR. MARTIN: No, you just reiterated what
| tried to say before, of course the nechani sm of
the treatnment is very inportant.

And al so along Dr. Spudich's coments,
it's also very inmportant to consider what kind of
i mmunoconmpronm sed the patient has, a
Nat al i zumab-treated MS patient is a typical exanple,
they are fully imunoconpetent, they are always able
to deal with JCV, their imune cells just don't
enter the conpartnent where they' re needed.

So you have a di sease where just taking
t hat block away wll wusually get rid of PM., and
t hen you have a CD-4 | ynphopeni a patient or sonebody
who has received anti dCD20 and is inmmunoconprom sed
for quite sonme time or for a |longer period of tine,
so in each of these you need to consider exactly

what the i munol ogi cal conprom se or which assay to
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use to text for what your drug does and what the
patient's problemis.

And | was just thinking along Avi's and
| rene's coments also for shorter trials, PML is so
het erogenous with all the facets that you have
menti oned and shown, that one al ways wonders
whet her --

| don't know whet her you know Ni chol as
Shock from Squi bs who advocates one-patient trials,
so taking individuals are very well defined where
one characterizes all this in a single individual
and tries an intervention and docunents again in
great deal what's going to happen through surrogates
and imaging to viral load to i nmunol ogy, and then
draws concl usions fromthat.

So there's an interesting nature paper
from him positioning this concept, and it would be
for -- at least for the exploratory trials that he
wants to conduct many, would be sonmething worth
consi deri ng.

DR. HARRI NGTON: Okay. W can maybe
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tackle that |ast part of your comments in one of the
| at er panel discussions about clinical trial design

in general. But, you know, just here we just really
want to focus on the specific endpoints.

And, Dr. Berger. you have your hand
rai sed?

DR. BERGER: | do. And perhaps these
coments are best for later in the afternoon when we
tal k about clinical trial design. But | think that
as Rol and nmentioned, the heterogeneity -- as all the
speakers have nentioned -- the heterogeneity of this
il ness makes it extraordinarily difficult to design
a nmeani ngful clinical trial. And the sanple sizes
are going to be enornous.

Recall that all the studies that David
mentioned earlier this norning had difficulty
recruiting even small nunbers of patients to them
So the exploratory study is the way to go and to
have as honpbgeneous a popul ati on as possi bl e;

t herefore, you m ght consider doing a study in just

I ndi viduals with underlying hematol ogi c di sease with
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PM. where you know that the outcone is going to be
vested with lanmentable results and that, you know,
the study would be -- would likely give you sone
answers.

The other thing, and | agree with Rol and
that, you know, these small studies, nmaybe even
one-pati ent studies, where people are extrenely well
characterized may be a way to go with -- in terns of
the exploratory studies. And the biomarkers |ike
are being developed in MS may turn out to be very
i nportant, things |ike neural filament |ight chain
or GFAP, may be very hel pful for us in determ ning
whet her or not people are seeing response.

And then one |ast coment |'d make, we
certainly see people who still have JC virus
detectable in their spinal fluid, yet have done
beautifully and they're |long-term survivors, so |I'm
not sure that, you know, trying to elimnate the
virus entirely is going to be a |ikely outcone for
us. It may be that we can never do that. |t m ght

be just |like the herpes viruses, you know, you're
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just never going to get rid of it inits entirety.

So those are the comments | had with
respect to this norning.

DR. HARRI NGTON: Okay. Thank you.

Dr. Koralnik, | see your hand is raised.
Before | get to you, | just wanted to ask one
gquestion, it was a follow up to an earlier point
that Dr. Cortese was naking. So, you know, a
surrogate neasure or a |l aboratory marker or
sonet hing that can be neasured a little bit earlier
in the trial, you know, even if it's not used as a
primary efficacy endpoint, you know, the conversion
I's maybe it could be used as a futility endpoint.

And one potential benefit of having a
futility endpoint is that, for exanple, one may be
able to identify study volunteers early who are
unlikely to neet the primary efficacy endpoint, so
that these volunteers could then be unblinded, if
it's a blinded trial, and then have access to an
experinmental treatnent if they happen to be in a

control arm
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So | guess ny question is, should we
consi der any of these endpoints as potenti al
treatment futility rules to help make earlier
decisions in clinical trials, and maybe nake those
protocols nore, you know, acceptable to patients.

Do you want to conment on that,

Dr. Koral ni k?

DR. KORALNIK: Yes. Wll, it's a
conpletely different question. | think it's, you
know, has many | evel of answers, obviously, to
stratify best how we include patients in the study
to begin with is going to be very inportant because,
obvi ously, patients are too advanced than any
intervention is going to be futile by definition,
right.

And then we can decide, you know, how we
apply those futility analysis to all the different
paranmeters that we discussed, which is going to be
al so another |evel of conplexity in the organization
of a trial.

Just wanted to say another thing about the
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I mmunol ogi cal endpoint. | think it would be great to
i nclude them but we need to have a good baseli ne,
for exanple, especially if we use nedication |ike
Penbrol i zumab or Nivolumab that will reinvigorate
the T-cells like in JC virus, but it's only
predi cat ed about the presence of these T-cells in
the first place in the patients, right, and so that
could be a way to decide which patient we would want
to include in the trial in the first place.

| think that those should be conbined with
the MRl aspects since the definition of IRISis very
i nportant if we use inmmunol ogi cal active
medi cati ons, and we shoul d be careful when we do
volunetric analysis on MRl to make sure that we
don't |l ook only at the size of the |esion, but also
at atrophy in the area of the |esion, because,
unfortunately, renyelination really doesn't appear
in a patient with PM.

DR. HARRI NGTON: Okay. Thank you. W are
pretty nmuch out of time, but | wanted to just give,

you know, another mnute to any of the other
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panelists if you have any other comments to add to
this discussion. | know we could go for hours, but
|'"'m sure there are a | ot of people who want to take
a lunch break before com ng back to the afternoon
sessi ons.

Anyone el se on the panel want to --

DR. MARRA: Well, one thing that cane out
in the discussion was the idea of dividing people
out, which is sort of alittle bit nore than an --
of one, but the sane idea of maybe considering all
Nat al i zumab patients as a group rather than
conbining themwith others since, as this one
poi nted out, they have an obvious treatnment for PM.

DR. HARRI NGTON: Right. And what woul d
you propose for their endpoint for that particul ar
popul ati on?

DR. MARRA: | think you could use an
I mrunol ogi ¢ endpoint. | would ask I gor what he
could do with them but | think that they would
potentially have an i mmunol ogi ¢ out point --

endpoi nt that could be assessed in bl ood.
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DR. HARRI NGTON: Okay. Dr. Lyons, | think
you will be the |last one to comment before | unch.

DR. LYONS: Okay. Sure. | just wanted to
cone back to your point about using a bionmarker as
futility, and | like that idea, |I like the idea of,
you know, potentially using CSF JCV DNA
quantification as a futility marker, not in terns of
| ack of a drop in the viral |oad, but if you have at
four weeks or eight weeks your virus level is going
up, then obviously whatever you're doing is not
wor ki ng.

So operationally though, | don't know that
that's ever been | ooked at in ternms of how useful
t hat woul d be, neaning, how commpn it is that, you
know, when you start to do worse, your JCV |evel
actually goes up as opposed to you mght start to do
worse and it's because of IRIS or it's because you
have extensive danage that is irreversible in the
br ai n.

But | think just as an initial thought in

terms of, you know, sonething that is quick and easy
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to sort of determne if there's futility in your

study, | |ike that idea.

DR. HARRI NGTON: Okay. Thank you very

much. |'msorry we did not get to all of the --

there are several other questions that we coul dn't

get to before the end of the session, but we're

going to take a break now, and | think we conme back

at, what is it -- it looks like 1:20, so we have

time for a brief lunch. Thank you all.

Thank you

to all the panelists for your hel pful comrents.

We'l|l certainly take all of this under
consi derati on.
And |I'm sure sone of this wll

t he subsequent panel discussions as well

come up in

today. So

t hank you again, and we will take a break until

1: 20.

(Wher eupon, a lunch break was taken until

1: 20 p.m)

DR. SHEI KH: Wel cone back everyone. |

hope you' re refreshed and ready for a productive and

t hought provoking afternoon or, for our

Eur opean
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col | eagues, early evening. You're about to hear
about the PM. patient perspective. First Joan
Chayon, Senior Nurse Consultant and Certified M
Nurse at NINDS will provide you with a summry of
what we've | earned through FDA NIH efforts to elicit
the PML patients' perspectives on clinical trial
desi gn.

Thereafter, we'll hear fromtw PM
survivors, Suzanne Tobin, an acconplished copy and
| ayout editor for the Washington, D.C region, and
Luca | sabella, a nmanagenent advi sor who is
participating today fromhis home country of Italy.

"1l hand the mc over now to Ms. OChayon.

The floor is yours.

MS. OHAYON: Thank you, Virginia. |'m
very honored to be able to represent our worKking
group and share with you the work that we've done
with the patient-focused drug devel opnent for PM.

Next slide, please.

So, by definition, patient-focused drug

devel opnent is a systematic approach to help ensure
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t hat patients experiences, perspectives, needs and
priorities are captured and neaningfully
i ncorporated into drug devel opnent and eval uati on.
As we know, patients are uniquely positioned to
i nform the understandi ng of the therapeutic context
of drug devel opnent and eval uati on.

Next slide, please.

However, PM. creates significant
chal | enges for obtaining the patient's voice. As we
know, there is high nortality in rapid disease
progression, survival rate varies. One publication
shows that with H'V, the survival rate is 50% at two
years; with nmultiple sclerosis, 77% at three years,
but wi th hematol ogi cal nmalignancies, only 10% at two
nont hs.

We know there are delays in diagnhosis, so
that often there is significant disease burden by
the tinme diagnosis is made.

Addi tionally, the neurol ogical inpairnent
fromthe synptons of PM. creates huge obstacles

often affecting nmobility, nentation, and speech.
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Next slide, please.

So our working group, with others, had two
maj or initiatives, we conducted patient |istening
sessions, which took place sumer and -- |ate
summer, early fall of 2020, and external crowd
sourcing, which took place this past sumer, July
2021.

Patient |istening sessions or small,

i nformal non-regul atory, non-public discussions
about di sease experiences, not about the specific
nmedi cal product that are of interest to FDA nedi cal
staff and others. And we did this in collaboration
with the FDA O fice of Patient Affairs.

On the contrary, external crowd sourcing
is a web-based platform providi ng opportunities for
patients and caregivers to engage with each other
and share experiences with the gui dance of
noderators from FDA. Again, we collaborated with
the FDA Office of Patient Affairs, as well as wth
FDA CDER O fice of Strategic Prograns.

Next slide, please.
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So for the patient |istening sessions our
wor ki ng group devel oped a survey to elicit thoughts
and chal | enges to gather opinions and perspectives
fromthe patients and caregivers about their
experience living in coping with nmultiple sclerosis
with PM.

Fromthe results of these surveys, we
identified a group of PM. patients and their
caregi vers representing the diverse spectrum of
perspectives and di seases, underlying di seases, and
experi ences.

From t here we conducted sessions, a
noderator from Office of Patient Affairs asked
questions -- the sane questions to all participants
regarding their experiences with PML. FDA and NI H
menbers participated as |listeners to gain insight.
And | will share with you that our first session was
extrenmely powerful; participants are very candi d.

As a listener, it was very tough
enptionally to hear these stories, but because of

t he success that we had with this first session, we
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opted to have a second session to offer to the
remai nder of the survey respondents.

Again, with the second session, we had
engagi ng conversations with simlar thenmes presented
as the first, and sunmmari es of both of these
sessions are available at the FDA link that is
posted on this slide.

Next slide, please.

So in total we had 17 participants in both
i steni ng sessions, five PM. and 12 caregivers, and
you can see here how close they were relative to
their PM. experience. O note, five of the PM
patients represented had died. You can also see the
underlying di sease varied fromHV to M5 to primry
i mmune deficiency disease.

Not e that hematol ogi cal malignancies were
represented by seven different people, as well as
i di opathic CD-4 | ynphocytopeni a sarcoi dosi s
aut oi mmune, so we had a really nice variety.

Next slide, please.

So before sharing the responses fromthe
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patient |istening sessions, | just want to touch on
external crowd sources, as both initiatives really
resulted in simlar thenmes.

So as | shared, external crowd sourcing
provi des an opportunity for individuals with PM. to
share their experiences and, in particular, this
denmonstrated the platfornmis ability to function as a
i stening mechanismfor CDER, and this allows
participants to conmment on their own tinme, rather
t han having to be available for a specific neeting.

Qutreach was made by our working group and
ot hers to encourage potential participants to use
the platformto share their stories. A noderator
fromthe FDA then asked questions and provided
foll ow up as needed.

And these responses are being shared today
at today's workshop, as well as planning for a
future report and manuscri pt.

Next slide, please.

So there were five subnm ssions during the

t wo- week period of external crowd sourcing, four of
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the five were famly or caregivers, and you can see
on the first graph here how they were relative to
the PM. di agnosis, and then the second graph shows
t he spectrum of underlying diseases with the
subm ssions fromthe external crowd sourcing.

Next slide, please.

Wth both initiatives, there were sim|lar
t hemes shared fromthe patients' and caregivers'
stories. In here they are summari zed as barriers to
participation in clinical trial.

So | ack of know edge of studies; |ack of
avai lability of studies, as |'ve shared; rapid
di sease progression and nortality; painful
procedures; onerous tests, frequent LPs was
nmenti oned by numerous peopl e several tines;
ineligibility to participate due to perhaps
treatment history related to their underlying
di seases; limtations in nobility; chall enges of
travel; famly responsibilities; finances;
chal | enges of just the overall neurol ogical

mani f estati ons of PM., and as we've said before,
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del ayed di agnosi s.

So often by the tine these patients reach
the opportunity to potentially participate in a
clinical trial, their disease burden and their
ability to participate is just too nuch.

Next slide, please.

So when asked about the use of placebo in
research, there were m xed responses with over half
of the participants in a |istening session
expressing reluctancy to participate in placebo
controlled trials. Sone believe the placebo would
be a waste of valuable tinme and woul d defeat the
pur pose of treatnment, although they did express
under st andi ng the necessity for the placebo, but
woul d prefer not to participate.

And then a few would have taken any
opportunity to delay, reverse, stop progression of
synptons, including participating in a clinical
trial with placebo stating that there's --
pl acebo-controlled trial is better than no other

opti ons.
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Next slide, please.

Wth both initiatives, there were positive
comrents shared about notivations for participating
inclinical trial; access to PM. expert; access to
an earlier diagnosis; increasing know edge for both
the famly, the participants and, of course, the
general public; the fact that they were just limted
options and, of course, the desire to contribute.

And many expressed the desire to
contri bute, regardl ess of the outcone, if it would
help their | oved ones or thenselves, perhaps it
woul d hel p sonebody in the future.

Next slide, please.

So in summary, our patient listening
session denonstrated that it is possible to elicit
the PML patient voice to informPM clinical trial
desi gn considerations. External crowd sourcing
showed simlar themes to the |istening sessions
regarding the barriers and notivators anpng
partici pants, so | think overall we had two very

successful initiatives.
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We | earned that the PML patients and their
caregivers are willing to share their perspectives,
even when doing so is challenging enotionally. |
think that all of us that participated in these
initiatives will agree that we were very pleased and
grateful for the openness and the details shared
anong the participants.

Hearing the voices in the listening
session and reading the coments and the crowd
sourcing were extrenely powerful and provided really
personal insight into each one's own experience;

t hey were not easy to hear or easy to read.

As we've shared previously, the take-hone
nmessages fromthis work is that this is a di sease of
hi gh nortality, rapid di sease progression, really
enphasi zi ng the rapidness, tine is of the essence.
Neur ol ogi cal synptons are obviously a burden on the
patient, but the caregiver as well; travel; famly
responsi bilities; finances, create huge chall enges.

And it's inportant for patients and

caregivers to have realistic expectations of what to
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expect wth the di sease and any potential research
participation, so that they can nake their best
decisions, ultimtely keeping quality of life as the
top priority.

Next slide, please.

So, noving forward with clinical trial
devel opnent, we know it's essential to integrate the
PML patient voice in trial developnent in order to
recruit and retain patients. This information --

t here's sone gui dance provided by the FDA, so
clinical trial lists and product sponsors should
refer to the link that's on this slide.

Next sli de.

And | astly, but nost inportantly, | would
li ke to, on behalf of our working group, thank al
of the PML patients and caregivers that
partici pated, and especially those that participated
in the listening sessions and crowd sourcing, they
were both such remarkabl e experiences. | would |ike
to thank FDA Office of Patient Affairs, CDER O fice

of Strategic Progranms, NORD, our working group
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menbers, and overall FDA CDER, CBER, N H and
referring clinicians.

So we had way too nmany people involved in
here to |list by nane, but really appreciate all of
the participation and we're very pleased with the
success that we had with these initiatives, and | ook
forward to continuing the work.

So thank you. And with that, | will turn
this over to Suzanne Tobin so you can get a
first-hand experience about the patient perspective.
Suzanne we're very grateful and happy to have you
here with us today, so thank you very nuch.

DR. SHEI KH. Ms. Tobin, you're not on
audi o or video right now.

M5. TOBIN:. Okay. |'m good now, | think.
That seens to have done for the audio, | hope.

DR. SHElI KH: We can hear you and see you
now.

MS. TOBIN:. (there were sone audio
difficulties with this speaker) OCh, wonderful.

Ckay. | just can't see nyself for sone reason.
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Thank you for allowing ne to present a patient's
perspective to doctors and researchers -- who m ght
access this webinar, you are heroic |ifesavers.

My nane is Suzanne Tobin, and | was born
and still live in the Washington D.C. area.

Decenmber will mark ei ght years since my PM

di agnosis. That part of ny story is a nonths' |ong
one, so in the interest of tinme, I wll refer you to
t he Washi ngton Post Medical Mystery article link in
my bi o.

As for life in general, | have ny share of
good and bad days. For the PML and -- are ever
present clouds over ny life. On many days since ny
i1l ness began, ny sense of hunor has sustained ne
and allowed ne to | augh instead of cry -- dead
anyway, and | totally agree with her.

Here's what | hope to inpress upon you,

one, continue to search for -- drugs for PM.. W
see -- survivors need you to cast the w dest net
possible to find a treatnent. My -- MRIs have been

stabl e since 2015, the JC virus continues to show a
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presence in ny yearly LPs, but is negligible
conpared to when | was di agnosed.

Okay. Neuro plasticity will help
survivors recover over the long term but we need to
have a treatnent that stops the virus from doi ng
anynore danmage so we can focus on our recovery. |
have regai ned many physical functions |I |ost to PM,
whi ch paralyzed ny whole left side. The fine notor
skills of ny left hand and ny short-term nmenory
still pose chall enges.

As for ny nental health, my NIH
neurol ogists told ne that sone of the PML caused
| egi ons showed significant, permanent danage to the
frontal | obe, that controls nmood, so it's difficult
to manage ny chronic clinical depression. | have
yet to find nedications that work as well as they
did prior to PM.

In ny case Mefloquine, an anti-malari al
drug, had an al nost i mredi ate positive inpact. |
bel i eve the progression of my PM. was halted within

a day of starting it. M -- which had been ny first
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synptom i nproved over night. Wile it was not

validated in clinical trials, Johns Hopkins had had

sonme success with Mefloquine killing JC virus in the
lab. | believe it saved ny life, and for that, | am
gr at ef ul .

| have taken Mefl oqui ne once a week since
2013. The experts don't know why | got sick or why
| got better, but as the saying goes, if ain't
broke, don't fix it, so | continue to do what works
for nre. Two, we need npre attention for PM. as it
| ooks |ike nore people will be at risk for PML with
t he continued devel opnment i nmune-suppressing drugs.
Even t hough PML may have declined with the
progress that's been made with H V AIDS treatnent,
i Mmune- suppressi ng drugs are now putting nore people
at risk. One person in our survivors' Facebook group
said that, quote, devel opers and prescribers of
I mmune- nodul ating drugs |ike oncol ogists, need to
realize that regular testing for the JC virus and
CD-4 counts should be routine procedure for anyone

on these drugs.
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Anot her patient coment was that if
scientists could develop a vaccine for the JC virus,
they could vaccinate all patients prior to any
I mmune- nodul ating therapies. W aren't scientists,
so we don't even know if that's possible, but it's
worth nmentioning. Every tine | see a TV
advertisenent for a drug that nentions PM. as a
possi bl e side effect, | just want to scream "don't
take it" at ny television.

Unl ess users of being actively nonitored
for PM,, it's not worth risking the health of your
brain, which is the very essence of who you are, for
clearer skin or anything that is not immediately
life threatening. CObviously, transplant patients
and MS patients are a different story.

Three, spread the word about PM. any way
you can. Many of you specialize in PM., but the
awar eness of the disease is far fromuniversal.

The next speaker, Luca Isabella, will tal k about
usi ng social nedia to spread awareness of the

di sease. Over the last eight years, |I've noticed
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that nore doctors seemto at | east know about PM.,
that's progress.

Four, urge your colleagues to listen to
their patients. W patients know our bodies better
t han you do. Use your clinical skills and do not
rely on diagnostic tests to the inclusion --
exclusion of listening to your patients. Ask
yoursel f whether the diagnostic tests default
di agnosis is consistent with the progressi on of
synpt ons.

Repeatedly, | raised the inconsistency of
my synptom progression versus the original diagnosis
of stroke, and was repeatedly told that BM
i ndi cat ed stroke, period, end of discussion.
| f you have five MRl snapshots of brain |esions,
each in isolation may | ook a lot Iike a stroke, but
taken together with progressive increases in the
sane | esion, they are not typical of a series of
strokes, particularly if small |esions spread w dely
t hr oughout the brain.

Over tinme | was getting increnentally
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wor se each day, rather than in the stepw se nmanner
of a series of strokes.

If I would have had a | unbar puncture when
| visited the Johns Hopkins ER in Cctober, instead
of telling the resident that | had an LP schedul ed
the next nonth at nmy | ocal hospital, | could have
been di agnosed two nonths earlier.

Havi ng al ways been phobi c about needles, |
was terrified of lunmbar puncture. |If | had known it
was the key to the correct diagnosis and that all
LPs are not created equal, | would have insisted on
it.

When | had ny scheduled LP at ny | oca
hospital, they didn't test for the JC virus. Once |
was an in-patient at Johns Hopkins, they did.

When | saw ny | ocal neurol ogist after ny hospital
stay, and told himof the PM. diagnosis, he admtted
that he had never even heard of the disease.

Five continue to devel op ways to
differentiate between PM. | esions and ot her types of

|l esions. My NIH neurologist told ne there is
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research on howto differentiate PML | esions from
ot her types, and it's possible that PM. | esi ons may
have an iron ring, of sorts, around them but the
data is inconclusive yet.

Keep up the good work. Early diagnosis
woul d be a huge deal for soneone |ike nme who doesn't
fit the normal profile of sonmeone at risk for PM.

My sixth and final idea is a far-fetched
one, but | figured it never hurts to ask. Since PM
is so rare, is it possible to have sonme sort of
mobile lab for clinical trials that could go to the
survivor or is there sone way to help defray travel
costs for trail participants?

| live within an hour's drive of two
state-of-the-art nedical institutions, NITH and Johns
Hopki ns, but how could you make it easier for others
to get access to trials? This idea my not be
feasible in the entire United States, but it m ght
work in individual states or countries in Europe
where the | and nass is not so great. Depending on

the severity of the patient's synptons, travel nmay
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be difficult, if not inpossible, particularly with
t he added chal | enge of COVID.

Cost is another obstacle. | have private
disability insurance that paid ne two-thirds of ny
previ ous sal ary, but many people don't. During ny
wor st phase, ny whole |eft side was paralyzed. This
made travel difficult and required an abl e-bodi ed
person to drive and acconpany ne to appoi ntnents.
Long-di stance travel by air or rail would have been
even nore daunting.

Defraying travel costs m ght have nore

survivors participate in clinical trials.

In closing, | want to give you a gift and
"Il try not cry. It's the gift of -- it is a thing
that many -- nine years of rehabilitation, | would
tell nyself | can't walk w thout a cane yet; | can't

drive yet; you haven't found a vaccine yet; the
clinical trial hasn't produced the perfect -- yet.
Yet is a hopeful word that has been the key to ny
continui ng recovery.

Thank you again for your work to help us
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PM. survivors, we are so grateful.
DR. SHEI KH: Thank you very nuch,
Ms. Tobin. That was really special, thank you very
much.
M. |sabell a?
MR. | SABELLA: (there were sone audio

difficulties with this speaker) GCkay. Here | am

Okay. Good evening, ny nane is Luca |Isabella. It's
alittle bit touching to see -- to hear the
testinonial by the -- but, okay. Thank you very

much for the opportunity to share ny experience as a
PM. survivor

My nane is Luca Bella, | live in Mlano in
Italy. Sorry if | cannot speak as well, but okay,
Italian, but also | had aphasia, so now | am-- |
have sonme difficulty. In ten mnutes |I want to
focus on how social nmedia can be useful to help the
awar eness of this disease.

| will be -- sonmething fromny personal
story related to PM.. In 2015 | began experiencing

const ant headaches and severe fatigue that had been
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attributed work stress. This -- next few nonths |
began to have sone neurol ogi cal synptons, and | was
hospitalized for stress. At first the news is it
was i schem a, even if the doctors don't want to --
very confused. Later | had MR scan and confirnmed
a -- brain tunor.

They gave ne a | ot of steroids, and took

me to another hospital to be quickly operated on.

Since | have a -- ny situation went downhill. In
t he new hospital, they -- and after the |unbar
puncture, the -- news was and becanme H 'V and PM..
That can track progress -- over the weeks, and

i nclude nmental deterioration, visual problens,
aphasi a, | ack of coordination and paral ysis.

From then on, |'ve been followed by the --
departnent, and after ten nonths |'ve been
di scharged. Aside fromthe infectious departnent
specialists, ever tine | -- the doctor, no one knows
what PML is. The rehab they give nme -- and
therefore, | was not adequately followed. How many

times | heard a doctor say, "what do you expect, you
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have AIDS and PM., it will not last |ong".

Slide, please.

Okay. This is my MRl scan when | was in
t he hospital.

Next sli de.

When | slowy started to read again, the
first needed was to get in touch with the people who
had PML. | searched for it on the Internet, not in
Italian, nmy native | anguage, but in English, and I
found everything in -- making ny search |less --
scary.

Next slide, please.

At one point | found nyself a Yahoo group,
PML Survivors and Supporters. -- | found
information I need, | no longer felt the only one
who had PML and, above all, the stories of the
survivors were sonmewhat conforting. -- were not --
but someone -- survive for many years. | found a
smal | community of peer support.

Next slide, please.

After one year a former year, including
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nme, created an information page on Facebook and a --
group. Patients and caregivers all over the world
ask me to join a group of survivors, patients
with -- survival -- one year -- five years, and
we're always available to give information -- and
practical advice.

Next slide, please.

OQbvi ously, we do not give nedical
opi nions, and we suggest that doctors -- but we are
often thanked for the -- little support we give.

Next slide, please.

Sone topics we discuss in the group are
difficulty in finding doctors in training in PML --
of PTLT, speech therapy, caregiving, lifestyle,
effective nedical treatnments, recovery --
relationship struggles, finding enploynent,
experience on confirmatory -- above all, in this
conmmuni cation with the physicians to dissem nate
information for any new therapeutic approaches and
accessibility.

Next slide, please.
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So we go for the -- this patient a
pronotion of the patients' associations to support
patients and carers -- an inportant source of
i nformation by which PML can orient thenselves,
their -- for -- and conplex needs. Furthernore,
our -- they can provide patients and caregivers who
have been affected by or at |east an opportunity to
share their -- about --

Next slide, please.

Each patient has his own journey, and each
patient is different. Recently a researcher from--
i n nol ecul ar biology from Zaged (sp) say that we do
very val uabl e, and the best source of information is
t he experiences of the survivors. Please, a small
acknow edgnment that we are doing the right thing.

Next sli de.

Thank you for the -- | want to especially
t hank the people, all the survivors that are every
day they are working on the group, and especially
Paol a Ci nque, ny neurol ogi st. Thank you.

DR. SHEI KH: Thank you, so much. That was
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really wonderful, Ms. Tobin and M. Isabella, and
before that, Ms. Ohayon, that was terrific.

And now | think this will be a nice
transition to our next portion of the talk, which we
nmenti oned previously about how i nportant clinical
trial acceptability needs to be for patients, and
this involves a tough subject, which is placebo or
at least finding the selection of a control group.

And for that, we're going to have a
di scussi on about this in about 20 m nutes. But
before that, Dr. Paul Lee, Deputy Director of the
Di vi si on of Neurology 2 will provide an overvi ew of
key considerations for control group selection for
PM.

So the floor is yours, Dr. Lee.

DR. LEE: (there were sone audio
difficulties with this speaker) Thank you, Virginia.
Thanks everyone. Good afternoon. It's really an
honor to foll ow these amazi ng personal perspectives
in PM.. As Virginia introduced, |I'm Paul Lee, |I'ma

Deputy Director and Team Leader for the Neuro | nmune
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Group in the Division of Neurology 2 at the FDA

And the topic I'll discuss today is the
sel ection of control groups for PM. clinical trials.
And I'd really like to thank the organi zers of this
excel l ent synposium for the opportunity to discuss
this inmportant topic with you.

Next sli de.

So | have no rel evant financi al
di scl osures.

Next sli de.

So PML presents unique challenges to
clinical trial design. By any reasonable
definition, PML constitutes a rare disease.

As a rare di sease, PM. presents the
typi cal challenges in rare disease research, neaning
there are few patients available to study; there's a
relative possible disease-related research avail abl e
to forma natural history and understandi ng of PM,
and there are no large repositories or databases
that can serve as a source of historical clinical

control data.
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Whi | e i mmune suppression appears intrinsic
to the pat hophysi ol ogy of PM., depending on the
etiology of this inmmune suppression, there are
differences in natural history and outcones of PM
that further conplicate outconme assessnent.

Finally, there are no approved therapies
for PML, which neans we do not have a history of
successful devel opnment progranms to informtrial
design, and we do not have clearly established
effective -- therapies to serve as active
conparators in clinical trials.

Next sli de.

It's a scientific truismthat a clinical
trial's quality is intrinsically tied to the quality
of it's control group. The regulatory standard of
two adequate and well-controlled trials codifies the
i nportance of this precept. The quote in this slide
I's taken verbatimfromthe E10 gui dance for industry
regardi ng choice of clinical control group
design-rel ated i ssues of the trials.

And this is intended to suggest that the
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primary purpose of a control group is to allow
di scrim nation of patient outcones, so that there's
ultimately a control group's ability to discrimnate
bet ween the treatnment effect and in the outcones
only attributable to experinmental manipul ation --
experimental treatnment are -- net result of the
ability of the control group to serve as an
appropri ate conparator and baseline for the
eval uati on and establishment of these outcones.

Next sli de.

The E-10 gui dance for industry docunent
provides a list of potential control groups that can
be acceptable in an adequate and well-controll ed
trial. O course, the gold standard of a
pl acebo-controlled trial is the gold standard for
good reason, because it -- mnimzes many sources of
bias in other designs and it is readily
I nter pretable.

And the treatnent conparator arm option
exists, and it is nowtypically represented in

hi storical external control data, which we can
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di scuss further in subsequent slides, and in a
setting of diseases with no established treatnent or
when qual ity database of untreated patients is
avai l abl e potentially used for -- fromthe sane
limtations and bi ases of external historical
controls.

Finally, active conparator, either using
the sane experinmental treatnent and different dose
strength or reginmen or a different active treatnent
with a known established affect can serve as
potential treatnent options in a perspective
clinical trial.

The chal | enge of that for conparatives --

trial design is appropriate to denonstrate the

accepted treatnent -- expectation is that the
experinmental treatnment will be superior or as
effective -- designs the control treatnent --

addressed adequately within the trial design which
predeterm nes the -- conparisons.
This, therefore, renders a -- conplication

when you introduce an active conparator that does
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not have established effects independent of that --
the trial in which -- because then you really don't
have an expectation or ability to objectively
evaluate the treatnent effect we've seen in this
trial relative to it's known established --
previously established treatnent effect.

Next sli de.

In PML trial design where you need -- PM
itself -- it must be considered. Wile
pl acebo-controll ed remai n arguably the npst
interpretable and readily acceptabl e designs, we've
heard from patients, caregivers and i nvestigators
who treat placebo -- therapies considered to be
standard of care in w despread use, but not approved
for the treatnent of PM., woul d be excl uded or not
appealing for enrollnment, and this is certainly an
under st andabl e consi derati on.

However, the agency and our Division of
Neur ol ogy have a great deal of experience with
trials in which experinental therapy is superinposed

on to other clinical treatnents, and one nessage
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that | wish to convey clearly today is that at
add-on trials can be placebo-controlled trials, so
an add-on trial being the adding on of a potenti al
i nvestigative therapy to a -- considered to be
standard of care, and the Division of Neurol ogy has
experience in this trial design, and when done wth
fair and thoughtful design, these trials can
I nterpretable and actionabl e.

We' ve been di scussing sonme exanples to
such trials in the slides to follow, but even
suggest that the -- standard of care should be

defined to the fullest extent possible, and

therapies that -- would be represented in trials --
a focus list and if -- contributions of such
t herapies -- conparison -- treatnent of -- of the

treatment, specifically, what are the effects to be
used as an additive to experinental treatnent, and
If there's any potential for deleterious
interactions that would inpact the interpretability
of the overall trial.

But | just enphasize that the use of

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 181

unapproved therapies in the context of an add-on
trial is a potentially acceptable approach to tri al
design in PM.

Next sli de.

As di scussed previously, historical
patient data are available -- potentially use such
data as a historical external control population in
a trial. The rare disease guidance in the industry
quoted on this slide is -- are appropriate for
consideration -- there nust be unnet medical need --
in certain -- with PML in the absence of any proven
effective treatnents.

The natural history of the disease should
al so be well described and uniformy predictable,
and this natural history -- should suggest objective
out cone assessnents. This is a bit nore conplicated
with respect to PM., given sonme of the issues with

the natural history.

Finally, any expected effect of -- should
be large and -- therapies used -- so generally this
iIs a good -- for any clinical trial design -- in a

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 182

rare di sease setting, you don't want to be | ooking
at the nost effective treatnments you have on the
table at that particular tinme to be -- clinical
trial.

Next sli de.

The rare di sease gui dance el aborates --
patients -- historical controls -- trials -- nmerits
further discussion. Historical database is
typically inconplete and primtive inits
conparability. These databases will reflect the
technol ogy and know edge avail able at the tinme of
the data collection.

VWhat ever bias exists in these historical

dat abases will be flexible and cannot be
mtigated -- opportunity to go back and revise the
trial or allow -- the guidance -- even the npst

wel | -characteri zed di seases -- used relevant factors
t hat are unknown and not capturable at the tinme of
the data collection, which further limts their
conparability and interpretability.

Next sl i de.
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Al'l the guidance has general concerns but
certainly relevant to PML.. Speakers today have
di scussed the -- literature and natural history
efforts undertaken with PM., and it's clear that
whi |l e consi derable efforts were nade to capture that
natural history data, no one conpl ete database
exists in any formthat can serve as an adequate
source for a trial

Even considering the smaller scale, |ess

anmbi ti ous approach, we have heard that the risk

factors of PM. -- lead to different patient
popul ations to -- data sources -- varied
accessibility and all the usual limtations in the

data col | ect ed.

We're also faced with the -- circunstances
of the natural history of PM. has been evol ution,
specifically the -- in therapies with treatnent of
multiple sclerosis and the risk of PML are the
changes in | abeling and practice -- PM. -- and
multiple sclerosis patient population with a

relatively short time if the risk is identified,
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such as the data fromjust a few years ago nay not
have high fidelity with nore recent actual data even
in the nultiple sclerosis patient popul ation.

In a | onger tinmefranme, sanme could be said
about PML and the HI'V AIDS Conmunity where one
exam nes outcones before and after the advent of
hi ghly active anti-retroviral therapies, data from
t hese areas mMmay not be -- there's also -- PM. --
clinical assessnment neasure and had no accepted
bi omar ker, and so any database avail able --
standardi zed -- exists. Until biomarkers are
identified, no matter how conprehensive --

Next sli de.

Now, even understanding the chall enges we
face in finding control groups for PML trials, there
i's val uabl e feedback from many stakeholders in mnd
|"d like to discuss potentially -- exanples from
anot her rare di sease, neuro-nyelitis optica spectrum
di sorders, also known as NMOSD. NMOSD is a rare
aut oi mmune di sease characterized by paroxysnms of

inflammatory regions in the optic nerves and spinal
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cord.

NMOSD is extrenely disabling and can be
fatal in instances where lesions -- critical
portions of the brain steminvolved in regulation of
tenperature and breathing. NMOSD shares much in
common with PM., until 2019 NMOSD had no proven
effective therapies to do -- considered standard of
care treatments for this disease.

To further the simlarity, there's no --
specific outcone assessnment tool, and instead
NMOSD -- identified as being relevant to other --
aut oi nmune di sease -- central nervous system nost

specifically multiple sclerosis. There really isn't

natural history database -- as an external control
dat abase suitable for substitution for -- control
group at least at the tine when -- were being

desi gned previous to -- therapy --

My only feedback from many stakehol ders in
the agency is unified in the assertion that --
potentially fatal consequences of NMOSD -- trials

| acking in standard of care treatnent,
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specifically -- in broad use, were not acceptable
and m ght not even be practical for enroll nent.

Next sli de.

The first exanple 1'd like to discuss
is -- or Eculizumab, which is an anti body
directed -- conmplinment C-5, which is involved in --
is involved in part of the disease process rel evant
to NMOSD -- in 2019 Eculizumab becanme the first
t herapy approved as an effective treatnent for
NMOSD

The single trial would serve as a basis
for approval of -- the small trial population, only
137 patients, but thanks to a very robust treatnent
effect, the trial was able to denonstrate a highly
statistically significant finding in the primry
outcone neasure at the tinme -- and trial.

And it's inportant for this discussion,

the trial -- is the basis for approval allowed
patients to enroll in the trial while remaining on
their baseline -- imunosuppressing therapies. The

Ecul i zumab and pl acebo treatnent arns were add one
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to a patients background therapy.

Next sli de.

Therefore, as shown on this slide, there
were many different concurrent treatnment reginens
were out in this trial. |In the smaller -- trial
size, that neant that after -- the number of
pati ents who woul d need treatnent -- thus, because
the small sanple size -- is not possible to nake any
comments about the interactions between background
t herapies and -- however, the treating effect of --
I's consistently replicated across all groups, which
i kely spoke to the overwhel m ng, robust treatnent
effect of -- itself.

However, | cite this trial as an exanple
of how one can achi eve a successful interpretive
trial in a rare disease by adding a single, highly
effective treatnment or placebo into a broad range of
ot her considered -- treatnents, and resulting in an
interpretable trial.

Next sli de.

Anot her exanple fromthe NMOSD experience
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Is a devel opnent program for Enspryng
(satralizumab). The sponsor this therapy conducted
two trials, one that allowed a limted nunber of
concurrent inmune suppressant therapies, and another
trial that was a true placebo-controlled trial, and
did not permt concurring inmunosuppressants in the
popul ati on.

Unli ke the -- program instead of allow ng
all possible concurrent treatnents, this program
restricted allowed treatnents to just three i mmune
suppressant treatnents that were considered to be
t he nost commonly used at the tine of the trial's
desi gn, azathioprine -- and corticosteroids.

Next sli de.

This slide depicts the -- Enspryng and
denonstrates that the treatnment effect that's
been -- in both studies. The treatnent effect in
patients using -- worked |like the steroids or
simlar, but they -- again not possible evaluate
i nteractions between Enspryng and -- and treatnent;

however, as we saw -- the strong treatnent effect in
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Enspryng seened to be the dom nant treatnent at date
of trial, as was confirned in the placebo-controll ed
trial that did not allow concurrent inmmune
suppression of the --
Obvi ously, a takeaway is that having

t herapy and strong treatnent effect relative to

concurrent -- therapy -- interoperability is a
consideration -- and this is, of course, a
consi deration of PML trial design -- therapies
are -- in trials.

Next sli de.

-- Is arare disease with heterogeneous
risk factors and vari able outconmes -- etiology and
al so a uniquely chal l engi ng di sease with respect to
trial design. Natural history of PM. is evol ving,
whi ch further conpetence considerations fromthe
appropriate control condition and defies -- use
hi stori cal data uni quely.

I n searching for an appropriate control
option for PML clinical trials, there is no single

source of high-quality data which -- an
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acceptable -- historical control in a clinica
trial.

Therefore, a clinical trial in PML w |
i kely have to have a concurrent, contenporary
control group -- since there are no approved

treatments for PM., there are no options presently

for therapy -- serving as true active conparators
with a known established affect of the -- trial --
i nvestigated, therefore, placebo -- still appears

represent the best option for a controlled trial.

Next sli de.

There are many therapi es consi dered
standard of care, which the stakeholders -- should
be included in trials to ensure enrollnent and
practicability, and in a true placebo -- such
t herapies -- not acceptable.

I n considering an exanple of another rare
potentially fatal disease, NVMRSC, several |essons
are clear, first, placebo-controlled trials and
al | omance of inclusion of unproven therapies are

acceptabl e, practicable and interpretive. These
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add-on trials are standard of care treatnents and --
an approval as an effective treatnent.
The Division or Neurology has experience

and confort in this trial design in rare diseases

i ke PML and encourages sponsors to utilize the
appropri ate mechani sns for the -- discuss specifics
of such a trial. Qur goal, collectively, and which

we all agree upon is to provide patients with PM
proven effective treatnents identified as such
t hrough rigorous high-quality research endeavors.
So | thank you for your attention today.
DR. SHEI KH: Thank you very much, Dr. Lee.
So it's now ny pleasure to introduce our
panelists for the next discussion panel, which wll
be focused on the selection of control groups for
PML clinical trials.

And so if | can now -- hopefully all of
our speakers are getting on video, it |ooks like
that's happening. So | am going to introduce
everyone.

So, first, we have Dr. Joseph Berger --
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this is in no particular order, | shouldn't have
said first -- Dr. Joe Berger, who is a professor of

neur ol ogy and Associate Chief of the MS Division at
t he Perel man School of Medicine at the University of
Pennsyl vani a; Dr. Farrah Mateen, associ ate professor
at Harvard Medi cal School:; Dr. Kiran Thakur,
Wnifred Mercer Pitkin assistant professor of
neur ol ogy, and Director of the Programin Neuro
| nfectious Di seases at Col unbia University, Irving
Medi cal Center, New York Presbyterian Hospital.

Dr. Guillaunme Martin-Blondel, professor of
i nfectious di seases at the Toul ouse University
Hospital and University of Toulouse; Dr. doria von
Cel dern, associate professor of neurology at the
Uni versity of Washington in Seattle, and Dr. Derrel
Porter, founder and CEO of Cellevolve, an early
stage cell therapy commercialization conpany.

So thank you all, panelists. Before we
all begin, I want to rem nd participants to use the
Q and A feature if you would like to ask a question

of the panelists, or provide a comment for the
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panel i st s.

And questions and coments for people who
are panelists, please submt themvia the chat or
rai se your hand.

So to begin that session out, |I'mgoing to
begin with a potentially easier question, which is,
what do you believe -- from your perspective, what
do you consider to be the standard of care for PM,
and particularly that m ght include things |ike
Mef | oqui ne, which Ms. Tobin tal ked about, or other
t herapi es that are now given throughout -- you know,
t hroughout the world for the treatnent of PM.

And then Dr. Porter, for you, nmy question
for you woul d be, you know, what are the your
considerations fromthe sponsor, fromthe industry
perspective in deciding what those standards of care
could be, and how it m ght inpact the functioning of
your trial.

So do | have any volunteers from panelists
before | begin calling on people randomy?

DR. BERGER: "Il wvol unt eer.
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DR. SHElI KH: Okay. Dr. Berger.

DR. BERGER: So | think it's highly
dependent on the patient and what the underlying
di sease is. You know, obviously the individuals
t hat have nultiple sclerosis and are being treated
with a drug like Natalizumab or Fi ngolinod, the
di sconti nuation of a drug in and of itself may be
sufficient.

Whereas, in other instances, as
Shakespeare sai d, di seases desperate grown or by
desperate neasures relieved or not at all, you want
to throw the kitchen sink at them And, you know,
many of these therapies that we have available to us
pretty benign, so | will often enploy Mefl oquine;
"Il use Mrtazapine, and then with increasing
frequency, |'ve been using Penbrolizumab as a
t herapy in patients.

And, you know, | find that it's going to
be -- at least in ny opinion, it's going to be very
difficult to carve out a placebo arm where there's

no treatnent at all.
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Dr. Lee nentioned the Eculizumab trial,
which | was a part of, we kept those patients on the
drugs that they were on, and as a doctor who treats
M5 patients as well, | can tell you that |'ve been
extraordinarily reluctant to start patients in
pl acebo trials for relapsing remtting disease,
because of the inportance of controlling the disease
as quickly as you can, and the value of the drugs
t hat we have currently.

So those are just sonme of ny editoria
conment s.

DR. MARTI N- BLONDEL: Maybe | can reply
al so?

As Joe Berger just said, the standard of
care i s depending on the underlying condition, and
it's could be easy if you could interrupt the
I mmunosuppressive treatnents the patient received as
Nat al i zumab or ot her i nmmunosuppressive treatnents to
initiate -- in patient living with HV, it's nuch
nore difficult for patients with primry

i mmunodeficiencies with no alternative to restore
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I mmune responses against JC virus, and particularly
for those patients.

It sounds for nme quite difficult, as Joe
said, to not use sonething, even though we do not
have any proof of efficacy using |17 or CPD1
nmonocl onal anti bodi es, but using clearly placebo
controll ed group, particularly for those patients
with no other way to -- for -- restoration sounds
really difficult for ne.

DR. SHEI KH: So just before we nove on, |
just want to clarify that what we're tal ki ng about
here is the standard of care, so that would not
i nclude, for exanple, not starting H V therapy for
patient with HV, that would not -- we're not
tal ki ng about not w thdrawi ng Natalizumab. | just
wanted to make sure that | was clear about that
bef ore we nove on there.

So the problemw th not -- with having a
clinical trial, that if we are -- the standard of
care includes everything that's avail able, then we

don't really have a conparator group.

a
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So I just want to clarify, so it sounds
i ke people are definitely considering Mefloquine
and Mrtazapine nostly because the side effects --
we're not sure if they could work, but the side
effects seemto be | ow but does the standard of
care also include IL7 and Penbrolizumb?

MR. MARTI N- BLONDEL: Not for nme, at |east.

DR SHEI KH: Ckay. So what is --

DR. BERGER: And for nme as well.

DR. SHEI KH: It does not include those; is
that right?

GLORI A VON GELDERN: | think | agree as
wel | .

DR. SHEIKH. So, Dr. von Celdern, can you
speci fy what you think that standard -- what is the
standard of care from your perspective?

GLORI A VON GELDERN: Well, | agree with
what the two previous speakers have said, it depends
on the underlying di sease and standard of care in
i ndi vi dual cases nmay include trying sonmething to

restore the i mune systemif there's a primry
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I mmunodeficiency, but | think standard of care
primarily focuses, at this point in ny mnd, on
restoring the i mune system depending on the
under | yi ng di sease.

I n sone cases, maybe that includes an
addition, things Iike Mrtazapi ne or Mefloquine, |'m
not usually super excited about those, but | think
t he other aspect of standard of care is treatnent of
PML IRIS in those patients where the i nmune system
cones back, and so that then further conplicates
trials, but I think steroids to conbat IRIS is
anot her piece that is part of standard of care in ny
m nd.

DR. SHElI KH: Thank you. Dr. Thakur, woul d
you pl ease comment ?

DR. THAKUR: Yeah. You know, | think I
agree with the prior speakers, | think that, you
know, perhaps one difference between PML in NMO
spectrumis just the heterogeneity of underlying
condi tions that can cause the di sease, and so that

then triggers us to treat the condition of PM
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sonewhat differently, so there is this kind of
i ndi vi dual i zed approach, certainly.

And our tools are limted in terns of
effective tools, and, you know, | will say that I
t hi nk we use sonewhat experinmental kind of
non- evi dence based or pilot-based treatnments in an
effort to treat a condition we know has a
significant norbidity and nortality.

And so | think that, you know, your
question, which | think is a | ot nore conpl ex about
ki nd of standards of care, | think it's -- it's --
at | east that piece when we're looking at it, |
think Paul did a great job in thinking about how we
can use NMO as kind of a nodel, | think this is a
bit different, you know, there's not one category of
di sease entities, there's not kind of one category
of treatnent.

DR. SHEI KH: Dr. Mateen:

DR. MATEEN:. Yeah, | nean, | think in
terns of the discussion on standard of care, | think

| agree with what's already been said, and it is
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technically appropriate as |ong as you're addressing
t he of fendi ng agent, not to give Mfloquine or
M rtazapi ne.

And | think we have a very, |ike, frank
di scussion that we don't really know or think that

t hose may work, but they're also, as Dr. Berger

said, you know, limted harm and so we often give
themas a sort of -- nmaybe for the doctor as nuch as
the patient -- feel |ike we're doing sonething for

them But nowadays | actually would refer a patient
to aclinical trial as a first pass because | think
t hat what we have isn't sufficient.

And then just building on Dr. Thakur's
comments on the NMO studies, | think it's a really
i nteresting conparison, and one of the simlarities,
besides the rarity of the disease, is the bi omarker
itself doesn't necessarily need to change for the
patient to be treated, so people can have no rel apse
and they can continue to have --

But | was just thinking about the prevent

trial, and it was, you know, enrolled in 18
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countries, the Secura Star and Secura Sky, the
enrolled in about 12, and, you know, one of those
was -- for the Satralizumab, one of those was
pl acebo, and that had a recruitnment yield into the
trial above 56% and then for everyone that had an
active conparator, the recruitnment into the trial
was cl oser to 80%

And so | think if you're really going to
do a clinical trial, first of all, you can have nore
t han one control group, and if we have historical
controls, now mght be a good tine to start building
t hat dat abase.

But if you're really going to do this,
think we're tal ki ng about 20 countries, and nmaybe
you use the time to event analysis as well, just
|i ke the Eculizumab, but there's a lot of -- | think
this is going to have to be global in order to do it
properly.

DR. SHElI KH: Thank you, Dr. WMateen.

| probably -- Dr. Porter, now you kind of

have it a little bit difficult here as the industry
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representative, but I don't know if you have any
t houghts on how this could work in PM. and what the
standard of care is and how that m ght inpact, you
know, a clinical trial and the feasibility of a
clinical trial.

MR. PORTER: Ch, absolutely. Well, first
of all, thank you to the organi zers for setting up
this nmeeting, it's been fantastic and, obviously
very, very inportant topics that we're covering. So
| think in ternms of background therapy and standard
of care, you know, | don't have anything new to add
t han the previous coments.

The one thing I will highlight, and the
previ ous speaker just hit a very inportant point
about the NMO trial being in 18 countries with a
fairly well -established, well-funded organization
bei ng a | exicon that supported that trial, and so |
think part of the considerations and, frankly, the
chal l enge that we're facing, you know, as a private
smal | biotech interested in getting a product

approved for PM., you know, conducting a study in 18
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mar kets i s chal l engi ng, obviously, very expensive,
and very time consum ng.

And so what we've been thinking through
i's, you know, how do you bal ance a small er
popul ation with a smaller set of countries, on the
ot her hand, trying to clearly denonstrate benefit
for the therapeutic question.

So | don't have any uni que insights on
this right now, our perspective is to go a snaller
set of countries, probably a global trial, but not
18 markets, probably nore like eight to ten, with a
pl acebo-controlled armis what we're considering at
this point.

Al'l of the challenges that, frankly, have
been di scussed in the last, you know, 45 mnutes to
an hour, are things that we struggle with with many
of the participants in this conference. W've
tal ked to many of you, both individually and
col l ectively, and we | anded on doing a random zed
pl acebo-controlled trial with all the

consi derati ons.
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DR. BERGER: | would just like to say that
| think the heterogeneity of the illness,
particularly the heterogeneity in the diseases that
predi spose to PM. nmake this particularly difficult,
that is having a placebo arm

The thing that you want to do is to offer
t he patient hope, and if you have sonmebody who has
an illness associated with a PML for which there's
really no hope, and the endpoint is going to be
death, to put themin a placebo arm | think is going
to be ethically very difficult, and | think it's
going to be very difficult for recruitnent.

So | would say that those individuals that
are on drugs |ike MS drugs that predispose to PM,
there's hope there because taking them off the drug
Is going to inprove their survival, and their
ultimate outcome. And the sane is true particularly
of the anti-retroviral therapy -- HV patient where
establishing anti-retroviral therapy -- but then you
don't have the large nunbers in order to decide

whet her the drug really works or not, because those
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peopl e do so well.

On the other hand, those individuals who
have underlying illnesses where there's little
avai |l abl e, other than the things that we've just
nmentioned, it's going to be enormously difficult
doing a study with a placebo arm when there is a
body of literature suggesting that the PD-1
inhibitors and the off-the-shelf T-cell therapies,
et cetera, and the |IL7 whatever, it can offer sone
hope to those patients.

So, you know, |I'mnot an ethicist, | think
t hat we probably should have had an ethicist on the
panel, but it makes -- | think it's difficult to do
t hose studies in that population with a placebo arm

DR. MARRA: Oh, | so | disagree with you,
and | was waiting for Virginia to call on ne, but
she didn't.

DR. SHEI KH: Sorry, Dr. Marra.

DR. MARRA: You're taking us back to
heresy and cidofovir, you know, in five patients it

wor ked, so we wasted all that tine and all those
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peopl e who gave their bodies for us to test things
that didn't work. We need to have controlled trials
before we take everything that gives peopl e hope
into primary care. W don't know that those drugs
wor k, there haven't been controlled trials. W
wast e our patients goodw || by doing this.

| just so disagree with you and | think
you're just taking us back to where we were before,
and all you guys said the sanme thing, we should give
Ai sl e7 and Penbrolizumab, conme on, they're unproven
t her api es.

DR. VON GELDERN: But do these trials need
to be placebo controlled or can you test two
different treatnents agai nst each other to --

DR. MARRA: You can do that.

DR. von GELDERN: That woul d then that
i nprove enroll ment and ethically maybe be better.

DR. MARRA: W just can't take sonething
that has a good idea and say that it's standard of
care.

DR. BERGER: Well, | didn't say it was
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standard of care. What | said --
DR. MARRA: No, you did. You did say it

was standard of care.

DR. BERGER: | said it depends on the
pati ent.

DR. SHEIKH: So a couple of coments, one
is, | think that what we're tal king about here is

equi poi se, when we don't know whet her sonething can
wor k or not, then generally is not unethical to not
provide that if you don't know if it will work or
not .

So, for exanple, offering -- you know,
of fering Cidofovir, you know, it's not unethical to
enroll in clinical trial when you don't whether it
will work or not. And that's the case here with
Penbrol i zumab and Ai sl e7 and ot her products that
haven't been evaluated in clinical trials.

So that's ny personal view, and al so, you
know, what we've seen in other disease areas where
that's -- that's been an i ssue; however, that

doesn't nean that, you know, patients aren't going
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to be concerned about enrolling in
pl acebo-controlled trials, and then that's not going
to be a disincentive to participation.

But one thing | thought was really good
about Dr. Lee's talk is that he tal ked about
standard of care, rather than placebo, so if we can
wor k out what m ght be the standard of care, then
t he conparator group can be standard of care,
provided it doesn't negatively inpact the, you know,
t he investigational agent.

And then one other comment with the two --

Dr. von CGeldern, you nentioned conparing
two things. The problemis, if you offer two
different treatnents and both of them do the sane,

t hen you don't know whether or not they're --
actually both of them don't work or whether both of
t hem do wor k.

DR. SHEIKH. Dr. Martin-Blondel, do you
have any comments about the thoughts on what m ght
be a conparator armor control arnf

DR. MARTI N- BLONDEL: Yeah, this is
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difficult really. Once again, it's a difficult
question, this field. Just to conme back to the
standard of care. To ny opinion, standard of care
is only treating the underlying condition -- HV,
st oppi ng i mmunosuppressi ve drugs in others, and the
Issue is that for the patient with primary
I mmunodefi ci ency -- okay.

What about sel ecting underlying conditions
where we know that the prognosis is clearly disnal
and this did not change according to tinme, and
specifically patient with primry inmune
defi ci enci es.

And to conpare two or nore therapeutic
i nterventions -- because we know that in those type
of patients, we have nothing done this for 90% of
t hem at one year, and this did not change according
totime in the |ast 20 years.

DR. SHEI KH: Thank you. Dr. Mateen, do
you have any additional thoughts since the
conversation has evolved since we |ast talked to

you?
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DR. MATEEN: You know, | think that it's
been a really exciting conversation actually about
controls, but I think what are we not doing now that
we coul d be doing, besides |launching on a trial. So
since PML is not a reportable disease officially,
like is this an opportunity to start pooling data in
a database for historical controls, if that ever
becones val uabl e.

Just thinking ahead about, you know, what
do we have right now or if we don't know what the
standard of care is, should we be asking a group of

neur ol ogi sts what the standard of care is, if it is

controversi al . | don't know if it is, but there's
just -- | think we have opportunities at this
second.

| actually think historical controls would
be a very appropriate control group. | think that,
you know, there's a separation between H V and sone
other illnesses versus the rest, but, in general,
hi storical controls, | think, are an appropriate

choice, and | agree that placebo feels difficult.

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 211

It felt more wong in NMO than it would in PM., but
| worry that it's such a rare di sease, people
woul dn't actually enroll in various placebo.

DR. SHEIKH: Dr. von Geldern, with this
i ssue of historical controls has conme up, and | know
that in the past you worked on trying to establish a
registry, which, you know is sonething that coul d be
used for historical control, but do you have any
comment s about, you know, the |ogistics there, you
know, why it hasn't happened al ready, despite the
fact that there's been clinical trials going on --
or I"'msorry, there's been PM. care problens for
over 40 years?

DR. VON GELDERN: Exactly. Thank you for
letting me speak to that. | conpletely agree with
that that it would be wonderful to have nore data,
which is why, Dr. Major in particular, tried to
bring forward many years ago a registry for PML to
collect this -- exactly this data.

One of the big challenges in PML and in

getting the historical control data is that the

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 212
under|l yi ng di seases are so varied, and so these are
patients that are not necessarily always cared for
by the same even nedical community or nedical
providers, so there m ght be hematol ogi sts taking
care of people with PM.; there m ght be oncol ogi st,
obviously there's overlap; there m ght be
neur ol ogi sts, hopefully neurologists will be very
i nvol ved.

But sonetines these patients have
underlying -- diseases, underlying rheunmatol ogic
di seases, so | think the -- it's not just a -- not a
reportabl e disease, but it's also treated by so nmany
different providers, and it is rare. So it's not
that there are centers where thousands of people are
treated.

So what we found is that it's really
chall enging for collecting this data to get buy-in
by enough people to actually be willing to submt
this without -- especially if there's no funding to
actually put effort and time into this.

So | think it would be hugely inportant to
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collect historical data and learn fromthese various
patients with very different underlying diseases,
but it's been -- | think it's worthwhile to pursue
this, but it has been really challenging | think to
do this, it's not as sinple as for sone other
di seases that are maybe nore in the hand of one
specialty or in the hand of -- | don't know -- one
entity that you can tap to try to provide this data.

The other thing | wanted to coment is
that | wonder if, contrary to what
Dr. Martin-Blondel just said, maybe we shoul d study
a large group that's available, either HV or, let's
say, MS patients where outcone is not as abysmal and
do a trial there where standard of care is renoving
t he of fendi ng agent |ike Natalizumab or giving hard
t herapy, and then having an add-on of either agent
that you're interested in studying, either one or
it's multiple, because it's maybe | ess unethical in
pati ents who have a relatively good outcone to try
this.

So alnost like the conplinment to studying
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t hese patients with primary i nmunodeficiencies and
not having a placebo group there. That's just one
ot her thought.

DR. BERGER: Yeah, I'mstrongly in favor
of that, and had suggested, | thought. | agree.

DR. VON GELDERN: Sorry if | didn't
understand that then.

DR. BERGER: Yeah, no, no. | think that's
what we shoul d do.

DR. SHEIKH. Dr. Berger and Dr. von
Cel dern, you're both suggesting, | think, that the
group to be -- or at least if you were to study the
pati ents who probably have the best outcones, which
is patients who are on -- who you can start HV
t herapy or who can stop Natalizumab, in other words,
t hey have a reversible i munosuppression, you know,
I mmunosuppression that can be reversed, and then you
use that as the standard of care, and you add on
addi tional therapy; is that correct?

DR. BERGER: Well, | think that that would

be the cleanest and the nost palatable to a | ot of
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peopl e, because you know that the prognosis is
reasonable if you're able to restore the inmmune
system

| do think that, as |I nmentioned earlier
this norning, | think we're going to have to
honogeni ze our study popul ati ons, otherw se you're
going to have to have a huge study that's going to
be very, very difficult to recruit into, and then
the hope is the that you hit a hone run with
what ever therapeutic agent you have so that you see
a clear signal that the thing works.

And if you have a drug that wll provide a
home run, it would seemto nme that you could do that
in the HHV or the M5 popul ati on, although the
nunmbers in PML in the MS popul ati on are dw ndl i ng,
so you may be stuck with H'V. The alternative,

t hough, is to do a conparative trial, in my opinion,
a for group like the individuals that have an
under | yi ng hemat ol ogi ¢ nal i gnancy, because as a
treating physician, | just feel very unconfortable

not -- not doing anyt hing.
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DR. SHEI KH: So in the standard of care,
you woul d consider not doing anything; is that
right, Dr. Berger?

DR. BERGER: Well, | think the standard of
care -- look, it's difficult to say what | do is
necessarily the standard of care, it isn't, and we
all have our -- there's nothing fornul ai c about the
treatment of PM right now.

And | will tell you that there's no
consistency in ny treatnment of PM. patients, none.
It's not |ike you're going to find it in the back of
Up- To-Date, you're not, there's just nothing
formul ai c because there's no accepted therapy.

Al t hough | do offer patients the therapies that |
nmenti oned, particularly in those instances where |
can't reverse the inmmune system

DR. SHElI KH:. So, Dr. Thakur -- oh, go
ahead, Dr. Porter.

DR. PORTER: | was just going to ask the
opposite question. So -- and | believe it was

nmenti oned before, both for Dr. Berger and von
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Celdern -- what if you did the opposite, so instead
of large group where the outconme is not as abysmal,
what if you went to a nore targeted, honbgenous
group where, unfortunately, the outcone is nore
chal I engi ng and abysmal, would that be a nore ideal
popul ation to study with the objective of trying to
have an approved agent in this fatal disease?

DR. BERGER: | think you'll arrive at an
answer sooner with a smaller nunmber of patients, but
convincing patients and treating physicians that
this is acceptable may be difficult.

DR. SHEIKH: So I'mgoing to call on
Dr. Thakur because | haven't heard from her, and |
know that this is a difficult time to weigh in, but
| guess my question would be so, you know, we're in
a place where it sounds |like there's -- that
different treating people who are expert at PM feel
differently about what the standard of care is and
feel unconfortable -- sonme feel unconfortable wth,
you know, not giving sonmething |ike Al SLE7 or

Penbrol i zumab, which we don't know whet her they work
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or not.

So the question is, you know, for you
Dr. Thakur, is do you see a future noving from not,
you know, giving treatnments where we don't know
whet her they work or not, to being able to find out
whet her they work and, you know, where do you -- if
you see that future, where do you where do you think
it could come, from what angle?

DR. THAKUR: Yeah, | nmean, | think maybe

this is -- sone of the discussion, which I think is
really fruitful, is around kind of what we nean by
standard of care, | nean, certainly what | think

we've all shown as we do nore of individualized,
personal i zed nedi ci ne approach, and we're often
usi ng therapies on an individualized basis that
doesn't have a | ot of experinental evidence.

But | don't think that means that we
cannot develop trials that are robust and provide
i nformati on about efficacy of treatnents. And I
really think that nmaybe the idea that we somewhat

honogeni ze the underlying kind of population that
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A oria nentioned, you know, perhaps with kind of one
underlying condition, that m ght be a way for us to
ki nd of understand what works.

| think the HIV popul ation and response
and kind of after they've been given
anti-retrovirals, | think, with all the kind of
I ssues around, you know, potential for PML IRIS is
one popul ation that we know could -- we could study
really effectively, especially in a gl obal
popul ati on.

| think there's two other issues, one is,
you know, we heard fromthe patients, and | think we
al ways have to think about or what is their voice.
We had, | think, a great study | ooking at responses
to surveys and how t hey woul d feel about clinical
trial design, and greater than 50% bei ng concerned
and would not enroll in a placebo-controlled trial,
| think, is one that we really have to think
carefully about before we decide to do it, because
that is going to affect our enroll nment and

recruitnment.
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And that perspective, | think, really --
really has to be taken very seriously.

And then | think, secondly, if we're going
to consider a global study of, you know,

Hl V-infected patients, | think that we really al so
have to consider the applicability of the treatnment
itsel f.

And if we're looking at resource limted
settings, you know, this isn't tal king about the
control popul ation necessarily, but it's really
I nportant that we don't ignore that issue as well in
terms of whether this potential treatnent could be
depl oyed to this patient popul ation.

DR. SHEIKH. Dr. Marra, do you want to --
it sounds like there's a chat going on, would you
m nd expl ai ni ng what your ideas are that you've
di scussed in the chat?

DR. MARRA: Well, | was just suggesting
t hat, based on what our industry person said, that
we coul d pose a trial where we had new y-di agnosed

H V i nfected people with PM., because that's

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 221
truthfully what | see the npbst of anyway, and we
woul d random ze themto conbination and a retroviral
t herapy versus conbination and a retroviral therapy
wi th Penbrolizumab or with Aisle 7.

That would be a group that would be
expected to do probably poorly, so you could get an
answer pretty quickly, and you could al so get sone
information about IRI'S, | think, with that, and you
maybe woul dn't have to have a huge nunmber of people.
But that was ny pitch now that all the coffee |
drink has worn off.

DR. SHEI KH: So now what about -- | think
that I'd also like to talk about the other groups
t hat we haven't discussed too nmuch right now. W' ve
tal ked about patients with underlying H'V, and we' ve
t al ked about people with MS, but can we talk a
little bit nore about patients who really don't have
a reversible -- don't have inmune suppression that
is readily reversible?

Sol'd like to ask Dr. Mateen to weigh in

on, you know, how -- if we were to think of clinical
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trials for this patient popul ati on, you know, what
woul d the standard of care be for these patients,
and would that include in those patients, say,
pati ents who have a history of |ynphoma or had | CL,
woul d that include ICL as a standard -- would that
i nclude Aisle 7 or Penbrolizumab as a standard of
are and, if so, how would that be integrated into
sonething like a cell therapy trial.

DR. MATEEN: Yeah, that's a good questi on.
So | think the two groups that we haven't talked
very nmuch about are the hematol ogi cal malignancies
and potentially the transplants. And it brings to
l'i ght that many patients who have PM. have nore than
one risk factor for PM.,, so they may have both
mal i gnancy and a history of transplant and nultiple
I mmunosuppr essi ve onboard, for exanple, and so it's
hard to know.

For exanple, you m ght reduce the degree
of 1 mrmunosuppression in those patients, but they
still have two other underlying risk factors for

PML.
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So in ternms of -- you know, they're a nore
honogenous group, and | think that that nakes a | ot
of sense to actually focus on those. As was said
earlier, the nunber of people with M5 who have PM
is exceedingly small now because of vigilance for
it, and HHV -- | guess | don't know the incidents of
PML in H 'V now, but | understand that it's much | ess
than what it was.

And so -- and | think Dr. Spudich earlier
nmentioned, PML at the tinme of presentation versus
PML in sonmebody with well-controlled HV my
actually be very different groups. So the
hemat ol ogy patient population is, |I think, a ripe
group for study; transplant is itself honmpbgenous
so -- or heterogenous in the sense that they coul d
be solid or not.

So | don't think there is -- any group is
actually not that honmogenous within itself, so the
nore you know about the group, the nore difficult it
| ooks.

But, you know, if |I had to design a trial,

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 224
| think that HHV is still of interest, but the hemn
mal i gnancies | would also focus heavily on or even
peopl e on specific drugs, no matter what their

under | yi ng di sease.

DR. THAKUR: | think this is where the
hi storical controls could be really useful. And |
know you, I'd love to hear nore -- | know G ori a
ki nd of started -- large natural history study

that's bring run through the NIH, but this al so
depends on our outcone measures but, you know, for

t hose kind of rare underlying conditions, using that
hi storical control, | think, could be really, really
val uabl e, dependi ng on the kind of variables that
have been coll ected.

DR. SHEIKH: So | think for the -- the
problemw th the historical control is we need to
identify a group that can be the historical
controls, and I am not aware, other than | know --
other than G oria von CGeldern's attenpt to establish
a registry, I"'mnot aware of any true historica

control database that would be, you know,

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 225

non-biased. |I'mnot sure if -- is there anyone on
t he panel who's aware of any of these kind -- where
this database m ght be, if there is one?

DR. THAKUR: | wonder if Irene can speak
about the ongoing NIH that -- the details of which
l"d like to --

DR. CORTESE: So we do have a natural
hi story study at NIH and, you know, ongoi ng
col l ection of data, but, you know, it's still
relatively limted, and | think that there woul d be
much to gain frombeing able to pull, you know, from
di fferent sources.

Al so, the patient popul ation that we see
m ght have Certain biases, you know, for referral to
our center, and we certainly wouldn't want to carry
t hose forward too nuch, so, again, | think it's
really inportant to pool resources, and probably as
we'll be tal king about later as well, | think what
woul d be really helpful is as a community, you know,
to devel op standardi zed core set of outcones that

we're all collecting and that will facilitate, you
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know, going forward, you know, trial design and so
on.

VWhat we've also seen at NIH, at least, is
t hat when our natural history study was going
forward wi thout the possibility of offering a
treatment option, we were getting nostly long-term
survivors of PML and not so nuch active PM., which
iIs where we really need to focus if we want to
devel op bi omarkers and | earn about trial designs
and, you know, appropriate interventions.

And so | think that trial design -- sorry,
clinical trials interventional studies thenselves
are the way to learn how to design clinical trials
better and -- yeah. So |I think we need to make nore
efforts in that direction a well. | don't think
really answered your question.

DR. SHElI KH: Thank you, Irene, | think
t hat does answer the question about what you have in
terms of a natural history, you know, a database or
hi st ori cal dat a.

| will also nention, Carey Jolie of rare

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 227

di seases at CDER, has put in a link in the chat for
everyone that there is a new-- | think it's been
two years ago that this was | aunched by the FDA --
fundi ng through the FDA for the rare di sease cures
accel erator data and analytics platform so this is
a platformwhich is a centralized and standardi zed
infrastructure to support and accelerate rare
di sease characterization with the goal of devel oping
accel erating therapy devel opnent.

So it was funded through an FDA grant to
the Critical Path institute and was devel oped in
col |l aboration with NORD. And so essentially what
this is an opportunity to share databases, and |
woul d really encourage everyone here if we think
that historical controls are very inportant, then we
need to develop this and this is potentially a way
of getting information about the natural history of
PML wi thout starting a registry, which also m ght be
an inportant thing to do.

So that's nmy plug for RDCA Dap. So before
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DR. VON GELDERN:. Can | give one --

DR SHEI KH: We have about --

DR. VON GELDERN: -- on this problem of
getting the control data. So I think we heard from
the patients in both their stories that diagnosis is
of ten del ayed, and | think maybe one effort needs to
sonmehow go to spreading the word about PML -- this
sounds silly to ask here -- but | think if nore
non- neur ol ogi sts or non-PM. experts were recogni zi ng
t he di sease or were at |east referring patients for
PM., maybe we woul d coll ect nore neani ngful data.

Because | think a lot of patients with PM
are not collected because we don't even know t hat
sonebody -- | saw patients who had sone mali gnancy,
and as soon as there was any concern for PM they
say, well, we've stopped treatnents, you have PM,
that's it. So | think we are mssing a |ot of
patients that we don't even ever hear about.

DR. SHEI KH: That definitely makes sense.
And | think the patients -- every patient who's

conmmuni cated with us about their perspectives would
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agree with you, Dr. von Geldern, that, you know, the
word needs to get out, we need to get patients
di agnosed earlier, that would facilitate clinical
trial participation, and also likely increase the
i kel i hood that an intervention could have an affect
al so.

So before we wap up this session,
bel i eve we have only five nore mnutes, and | don't
think we've gotten to the bottomof this, but I'm
going to ask again, just I'mgoing to refrane the
guesti on.

So in order to get products approved in
the United States or in order to know that sonething
wor ks, we need to have confidence that whatever
intervention it is, is actually doing better than
what woul d have happened had we not given the
I nterventi on.

And the problemw th the historical
controls, nunber one, we don't really have
hi storical controls for PM. right now, we have a

het erogeneity of patient populations with differing
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out cones; we have changi ng things -- changi ng
t herapies over tinme for those underlying diseases.

So in the last four mnutes, if | can have
just a 30 second -- ask each of you to -- each of
t he panelists to give nme your opinion about how we
can nove forward, what is the best, nobst appropriate
control for PM.

And |'m going to use the exanple of the
patients wi thout reversible i nmunosuppression
because | think that's the area where, you know,
that's going to be the hardest ethically. |1'm going
to ask you all to just weigh in for 30 seconds on
whi ch -- what control can we use, is it historical
control or is it placebo or a standard of care, and
if so -- if it's a standard of care, what's that
standard of care.

So, Dr. von CGeldern, I'lIl start with you

since you're on ny screen right now.

DR. VON GELDERN: | think what's cone out
of this discussion is that we don't know. | think
my -- would be for a placebo-controlled trial in a
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pati ent group that has a reasonable survival rate or
where we are doing other interventions, |ike
restoring the i mune system whether it's HV or
Nat al i zumab, and maybe trying out as nmuch as there's
[imts to that, different treatnents wi thout a
pl acebo group in patients where we can't restore the
I Mune system

DR. SHEI KH: Thank you.

And Dr. Berger?

DR. BERGER: Well, if | understood the
question right, Virginia, you're really | ooking at
that group of individuals who has PM., who do not
have an i mmune deficiency that's readily reversible.

DR. SHEI KH: Correct.

DR. BERGER: And if that's the group
you' re tal king about, what | would suggest is
| ooking at historical controls. 1'd be quite
confortable with that know ng that these are
i ndi vidual s that, by and |arge, do not recover and
end up dying.

And | would think that, you know, the hope
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Is that you have a strong signal from whatever drug
you' re giving where, you know, nmaybe the survival is
50% or 80% and you could say quite confortably that
there's clearly an effect fromthe drug.

DR. SHEI KH: So, Dr. Mateen?

DR. MATEEN: Yeah, | guess | would just
say that perfect is the eneny of the good here, and
| think we can get historical controls, you know, |
think that that is just a matter of investnment and
effort and col |l aborations. | don't think not having
t hem as a good enough excuse, | think we should try
to get them and work on it.

But | like historical controls because
it -- I think ethically it is the appropriate thing
to do here, and we don't have to worry about
enroll ment in the same way. And | think the disease
iIs very rare, | think this study could be |ike
several years long, so we'll just have to hold on
for results.

DR. SHEI KH: And Dr. Thakur?

DR. THAKUR: Yeah, | agree with Dr. Berger
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and Dr. Mateen. As | said earlier, and | do think
there is an opportunity here, we have a nodel of a
natural history study at NIH to expand across sites
in which the nunber -- the places that are practiced
still see a lot of PML across different popul ations,
especially at places that have high vol unmes of
transpl anted patients.

So | think there is a real opportunity, as
Dr. Mateen said, and | think historical controls are
going to be one conponent. | know you didn't ask
this, but | do think that a trial |ooking at, you
know, new di agnosis of HIV starting retroviral
therapy and then doing a real kind of treatnent
trial would be, you know, a good idea. | think
that's really inportant for the field to advance as
wel | .

DR. SHEIKH. Dr. WMartin-Blondel ?

DR. MARTI N- BLONDEL.: If we need a
controlled trial with a control group with a -- |
would rely -- | would say, as Christina said,

new y-di agnosed H V patients with -- only and --
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pl us anything else as the experinental group, and |
woul d not rely for those kind of patients on

hi storical controls because they changed according
to time, except for patients with no reversible

i mmunodefi ci ency.

DR. SHEIKH: And Dr. von Geldern? ©Oh, |
think | asked you this already.

DR. VON GELDERN: You did.

DR. SHEI KH: Dr. Porter?

DR. VON GELDERN: | m ght not have
answer ed your question exactly, but | think that's
all | have to say.

DR. SHEIKH: Sorry. Dr. Porter?

DR. PORTER: |'Il keep this brief. SO I
agree with Dr, Berger and Dr. Mateen, for this
pati ent popul ation that you specified in your
question, | think historical controls seens like it
bal ances all considerations.

DR. SHEIKH. All right. Thank you. So we
are now going to enter -- thank you all, panelists,

this was a very interesting conversation. It
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doesn't seem|ike we've worked out everything for
PM., but hopefully we've noved the bar forward a
little bit.

Now we're going to go on a break for nine
m nutes until 3:05 Eastern Standard Tinme. So |'l1.

(Wher eupon, a break was taken.)

DR. SHEI KH: Okay. Welcone back from your
| ast break of the day before the workshop concl udes.
We're going to now dive right into the |ast session,
which is focused on putting all this discussion, all
the topics we've discussed today, together into

trial designs.

And we'll have the panel experts, which
will be noderated by Dr. Bal dassari, who you net
earlier. But to put everything into perspective to

try to put all the pieces together, including sone
of the aspects of clinical trial design that we
haven't di scussed al ready today, we're going to have
Dr. Irene Cortese conme back from NI NDS, and al ong
with Ken Cheung, who's a of biostatistics at

Col unbi a Uni versity.

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 236

Dr. Cortese?

DR. CORTESE: So thank you. And today
"Il be speaking together with Ken Cheung on behal f
of the Clinical Trials Wrking Goup, whose nenbers
are listed here in this slide.

As we've heard throughout the day,
obvi ously, PM. poses several specific challenges
that inpact trial design, and we've also heard
pretty clearly that it seens unlikely that we're
going to be able to identify a one-size-fits-al
approach, and nost approaches will be conprom sed on
sone | evel

And so just to review again in the next
slide, PML is a rare disease, which has clearly
contributed to the limted availability of reliable
natural history data and, therefore, also to the
| ack of established clinically nmeani ngful
bi omarkers, and al so generally limts feasible
sanpl e sizes for clinical trials.

Next .

It's commonly a rapidly fatal disease,
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whi ch can inpact recruitnent and retention to
clinical trials. The lack of any validated therapies
limts options for control arm as we've heard, and
can, therefore, also inpact acceptability of a
concurrent control arm And generally acceptability
and feasibility of a conplex studies schedule is
I npacted by patients with rapid accrual of
di sability.

Next sli de.

The patient population is very
het er ogeneous with het erogeneous outcones, which
I npacts nost aspects of clinical trial design from
deci sions over eligibility criteria to appropriate
endpoi nt sel ection, selection of the interventional
approach itself, and also sinply a need really to
account for conplex clinical outconmes, such as IR'S
or progression of underlying disease.

So in the next slides, Ken Cheung and |
will give a high-level outline of how some of these
factors m ght need to be taken into account when

designing a clinical trial for PM.,, and nuch of this
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has al ready been hashed out in the previous panel
sessions and wll be tal ked about, surely, in the
final panel session.

And to be clear, this discussion is not
i ntended to be prescriptive, nor really
conprehensi ve, and the goal is really nore to
broadly bring together what we've heard today and go
alittle deeper with an overview of statistical
efficiency, and essentially list sonme of the
tradeoffs that need to be considered when designi ng
trials.

So in the next slide we'll start with
patient heterogeneity.

Next sli de.

Pati ent heterogeneity can affect
consi derations for inclusion in trials for PM in a
nunber of ways, and perhaps nobst inportantly,
because a given treatnent approach m ght be nore or
| ess appropriate for different patient popul ations.
So for exanple --

Next .
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A JCV antiviral drug m ght be conceivably
offered to all patients with PML fromthe time of
first diagnosis.

Next .

Whil e on the other hand, experinental
I mmune rescue strategies mght be risky in patients
likely to develop PML IRIS with standard of care,
and so strategies m ght be nore appropriately
reserved for patients with PML that have clearly not
responded to standard of care approaches attenpting
to reverse the i mune suppressed state, such as,
anti-retroviral agents in H V-related PM. or
di sconti nuati on of inmmune suppressive agents, or
sinply reserved for patients for whomno true
standard of care approach is avail abl e.

The type of intervention and the patient
popul ation to which it's nost appropriately applied
will in turn inpact other aspects of trial design.

Next .

Whil e including a narrow y-defined patient

popul ation mght lead to nore uniform expectation of
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outcone, as we've tal ked about, inclusion of the
nor e het erogeneous popul ation with w de expectation
of outconme would likely require a stratification to
ensure that study arns are bal anced. And here anong
t he recogni zed prognostic factors that m ght be
consi dered woul d be --

Next .

-- the underlying predi sposing disease
and - -

Next .

-- the level of disability at study entry
and - -

Next .

-- the JCV CSF copy nunber at study entry,
and possibly |ast --

Next .

-- even the extent or |ocation of PM
| esi on burden or perhaps other MRl features.

Next slide, please.

As we've heard in earlier talks, inclusion

of het erogeneous popul ati ons could also greatly
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affect the selection of an appropriate
clinically-rel evant endpoi nt.

Next .

Such as survival being appropriate for
sone popul ations with the worst prognosis or --

Next .

-- a nmeasure of disability for others with
| ess severe prognosis or --

Next .

-- even consideration of sone sort of a
ranked outcone that m ght take into consideration a
br oader spectrum of disability, and al so survi val
or --

Next .

-- possibly even a surrogate endpoi nt
m ght be feasible in sonme clinical trial designs.

As we've al so heard today, patients wth
PML can present a conplex clinical course that could
confound and point interpretation, and specifically
a PML clinical trial would need to consider ways to

clearly identify and distinguish between such
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events.

So next slide.

Next .

Such as definition of PM IRIS --

Next .

-- progression of the PML itself --

Next .

-- of the underlying disease, including,
for exanple, situations brought up earlier in the
chat box of how to weigh in situations of w thdrawal
of supportive care or --

Next .

-- sinply identifying adverse drug
reaction. And since often the distinction between
t hese events m ght not be straightforward,
consi deration m ght be given to establishnent of
adj udi cation commttees to provide objective
deter m nati ons.

Next .

The | ack of robust natural history data

and | ack of established clinically-neaningful
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out cones urges devel opnent of consensus and
standardi zati on of a core set of key secondary
out cones that m ght be applied across clinical
trials, and also to all ow pooling of data across
studi es, as we tal ked about earlier.

Next sli de.

And so such outcones would likely include

Next. Next. Next. And next.

-- standardi zation of PCR assays of MRl
protocols, devel opnent of clinical disability
scal es, and also identification and validation of
key i mrunol ogi cal neasures. And this would al so
surely offer the opportunity to devel op maybe a
conmbi ned clinical outconme or a conbined bi omarker in
clinical outcome, as has been nentioned earlier, as
well as to | earn nore about pathophysiol ogy of the
di sease, as al so discussed earlier today.

Next sli de.

| ncreasing patient acceptability to

participate in clinical trials is obviously
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essential for recruitnment and retention.

Next .

And so integrating concerns voiced by
patients and caregivers, as we heard earlier today,
i ncludi ng --

Next .

-- limting requirenents for travel to
study sites, devel oping and validating decentralized
outcome collection, limting frequency of invasive
study procedures, increasing acceptability of
control arm as we'll hear a little bit later, and,
nore generally, inproving access to information
about available trials and about disease in general.

Next .

And sinmply conducting nore trials to

I ncrease avail abl e opti ons.

And |1'1l now hand over to Ken Cheung, who
wi || continue.
DR. CHEUNG  Thank you, lrene. First, I'd

like to say that it is ny pleasure to work with this

wor ki ng group for this inportant effort to see how
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we can inprove visibility of doing trials in PM.
So in the next few mnutes |'mgoing to tal k about
t he range of sanple size requirenent --

Oh, maybe next sli de.

Yes. So in the next few mnutes, |I'm
going to tal k about the range of sanple size
requi renent that we nay anticipate in the PM. trial,
and how we may make efficient use of data froma
statistical perspective.

We're going to | ook at sanple size in
relation to two aspects of clinical trial design.
First, in relation to choice of endpoint, second, in
relation to the control arm

So next slide.

So first we'll look at sanple size
associated with different endpoints.

Next -- maybe next two as well. Thank
you.

So for PM.,, as in other fatal conditions,
the specific survival is obviously clinically

rel evant, but the question is whether it's feasible
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in terns of sanple size requirenents. So this is
one of the questions that we're going to explore.

In addition to survival, the functions and
disability also clinically rel evant.

The Modi fied Rankin Scale, for exanmple, is
a conposite score that includes death and disability
on a single scale, but for PM, it's likely that
such a conposite scale will mainly be driven by the
deat h outconmes, so the inpact on the sanple size by
i ncluding disability m ght be very m ninal.

|"d |ike to enphasize that this is -- ny
di scussion is purely based on a sanple size
perspective, clinically it's definitely very
inportant to track the quality of life, disability
of the patient.

A third possibility is that we're going to
use a biological endpoint, which we will define and
expl ore on the next slide.

So next.

Oh, and one nore -- and finally, we wll

actually look at how increasing criteria together
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with the choice of endpoint will effect sanple size.
Next sli de.
We will consider JCV copy nunber as an

exanpl e of a biological neasurenent, which has been
denonstrated to assist with survival. As ny
col | eagues here ny know, that JCV copy nunber is a
nmeasur enent, not an endpoint. W need to define how
the nmeasurenents are used to cal culate a JCV-based
endpoint. So there are many ways to do it, and we
have consi dered three approaches.

So next. Next.

Yes, so the first approach is to consider
a biological response defined with respect to a
pre-specified threshold. For exanple, we call it a
JCV responder when the JCV DNA decreases by a
quarter on a -- scale over 60 days from baseline, so
this is how we can define a JCV base response. And
t he advantage of using a respondent analysis is that
it provides a very clear clinical interpretation and
gui dance.

Next .
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The second approach, we find the
respondent anal ysis by adding JCV categories to
reflect nore granularity. |In addition to the
i nprovenent defined by a decline in JCV, we nmay add
a category to -- defenses these patients with
wor sening JCV fromthose with stable JCV val ues over
tinme.

In other words, it is an ordinal scale
with three levels, which also offers clear
interpretation, albeit, slightly nore conplicated
t han the responder anal ysis.

The third way to define a JCV-based
endpoint is to look at the ratio between JCV DNA on
day 60, and based on JCV. A small ratio of forward
change will indicate inprovenent; however, you could
be uncl ear what -- for change woul d be consi dered
clinical inportant, so there may be sone gray area
In interpretation.

These are the three ways that we have
consi dered on how to use JCV neasurenent as an

endpoi nt.

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 249

Next sli de.

This slide gives the range of sanple size
that we may antici pate when different endpoints are
used. Let's start fromthe Left, where survival
time is at the endpoint. If we include patients
fromall disease categories, one estimate is that
pati ents under standard of care may have about 47%
one year survival, and the assuned relative risk of
a .6 by an intervention, which is a |large effect
size. The required sanple size is 137 per armin
order to achieve 80% power in a one-to-one
random zati on RCT.

Now, if we include patients with worse --
prognosi s, say having a 20% one-year survival under
standard of care, the required sanmple size wll be
86 per armunder the same relative risk assunption,
so it's a much smaller sanple size. And this point
has been noted by sone previous panelists.

How about the use of JCV-based endpoint?
| f you use a responded analysis, as we defined in

the previous slide, and if you assune an -- of 2.5
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by the intervention, the requested sanple size wll
be 86 per armto achi eve 80% power. Under the
same -- assunption, if you use an ordi nal endpoint,
that woul d reduce sanple size slightly to -- per arm
in the one-to-one RCT.

Now, if you we use a continuous -- as an
endpoi nt, the sanple size reduction can be dramatic,
as you're requiring only 32 patients per arm So we
see actually quite a range here in terns of a sanple
size requirenment, depending on how we choose the
endpoi nt.

Whil e these assunptions on this effect
size are not directly conparable for different
endpoints, they represent effect size that is |arge,
but not unrealistic based on sone of the JCT data
t hat we have seen in the pilot.

Next .

So here's a few points that I'd like to
recap. First, the use of our PM.-specific survival
as an endpoint is clinically relevant, but it nmay

require a large sanple size that will put visibility
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in question. And the sanple size requirenent can be
reduced quite a bit by including patients with poor
survival prognosis only, but that will also nean
reduci ng the pool of patients that we may enroll
from

Next .

Second, the use of JCV-based endpoi nt
reduces sanple size requirenment to varyi ng degrees,
dependi ng on how we define it. |In general, it nmay
be nore feasible than using a server for endpoint,
not only because of the smaller sanple size
requi red, but also because of the possibility of a
| arge effects when the biological measurement is
a -- target of an intervention.

And in addition, because we anticipate
changes in JCV or any other biological neasurenents
to occur over a nuch shorter period of tinme, we can
conpl ete a proof concept trial using a JCV endpoint
much nore qui ckly.

And having said that, we still need to

correl ate each biol ogical endpoint with survival in
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the trial as a secondary anal ysis.

Next .

And the last point is, as | nentioned, the
i ncorporation of disability score with that may have
a mnimal inmpact on sanple size, sinply because of
the fact that the scale will be mainly driven by the
deat h out cone.

So next.

So the second aspect 1'd like to talk
about is sanple size and the choice of the control
arm

Next, please. Thanks.

There have been quite a few di scussions
about the use of historic control, so the
consideration here is that whether it exists, and if
such a cohort exists, it would definitely reduce the
sanpl e size substantially. O course, using a
hi storical control is often tricky due to difficulty
in interpretating causation of the --

So in the next scenario --

Next .
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-- we would conpare the intervention with

a concurrent control armin a random zed study. In

my sanple size calculations, | assune a one-to-one
random zation ratio, which would offer the nost
power for the sanme sanple size as an -- we may
conduct a trial with a two-to-one random zati on

rati o, this approach nmay inprove patient

acceptability because patient will nore |ikely get a
treatnment that they perceive that will work;
however, it will be achieved a the expense of

requiring a | arger sanple size.

So there's a trade off between efficiency
versus whether patient will accept the trial.

And that leads to the next scenario where
we will conpare nultiple candidate interventions to
a shared control arm

So now, the design of a trial with
multiple interventions is nore conplicated than a
trial with only one intervention versus the control,
but it also offers an opportunity for -- design

concept that would | essen sanple size requirenent
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overall .

W' re going to go over two concepts.

Next .

So the first design concept we would Iike
to consider is a use of -- study. In the phase two
portion of this trial, patients will be random zed
through all interventions and the standard of care,
whi ch was service the shared control arm At the
end of the phase two trial, one intervention will be
sel ected based on the biol ogical endpoint, and you
may be noved forward to a phase three trial.

In the phase three portion, then we wll
conpare survival of the two -- of the standard of
care versus the selected intervention. This design
can be adaptive in the sense that the sanple size of
t he phase three trial, mybe we estimate it based on
t he phase two data, and this design can be efficient
In that the final analysis, by the end of the phase
three trial, when you encrypt data collected in the
phase two trial, as well as data in the phase three

trial.
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So we're not -- so these are two trials in
one concept, but we're going to be able to use data
fromtwo trials in the final analysis. So this is
the first design concept on the next slide. W're
goi ng to have a second design concept that is
related to running a platformtrial under a massive
protocol where nultiple interventions nmay enter a
trial in a staggered and, again, they'll be conpared
to a shared control arm

There are many advantages of running a
platformtrial, it creates an infrastructure that
can nove new treatnents through -- quickly, the data
managenent systemis already in place, so there's
sone building efficiency in the infrastructure, and,
i nportantly, the enrollnent network is established
so that we don't need to get |ike a new nunber every
time we establish a new tri al

And there are also statistical advantages,
specifically, a platformtrial can serve as a |large
screen platformwhere interventions can be stopped

for lack of efficacy through continuous nonitoring,
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so that we can direct resources and patients to the
nore prom sing treatnents, and use head-to- head
conpari sons between interventions, if possible. W
may al so adapt a random zation ration in a way that
favor arnms that | ook superior based on interim data.

So these are all the possibilities that is
enabl ed by the use of one shared control arm by
multiple interventions.

Next sli de.

| n our working group, we've actually
consi dered sonme design concepts that may not work,
but in the interest of time, | probably want to skip
this slide for now.

So maybe next. And next.

Yeah, so let's go through a few summary

poi nts.

So next.

So, again, we made this coment about the
use of -- endpoint, the question is whether it's

clinically meaningful, and for the server for

endpoi nt, choosing a study popul ation with high
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nortality rate, poor survival prognosis would
requi re sanpl e size.

And next.

And towards the end |I also tal k about the

use of a shared control armin a simlar phase

t wo/ phase three study or a platformtrial. And
t hese approaches will allow us to optim ze
resour ces.

And the only new point I'd like to make is
that while these design concepts will optin ze the
use of data and resources, given howrare PM. is, we
need to have a long -- in way, we need to have a
| ong gane and we need to have a nulti-center
consortiumto reach any evi dence-based concl usi ons.
So with all these design tools, it could -- to
havi ng a massi ve protocol under which we want to
establish an enrol |l ment network and -- operations.

So with that, 1'd like to stop here and
t hank you for |istening.

DR. BALDASSARI: Thank you so nmuch, Drs.

Cortese and Cheung. We'll now nove on to our final
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panel discussion about clinical trial designs for
PM. treatnents this afternoon.

So first, rem nders to the audi ence that
for the panel discussion, you can submt any
gquestions you would like to be addressed by the
panelists using the Q and A feature at the bottom
center of the screen in Zoom

Pl ease note that questions and comments
submtted via the chat function will not be coll ated
for panelists.

So here with us today we have seven
panelists participating in this discussion, who |
will introduce briefly, but 1'd like to refer you to
the neeting materials for their full affiliations,
di scl osures and bi ographi es.

Dr. Paola Cinque is the head of the
Clinical Neuro-virology Research Institute and
Di vision of Infectious Diseases at the San Raffaele
Scientific Institute in Mlan, Italy; Dr. David
Clifford is the Mel ba and Forest Seay professor of

Clini cal Neuropharmacol ogy and Neurol ogy at
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Washi ngton University in St. Louis; Dr. Lori Dodd is
the section chief for the Cinical Trials Research
Section with the Biostatistics Research Branch in
the Division of Clinical Research at the National
Institute of Allergy and Infectious Disease.

Dr. Andrew Goodman is a professor of
neurol ogy and chief of the Neurology Division at the
Uni versity of Rochester Medical Center; Dr. NgocDi ep
Lee is the Executive Vice President and Chief
Medi cal OfFficer at Neol nmune Tech; Dr. Walter Royal
Is a professor and Chair of the Departnent of
Neur obi ol ogy and the Director of the Neuroscience
Institute at Mrehouse School of Medicine.

And Dr. Sabrina Tan is a physician
scientist at the Division of Infectious Di seases and
Center of virology and Vacci ne Research at the Beth
| srael Deaconess Medical Center of Harvard Medi cal
School .

|"d |like to ask our panelists to turn on
their videos at this tine.

So with that, just to get things started,
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|'"d like to open with a general question we woul d
i ke each panelist to provide a one-to-two m nute
response to kind of get the discussion started.

The question is, based on your experience
and expertise, what trial design elenents do you
consider to be the nost inportant, feasible and
appropriate for PML clinical trial designs and why?

So woul d anybody like to volunteer to
respond first?

DR. ROYAL: [I'll go ahead and get started.
"Il say --

DR. BALDASSARI: Thank you, Dr. Royal.

DR. ROYAL: ~-- like the second clinical
trial design, the staggered enroll ment approach.
And I'ma bit biased because with our study we had
the main enrollnment that | think works well with a
HI 'V popul ation, especially one that has, you know,
better clinical status, it allows one the
opportunity to have a control group built in.

| would say that in doing that, it's

I nportant to be prepared to nodify treatnent as the
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trial goes along using the different biomarkers that
are used not only for identifying candi dates, but
al so to be prepared to nodify dependi ng on what the
drug that's being used in the clinical trial to
nodi fy treatnent, nuch as what you m ght see done a
cancer -- clinical trial.

DR. BALDASSARI : Thank you so nuch.

Woul d anyone |ike to go next?

DR. TAN: | can speak next. | think we
| earned a whole ot fromthe COVID trials, we were
running themleft and right and we literally threw
the kitchen sink at it. The NIH nodel of the
Platform design for the COVID active trials is a
good nodel to follow, which exactly is the platform
where you can plug into the different drugs in one
st udy.

And | think that eventually cane into play
in the COVID studies that we've been doing, because
initially we were just doing one-offs, and then we
were just so desperate to treat patients.

And | do think we do learn fromthat al so
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that just treating them doesn't really help us
answer any questions. You know, a lot of the things
that we have tried, Aisle 6, even Rendesivir, we did
t hem wi t hout a good control arm not necessarily
pl acebo, but a good control arm we still are up in
the air whether they work or not, we whiplashed, you
know, back and forth in the entire year.

So | think those have been -- us in doing
PML -- it's a rare disease, we can't afford that
whi pl ashi ng back and forth, so we should have a good
control armthat's shared by everyone. And then
have a centralized consortium have everything set
up, woul d be great.

And having done studies with centralized
| RB and that will nove amendnments and changes
through really fast to off sites, and it's nuch nore
efficient than doing individual trials with
di fferent sponsors.

DR. LE: 1'lIl go next. First of all, 1'd
li ke to thank the organi zer and the speakers for

having this very educati onal workshop and for
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inviting me to participate in today's discussion. |
shoul d al so nention that ny comments are nore
pertinent to the clinical trials that are designed
for potential registration, if there is a court and
not for trial design for exploratory purpose only.

So with that in mnd, of the two study
designs that Dr. Cheung presented, | prefer the
seam ess of phase two/ phase three study design,
preferably with one active -- but nmaybe different
dose | evel other reginmen. Hopefully, two or maybe
up to three, but nore than that is -- can be
prohi bitive because of a | arge sanpl e size.

And the reason | prefer the seanl ess phase
t wo/ phase three study design, because |I think that
it provides the line of sight towards registration.
And | ogistically, it may be easier to conduct
conpared to the platform study design. So during
t he phase two portion of the study, for exanple, in
addition to establish the safety profile for the
drug, we can deternm ne the right dose |level or --

reginmen to bring toward the phase three portion of

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 264
t he study.

We can al so assess what are the clinical
endpoints that are clinically neaningful, but
obt ai nabl e, and have an estimate -- a nore accurate
estimate of the magnitude of inprovenent.

In addition to that, we can potentially
al so use the data information that we get fromthe
phase two portion to refine or revise the
eligibility criteria, as appropriate.

We can al so have a better and hopefully nore
realistic estimate of the accrual enrollnent, et
cetera.

So for all of that reason, if we were to
design a trial for potential registration, | would
prefer the seam ess phase two/ phase three design.

DR. BALDASSARI: Thank you very nuch. And
| just wanted to take a m nute and rem nd the panel
that -- | wanted to clarify the purpose of the
gquestion is not necessarily to kind of, you know,
how you sel ect one of the two design strategies that

were presented in the previous presentation, but
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really just kind of a broad question related to
anything -- any clinical trial design elenent you'd
li ke to speak about, so patient popul ation,
endpoints, elenments related to feasibility, we'll
try to get into all of those, but just wanted to
make sure you weren't limting your responses to
just picking between one of those two.

But feel free to respond however you'd
i ke. Thank you.

Woul d anyone like to go next?

DR. CLIFFORD: | can go next.

DR. BALDASSARI: Thanks, Dr. Cifford.

DR. SM TH: Sure. You know, | think
having westled with this problemfor the |ast three
decades or so, |'ve realized that the devil is in
the details with designing these trials, and so |
t hi nk, you know, one of the questions going into
what's the ideal trial is what are we trying to
study, what are we trying to prove we can do that
m ght benefit the outcone of this disease.

And so | think it is going to be different
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dependi ng on the kind of intervention that we're
proposing to use. That said, | think because of the
wi despread network that you have to construct in
order to enroll a nunmber of patients, keeping things
quite sinple and controllable is -- is very
I nportant in a successful ultimte study.

And | think that getting a standard of
care for underlying condition that we could agree
on, which, you know, obviously, our discussion
showed that's not sinple, but |I still think, you
know, we ethically have to find where's the
equi poise with this condition, we can't just sit and
|l et the disease kill our patients as good
physi ci ans.

At the sane time, we have to have an
equi poi se of where we're quite convinced that we can
offer benefit to a set of patients, and then either
add sonmething to it or not, and do it as a trial so
that we cone out smarter at the end of the day,
rat her than spendi ng years and years poi soning

patients in this way and that way, and not naking
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progress.

So | think as a group we need to organize
and we need to systematically say, okay, this is the
standard care. And people will conme to us as the
net wor k because we can apply that, we can di aghose
qui ckly and get care underway, but then we either
add or we don't add sonething where there's an
equi poi se and we don't know whether we're going to
do nore damage or good and in what way.

So | think that that's how |l would like to
see the field go forward. | do think that -- that
| ooking at what we're doing to the virus, so the
trajectory of what's happening to JC in the central
conpartnent is the nost neasurable sort of interim
mar ker that -- that we're either on the right track
or not.

But, ultimately, | do think that | onger
trials that look at the nine or 12-nonth outcone and
really try to do a nulti-factor analysis of have we
made t he popul ati on we chose to give this therapy to

or didn't, have we made those outconmes better. | f
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we have, then that's sonething that we could endorse
and that we hope the FDA woul d endor se.

So it's not a sinple answer, but that's
where | amgoing at this point in tine.

DR. BALDASSARI: Thank you.

Dr. Goodman, | see your hand rai sed.
Woul d you like to weigh in?

DR. GOODMAN: Yes, please. So firstly,
|'"d like to thank the organi zers for doing a great
job and a great service for this very thoughtfully
put together workshop. And | agree that the unnet
need here is actually really desperate because |
don't think the prognosis for PML in people who
don't have an easily reversible i munoconprom sed
has changed in the 40 years that |'ve been doing
neur ol ogy.

But also as |I'm | ooking at nyself, | would
li ke to apol ogize for the lighting because | really
don't have the sanme coloring as our recent past
president, but that's what it seens to | ook like

here today. |'msorry for that.
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In any case, what | would like to -- |
think the inportant feature for trial design was
al ready brought up by Joe Berger and Rol and Martin
earlier today, and that is really trying to have as
honbgeneous a patient popul ation selected if we
really want to get a clear answer.

And | would also |like to push back on the
notion that we don't -- we don't have good nat ural
hi story. | think that we |learned fromthe trials
that David and Walter and Joe and ot hers have worked
on over the decades, they weren't failed studies,
the drug failed to work, but we |earned fromthem
We | earned, unfortunately, that -- you know, that
the prognosis is as horrible as it is, other than,
again, for the correctabl e i munodefi cienci es.

So we build on that, and if we have, for
exanpl e, a honogeneous popul ati on of people wth,
agai n, uncorrectabl e i munodeficiencies, then if
there is a treatnent that, you know, beats the known
15-week nedi an survival that David nentioned

earlier, you know, then we know we're on to
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sonet hi ng.

| have other ideas about the study design
as Dr. Cheung put forth, but I'd like to focus on
honmogeneity of the study popul ati on and usi ng what
we know, particularly if we use the nost hopel ess
group, which is the nost desperate situation, |
t hink, and we use the biomarkers for futility is --
| think Jennifer Lyons brought up this nmorning -- as
a start in survival, | think, that's a start.

DR. BALDASSARI: Thank you so much.

Dr. G nque, would you like to weigh in?

DR. CINQUE: Hello. Yes. Well, I |like
very much Irene and Ken's presentation, that was so
rich and smart and al so practical. |'d |like to go
t hrough very quickly three points -- nmain points,
very practical again.

So one first, maybe it was inplied, but I
like to stress that the clinical trial of PM should
really be intercontinental, so should include all
the countries all over the world, because, well, it

wi Il need nore resources, but we need to enroll a
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| ot of patients.

Second point is that I -- well, the
question would we want to al so consider for
inclusion in a clinical trial patients with PM. who
are JCV DNA negative in CSF, because 20 to 30% of
patients at presentation are negative, but now we
have very good neuro ideologies and a | ot of
experience to clinically classify PM. or based on
clinical and radiological criteria, so | would not
di scharge this opportunity.

And the third point was about outcones,

because | al ways been very -- very strong supporter
of a virological endpoint, and | still am because --
wel |, because it -- because it's viral disease

because if you use an antiviral so it's good to have
an anti-virol ogi c endpoint.

But there are some concerns, and one is
that if we decide to include -- we cannot include
JCV negative patients, that if we use that as a
primary point, and also -- tine into a couple of

clinical trials of PM.,, and | have to say that a
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maj or probl em was i nvol venent of patients because of
the real rapid progression of these cases.

So you are a patient with PM., you want
to -- and the physician wants himto enter a
clinical trial, then you start all the screening
tests, and then you have to get the |[unbar puncture,
and then you have to send to the reference lab, it
takes time for shipping for everything and maybe
just in one week or ten days or two weeks, so PM. is
really worsened dramatically.

So I think we should keep it as sinple as
possi bl e, especially with clinical -- with
out conmes, and | would not discharge for this reason a
clinical outconme or so there m ght be other problens
because, well, biological marker is objective and
clinical outconmes not so objective.

DR. BALDASSARI: Okay. Thank you. Thank
you so rnuch.

Dr. Dodd?

DR. DODD: Yeah, thank you. So in ny

notes | have listed the key design features that |
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think are inportant, in general, and in particular
listening to the very interesting discussion today,
it was a really energizing day for nme, so thank you
al | .

The first is a clinically nmeani ngful
endpoint that's -- |I'mrepeating what -- sone of
what's been said, but that's subjectively neasured,
not necessarily conpletely objectively measured, but
you don't want to be in a position where the neasure
changes over tinme, which we know happens, and you
have to guard against that. Random zation with a
standard of care control arm | think stratification
Is an excellent idea, in particular | was thinking
early on, stratifying by the underlying condition.

| often caution against having too many
strata, because you can sonetines create inbal ances,
and we had that happen in our Act One Trial in
COvI D.

The other things | have in ny notes are |
have concerns about the virologic results at this

poi nt, the nunbers were small and the correlation
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wth the outcone, | thought, was likely to depend on
t he underlying condition, so | don't know how nuch
you would -- how confortable you would feel saying a
point of .25 in H'Vwas simlar to a cut point of a
.25 log reduction in MS, you know, so those are just
things to think of.

| think nore data is needed to really
understand the rel evant cut points and whether you
could apply a single cut point universally across
the different underlying popul ati ons.

And then, finally, you know, one thing --
wel | two other points, one is why not increase the
type one error rate? Point 05 is, you know, sort
of -- it was an arbitrary choi ce.

And |'"'ma statistician, we tal k about this
all the time, we love .05, but in rare diseases
there's precedent for setting a higher type one
error rate, so rare pediatric cancers is one setting
that | think the FDA has experience with approvals
in, so why not choose .1 or consider sonething

hi gher .
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So if you go from.05 to .1, | think you
end up reduci ng your sanple size by about 20% you
know, so maybe this is an area that you -- you al
are willing to say, I'mwlling to take a higher --
you know, have a higher false positive rate, and
that can help out a | ot.

And then the |ast comment | wanted to make
Is that, you know, | like platformtrials, |'ve been
involved in a couple of them not all of them are
t he same, you know, the devil is in the details
about how the platformtrials are designed.

| was involved in an Ebola trial in the
Congo, where we had a four armtrial, and we started
the fourth arma few nonths after the origina
three, and that agent was a little bit behind,
right, it's |ike holding the horse back fromthe
race to get started, and that created a | ot of
headaches for nme because | thought we weren't
giving -- potentially, we weren't giving that drug
the same fair chance because you could only conpare

it toits concurrently enrolled standard of care
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arm
So you just have to think about, you know,
when you're going to roll in a new agent, and
whet her you were -- | think you're probably not able

to conpare the new agent to the standard of cares
fromthe previous period.

And so, you know, | think there's a lot to
be thought through about how you do a platform
trial. | certainly like the idea of a trial that
you can, you know, roll out different eras or epics
of conparators, because it's -- you know, just
progranmatically it's a |ot easier to inplenent a
trial in that way. So I'll stop with that. Thank
you.

DR. BALDASSARI: Thank you so nmuch. Those
are all wonderful points and | really thank
everybody for tackling such a conplicated and
di verse topic. So | think at this point | think
we' ve had sonme commmon thenmes arise in everybody's
responses, | think, you know, the overall trial

desi gn concept, but also as the previ ous panels have

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 277
di scussed, the degree of patient heterogeneity and
who woul d be appropriate for inclusion in a single
trial under what design.

So given the differences in PM. natural
hi story, there are patient populations with PM,
what patient popul ati ons do you feel could
reasonably included in an individual trial, and what
endpoi nts do you feel that would be the nost
appropriate there.

And | also wanted to tie in an audi ence
question as well with the patient popul ation
het erogeneity, particularly including nore disabled
patients to see if they could be included in the
trial as well. Thanks. If anybody wants to start,
pl ease feel free.

DR. CINQUE: Well, | can start. If we
want to restrict to one single population, I would
excl ude those |ike MS patients who are going to
respond better to withdrawal of Natalizumab and
i nclude the | argest group of patients. But | do

believe in this case is patients with H V just
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di agnosed who are going to start anti-retroviral
treatment because they will have a sim |l ar baseline
point, all of them or alnost all of them
Differently, people with neta-logic malignancies,
actually they are al so heterogenous inside the
group, like all the other diseases, so probably.

And of course it would be great to include
that sort of mandatory and really ethical to have
patience with -- well, congenital disease or
conditions for which there is no chance to reduce
I nMMunosuppr essi on.

DR CLIFFORD: | think I could comment
just wal king through the eligible populations for
studies, which is a -- I"'mreally struck with how we
keep changi ng the popul ations that potentially are
nost i nportant that are having to deal with PM.. |
agree with Paola that the newly diagnosed HIV
patient, AIDS patient that's fallen through the
cracks and presents with PM. and hasn't started H V
therapy is an available and relatively frequent

popul ation, although it used to be upwards of 80%
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and now I 'msure it's nmuch |less than half of all PM
patients.

So the total nunbers are declining, and as
we're successful in starting HV therapy earlier and
nore widely in populations at risk, this Al DS
popul ation that's fallen through the treatnment
cracks is largely popul ated by people that have
ei ther significant psychiatric co-norbidity or drug
use or other issues that make them a conplicated and
difficult study population to continue to follow for
a PM. study.

So | think there are real problens with
the H'V popul ati on. Soneone earlier nentioned sort
of successfully-treated H'V patients, and believe
me, we'll never have a study because they're -- you
know, there are virtually no cases of people that
have good HIV control that devel oped PM., that's
just a really rare entity, so don't hold your breath
for that.

In regard to the MS popul ation, there's

been really marked decline, it appears to nme, maybe
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fol ks from Bi ogen can tell us, but ny inpression is
that with the availability of alternative M
therapies and risk stratification, that the nunbers
of Natalizumab patients have really fallen, and
that's not a very prom sing popul ati on and, you
know, the -- and D nethyl fumarate, PM. and so on
are a very small nunber that you're not going to
have a study in either.

l"mtending still to think that, |ike Joe
Berger, that this very
bad- prognosi s- hemat ol ogi c- mal i gnancy- cancer
popul ation is one to test hypotheses about
i nterventions and, albeit, it is also very
conpl i cat ed.

The ot her autoi nmune di sease popul ati on,
we see a fair nunber of |upus patients, a few
rheumatoid arthritis patients and the |ike, those
are worrisone because a | ot of what we do is inmune
stinulation, and their underlying disease m ght well
be adversely inpacted by that strategy, so, you

know, the equi poise for the intervention there is a
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pr obl em

So it really is -- it's challenging, but I
think the H'V popul ati on versus the malignancy
popul ati on are where the next studies really
probably ought to go.

DR. GOODMAN: So |I've already weighed in
on this, | think, but I"ll just enbellish a little
bit. | agree with what | think | just heard from
David, is that we ought to focus on the popul ation
with -- again, not easily or inpossible to treat
I mmunodeficiency |ike hematol ogic conditions.

| would also just -- to say that there
seens to be a paucity of hematol ogy input in this
wor kshop today, and naybe we're overwei ghted with
people |like ne, neurologists, so | think that's just
sonething to consider as this noves forward, that we
need hemat ol ogi sts and clinical inmunol ogists who
are also dealing with these people.

And it was nentioned earlier today, and I
think it's true, there are a lot of patients who are

never di agnosed or m ssed, sinply because they're
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in -- with all due respect -- in cancer centers
where they don't think to call neurology or do an
MRl scan or an LB, they're never diagnosed or
certainly diagnosed too |ate, so that's an issue, so
| think hematology is inmportant to include in this
project as it noves forward.

Yeah, | think I'Il stop there.

DR. TAN: Yeah, | think what Irene
presented earlier nmakes a |ot of sense, and it
really depends on the product were trying, you know,
if it's an antiviral, it would seemto ne that, you
know, we woul d include allconers, right, regardl ess.
But if it's an anti-imune nodul ator, it -- when we
have to really | ook at which group we're talking
about because then the H'V group and MS group woul d
be different.

And then, furthernore, anong the --
mal i gnancy, they're really different with what their
I mmune conposite is. And then conpare those to the
aut oi mmune people, if you're giving an i mune

stinmulant, you also need to understand that their
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basel i ne i mune factor or nodulation is al so
di fferent.

And so it seens to ne that it's a little
bit difficult to design a trial where we don't know
t he exact product, but whereas, if we do have an
infrastructure in place that will allow us to | ook
carefully at, you know, each product and plug into
the baseline infrastructure where the IRB is already
in place as nore inclusive and people didn't qualify
themfor this rare disease, perhaps it could be
I nportant to our historical control group or even
just collecting the registry so we can understand
PML better.

DR LE: H. 1'dlike to follow up on Dr.
Clifford' s suggestion to potentially focus on a PM
patient with -- malignancy as the underlying

di sease. So | have to admt |I'm a nedical

oncol ogi st by training, so | |love the idea, but ny
concern is -- and | know very |limted about PM
conpared to all of you -- so ny concern for that

patient population is the incident, would it be
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feasible to accrue patient for the specific sanple
size in an acceptable tineline for us to devel op new
treat ment ?

So essentially conpare this, say, HV
patient with a new y-di agnosed PM., for patient with
PML and hema mal i gnancy, how do you conpare the
nunmber there in terns of the incident and the new
cases, et cetera?

DR. CLIFFORD: So the nunbers are
substantially less, and that's the problem | nean,
we' re caught between a rock and a hard place. Wth
one set of patients, we need a vast nunber, although
there are quite a few available; with the other, we
need a small er nunber, but there are a smaller
nunber avail abl e.

But | think that, you know, sort of this
noti on of intensive study and understandi ng what
happens, a little bit of an N equals 1 or 3 or 4,
but really intensively studying them that sone of
t hese patients we m ght be able to learn quite a | ot

in arelatively small trial, sinply because there --
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t hey have such a uniformy poor outcones overall.

DR. BALDASSARI: | wanted to revisit a
point Dr. Cinque nentioned earlier about the
| ogi stics of having an incidence trial, essentially,
in a patient population that's relatively rapidly
progressi ng and, you know, getting worse, especially
dependi ng on whi ch underlying patient popul ation you
choose.

And that goes back to Dr. Thakur's
question in the chat, how would you feel that -- or
how woul d you say that this issue, basically, of
having a rapi dly-progressing population with poor
prognosi s would factor into your decision for an
overall clinical trial design. She nentioned
specifically about a platformtrial design. So what
do you think?

DR. ROYAL: So for ne, having such a
popul ati on takes ne back to ny earlier comrent
related to being prepared to do sone -- nodification
and other interventions to -- based on, you know,

val i dat ed bi omarkers wherever possible to try to
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count eract sonme adverse effect of the drug or sone
feature of the underlying disease that m ght prevent
t hat person from being able to stay in the trial and
survive as long as they woul d ot herwi se, of course,
do that, one should try to build in as nuch as
possi bl e such interventions into the initial
pr ot ocol .

DR. BALDASSARI: Thank you. And Dr. Dodd,
| see your hand raised. Wuld you like to respond?

DR. DQODD: No, | wasn't -- this is not ny
domain. |'msorry.

DR. BALDASSARI: No worried. Dr. Le, |
see your hand raised as well.

DR. LE: No, | already asked the question
that | was planning to ask.

DR. BALDASSARI: Okay. Dr. Ci nque?
Dr. Cinque, | see your hand raised as well. Did you
want to comment ?

DR. CINQUE: Yeah, | think that your
guestion was very inportant because when we refer

patients for inclusion in a possible experinental
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i ntervention, so one of the first consideration with
patients and famlies is about the -- how advanced
I's the di sease, because, especially for -- or
approaches that are not antiviral, so they are
expected to act imediately on the viral
replication, so with imune interventions it wll
take tinme -- well, not nonths, but not days.

So one has also to consider time fromthe
start of treatnent to the nonment a new approach w |
be effective. And if we save |lives, technically,
and a drug is working, the patient is really left
with terrible neurological deficits, then -- well,
we don't have to get to that point.

So stage of disease or -- | don't know how
to call it, how the di sease is advanced, and we
probably need criteria to define these no return
poi nt.

DR. BALDASSARI: That's a great point.
Thank you. And getting back to what Dr. Dodd was
saying earlier about stratification factors, | think

that kind of stens nicely fromwhat you were just
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saying, Dr. Cinque, about, you know, how do we
deci de, you know, what stratification factors, how
many to use in individual trial design, based on
what we know about PM.. What does the group think
about stratification factors? Wich ones would be
t he nost i nportant?

DR. MARRA: How about supra-tentori al
versus infratentorial disease?

DR. BALDASSARI: Thank you.

DR. MARRA: -- tal ked about that.

DR. CLIFFORD: And |I'm not sure there's
t hat nmuch difference between posterior-fossa and
hem spheri|l disease, frontal disease perhaps, but |
do think the underlying disease and sort of the
readi ness of an intact or relative intact imune

systemis one of the key factors in prognosis.

When the patient enters the trial, to know

that that slide that | had about staging the
di sease, you know, how nmuch i nmunosuppression; how
much i nmune reconstitution has gone on so far, and

sonmehow pl acing the patient starting the trial on ny
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plot as to where they are in their inmmune
suppressi on, immune reconstitution continuum which
iIs a continuum it's not a yay or nay presence or
absence.

You know, | think if we could quantify
that in a useful way, that would give us a very nice
way to | ook at prognosis and the opportunity to save
l'ives.

| wanted to divert just a m nute, though,
Dr. Cinque and | al nost al ways agree on nost things,
but | heard her say sonething about sort of JC
negative inclusion, and I ama little bit alarned at
that. | really -- | really amunconfortable with
clinical trials where the diagnosis is in question.

We've heard the flip side of confusion
around PM. di agnosi s where, you know, one of our --
our really informative patients told us about having
a stroke m sdi agnosed -- her PM. m sdi agnosed as a
stroke, and, you know, having a bunch of snal
strokes included in a PM. trial would be

di sastrously uninformative for a therapy.
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And so | amreally alarnmed and think that
| would very nuch want to insist, unless it's a
trivial intervention, to make sure we know the
di agnosis truly is PM.

DR. CINQUE: May I|?

Well, David |I'm been thinking exactly sane
as you until a few years ago. \What we have
Wi tnessed in the last, let's say, five years, with
the Natalizumab epidem c, and then there was a new
generation of neuroradiol ogists that were very,
very, very conpetent and easy to recognize early PM
| esions and to differentiate the PML | esions from
ot her | esions.

|"mnot talking in general, let's say, in
typical PML cases, so -- and if we put together this
information with the clinical informtion, and the
fact that there is an underlying disease with the
I nsi di ous presentation and a |lot of clinical
el ements, | think we can make a di agnosis of PM
wi t hout having JCV DNA in CSF. |'mnore and nore

convi nced of that.
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Perhaps it's just because |I'mfortunate
and lucky that in our -- well, |ocal situation we
have a very good neuroradiol ogi st that has persuaded
me and ny col |l eagues of this. And | don't know if
there are here people who do neuro imaging that are
with me in these --

DR. MARRA: Maybe another certification
factor could be, you know, definite versus possible
or probably and nost likely or sonmething |ike that?

DR. CLIFFORD: -- | agree with that and --

DR. CI NQUE: For clinical trial, | think
we need di agnosis --

DR. CLIFFORD: In the high-risk
Nat al i zumab popul ati on where they're being
surveilled very frequently with scans and picking up
very small lesions that are hard to di agnose
virologically, you know, | see where you're com ng
fromand the inportance of that early recognition is
very critical, but I remain, you know, sort of quite
cautious about trusting the radiologist to make this

di agnosi s, as good and as friendly as they are.
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DR. MAJOR: Let ne make the comment here,
and |'ve waited until the end of the day to barge
into these clinical discussions, although | do have,
you know, five pages of notes that are going to be
extensively reviewed by Irene and Virginia and Pat
and that.

So | was concerned al so, as David had
said, Paola, you had said that you see 20 to 30% of
PM. patients diagnosed than whose CSF has
undet ect abl e anbunts of JC DNA over the | ast nunber
of years. | think that was the percentage that you
sai d.

DR. CINQUE: Yeah, that was fromthe
literature, Cene.

DR. MAJOR: Yeah, so the literature on
some of that is so poor that | stopped reading it.
And so that has not been our experience over 20
years of directing the CLI A Laboratory.

| will say over the last nore recent
times, before we had to close our operation, that a

| arge nunber of sanples that we got, you know, CSF
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sanples that were just sent to us w thout any
pre-warning, were sent to us because the treating
neur ol ogi st was still concerned about the diagnosis
of PM., even though whatever |aboratory tested the
CSF said that it was undetectabl e.

Now, are there sone cases of PM. where you
sinply can't find the JC DNA at the tinme the sanple
is set? And Dr. Goodman had a patient a nunber of
years ago that was clearly not diagnosed, | nean,
you know, it was a biopsy and we found a | ot of
viral DNA in there, but we never -- | don't know,
Andy, what is it, maybe had five sanples of CSF that
we could never find it.

DR. GOODMAN: Five LPs that were negati ve.
But she was very -- she had very restricted sort of
nmono-focal disease. And so as David just points
out, there are these cases -- and this was an
Nat al i zumab patient, and there are these cases of
these tiny, tiny lesions that are, you know,
foreign -- | would guess, of PM., and she was one.

But she had mllions of copies in the pathol ogy

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

Meeting September 21, 2021

Page 294
speci nen.

DR. MAJOR: So at |east we've not had that
experience, Paola. Does it happen occasions? Yes.
On the other hand, the |aboratory over the decades
wor ked very hard to be able to go ahead and nake
sure that we had a very robust and reproducible
assay, and that's to the credit of the |ab folks.

And, again, | don't know how many of these
sanpl es that we got where we did find, let's say, 15
copies or 22 copies or sonething that was just above
our |level of detection, and as a matter of fact, if
you |l ook back in the literature after Natalizunmab
was put back on the market and there were several --
there were several cases that ultimtely got
publ i shed in the New England Journal, and where --
and | had been one of the co-authors on that because
no one -- this was in Germany -- no one could find
the detectable I evels of JC DNA

We finally got the CSFs and, sure enough,
| mean, it was there, and so that does happen. It's

a concern as the DNA as a marker was tal ked about
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before, and Irene had nentioned this, is that, you
know, there's variability in the assays, and you
have to trust them -- you have to be rather
vigilant, if that's the word to use these days, to
make sure that you have a highly reproduci ble and a
very sensitive assay, and that's why we spent a good
deal of tinme doing that.

So, David, I'mglad you raised that point,
it gave nme an opportunity to go ahead and extend
this whol e afternoon.

DR. CLIFFORD: And | think anchoring
changes of anybody status in the central conpartnent
woul d be another alternative that would add to the
spectrum of associ atedness to JC virus that we --
woul d make nme nore confortable. Anyway, interesting
di scussi on.

DR. BALDASSARI: Okay. Sorry about that,
everyone. | didn't nmean to cut anybody off, but
we're unfortunately out of time for our session
today. | wanted to thank everybody for a really

t hought ful and t hought provoking discussion this
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afternoon, hopefully conversations can conti nue
offline, you know, we're capturing all the questions
and everything in the chat.

Sol will nowturn to Dr. Shei kh for
closing remarks. Thank you. everyone.

DR. SHEI KH: Yes, thank you so nuch,

Dr. Bal dassari and panelists, that was a really good
way to end the day. So | just want to thank you,

all panelists, noderators and speakers for hel ping
us finish out today's workshop. Before we cl ose,
|"mgoing to try to provide a very brief sunmmary of
t oday' s wor kshop; however, | have to say | kind of
wor ked on how to sunmari ze each of the discussion
sessions in one sentence, and | failed, so I'm not
going to do it.

We'll have to -- |I'Il really need to think
about it and have you all give input on to really
how to summarize all those really interesting
conversati on.

But we started this nmorning with Drs.

Major, Clifford and Smth who laid out the
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groundwork for the neeting by summarizi ng PM.
virol ogy and pat hogenesis, PM. drug devel opnent
hi story, current therapeutic |andscape and cli nical
out comes anong PM. patient popul ati ons.

For the next portion of the workshop we
focused on potential primary and key efficacy
endpoints for PML clinical trials, Drs. Bal dassari,
Cortese, Cinque, Wattjes and Ms. Norato provided us
with excellent summaries of the strengths and
weaknesses of various potential endpoints.

And follow ng those tal ks, we had a lively
di scussi ons between Dr. Koral nik, Martin, Warnke,
Spudi ch, Nath, Marra and Lyons on potential PM
trial endpoints. |'Il just summari ze that by saying
t hat we have not found a perfect endpoint for all
pati ent popul ations yet, but hopefully we noved the
needle in terms of that discussion, and that these
di scussions will continue offline.

After lunch we heard about our FDA N H
efforts to elicit the PML patient's perspectives on

clinical trial design by Ms. Ohayon, foll owed by
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t hought - provoki ng perspectives from PM. survivors
Suzanne Tobin and Luca | sabell a.

For the next portion of the workshop, we
focused on the selection of control groups for PM
clinical trials, Dr. Lee provided an overvi ew of
several approaches to control groups, including sone
prom si ng exanpl es of successful outcones in neuro
mellitus optical spectrum disorder, another rare
neur ol ogi ¢ di sorder.

Fol l owi ng those tal ks, we had a very
lively discussion with Dr. Berger, WMateen, Thakur
Martin-Bl ondel, von Geldern and Porter, as well as
ot her guest appearances, who all provided their
perspectives on control groups in the setting of
PM.

Agai n, we have not -- | don't think we've
conme to conplete consensus on the perfect -- howto
sel ect the perfect control group for PM., hopefully
we' ve understood at | east each other's perspectives
and can nove forward with clinical trial designs in

the future.
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And then the final portion of today's
nmeeti ng was focused on how to put all the el enents
of PML clinical design together to create phase
three PML clinical trial designs that m ght be
acceptable to regulators, clinicians and patients,
and that m ght foster industry engagenent.

Dr. Cortese and Dr. Cheung did a fantastic job
summari zing the pros and cons of key trial design
f eat ures.

After that we heard from Drs. Royal,
Clifford, Dodd, Goodman, Tan, Ci nque and Le, who
each provided their perspectives on the elenents
they felt to be nost inportant.

Hopefully we'll be able to -- after all of
us have had an opportunity to really think through
what happened today and all the discussion and what
the conclusions will be, we'll be able to nove
forward with continuing this discussion in the
future.

So speaker slides, transcripts and

recordings will be available on the neeting's web
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page in the com ng days, and we also plan to
sunmmari ze the neeting for publication, probably in
the spring of 2022.

Next sli de.

On behal f of ny coll eagues at the FDA, |
woul d i ke to thank you all for your participation
in today's workshop. Thank you, speakers, for doing
such an excellent job concisely summarizi ng key
considerations for PM. clinical trial designs.

Thank you, panelists, for your insightful comrents
and your vigorous discussion, and your perspectives.

And a special thanks to PM. survivors,
Luca | sabella and Suzanne Tobin for sharing your
personal perspectives on PM. and PM. cli ni cal
trials.

And t hank you, workshop participants, for
your attention and thoughtful comments and
questions. I'msorry we didn't get to all of them
there were actually a |lot of comments and questions
that we did not get to address, and | apol ogi ze for

that. We'll try to incorporate that into any future
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publ i cations and t houghts, and also in sunmari zi ng
in the neeting sunmaries, if possible.

|"d like to particularly acknow edge
wor kshop participants fromtinmezones far away from
the Eastern Standard Time who woke up either
particularly early this norning, like Dr. Marra, or
are participating late into the night right now,

i ke those from Europe.

|"d like to thank the CDER public nmeetings
team and our technical support teamfor facilitating
today's neeting, it went really well, thank you very
much.

Next sli de.

More generally, 1'd like to thank the many
menbers of the PML clinical research community, both
in the U S. and internationally, and the people
t hroughout the FDA who've been steadfast in their
support of our efforts to reach consensus on key PM
clinical trial and considerations.

Next sli de.

Pl ease continue all your great work,
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keeping in mnd the inportant issues that were
di scussed today. Please take advantage of FDA's
many resources for rare diseases, sonme of which are
hi ghli ghted on this slide today.

Lastly, especially in the areas where we
have not reached consensus, which is potentially
nost of the issues, please continue your discussions
anongst yoursel ves, engage with regulators at the
FDA and el sewhere with potential brainstorm ng and
potential sol utions.

Next sli de.

Thank you very much for participating and
have a good eveni ng.

(Wher eupon, neeting adjourned at 4:22 p.m)
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State of Maryland, to wt:

I, Jean M Townsend, a Notary Public of
t he County of Montgonery, do hereby certify that the
wi t hi n-nanmed wi t ness, personally appeared before ne
at the time and place herein set out, and after
havi ng been duly sworn by ne, according to |aw, was
exam ned by counsel.

| further certify that the exam nation was
recorded stenographically by me and this transcript
is a true record of the proceedings.

| further certify that I am not of counsel
to any of the parties, nor in any way interested in
t he outconme of this action.

As witness ny hand this 21st day of

Jean M Townsend

Sept enber, 2021.

Not ary Public
My Conmi ssi on expires:

Oct ober 8, 2025
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