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ination product is comprised of two
the previously identified entities.

a drug and device, a drug and

N

& combination of all three. So

Venn diagram, it's the overlapping

hese are only where combination
1de.
$1ide, please.

of combination products are defined

n. You could have some that are

Mically combined as a single entity,

kit --- a convenience kit, or sold

Hbeled exclusively for use with each

pPles of these include, so single

luting stent, cardiovascular drug-

r the kit you could have a first-

bandages and, say, an anti-biotic

en photodynamic therapy where the

ce are sold separately but labeled

iIse with each other. These are all

types of combination products.

would not be a combination product?

¢d together. Two devices packaged

s ———- Sorry, next slide. So, again,
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otherwise be a co
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regulated as a dr
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product.

Next
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are regulated in
all the nuances £
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on the drug-drug, biologic-biologic

ot combination products. And food,

hg aspirin with your beer. If that

gether, that would not be a

ljuct. Nor would, say, dandruff

it wasn't for dandruff, it may

§ but because it

smetic as a shampoo,
to treat dandruff that would be

il That necessarily would not be a

g .

Sorry, it would not be a combination

s1ide, please.

]

¢t assignment. As a general rule of

CDER, Center for Drugs. Devices go

1ces. And biologic products will to

A

0, oObviously can go to CDER. And

]

her exemptions within. Some devices

CBER as well. Again, won't go into

dr purposes of our conversation.

hat about a combination product?

]

s1ide, please.

alluded to earlier, the Office of

'ts sometimes will be involved with

a]

view of a combination product and

where it goes. So the Office of
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centers without
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internal and exte
related 1issues.
oversight respons
lifecycle of comb
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agency looks to
action is. The pr
a drug, a device,
mode of action, o
of a combinatior
important therape
regulation.
A coy
theiq

assigned to

of action, say,
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t, as depicted here, resides within

D

¢ Commissioner, and they have the

ign Jjurisdiction of combination

¢ entity products to the respective
really only pulled in or utilized
Most products go to effective

any uncertainly and with 1little

=

lso serves as a focal point for

rnal stakeholders for combo product

And they have general, broad

ilbilities in covering the regulatory

ination products.

yeneral matter in looking to assign

duct --- next slide, please --- the

stablish what the primary mode of

lmary mode of action may be that of
or a biologic product and primary

1 PMOA, is the single mode of action

| product that provides the most

tic. This is further defined in the

ple examples of products that are
effective centers on primary mode

is a drug eluting stent. That's
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drug.
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first sort of
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product. This 1

algorithm.
An ex

that may be assig

that

has is
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of action, neithsqg
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similar product o
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on primary mode of action. And a
| however, would be assigned to CDER

f action as the disk is really ---

st to sustain the delivery of the

$1ide, please.

er, if primary mode of action is not
then, for the regulation, looks to
allocate the product based on
there a similar product that is
Hspective centers? If that's not

11 go to look at what center has the

address the most significant safety

-

D

questions associate with the

referred to as the assignment

>

1

mple of a product that is assigned,

ted, on algorithm is a contact lens

there for refractive correction as

ng, say 1it's coated in a glaucoma

of glaucoma. Two independent modes

r subordinate, neither primary. So

gned based on which center has a
b

r the most expertise to address the

safety and effectiveness questions.
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CDER.
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remaining slides|
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much more detail

algorithm, and of
there's a 1lot o
products in the
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There are regulat
as therapeutic de
to Class II and (
Class III,

so PM|

exemption product

well.
And h
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And 3

with having your

for Drugs, then
products for a rg
the regulations.
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klieve, the product was assigned to

t1ide, please.

]

t going to go into detail on these

One, because I'm running out of

ere's subsequent talks that go into

As I mentioned in the assignment
ten times OCT isn't even involved,

f precedence regarding respective

respective centers. Here's just a

rations from a device perspective.

ions for diagnostic devices ss well

vices. And then those really apply

lass I products. But we also have

N

products or HDE, maintain device

that may be regulated in CDRH as

-
D

¢re are just a few examples. Next

s I'm sure many of you are aware

own product regulated in the Center

e's clear definitions for drug

dioactive drug that is included in

we'll into
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So, next slide, p
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Products. They
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m OCP and the Center jurisdiction
unclear where a product resides.
lease.

just another citation of what a

L

and in this particular case, how it

H

ration, whether it be a radiocactive

what the product is. Next slide,

how  do get classification/

ilgnment? So again, 1f 1it's not

| can go to the Office of Combination

can be contacted at the provided

1

lso can help provide clarity on say

regulatory considerations as well.

thieved through the submission of a

mation.

nis is the mechanism by which OCP

wrisdiction and classification of

of them. But

and it may not

dled to earlier, it may not just be

cts, but it could also be single

m pre-RFD or a pre-Request for

butcome 1s the same. But it's not
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So,
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And i

the application

CDER, it could be
(phonetic) or 510
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And ilf
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it carries on tl
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q

wtion per se.

H

e Center still utilizes that input.

~rd and articulated in a final

t for note, this is the most common

q

inies will utilize to get clarity.

then the more historical, well-

mism 1s the formal RFD. And there

re restrictions that are associated

xample, page length. But there's

that. So, next slide, please.

developmental implications, your

s a combination product, single

hrough a lead center.

t also may have -- impact obviously

ype. For example, 1if you're in

an NDA or an ANDA versus CDER HFGMA

k) possibly, or even a de novo.

ne thing that's either way, you have

There will be collaboration across

and when a product is classified

product, it will not change. And

Nat designation throughout the

View process.
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in the

it will be regulated as

pducts customarily in those centers.

you and being a combination

ignation, you must comply with the

tions of the constituent parts of

you have a device and drug, then

lligations to abide by the drug and

&

So, next slide, please.

st kind of recommendations. Work

n the development process to make

and classification are clear.

miliar with all applicable guidance

to the extent possible, leverage

isting data for, 1if you have a

K

t, the constituent parts.

kr, being a combination product, you

lder synergies. And the agency may

kstions on that.

ust again, look at your product

the constituents' parts, but also

|| then again, can't stress enough,

interactions when developing your

that, And I'll turn it
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ank you.
IMMICK: Okay. Thank you -- thank
we look forward to questions during

up we have Donna-Beth Howe. Dr.

R

yvsicist on the medical radiation

the U.S. Nuclear Regulatory

DWE : Thank you. I'm going to be,

e,

I'm going to be giving you an

RC regulates.

of all, we have the Nuclear

sion. And the Commission is made

duals who -- who govern the NRC as

we have a Chairman that has

bns in case of an emergency. But

dners each have a single vote.

e a headguarters here in Rockville,
have four regions in, just outside
outside of Chicago, outside of

lanta.

wr regions will have our inspectors

g staff. We do a 1little bit of

dquarters for exempt distribution
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licensing 1is dor
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called the Adviso
Isotopes, the ACM

Now,
without also tal

From early on,

with NRC in which

regulate radioact

materials in that

And s
today,
be talking about
Because right noj
States than
purely by NRC.

And |
agencies. And o
that we work with
and Drug Administ

And w

Primarily with th

but we also get i

cer

as I go thr

thexy
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ne majority of our inspection and

-y

out in the regions. And for

we also have a very important group

ry Committee on the Medical Uses of

JT .

dne can't really talk about the NRC

king about the Agreement States.

tain states entered into agreements

| NRC relinquished its authority to

ive material, certain radioactive

state.

® when I'm talking about what we do

ough my talk, I'm actually going to

the NRC and the Agreement States.

, there are a lot more Agreement

=)
=

are states that are regulated

IRC also works with other federal

e of the primary federal agencies

in the medical area, is the Food

4

ration.

D

¢ work with all the centers there.

1

Drug Center and the Device Center,

wolved with Biologics.
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And {
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any given day,
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bw do we regulate? Well, we have

re in the 10 Chapter 10 of the

kkgulations. And that tells us what

we regulate the public.

lso produce guidance documents.

gquite hefty. Some of them are very

ch we provide guidance to our

L

Hjpectors, and our license reviewers.

e issue licenses. For medical

licenses to facilities. We do not

1 doctors. We do not license

1

1 physicists.

not license individual pharmacists,
own a facility, and that facility
their name.

rform inspections. We have people

that go out on a routine basis and

Ul

licensees.

hat's one of our our strongest

that we will visit you. We do not

kctions, because we believe that on

@ should be operating in accordance

ns in your license.

And iff you're not operating in accordance
with the regulagions 1in your license, then the
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Office of Enfor
severity of your
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NRC regulations i

For
special document
of how we regula
policy statement.

And 1
essentially it sa
the medical use o
safety of workers

And w|
judgements affect
provide for the
public.

And
regulate the pati
that they are (g
physician wants t

And
when we're adopti

So,

W

I think it's impd

T

T
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rite up violations. And we have an

¢tement, which will look at the

violations and make a determination

quences are from not complying with

m your license.

ledical wuse, we actually have a

hat gives us a very general outline

te medical uses. And that is our

is really only four lines. And

s that we will continue to regulate

f materials in order to protect the
and the public.

¢ will not intrude into the medical
ing patients, unless necessary to
adiation safety of workers and the

hen when Jjustified, we will also

eknts, to protect them and to ensure
iven what they are -- what the
lhem to have.

hen we will use global standards

mg new regulations. Next slide.

hat do we regulate for materials?

rtant to tell you that we regulate
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So we
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And
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in the Atomic En
Federal Regulatio

It us
reactor-produced.
reactor either by
or neutron activa

But,
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materials. We dg
regulate the mate]

So, w
products 1in the
regulate the acce

We al
they are source m
if you're in a me
with depleted urj

and counterweight

is not medically
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Ve .
regulate from the first production

e material, until it is disposed as

for medical use, we regulate

L. Byproduct material 1is defined

H
5

and also in our Code of

rgy Act,

=4

S.

1)

d to be byproduct material was only

And 1t could be produced in a

isolation of fission products,
ion.

with the Energy Policy Act of 2005,
\te accelerator-produced radioactive
not regulate the accelerator. We

ials that the accelerator produces.

[db]

would also regulate the activation

walls of the room. But we don't

lerator.

so regulate other materials. And

aterial. So, that's material used,

@ical facility, you may be familiar

inium, which is used for shielding

But the use of that shielding

roduced.
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Next slide, pleas
So, h

all of the radi

devices and the s

Well,
Regulations 1is ¢
material. It te

and how to permif

between different

Part
us how we regul
material. And 4
that 1in private
clinics, hospif
facilities.

And w|
I'll be coming

intentional, inte
byproduct materig

material to patiel
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11so regulate special nuclear

-

5 generally plutonium and uranium.
tonium-powered pacemakers, although
disappearing as the patients that

¢d in have died off over the years.

1%

bw do we regulate medical use and

H
»

active drugs and the radiocactive

kaled sources that go with them?

Part 30 in our Code of Federal

ur basic regulation of byproduct
ll1s us when we can issue licenses,
transfers of radioactive material

licensees.

B5 is the specific part that tells

1]

te the medical wuse of byproduct

-

5 I indicated before, we regulate

practices. We regulate it 1in

als, and government medical

hat is the medical use? And I'm —-

back to this later. It 1is the

nnal, and external administration of

I or the radiation from byproduct

Nts or human research subjects under
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And £
use is always a p
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And 4
think about here,
not

only the rq

material, but we
uses.

And b
patients and for
of our licensees
these materials e
human research st

So, w
drugs? We regul
regulate not only]
which generally c
some cases they m

But,
manufacturers. S
Lantheus, under P

And w
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our other Part 32

I
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D
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q
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I
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an authorized user.
r us, an authorized user in medical
1'ysician. In some special cases it
rist or a dentist.
he key element that I want you to
is that in medical use, we regulate

gular clinical wuse of Dbyproduct

also regulate the investigational

rcause we define medical use as for

human research subjects. So, all
ire automatically authorized to use
ther for routine patient use, or in
idies.

1at about the pharmaceuticals? The
ate those under Part 32. And we

the commercial nuclear pharmacies,

nvert the drugs into unit doses, in
1ke their own.
we also regulate the big

, we regulate the Mallinckrodt, the

nrt 32.

D

regulate those distributors that
that receive materials from one of

licensees, and then distributes it
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We
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activate certain
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They
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1se licensee.
art 32 focuses primarily on the

stribution, or preparation of

for medical use. And in 32.74, we

the manufacture and distribution of
50 regulate under Part 50. And T
use right now Part 50 licensees are
medical use.

the small reactors and the non-
v be producing neutron sources to
isotopes 1like molybdenum to make
Also may activate other products,
1 glass seeds for the TheraSpheres,
lnto the yttrium.
have certain, certain

rlso, we

are looking to Part 50 to make moly

cts. And traditionally Part 50 has
ors.
in SHINE's case, we are now

L[ty that is somewhat like a reactor

uranium. Unlike a reactor, the

go critical.

nlike a reactor, it doesn't have
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control rods.
accelerator that
to cause the uran
So, 1
licenses that are
materials we regu
MS. D
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to wrap up,

DR.

==
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always a big ques

If th
used directly,
consider it a rad
Part 30.

If iy
is used under Par
the technetium-99
generator, and th
But t
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generators produd

ang
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But, like a reactor, it has an

puts the neutrons into the uranium

lum to fission.

e have some interesting Part 50

also helping us produce radiocactive

ate. Next slide.

MMMICK: Dr. Howe, you need to start

174

€. Thank you.

OWE : Okay. Then we have a

md radiopharmaceuticals. That's

ion.

je radiocactive material cannot be

injected into the patient, then we

»

iochemical and we regulate it under

is a radiopharmaceutical, then it

q 35, as is most of the things, like

| and the rubidium from the rubidium

e gallium.

Hey are not the germanium that forms

lium generator. So, some of our

D

¢ radiochemicals, and some of them

rmaceuticals. The next slide,

are just to some

NEAL R. GROSS

give you

produce radiophdg
please.

These

cou

(202) 234-4433

RT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



interesting pictu
These are the d
they're being use

There
technetium. Next
The T
And then also sor
which is the radi

We al
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microspheres. Ne

And w
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very high energy
such as the hig}l
slide.
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devices to be me
plutonium in the

We d

37

res. Everybody knows about these.

iagnostic pharmaceuticals and how

1.
s the gallium and then there's the
slide.

r131 capsules from radiopharmacies.

-

of the new technologies, Xofigo,

um—-223. Next slide.

50 regulate sealed sources as the

herapy prostate implants. And the

herapy sources for the yttrium-90

xt slide.

regulate the very big devices like

radiosurgery devices. And then the

and high radiation dose devices,

| dose remote afterloaders. Next

nlready described what medical use
kind of introduced you to things

in medicine, but we don't consider

n't consider the shielding around

glical use. We don't consider the

wacemakers to be medical use.

n't consider the of
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to be medical wuse. Or the

and distribution of
1ls, or the manufacture and
taled sources and devices.
administration of radioactive

als for use in research studies.

ider blood irradiation in medical
julate all of these things, but we
rm medical use. Next slide.
are various licensees we have. I
out, we license the hospitals and
t's our limited specific.

it's a

's a really big hospital,

road Scope. And we have certain

ts like the Veterans Departments

rs, Navy and Air Force, which we
ue their own licenses and inspect,
rctions.

ey are NRC licensees. They are not
br equivalent to Agreement States.
some of our additional

hese are

u might be interested in. Thank
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IMMICK: Okay. Thank vyou, Dr.

egment in this session is Clinical

Radiopharmaceutical Products,

lerations for FDA Approval and NRC

qirst speaker 1s Frank Lutterodt.

Regulatory Project Manager at the
ory Operations and the Office of
r at CDER.

§

UTTERODT : Good morning everyone.

L

talk about a clinical development

eutical products, focusing on
eration for FDA approval. May we

xt slide, please?

currently -- can you go back one
the outline? Okay. So, we'll go
ic on the overview of the drug

$S .

ise of radiocactive drugs in basic

ic office, clinic office, meetings,

m and review.

also want to point out that the

ations governing other therapeutic

q

ipplies to radiopharmaceuticals and
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nly a few caveats. Next slide,

over the schematic on the

go

development process. The use of

in research and all the other
cesses.
rrhaps this scheme -- or as you see

ic is the overview. And perhaps

mplification of the process. Next

bing to start here with regulating

in basic research. FDA regulates

ugs in basic research through their

Research Committee, or RDRC, under

RC program began when FDA published

yister, classifying all radioactive

tw drugs requiring an investigation

ion, commonly referred to as INDs,

1]l use.

enerally recognized as safe and

dministered wunder the conditions

DRC regulation.

the RDRC, research is considered

nd 1s done for the of
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bwledge intended to obtain basic

arding the metabolism, human

whysiology, or biochemistry.

intent is not for immediate

jlgnostic or similar papers. And nor

ine the safety and efficacy for

1T wish to point out that FDA's

he RDRC Committee. And the IRB has

1

r clinical studies. Next slide,

rug development process starts with

1]

earch involving synthesis and

-}

-

target affinity and selectivity

Animal studies, under which there

Wcept toxicity and translation, dose

mans.
b want to point out that generally
cs, including radioactive drugs, go

development process. Next slide,

ew drug development process has
The Phase 1 approach involves an
can start with an exploratory IND,

ND.
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b want to point out that INDs are

1 CFR 312. And INDs are used to

ety or effectiveness of a drug to
ral of a new use.

lthough that is the case, Phase 1

focus on Phase 1 studies is on the

drug. Next slide, please.

ing to move on with some definition

IND. An exploratory IND is a

't is conducted in early Phase 1.
rolves very limited human exposure,

beutic or diagnostic intent. The

this approach is to find promising

that, to enable the sponsor to

|y with their most promising drugs.

also it's still dimportant to

bughout all these clinical phases,
rions for continued dialog with the
ction of Phase 1 exploratory IND is
hited, and usually seven days.

1's always advised that once the --
omplete, the sponsor will withdraw
mit an approval IND. Next slide,

ditional Phase 1 <c¢linical trial
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healthy volunteers to determine the

nt and serious adverse events. And

g is metabolized and is treated in

involves a small number of
jlally 1in the range of 20 to 80
¢ Phase 1, sufficient information

effect should be obtained to permit

well-controlled scientific wvalid

ext slide.

¢ Phase 2 clinical trial, if more

thered about the drug safety and

the condition or disease being
are larger groups of subjects
e kinds of studies and subjects

- receiving the drug maybe compared

ling placebo. Safety and short-term

continue to be evaluated during

this wusually involves more than

wbjects. Next slide, please.

e 3 clinical trial is intended to
information about effectiveness and

needed to evaluate the overall

q

ind relationship of the drug.
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provide an adequate basis for the

this stage, the numbers of subjects

several hundred to several thousand.

P

safety and efficacy are adequately
nl studies testing may end at this

rug application may be submitted.

1%

Ial

I'll be saying the FDA encouraging
sponsors and applicants throughout
d

f drug development to communicate.

He -- we have the guidance of formal

agency encourages all the sponsors

throughout this process.

llike to refer you to the meeting

this slide. And this guidance

nciples of good meeting management

q
]

scribes the standardized procedures

preparing, scheduling, conducting

And ftlhere are four types of meetings.
There's the Type|l| A, Type B, Type B end of phase
meetings, and a Type C. Next slide, please.

As yd@i can see in this table, these are

the meeting type

fulfillment of th

and the expected goal dates for

1))

kkse meetings.
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n

¢ A meeting is generally needed to
stalled product development program
we A meeting should occur within 30

receipt of the meeting request.

1

ckground package is due at the time

questing this case. These examples

olution, clinical hold, special

nt meetings will be considered as

B and Type B end of phase meetings

rtain stages during development.

B meetings are, for example, the

and pre-NDA meetings, or pre-BLA

in, in the case of biologics.

I~
N

meetings are those that do not

r Type A or B meetings, to gain

Lopment of a review product. Next

nd following all the pre-clinical

cal data, and a submission of an

data and data from the from all

@ls assists FDA in making a risk

i favorable risk —-- benefit risk

q

ites in the review of,
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Next slide, please.

ng.
ince I just mentioned labeling, I

to go through some terminology.

7 labeling?

| 4

Hneral, a label 1s wusually there
he drug container or the carton
ng .

labeling 1is the written printed

that accompanies the product. And

llcally everything else. Next slide,

W can see over here, the carton and

y, PI, prescribing information, med

are all considered the labeling.

]

4

nt out that the PI is written to the

t the patient.

nould contain the summary of the

fic information needed for the safe

of drugs and biologic products.

he entire drug development process
flata to support the NDA and the
lide, please.

dontinuing on a few of -- a few

her labeling. FDA implemented the

¢ rule in 2006.
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revisions are expected to make it

tare practitioners to access, read,

the information in the prescription

revisions enhance the safe and
prescription drug products, and
kr of adverse reactions resulting

on errors due to misunderstood or

td drug information.

iighlights have concise summary of

formation. And the full prescribed

formation is organized according to

yance.

I the next slides, I'm going to talk

ncy and lactation 1labeling rule.

At change was made to reflect

ments. Next slide, please.

rated assessment to -- relevant to
dtation and infertility based on the
mformation of that -- available
ta.

mmary and a review of the available

tion that supports the labeling

1de, please.

is a typical table of
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the information is organized and

ng information. And notice how the

such as in the cases and usage,

4

dosage and administration, are all

nen the chemistry and the clinical

rdered later in the labeling. Next

ice a product is approved, when FDA

the 1labeling is attached. The

h

labels are attached with the

fter approval, there is there's

nl is not a complete, a completion
the drug.
pplicant may file supplements. It

further safety studies and IND.

with site inspections, active
the applicant submits periodic
lext slide, please.

t to use this slide to highlight

s of radiological drugs regulated

got positron emission tomography

iphic
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trasound contrast media, iodinated
non-iodinated contrast media to
ext slide, please.

o wrap up this presentation, the

development of new drugs follow a

1

latory path. Which I believe is

ilon is an oversimplification of what

from the conception to marketing of

drug, FDA engages with sponsors to
klopment.

for radiopharmaceuticals and
NDA and 1labeling regulations, we
1 CFR 314, and 21 CFR 201.

you.

TMMICK: Thank vyou, Frank. Next
ile Tapp. Dr. Tapp 1s a medical

ledical Radiation Safety Team at the

ppP ?

APP: Thank you, Lisa. Today I'm

but medical use licensing for the

v Commission. I'm going to go over

z

ut there will be some examples on

9

u can look at.
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slide, please. Through the

the U.S. Nuclear Regulatory

izes an applicant to possess, use,

and import nuclear materials and

dle certain aspects of their

Howe mentioned earlier, the NRC

A different types of uses of nuclear

N

& focus in 10 CFR 35 contains

provisions for the issuance and

ing the medical wuse of nuclear

51lide, please. NUREG-1556, Volume

ntains the guidance that licensees

N use for preparing applications for

f nuclear materials. To apply for

Hnts should complete and file an NRC

wopropriate NRC region or agreement

s1ide, please. A medical licensee

ndividual authorized to use nuclear

| This individual 1is

cal purposes.

rized User. An Authorized User is

R 35 as a physician, dentist, or

meets training and
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Next
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d in 10 CFR 35 for specific medical

ed on the NRC or Agreement State
authorized to use nuclear material
An NRC Form 313a can be submitted
ilcations to document individuals who

and experience requirements listed

slide, please. 10 CFR 35 has
The first three subparts A-C
weral information, administrative
1 technical requirements for all
wses.
rts D-H have specific requirements
s and they provide the specific
th  as training and experience
| health and safety procedures for
uses. I'll cover each of these

ln the presentation.

rt K (35.1000) 41is known as other

wclear material. This is a subpart

ses that are not captured in other

s1ide, please. The first specific

D, 35.100. This subpart provides

br update, dilution, and excretion
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Next
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tion or oral administration.

s1lide, please. The second subpart

00. This provides the requirements

ocalization studies using unsealed

Hl for which no written directive is

is for administration of wusually

iities of by product material to

ne example would be an intravenous

20 to 25 millicuries of technetium-

h

e 1in bones.

slide, please. 35.200 also

C reqguirements for generator

There are two types of generators

The first is the moly/technetium

the second 1s Strontium/rubidium

reakthrough limits for other types

evaluated on a case-by-case basis

-y

listed in guidance in 35.1000 at

s1ide, please. The next subpart is

]

this is for therapeutic use of
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byproduct material for which a
e is required, normally for
are three categories.

first 1s oral administration of

requiring a written directive in

than 33 millicuries. This does

le which is more of a diagnostic
for

of whole-body scan

patients. Also, as an example
millicuries for treatment of
second category would Dbe oral

sodium iodide 131 1in quantities

millicuries. The final category

administration of any radioactive

marily its electron emission, beta

radiation, or photon energy less

slide, please. Subpart F, or

the requirements for manual

icluding temporary and permanent

plants. An example would be a

cavitary Cs-137 implants for

ers.

s1lide,
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N

ments for sealed sources for

mportant note is ITodide-125 seeds

localization and excision 1s not

35.500, but 1s 1instead 1licensed

D00 because 35.500 did not cover all

r this type of modality.

s1ide, please. Subpart H, 35.600,

irements for Photon Emitting Remote

$, Teletherapy Units, and Gamma
iosurgery Units. This subpart
1fe] calibration and spot check

fThese units. Recent GSR units have

the specific requirements in 35.600
> met.

xample of this would be the

a]

lative helmet factors. As recent

N

r have helmet factors, they need to

er 35.1000. Examples that are

are the Gamma Knife Model C, High-

4

Afterloaders, Low-Dose Rate Remote

s1ide, please. Subpart K, or CFR

bpart that captures other medical

@terial. This is the subpart, as I

that captures uses that do not fit
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subparts. If a licensee wishes to

medical use that does not fit into

nts, they may do so under this

y would do that by applying and
formation as required by licensing
(b) and

through (d);

pplicant or licensee would have to

1

pproval from the Commission in a

@ amendment to use this material in

the regulations and specific

nMmission considers necessary for the

¢ material.
slide, please. The NRC develops
¢te to list the regulations and

||

s for radiation protection that the

q

1luated and considers acceptable to

ilcal uses. The NRC works closely

manufacturers, early users, and

o develop these guidance documents.

e guidance 1s not necessary to

]

r a 35.1000 medical use but it helps

D

¢ licensing process 1is efficient

jd licensees. It is very beneficial

to contact the NRC early to start

widance to help make sure efficient
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35.1000 modality.

$lide, please. In the interest of

®ing to leave this slide up which

examples of 35.1000 modalities.

have licensing guidance currently
for licensees to use to request

horization to wuse these medical

slide, please. This concludes my

hopefully I caught up some time.

ons if I went through something too

IMMICK: Thank you, Dr. Tapp.
8 reminder for everyone. If you
r any of the presentations, please

lons to the Chat.

roncludes Session I and we'll pose

Session I speakers at the panel

q

]

fession IT.

e're ready to begin Session 1II.

jiscuss Novel Radiopharmaceuticals,

lelopment, product quality

mnd supply and demand.

irst speaker is Marc Garland. Dr.

ram manager for the Isotope Program
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he deputy director of the DOE's
irland, welcome.

\RLAND: Thank you, Lisa.

[MMICK: And your audio is good.
ARLAND: So I'm Marc Garland. I'm
1t of Energy Isotope Program. What

0 in this presentation is give you

riew of who we are, what we do, our
production and distribution of
tlopment of model radioisotopes.
I'll focus on one 1isotope in
ium-225 because it brings up a

that are relevant to this workshop

n the advancement of model

11s and radiological devices.
slide. The Department of Energy
roduces and distributes radioactive
s that are in short supply, those
ly available from private industry.
you heard from the NRC, byproducts,
ial, and then the related isotope
ustom manufacturing of the chemical
isotopes.

the infrastructure

Lso maintain
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produce these isotopes to be able

ty isotope products and services.

t component of our program is to

velop new and improved production
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able to make novel isotopes

community.

q

it the bottom you see another thing
a lot of emphasis on is to reduce
'y on foreign supplies if isotopes.

it 's happened with Moly-99 is a good

U.S. should not be entirely reliant
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1 to eliminate the use of highly

plutonium-238 is given to the

r Energy who works with NASA to

sources for space missions. Then
terial for weapons is also in NNSA.
s1ide,

please. This is an overview
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out that we have major accelerator

Los Alamos Major Proton Accelerator
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mmercially wviable have a private

o have an electronic accelerator at

I

Laboratory which we have stood up

lopper-67. We're Dbringing in

ron facilities at universities
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§l1ly produced at the university than

h

¢ first of which was the University
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H reactor you can see produces a

-
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for medical applications. Also,
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guantities of lutetium-177 for drug

stelenium-75 as a biological tracer.

]
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staffed by contyactors at the 0Oak Ridge National
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customers. You clan see that they have expertise and
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They |[deal with cross-cutting technical
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for customers su

maintain technicg
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technical details of the isotope

sotopes.gov 1s our website. You

]
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there. I would encourage you to

hp at the top to use to get on our

You'll get notices of isotope

as when we make batches of Copper-

ther novel isotopes, all kinds of

formation about isotopes.

in red I would like to point out

beople at the

I agencies and drug

are participating here had been

manager for gquality assurance and

Hs Ariel Brown. Ariel left the

lad to announce that Jennifer Cross

n last week. All of you will have

NEAL R. GROSS
T REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

H

(202) 234-4433



an opportunity t
responsibilities
be talking about

Next
of our program 1}
emitters for the
producing actiniy

I'll get into mor

headed on those t

As il
producing Astat
Washington. We

facilities to mal

Bismuth-212 ger
development. We
from actinium-22

targeted therapy

I'11
here, we also prq
for Bayer's drugs
we're developing
226 generator for

Next

of actinium-225 w|

been wvery high j

62

meet Jennifer as she takes over

ror the things that we're going to
roday.
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k details of that about where we're

wo isotopes.

mentioned, we've also started
iine-211 at the University of
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N
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crators for targeted therapy
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1 cows that we have again for

development.
point out, while I don't show it
vide the actinium-227 commercially

Finally, on this slide you'll see

roduction of uranium-230, thorium-

K

targeted therapy using thorium-226.
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lide, please. So this is a summary
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v for a long time. Since 2009 when

| 4

are a component of our program.

nld leader in the development of
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since the mid-90s. We can produce

lcuries per year. Because of the

frequency of milking the thorium-
ill produce about 1,000 millicuries

Nl

the entire U.S. supply and well

]

ld-wide supply of actinium-225. As

next slide, that supply just can't
trials and approved drugs.

been going forward with developing
tion capacity for actinium-225 most
ogh the development of high-energy
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bn the right you'll see that stage
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rie batches. We're already at 150
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A
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mot sufficient.
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s1ide, please. So this slide shows

]

f actinium-225 as a function of

wing that the higher energies you

roduction. And also showing that -

next slide where we do the targeted

Alamos and Brookhaven and then

at Oak Ridge National Laboratory.

we're using at Los Alamos and

tely could get to 2,000 millicurie

s1ide, please. So, again, targets
accelerator facilities. In the
Nlamos 1s the Isotope Production

MeV Proton Facility. On the right
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up to 200 MeV. Los Alamos and
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@ on a drug-to-drug basis.
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]
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The NRC licensing has financial

ments for isotopes with half-lives

over 120 days. I
medically impor
Cou

(202) 234-4433

show a list of some things that are

tant or - isotope medical
NEAL R. GROSS

RT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



applications that

NRC H
response to germ
appendix that hd
unfortunately at
isotopes over
conservative limi

I mer
needs to be addrg

We need to talk 3
look at long-livs
227 and the acc
even the
production of
something about i
bit later.

cGMP
upon by some of tf
need to go to GMP
do we need a DMF
cGMP production w
possibly build QF
IND.

Those

having with the

lutet

68

could fall under those rules.

etition for Rulemaking came up 1in
Hnium-68 is seeking to update the
s a list of the nuclides which

this point doesn't include those

n the right leading to very

ts for the use of those isotopes.
tioned patient waste and disposal
ssed. Impurities need discussion.

obout how the FDA and the NRC would
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ium-177m in the carried-added

llutetium-177 which we may hear
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vill be addressed on a drug-by-drug
more than happy to participate in
hat drug developers need to have
the NRC.

slide, please. So 1in summary,

ng actinium-225, it's available.

buting quite a bit of it. We're

pnies and hospitals in preparation

Ils and submitting DMFs and dealing

lated with the actinium-227. We're

the FDA and the NRC to resolve any
might be in accelerator actinium-
novel radioisotopes inequities.

you for your attention and thanks

A for the opportunity to present.
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m into the chat and we'll bring them

session, the panel discussion.
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IMMICK: And your audio is fine.

T

RGERON: My name 1s Denis Bergeron.

ional Institute of Standards and

rk on the Nuclear Medicine Project

q

idiation Physics Division. I'll be

elopment of physical standards for

des, especially focusing on some
¢ with alpha emitters.
slide, please. So I think the

ited here today is because of the

radium-223 story. Everyone here

dium-223 dichloride as a first-in-

peutic. Where NIST comes into the

I

k to 2005 when Algeta, the company

m chloride through clinical trials

dached NIST at the direction of FDA

ement standards.

eason for that 1s that we want
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ceable activity that allows for

=

| se dosimetry and the establishment

relationships. We want a standard
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cal sites, and pre-clinical sites,

verywhere all the time. NIST

1 do that.
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did, in fact, develop calibration

we reported on settings for
Ilborators, dose calibrators. I1'11
'er now participates 1in the NIST

ance Program so that new shipments

go out to clinical sites include a

@libration source so that every

@l traceably back to NIST.
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lide, please. So why come to NIST?

is to promote U.S. innovation and
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s, and technology in ways that

q
]

security and improve our quality of

v that activity standards for alpha-

lides for medical applications fall

his mission.
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1s makes sense when we remember that
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ven to this nuc med audience. I

¢cquerel that much.
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the ones that Marc was mentioning,

ddiopharmacy. We establish 1links

1lutions, gravimetric links between

ns where we're adding with the

1]

inty less than 0.05 percent

dse links.

D
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] is appropriate for primary methods
se of the pyramid so the dilutions

side and the measurements take us
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slide, please. So the primary
1ke to talk about 1is one that's
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d that's the Triple-to-Double
| or TDCR, counting method of liquid
spectrometry. The liquid

t means that we're putting a sample
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NEAL R. GROSS

Cou

(202) 234-4433

RT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



home-built electry
events where we N
photomultiplier 4
these double coin
If we count them
and we can get a r
coincidence ratig
equivalent to the
efficiencies.
Now W
efficiency eithdg
quenching in tho
doing the simples
gray filters whi
shades of gray d
around the LS via
on our samples.
different efficie
By v
varying the tripl
we plot that out 4
the TDCR 1s equd
triples efficiend
be the

same 1s

efficiency which

74
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ave colncidence in any pair of the
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up over a specific period of time
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L
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h is really just 1linking wvarious
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q

1lent to the decay rate coming from
means that we've now realized the

per second, without calibrating to

is an internally consistent self-

d. Of course, I'll offer this

ice, things were a little bit more

we have really good models. Coming

h

I'll show you a little bit about

’

r as a little bit more complicated.

radium-224, which is another alpha-

elopment as a radiopharmaceutical,

d in the range that we're doing our

et about 5.65 counts per radium-224

ing asked to speak a little louder.

the mic up.

my

5.65 comes in because we have a

ited decay chain which I'll show.

q

ite the efficiencies that we expect

we in the chain which lets us build

for our TDCR experiment.

s1ide, please. The decay chain for
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IMMICK: Yes. Your audio is fine.
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(telephonic inter
MS. D
DR. M
MS. D
the moment. So
change with your
mean, if that doe
video, but right
DR. M
MS.
better.
DR. M
MS. L
MS. D
Mariani.
DR. M
MS. L
better.
MS. D
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DR. M
MS. D
does not seem to
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rience we are generating
ference) —-—

IMMICK: Mr. Mariani? Dr. Mariani?
ARIANI: Yes?

IMMICK: Your sound is not great at

['m wondering 1if you could make a

sound? I

Maybe not speaker phone?

Y

]

sn't help, maybe also turn off your

mow it's a little garbled-sounding.

ARTIANI: TIs this any better?

[LOPAS : Yes, I believe that 1is

ARTANI: -- any better?

(MPAS: Do another test.

IMMICK: Give it one more test, Dr.

ARTANI: Can you hear me better?
(MPAS: That does sound a little bit
[MMICK: It's a little bit better.
kar.

ARTIANI: Can you hear me?

IMMICK: Give it one more try. It
e as --

ARTANI: Is that any better?
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MS.

—

let's go ahead an
DR. M

I want to speak a

these two recent

This is a disclaj
AAA. Next.

So th
a recently —-- 1is

And the company rg
in nuclear medici
And
manufacture Lu-Do
many. And folloy
IMOH and FDA, a t
improvement of thd
then also the rem
Now t
went successfully
Europe in 2015.
the company's md
Next.
The f

through major cha

we have seen a
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[{OPAS : It's sounding better, so
d give it a try.
ARTIANI: Okay. Sorry for that. So

out my experience in my developing

products. And next? Next slide?

mer. So I'm Head of Research for

s 1is only highlighting that AAA is

q

i younger company, founded in 2002.

|

ally was focused from the beginning

ne .
in 2010, acgquired the right to
Hatate, which is a molecule that had

fing a strict interaction with both

gmporary move up, instructed to R&D

compounding pharmacology criteria,

val.
is led us to start something, which
and led us to registration in the

Then subsequently in U.S. in --then

st recent acquiring by Novartis.

ield of nuclear medicine is going

mges. And in the last three years,

jramatic split. the
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diagnostics and a

Now ¢
least at the ph3
therapeutics, whe
are really coming
working together
into the same thi

So ws
bringing up new,
treatments and

solutions to the

This

the molecule that

molecule, there
does cellular pep
When
were focused only]
so the, as I sai

will go to divert

to the process.

And n
ITI, we found a w
this. And in thi

and develop a trug

molecule was deve
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11 of the diagnostic field.

=)
=

/e see more and more products, at

Wrmacy level, that are focused on

m actually, the numerous approaches

from a cancer diagnostic approach,
the diagnostic and therapeutic,

If which is a registration.

k9,

see, as a spectacle of technology

how do I say it? Solutions. New

iagnostic agents will bring new

atients in the next years. Next.

K

ils the next. In the middle, you see

we call DOTATATE. Then so this

s a physical curved quality that

tide, and then chelated.

e initially started development, we
on the lutetium during that phase,

1, the therapeutic agent. And we

the assay which meant the same ideas

ow, so when we were already in Phase

q

1y to also rectify various kits for
s way we're better able to propose

theragnostic product, in which one

loped to give two products.
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Two p

real contact solut

of 6.7 days' ha
product of three
The s
minutes. Right?
solution was to e
could be used 19
So thse

pharmacy.

two products.

The 1
this was the be
production in th

client and we n¢

understand and ant

Next slide.

MS.
you one more tim
your computer, th
computer or anyth

It ju
port 1s covered
Whatever I asked
have maybe made

could go back to

Lh

1jt worse.
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roducts of this nature. One was a

ion, based on the tissue. Addition

If-1ife allowed us to generate a

days' shelf life.

helf-1ife of the gallium is only 68

So we have to find a solution. The

1ither keep one for the escape, that

rally at the, sorry, notarize the

concept is simple. One molecule,

nking it was quite difficult. And

gdinning of, in this the

process,

1s, because we really were a new

¢ded to interface with several to

icipate potential issues with this.

PAS: Dr. Mariani, I'm going to ask

D

to just check to make sure that

-

ere's no papers anywhere near your

ng.

]

st sounds like maybe the microphone

or something to that extent.

\

| 4

rou to do in the beginning seems to

I apologize. So if you

\

| 4

rour original setup.
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DR. M
MS. L
DR. M
MS. 1
Yes, thank you.
DR. N
for this. So
apologies, sincer
Now,

that many of you

results of the NET

was quite success
a study performed
GEP-NET patient.

But v
is that the

case,

of an interacti
authorities.
Becau
Phase III study,
efficacy paramet¢
power that you lo
criteria, as well

the dose that I h
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ARTANI: Okay.

PPAS: And we'll go forward.

ARTANT : I am trying now. Can you

HOPAS : Oh, that is much better.

MARTIANT : Okay, sorry. Apologies
I've now put the headset, but

¢ apologies for this.

in this slide, you see a picture of

have already seen. These are the

H

TER-1 study. So the NETTER-1 study

flul in terms of efficacy. There was

on an often indication, progressive

vhat's important to note, in this

study design was really the results

bn with a discussion with the

]

e in a study, such a pilot study,

it's key to define not only the

1 so the

that you are looking for,

jk for, but also the expected safety

as the, let's say, the interval and

wve chosen for the study.
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based on previousg

I, Phase II studi
was to define a t
monitor adequatel
SO Wweg
weeks between dog
the acute toxicit
The
extrapolate the
toxicity based on
somehow a, let's
anticipating pote
So al
power of the studj
efficacy and safe
So f

because in thig
monitoring of tox
cumulative thresh
administered, wen
actually with th
successful at the

Anoth
]

time, as I said

Il

| 4

V]

I

]

[¢

S
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e study design in this case was

experience. And then with Phase

es. And what was important for us

reatment scheme that allowed us to
7 the acute toxicity.
chose to have intervals of eight

ps. Note that to monitor, really,

7 that we might have experienced.

econd parameter we chose was to

cumulative dose for ©potential

external beta radiation, to give us

say, threshold for, 1let's say,

itial issues on the long term.

1 this allowed us to define the

and eventually demonstrate a good

'y ratio for the product.

nat was, let's say, important,

case, 1n our experience, the

lcity for the acute finding and the

pld for toxicity, in terms of dose

n

really the key aspect that we're

h

authorities which were actually
end of the study. Next, please.
rr important part is that we, at the

efore,
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combined diagnost

had to make
diagnostication a
and was a SPECT g
And
also, to define 1
identifying a sel
to evaluate what
of tumor burden f
In th
for the diagnost
important, becaus
and we were also {
make a series of
tumor characteris
So es
very important to
order to make sur{
development. Nex
Now,
As I also said, w|
generation diagnog
DOTATATE. And r
agent,

so PET age]

previously used w|

{
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ic, theragnostic approach. So we

H literature on the available

i the time. That was an Octreoscan,

yent.

his SPECT agent was key for us,

mclusion criteria that were key for

ect patient. Also to, in addition,

1

As the tumor uptake, also the extent

dr the particular patient.

ils, it's important, it was important

ic, in this case, was extremely

we enriched the patient population

ibole, by this inclusion criteria, to

evaluations in terms of patient and

ics.

sentially the message here is, it's

define this criteria beforehand, in

that there are no surprises during

t slide, please.

this I spoke about, the Octreoscan.

¢ had in parallel developed the new

stic agent that was the gallium-68

eally this is a new generation of

Nts, while in the past there was the

q

1s the SPECT patient.
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And o

this has allowed|

SPECT technology

And,

theragnostic apprq

a new product has
the advancement
technologies. Sq
go for more, bettsd
slide, please.
Now,
development. Thq
really come from

from the nuclear

So on

sorry we ca

parts. The one

the, let's say,
acceleration of 1
also added wvalue
So th
see what you inje
allows you to se
the

improves sel

increases the cha

f

1
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1
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course there are improvements that
One must say that in parallel
results are greatly improved.

really, our diagnostic, the

ach, that we had to pursue also for

to keeping count, accounting, also

in technologies, for the image

SPECT agents will benefit if you

r-performing image solutions. Next

what we have learned during this

re are some major advantages that

the theragnostic approach, and also

hedicine approach in general.

 of the main advantages, say, is -

| separate these advantages in two

that, say, features can facilitate

the patient selection and the

he development in the one that are

luring drug development.

=Y
=

theragnostic approach allows to

t, of course, and then you see, it

h

if you are reaching the target,

ection of the patient, and then

ice of success with the therapy.
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Anoth
in terms of pre
treatment with t}
doses, a small am

So es
we have bee

know,

fast, very, ]

development, as tl

a certain numbd
studies.

Now,
development is tH
dosimetric calcy
estimation of t]
predict possible
are expected in t

And
development, bed
potential windows
scheme that woul
success in develo

We ha
phases, but of
evolution as pati

Next slide, pleas
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kr advantage that's very important

clinical development is that the

leranostics really is based on few

ount of product injected.

q
]

sentially with the authorities, you

m able to discuss, agree, on a very

et's say, short pre-clinical

lis peculiarity allows the waiver of

r of a long-term, ©pre-clinical

what is important, also, to the

At some of these agents also allow

lation, and in our hands, the
le true dosimetry allowed us to
cffects, and especially those that

he long term.

o this 1is wvery important during

ause 1t allows vyou to define

of treatment, and also a treatment

|

be the most 1likely to give you

pment .

yve done that during the development

slourse we did not apply dosimetry

ent selection for a commercial use.

14
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So, 4
was that the trea
should be adapte
The dosimetry can
at the early stag

But n
the only thing

treatment cycles

reliable in terms$

effects. Next sl
Now,
this

learned in

advantages that
medicine, but tH
aspects that are
So
manufacturing a s
this is to ensurd
so of

precursor,

case, lutetium, t
of the active ingj
labelling, to ths
complex chain.
And 4

place very early

122
yain, the lessons learned from us

tment scheme and the dose selection

] to the type of patient we have.

be used, it has to be used properly

14

S.

Wwre importantly, now we're ahead,

that we have established during

was really more effective and more

D

of monitoring of potential toxic

1de.
one thing that is also a lesson
development 1is that there are
we can benefit from in nuclear
lere are also fairly, let's say,
more complex to manage, as well.
one of these is classically
upply chain. One of the aspects of
§ that, from the production of the

the isotope, the precursor in this

® the qualification and the release

n

edients of the lutetium 177, to the

patient delivery, there is a very

his chain has to be really put in

during development, because this is
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in 51 centers, an
indeed ensure co
the patient, a
product.

And t
the beginning, i
development. Nex
So 1if
there are peculiaj
in big advantage

treat. But also

more effective pat

And also the sci

safety, to contro
But t

by complex manufg
has to be conside
But n

all is that since
of development, 3
authorities is ke
And g

this is still a r

and there are th
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H, in that when we performed a study

@l one of the biggest challenges was

sistent quality, availability for

’l

tandard quality for the finished

>

his is, if it's not considered from

can be a huge problem for the

t slide, please.

y conclusion, in nuclear medicine

o

characteristics. It can be turned

For example, you see what you

this allows you sorry for a

ient selection to maximize success.

jleme can be defining 1in terms of

1 the toxicity parameters.

his is, although this side hampered

ctory, supply lutetium chain, that

red from the beginning.

aybe the most important factor of
rhe beginning, since the early stage
strong close interaction with the
I

ney for sure recommend it, because

elatively young, let's say, domain,

1ings that need to be anticipated,
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things that are,
study design,
the diagnostic th
And 4
if there 1is a
discussion with
were lucky to ha
supporting the pi1
successful concly

was my last slidjg

with the sounds.

MS.
Mariani. Virtual

So I
Unfortunately, bq

still have three
won't be able t
probably initiall

So we
been submitted in
answer all questi
the answers in th
to those in writi

So ou

the questions th

in t
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in terms of quality, in terms of

erms of overall approach, including

krapeutics.

his can only be brought to success

good, let's a clear,

say, open

he authorities. In our case, we

re a both in parallel FDA and MIA

ogram, and it was then brought to

sion. And I'll stop here. This

I

Still, apology for the problem

IMMICK: Okay. Thank vyou, Dr.

conferences are tough.

ve had to make a tough decision.

h

cause we are running over and we

more sessions to get through, we

N do the panel discussion, as we

Yy envisioned.

have all of the gquestions that have

to the chat. Our plan had been to

ns that we're not able to verbalize

h

¢ chat. We would provide responses

g .

r plan will be to respond to all of

t were submitted in the chat for
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Sessions I and II

So t}
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the slides avai

approvals from al
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We af
documentation frqg
So

to provide. n

information and |
same forums that
meeting.

So a
provide the slidg
respond to all of
Session I and II

But g
to have the panel
we're going to mo
to go ahead and t
IIT moderator, An
my notes.

So Dr
the

Officer in

Radiation Medicin
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and then provide them to attendees.

flat leads me to another question

the slides. We are hoping to make

llable. And we Jjust need final

1 of the speakers that their slides

licly.

-

also looking at some additional
n the meeting that we will be able

wre to come. We'll distribute the

here you can find it through the

you had received notice about this

ain, our plan 1is to be able to

s that we can to you, as well as

the questions in the chat for the

panel.

b keep on time, so that we can try

discussions in the other sessions,

ve on. So with that said, I'd like

wrn the meeting over to the Session

thony Fotenos. And I'm looking for

Fotenos works as the Lead Medical

FDA's Division of 1Imaging and

He will be moderating Session
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ITI, which is Saf
Radiopharmaceutic
Welco
able to share you
hear us?
MS. L
indeed connected

indication of the

So mdg

the first present

get connected to

with that on the
MS.

presenter is Chri

Leader in the Off]

Office of Translat

And Kelly will br
DR.

Y

you hear me?

MS. [
through great.
DR. J

have the first sl
MS.

just a moment.

JPHN:
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ety and Efficacy Considerations for

q

1] Products.

me, Dr. Fotenos. And so once you're
 screen —-- Anthony, are you able to
DPAS: I'm checking to see if he's

o audio, because I'm not seeing any
headset or phone.
Lisa,

ybe, go ahead and introduce

er, and Anthony can see if he can

audio, and I'll try to help him out
side, here.

IDIMMICK: Okay. So the first
sty John. Dr. John is Acting Team

lce of Clinical Pharmacology and the

ional Sciences. Welcome, Dr. John.

lng up your slides. Yes.

Good morning, everyone, can

TMMICK: Yes, your audio's coming

(PHN: Wonderful. Thank you. Can I

ide I was seeing earlier?

TMMICK: Kelly will share that in
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objective of revi

right patient poj
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MS. I

stop sharing your

improve the audiq|.

on. Thank you.
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Thank
review focuses o
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JOHN : Excellent, thank you.

Thank vyou, everyone. The main

w is to find the right dose for the

H

ulation, based upon extrinsic and

The intrinsic factors include

risk factors include things such -

IMMICK: Dr. John, how about --
NOHN : -- 1intake and smoking, et
sure response —- can you hear me?
TMMICK: I'm going to ask you to

video, and that will probably help

So try that, and then continue

DHN : Okay. The exposure-response

both safety and effectiveness of a

lability of the related to the drug

establish the relationship between

the clinical outcome, which in our

1ige. Next slide, please.

you. The clinical pharmacology

m several aspects. Not only the

the dose escalation and the dose
but also

recommended Phase II dose,

response,
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slide.

So th
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SO pry
clinical models i
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Noncl
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the PK analysis.
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conducted. Next
So
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lies, hepatic impairment, renal
tera. Next slide, please.
Ggives the outline of my talk. I'll
the clinical pharmacology studies
the diagnostic imaging
@als, and also for the «clinical
(telephonic interference) for the

and the current theragnostic pairs

m I'll be concluding my talk. Next

1s slide shows various non-clinical

needed before you can have a first
trial.
pof-of-concept of efficacy in non-

needed, non-clinical studies such

]

mice or rats or monkeys would be

ry.

inical PK studies would be required,

ind in vivo methods established for

So those are the studies that are

first in-human study can Dbe

s1ide, please.

liagnostic imaging agents are

know, given only once, and for the

|1y speaking, the diagnostic imaging
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stered in microdose.

]

he microdose 1is defined as the

q less than 100

¢, the mass quantity,

IJ

than 13 nanomoles for an antibody-

liagnostic 1imaging agents really

msitivity and specificity against a

, or we could also have positive

as a clinical Dose

Ul

endpoint.

ve in diagnosing a pathology, and

And a dose-finding study should be

s1ide, please.

]

1 these diagnostic agents, which are

agents, we do expect single-dose PK

vould include the biodistribution of

7 in healthy volunteers but also in

| 4

patients with disease.

etabolism of the drug, and if there

that are observed in the studies,

of these metabolites? Are they

? What is the route of elimination

I

the parent drug, as well as the

inly, the dosimetry studies, as we

needed, that
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-

o

the absorbed radiation dose to

rgans. Then the drug interaction
tant drug studies are needed, as
| please.

se optimization is a very important

]

dpment and we encourage the sponsors

rl dose. An optimal dose can be

¢ various doses studied and one can

gate marker.

~

»l

we know, SUV wvalue or tumor-to-

dr-to-nontarget ratio could be used

imic marker. We also encourage to

imaging window where you could have

dssible.
dentifying the optimal dose and
iindow, based on the PK and PD of the

llect a dose that would be used for

i1votal restriction trials. Next

]

s1ide essentially shows the example
labeled PSMA in a tumor uptake in

kre, as you can see, the SUVmax for

de, shown here as a red arrow, the

SUVmax increases all the way up to
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Nr some contents are extravasated.

he question, is there a threshold

®ns should be reported?

¢ staff's evaluation is going to be

e looking at it through several

You know, 1is extravasation

technology? Is extravasation a

lne concern or a regulatory concern
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other part of extravasation is the

rtermining the dose from an

rery complex. And we've started to

at it might take to develop a model

1 a model that could be used for

se consequence or the dose from an

I said, it's very complex. The

the extravasation of the

11 is unknown. The volume is not
ipe, and then it's also determining
you need to determine for the dose.
in the

ese are important factors

>'1l need to consider, you know,
reporting of extravasation.

you
the fraction of the
the

1sated, radiopharmaceutical

looking at Monte Carlo modeling,

you know, with these

me are more soluble than others.
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ssue to the bloodstream and the
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associated with the
1ls.
nen identifying a dose method, and

the risk hazard levels for wvarious

of these things will play into

rntifying an appropriate dose model
Next slide.

u can learn more about what the NRC

regard to extravasation over the

[he NRC is planning a stakeholder

tuSSs extravasation, and it is

i1led for December 8th.

RC staff will provide its advisory
risory Committee on Medical Uses of
ilraft evaluation and policy options
That's our target date to provide
tions for extravasation.

lan to complete a technical

1. And then this will roll into a

ept or deny the petition for

t a change. And we'll need to make

lune of 2021. Next slide.
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ls required a report on updates to

monitoring, classification, and

i

ments regarding extravasation.

is a publicly available document

to Congress back in March, this

1

iwe a similar bill that we can expect

tions bill for FY '21, requiring a

Wwclear medicine at that reporting.

And tthen a subsequent briefing on that
topic, and we'pe also received a number of
Congressional inguiries.

So afg NRC, this is a wvery important
topic. It's Hn emerging topic that we are
evaluating. And [gtay tuned. More to come. I would

encourage you to
8th public meetin
extravasation.
And w
just questions.
So I th

Anthony.

DR.

=i

running a little !}

is Dr. Anscher,
radiation oncolog

Food and Drug Adm

e on the lookout for that December

y to hear more about NRC's work on

1th that, I think my next slide is

So I'll turn it Dback to vyou,

ink I made up a couple of minutes.

H

OTENOS : Thank you. Yes, we're

it short on time. The next speaker

a medical officer and former

ilst in the Office of Oncology at the

lnistration.
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NSCHER: Thank you, Dr. Fotenos.
r me”?

[MMICK: Yes.

TENOS: Yes, we can hear you fine.
NSCHER: Okay. Good. Well, I'd

organizers for the opportunity to

<
.

ver the next few minutes I hope to

why individualized dosimetry 1is
ler to optimize the safety and
iopharmaceuticals. Next slide,

othing to disclose, so next slide,

idiopharmaceuticals offer several
ges over external beam radiation.
rgeted, thus delivering a high dose
b sparing normal tissues.

the

rly, low-energy-charged

y employed in these therapies offer

pff, thus preferentially treating
tissue. Some particles emit gamma
process, and this may offer the

bine imaging with therapy.

rr, 1in reality, the targets may not

tumor-specific. For
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membrane antigen, a potential

-

5 with metastatic prostate cancer,

the kidneys, small bowel, salivary

s . So off-target toxicity may be

@ing on the isotopes used, the depth

4y not be ideal for the clinical

nfortunately, many agents used for

n

¢ directly imaged, and a related

ily characteristics more suitable for
to be used with select patients for

the administered

&

e agents are

Hsually bound to carrier proteins,

wated like drugs.

mation about how agents are
abolized, and excreted becomes
rmining dosing and dosimetry, which
rom external beam and sealed
rces, which are not circulating or
t slide, please.

the risk of insulting everyone's
it is dosimetry? When I started
T a definition, in fact, there were

flinition in the first bullet point
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what I mean by dosimetry for the
liscussion.

rtry is critically important,

nowing the dose delivered to tumor

s, one cannot properly understand

etween dose, safety, and efficacy,

timize the use of a product for the

the patient. Next slide, please.

rtry for radiopharmaceuticals

lallenges compared to external beam

of which are listed here.

lenging are assumptions of uniform
of the product throughout the

act that is often not the case, as

each isotope has a different half-
the rate of dose delivery varies

And this may impact on the

| veness of the product.
y, accumulating evidence suggests
r radiopharmaceuticals are not the

nal beam radiation, and are likely

1%

ich work needs to be done in this

to optimize the of
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@ls. Next slide, please.
figure illustrates the impact of
|-kill. The curve at the far left

211-kill expected from a high dose

h as external beam radiation.

ie dose rate 1is lowered, other

play, which may either increase or

ling of tumor and normal tissue

1, the lower the dose rate, the less

kved per unit of dose.

lower dose rate therapies would

tal doses to achieve equal effects

te therapies. Next slide, please.

prescribing radiation, radiation

estimate the probability of tumor

robability of normal tissue injury.

17

tio of tumor control probability to

H
»

lication probability is referred to

tic ratio. Estimates of these

based on calculation-derived data,
cly known a priori for an individual
mtinue to refine our knowledge with
§

ts through ongoing research, but in

recise estimates of dose delivered
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|| normal tissue are critical. Next

st drug studies, dose limit and

termining after a relatively short

@, generally 30 days. However, for

1]

1S,

the toxicity that usually drives

ices are late-occurring toxicities,

as late effects.

fnvention, late effects are those

hd 90 days from the end of therapy

m 90 days after therapy. There are

Hapies for late radiation effects at

e, so the approach taken is

requires accurate knowledge of dose

dosage delivered to normal tissues
rately define tolerance doses and

jpment of late effects. Next slide,

factors influence the therapy

include patient-specific factors

m individual more or less likely to

rtion from radiation, and tumor-

that impact on the 1likelihood of

q

Next slide,
NEAL R. GROSS

incer. please.

Cou

(202) 234-4433

RT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



Unfor
under our direct
to stop smoking d
substances that m|
therapy.

But g

control are the r{

if we have accu
Next slide, pleas
Admit

understanding of
more than 100 yea
beam radiation, i
Proba

situation is that
mostly from rg
complications hay
Fortunately, moy
issues, and our k
Howev
risk at the ind
require a knowled
also an individusg

and we're a long

that with accurac

1

N

I

]

il

1

1

1

]

-

if

S

i

i

| 4

Cou

(202) 234-4433

4

trospective

Y .

158

tunately, few of these factors are

ontrol. We can try to get patients

iring treatment and to avoid taking

lght interfere with the efficacy of

ne thing over which we have total
diation treatment factors, but only

rate information about dosimetry.

14

redly, the state of our

dose volume guidelines even after
rs of treating cancer with external
imperfect.

the biggest reason for the

ly
these guidelines have been derived

analyses, in which

=Y
=

most likely been underreported.

studies are addressing these

wowledge base is improving.
rr, more work 1s needed to define
vidual patient 1level, which will
ge not only of the dosimetry, but
I patient's biologic risk profile,

way from being able to determine

<
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consider the example of prostate

st radio-sensitive organ 1in the

v of the prostate is the rectum.

short term, radiation injury to

@l proctitis, generally manifests as

o

gent bowel movements or bleeding,

q

1ys resolved.

erm injury to the rectum can

fding, increased stool frequency,

fecate, and even incontinence. If

be difficult to manage. Thus, the

ve the dose constraints for the

bf the problems encountered in

¢ doses is that the region of risk

r organ has Dbeen inconsistently

udies. This problem is illustrated

re .

@l the radiation dose be related to

L

, shown in green? Or only to the

ndiation, shown in purple? It's

dlerance doses would vary depending

iken. Next slide, please.

q

1 models may help develop a better

the biologic mechanisms leading to
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injury. The tolerance doses vary

ven within species. So these dose

L

hips usually can only be accurately

ins. Next slide, please.

ilke to close by using the example of

a1l radiation therapy for the

r tumors to illustrate some of the

treatment involves the

livery of yttrium-90 Dbound to

Yttrium-90 is a low-energy beta

to preferentially irradiate tumors

Next slide, please.

dosimetry guidelines for these

H
»

n safety. The product inserts

on and dosing guidelines. However,

hssume uniform distribution of the

h

ke tumor and the normal liver. Next

figure demonstrates that the

m fact not uniform. This tumor has

he center, shown at the top, which

rted to have a viable blood supply.
is confirmed by the images at the
h

the bright
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yttrium-90 and the dark region

¢ of isotope distribution.

e calculates those Dbased on the
tniform distribution, and then
& dose based on the actual
rctrium-90, the dose determinations
V. Next slide, please.

ne goes back to our concept of

| these figures illustrate the need

@l dosimetry for this treatment. In

] can see that the probability of

tumor response or liver injury,

treasing dose.

he desired dosage to achieve a high

mor response and a low probability

dre vastly different. Next slide,

study, which was reported earlier

rates the benefit of individualized

as the endpoint of the trial. This

N

ol patients' treatment using

metry or standardized dosimetry.

inclusion criteria for patient

ilsted above. Next slide, please.

wlts are displayed here.
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malized dosimetry allowed delivery

-

to the index tumor, shown on the

he bottom. It also resulted in a

¢ normal liver, shown on the bottom

L, dit's 1in the dose constraints

oth treatment arms. Next slide,

rimary endpoint of the trial was
prget tumor at three months. This

h

s that the use of individualized

d a significantly higher response

¥ lesion at the time point. Next
yuoh not a primary endpoint,
simetry also resulted in an

overall survival by 16 months over

metry arm. Next slide, please.

n conclusion, the Dbenefits of

I

imetry are numerous, and has become

ther forms of radiation therapy.
lng data indicate that personalized
|

iopharmaceuticals holds promise to

| reduce toxicity for this form of

as well. Thank you very much for

L
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(PTENOS: Thank you, Dr. Anscher.

ilnal speaker before lunch represents

Yy perspectives. He's William

an early development 1lead for

1))

krapies at Bayer Healthcare.

DECKELER: Thank vyou. And thanks

| to participate today. Next slide,

his just says that, as it said on
&, I'm an employee of Bayer.
Yy pay me for doing, at least

e, they pay me for doing my 7Jjob.

1)

£t I'd like to focus on mostly today

dosimetry-related discussions that

held by Dr. Anscher and others, but

w we gather the data that goes into

»

dlose estimates.

Anscher made the comment about
talk about the need for accurate
ktermining dosimetry. And that's
clinical trials becomes important,
nNg clinical trials, and particularly

ical trials, that we gather much of

hat's needed to perform these dose
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n going to talk about a few of the

ethods that are used to do that.

le of one that I was involved in a

ago with a bone-targeted Dbeta-

n I'll turn to some of the ongoing

® alpha-emitters.

s is kind of a summary of a number

te done with radionuclide samarium-

geted agent. And if we Jjust kind

is slide, first of all, you can see

image there's very selective uptake

N

very little uptake in any other

N image this very well. We can

And in part, that's related to
beta-emitters we, many of them have
n components to the emissions and
dlose levels that we use.

was a dose escalation study. You
ght-hand side doses administered to
his study range between 1.9 and 11
5o we get lots of photons. We can
jes.

s a number of techniques other than
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can use to obtain biodistribution

we can do biosampling such as blood

collection.

you see on the bottom left-hand side

bone biopsy from one of these

you look closely, we can see that
dts are localized at the surface of
know actually at a micro level the
And that will

the radioactivity.

Hs we'll see in the next few slides.

[68]

ing these variety of techniques, we
time-dependent organ distribution

des. From that, we can calculate

H

§ing standard dosimetry models, such

used in this case. We can perform

>

kstimates based on the known source

lou can see 1in the middle on the

hat we see is sort of dose estimates

imates, along with some measure of

iability between patients.

an see in this case the, what your

W based on the biodistribution that

ant doses are to bone surfaces and

¢ adjacent tissue, red marrow. And
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those absorbed dose estimates are

her than anything else you see on

€r, you can also see that based on,

arithmetic quickly, if you look at

becquerel and you take into effect

ninistering, say, two to ten

you just do the arithmetic quickly,

i the dose estimates multiply to

vels.

r instance, if you were to take the

te to red marrow, multiply that by,

t here, 5,000 megabecquerel, vyou

very high number.

wsly, if we look on the bottom table

these same patients the range of

s, the cumulative dose that was

ose patients. And then we see what

~t on marrow was 1n terms of

ty.

b you can see that, although there

s certainly not what would be

on the simple MIRD-based dose

e know why that is. We know that

Ange particles.
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And they do not wuniformly

ow. So this relates to some of the
nscher just discussed in the prior
I\ the next slide, we just see a few
that come out of studies like this.
re is a variety of methods that can
rfain this biodistribution data.
lstration of wvery high levels of
bles relatively high precision of
in wvarious

of the radionuclides

is some intra-patient variability

ates. It could be up to about 25
that's in addition to whatever
p 1s 1n the precision of the

then finally, non-homogenous

rticles in target organs leads to

en what we see 1in terms of dose

n conventional models and absorb
safety and efficacy. Next slide.

hrning now a little bit to driving
a few

bor alpha-emitters, there's

discuss.

NEAL R. GROSS

H

WASHINGTON, D.C. 20005-3701

T REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433



First

decay largely in

simply one emissi
emissions, multip
We ng

characteristics
aspects of the day
of these things (
very different do
And
radiobiologic asp
do with these ef
biologic effectiv
So th
chains. On the
combination with
through the same
side 1s actinium
three radionuclid
explored right noy
So  yg

emissions for bot]

d

I

]

§

i

168

of all, as most people know, alphas

thains. So we're not talking about

on. We're talking about multiple

le emissions of different types.

~rd to talk a little bit about the

f the change and the dosimetry

ghters that are formed and the decay

f change. They're administered at

te levels. We'll talk about that.

finally, there are some unique

cts of alpha dosimetry that have to
fects related to path length and
tness. Next slide.

S 1s an example of a couple of decay
left-hand side

is thorium-227 in

radium-223. They actually come
decay chains. On the right-hand
225. I would say these are the
es that are most frequently being

v in alpha particle therapy.

1 can see that there are multiple
n, both alpha and beta. They both
tmit photons.

here are differences within the

relates to the relative half-lives
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And s
we term a seculaj
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one another almost

respect to the ha

On t
thorium-227, vyou
about 19 days, b
So, 1in that casqg
where the thoriun
which grows in ovy
half-life. And w

just a second.

The
potency, the mult
decays, these a

administered radi

thousandfold les
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the chain.

you look at actinium, you have a

parent of about ten days. But all

Wt result from the decay are very,

ve to the half-1life of the parent.

in that case, we end up with what

.

4

»

equilibrium. And the parent and

are essentially in equilibrium with

instantaneously, particularly with

1f-1ife of the parent.

lhe other hand, if vyou look at

could see the parent half-life is
wt the first daughter is 11 days.

we have a transient equilibrium

leads to the formation of radium,

H

r time and then decays with its own

)

e'll talk about why that matters in

other thing 1is, because of the

ilple decays, and the energy of those

pha-emitters are administered at

oactivity doses that are about a

than for typical beta particle

hat reduces the number of available

And we'll see the impact of that
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in just a minute.
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procedures used al
of uptake and cle
And 1
typically have ha
we talk about t
includes both ug
timeframes are mu
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rg

diagnostics or m
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considering the
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And w
the decay of a rad
particle, there's
the recoil energ
70,000 electron v
On t}h
that usually wersg
tar

attached to
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hen that has an impact on the

Nd the precision of the measurements

q

irance of these radionuclides.

then finally, these alpha-emitters

Iif-1ives of 10 to 20 days. So, when

he time-dependent activity, which

take and clearance, the relevant

¢ch larger, are much longer than for

dionuclides such as we use 1in

q

1ybe even in some of the earlier

& we talked about Dbefore with
xt slide, please.
¢ of the things that's important in

Josimetry of these decay chains 1is

he daughters after they're formed.

Hy that's important is when you have

idionuclide by emission of an alpha

a very large recoil energy. And

iles are typically on the order of

lts.

e other hand, the chemical bonds

D

used, usually these emitters are

eting molecules through chemical

J

ds are on the order of five to ten
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the

dle becomes, which is no longer the

decays, becomes detached from the

So one needs to consider not

ibution of the parent but also of

the extent that you have a secular

red to a transient where all those

occur very quickly, in the bottom
you can see that for the example of
1dium-223, the blue curve shows the
rium and the red curve shows the
radium-223. So we have two
I to be considering here.
sthematics of doing this has been
me time. And that's as indicated
ysics publication. But acquiring
biodistribution data can then be
Next slide.

is is an example of imaging with

at illustrates a few of the points

So on the top and I apologize.
this slide.

left-hand
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at in diagnostic
On th
Unfor

typo 1is.

Dotatate. But tHh
same patient. So

same way, but 1
therapeutic radio

And
megabecquerel.
area, the liver.
of seven megabec
They're low res
background.

On th
of, this is a wh
tell by looking a

in a patient thaf

dose of 2.8 megab
worth attempting

On th
own each discr

differentiated on

see the distribu
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of gallium-68 Dotatate. And it's

1t's what we're all used to looking

|l mages.

right-hand side, this is where the

tunately, this 1is not gallium-68

ILs 1is actinium-225 Dotatate in the

it's the same molecule labeled the

's a different radionuclide, the

muclide.

his is given at a dose of seven

We're only looking at a confined

But you could see, even at a dose

uerel, the images are count-poor.

:

lution. And there's a lot of

bottom, what you see is an example

ble, believe it or not, you can't

it, but this is a whole body image

was administered thorium-227 at a

kcquerel. Below that it's not even
to image.

¢ left-hand -- since they have their
#te  gamma rays, which can Dbe
imaging, on the left-hand side, you
tion of the thorium-227. On the
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right-hand side,
And t
You see in the
apparently are
through the gut.
So,
quantification of

gamma images are

background ratiog|

And the low count
images even when
But t
The other point tH
phase being very
They only get won
long time to acqu
It's
patient to come Db
a six to eight w
hour or two's wor]
again to get this
So we
some of the cleg
example that I've

studies, but we'v
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vou see the radium-223.

| 4

ere are obviously some differences.
bwer quadrant of this patient, we

keing excretion of the radium-223

in situations like this,

the uptake is difficult. So the
low resolution and poor signal-to-

They're difficult to quantify.
rates lead to low precision in the
you try to quantitate them.
here are other ways to gather data.
ot I made before about the clearance
1

long, these are early phase images.

se over time. These images take a
re.
really not a good thing to ask a

q

ick time after time after time over

ek period to endure, you know, an

h of imaging over and over and over
quality of data.

ve looked for other ways to look at

rance parameters. So this is an

used, we're using not only in these

> used in other studies.
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On th
plots you can sedg
to the transient
radium in the sol

But w

in this case from

per cycle for thr

the dots, Dblue
clearance of the
of the radium.

So it
use. It gives us
patient-friendly
Next slide.

So,
particles, there

alpha particle do

new field.

As w¢g
short path length
of energy over
microns.

So th

and intra-organ i

microdosimetry, f
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ils curve, you can see that, on these

the same lines we had with regard
equilibrium between thorium and

1d blue and red lines.

hat we see is actual patient data,

a patient given 4.6 megabecquerels

ee cycles of thorium-227. And in

and red, we can see the actual

thorium separate from the clearance
's just another tool that we can
more precise data and is much more

for the long-term kinds of needs.

finally, with regard to alpha
's some radiobiologic aspects of
dimetry. And this is kind of a very

all know, alphas have exceedingly
IS . So they deposit a high amount
very short distances, 50 to 100

ere could be very significant inter

ssue dose heterogeneity, so-called

r a number of potentially important
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be for GI content
in the example, s

So RB
is that this high
per unit dose of
beta particles.
reasons we're ver

Howev
relates the biolo
energy. RBEs a
pretty well estab
get the very low
increase.

Howev|
particularly for
related to the sa
known. They're t
three and seven.

even a wider rang

And t

g

o

specific RBEs.
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ow, as I pointed out before, with a

1dney, where you may have uptake in

the kidney but not others, say, the

for a small protein, and could even

exposure to the GI wall, as we saw

q

ay, with radium in gut contents.

Hs, the other important part of this

LET radiation is much more lethal

q

Wbsorbed energy than are photons or

In fact, that's one of the real

\

| 4

7 interested in alpha particles.

rr, RBE 1is Jjust a factor that

jic effect to the amount of absorbed

nd for photons and electrons are

lished at being near one. When you

energy electrons, that can start to

2T, RBE for alpha particles,

deterministic events, which are

ety and efficacy, are not very well

ought to be somewhere between, say,

Some people would argue there's

1%

H

ere's even less known about tissue-

o there's a big unknown associated
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final slide,
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b on the next slide, which is the

just kind of summarize it.

q

intification of uptake in organs to

)

data and accurate source data 1is
component of development in these
i

the clinical development studies.

e've seen that there's a variety of

be used. Microdosimetric effects
gnificant role for short range
1lphas and betas.

temitters decay in chains. And

roblems with multiple radionuclides

ekquilibria.

te administered at much lower doses.

itation a 1little challenging, a

nging. But there are other methods

b

to adapt to that. And RBE values

t currently well characterized.

t wanted to end by saying, although

challenges, this doesn't mean we

g this. We should be doing these

but in working towards helping to

characterize and
correlates betwd
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clinical signs
Anscher talked ab
It's
most accurate sou
a number of meth
chance to 1look
thanks for everyo
DR. H
So the bad news i
been asked to an
which was schedul

g

at 12:45, so in
news I guess 1is [
commute to get ou

But p
discussion that w|
you.

(Wher
went off the recor
p.m.)

DR.

let's see, approx
in grouping them

most sense just t

g
]

And
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1

f safety and efficacy that Dr.

out before.
really important that we have the
rce data we can.

1 And that requires

ds that I hope we've had a little

1)

t during this presentation. So

me's time.

DTENOS : Thank you, Dr. Goeckeler.

given our shortage of time, I've

]

’

nounce that our panel discussion,

ed to begin after lunch, will start

pproximately 17 minutes. The good

iopefully many of us have a shorter

r food.

lease return at 12:45 for the panel

111 last from 12:45 to 1:15. Thank

kupon, the above-entitled matter

d at 12:28 p.m. and resumed at 12:47

HOTENOS : I think we've fielded,

imately 12 qguestions. And I think

[l thought it would make probably the

go in the order of our presenters.

»

o I'll just sort of group these.
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early phase inve
stable isotope fo
compound? And
administration o
dosing? So two ¢
MS.

So just unmute yo
DR.

you were breakin
part. Is it for,
DR. F

would be a good s

DR. J
DR. F]
DR. J
DR. F]
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submissions to FDI
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1t the questions. And then the

t of sort which they want in turn
1t to be reminded of.

r first speaker was Dr. Christy

have a couple questions regarding

stigation. What would be a good

r safety pharma toxicity for a Y-90

then the next question 1is, can

TRT agents be considered micro
lestions for Dr. John.
TMMICK: Dr. John, you are muted.
irself.
OHN : Thank vyou, Lisa. Anthony,
[ up. I couldn't hear the first

I think FM-907

TENOS: The first question is what

rable isotope for a Y-90 compound -

HN: Yes, FM-90.

TENOS: Yeah.

HN: Correct.

TENOS: Yes.

DHN: Honestly I must say I do not
And I have not seen, at least in

, anything that's somewhat,
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else has done a
I'm not able to

my colleagues or

(Simu

DR. J
in.

DR. G

There's a number
would think that

DR. J
DR. G
(Simu
DR. (
of them. I think

which has a numbel

just looking to

that, yttrium is
DR. J
DR. H

question for

therapeutic radio
micro dosing?

DR.
ignorance.

Can vy

DR.
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tudy for this FM-90. $So I'm sorry

ive a definite answer. Any one of

ltaneous speaking.)
DHN : -— please feel free to chime
PECKELER: Hi, it's Bill Goeckeler.

of stable isotopes with yttrium. I

you could use Jjust stable yttrium.

(MHN: 86, right, Bill?

QECKELER: 89 --

ltaneous speaking.)

DECKELER: Yeah, there's a number

you could just use natural yttrium,

of stable isotopes. But if you're

make a standard or something like

tertainly something you can attain.

(PHN: Thank you, Bill.
DTENOS : Thank vyou. And the next
dhn is, can administration of

pharmaceutical agents be considered

JOHN : Can you -- pardon my
ou define TRT agents?
'[DTENOS : I'm sorry. Can you say
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MS. D

DR. J

MS.
radiotherapy.

DR. J

(Laug

DR.
definition of mic
microgram or @ 1ir]
nanomoles for 3
considered as a m|

would not be cons
So I
too much twistin
micro dose defini
DR. F
DR. J

colleagues from F]

DR.

i

Rajendran.
microdosimetry th
particles, if I u
i

So,

then it can be,

180

IMMICK: Dr. John --

(MPHN: What is TRT?

DIMMICK: -- TRT 1s targeted

PHN: Oh, I'm sorry.

hter.)

JOHN : I guess based wupon the

ro dose, anything that is under 100
terms of macro molecules, 30

Intibodies, could technically Dbe

icro dose. But anything above that

1dered as a micro dose.

don't think we can twist, we have

§ to go there with respect to the

tion as fairly well defined.

(MPTENOS: Thank you --

HN: TI'll be happy to hear my other

DA or somebody else.

RAJENDRAN : Yeah, this 1s Joseph

think they're referring to

1

t is commonly referred to for alpha
mderstand it correctly.
f it is alpha particle treatment,

fthe microdosimetry is used for the
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There
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personalized dosimetry. So that

e answer for me.

DTENOS: Thank you. And this also

rtunity for me to introduce Dr.
another medical officer in Division
diation Medicine at the FDA with a

ln nuclear medicine and radiation

¢ you.

ext set of questions 1s grouped

ct, the two talks we heard on
maybe starting with Dr. Kish

are several, and I think some of

n. But why don't we start with the

any randomized controlled clinical

st that extravasation is a patient

[MMICK: Kish, you're muted. Kish,
ir phone?

HAKRABARTTI: Can you hear me now
TMMICK: We can hear you. Thank
HAKRABARTI : Okay. I was saying

ee any or I am not
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randomized clinic
Are you aware of

(Simu

DR. (
highly underrepon
I mentioned, that
Patie
Many times the pat
extravasation has

DR. F

in as another

randomized conty

purposes can be s
the FDA-approved

on familiari

my
therapies, at le
special warnings

labeling. Extray

been a has no
information based
The 1
with respect to
change in volume
be

site accoun

calculation?
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1 trial for extravasation possibly.

any?

ltaneous speaking.)

HAKRABARTI: This extravasation is
ted. So part of the reason is, as
it doesn't stay long.

mt many times is asymptomatic.

ients do not even realize that their

happened.

DTENOS: And I just -- I would chime
another clue to findings on the

ol trial wuse for —registration

ken in the prescribing information,

prescribing information, and based

with the currently approved

Ly

Hst at the level that would merit

and precautions in Section 5 of

I

hsation to date is not has not

I been reported in the prescribing

on the registered studies.

ext question, Dr. Chakrabarti, is

the dosing calculation, should the

over the clearance time from the

hed for in the absorbed dose
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DR.
question,
calculation woulgd
that value is cal
of the extravasaj
change. But in t]
process takes plj
static process al
values at differe
or three equation
the decay, changi
be a little compl

DR. H
more question on {
Chakrabarti.
radiopharmaceutic
sure whether the]
but it's becoming
their radiolabel
directly into the

DR. C
extravasation hap
DR.

for

whether

radiopharmaceutic

actuall
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CHAKRABARTI: That's a good

The only change 1is the dose

Y .

il change, but my understanding is

tulated after immediate observation

ion. And yes, with that it will

le same time, you see that clearance

flce also. It's not going to be a

I the time that you get with those

mt times, the dynamic, at least two

will follow. One is the changing

]

hg the clearance, so it's going to

lcated in time.

DPTENOS: Okay. Thank you. So one

he extravasation topic for you, Dr.

Maybe discuss extravasation of

@ls injected intrathecally, not

n

e were any published occurrences,
more popular with gene therapy than

¢d companions that are injected

CSFE?

AKRABARTI: And in that case, could

is that the question?

pen,

L

OTENOS : I think the qguestion 1is

intrathecally injected

als,
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extravasation in
DR. (
any from the pu
reference to the
some early revig
something, and th
DR.
aware of any. I
radiotherapies in
intrathecally thn
But the investiga
physical diagnos
patency of the re
of the extra cor
But I think that
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The n
DR. C
thing in the lag

summary, but you y

people contribute

Masters Shane
officers and Dr.

They are involve

hearing from them
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that clinical context.

HAKRABARTTI : No. I have not seen

lished, and I realize I gave a

gentlemen, and his colleague did

of all in 2000-

(17

W applications

it wasn't talked about inconsistent.

h

DTENOS : I'm not

I would just
on't believe there are any approved

ected, you know, for administration

)
bugh an ommaya reservoir or such.

tion that I'm aware of, pre-imaging

tic radiopharmaceuticals for the

servoir is part of those -- is part

]

plexity in that clinical context.

at present, those intrathecally

tmaceuticals are investigational.

ext question was --

AKRABARTI: But you -- Anthony, one

t slide that I finished with the

iill see in like the top there, three

@ heavily on that; Dr. Marzella Dr.

Masters, and Dr. All are medical

Marzella 1s a division director.
il

in many aspects. So we are not

unfortunately, but I just wanted to
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mention that tH
presentation.

DR. F
there was one mor
topic of extravag
to comment on. A
of radiopharmacey
manufacturers and
the ©prescribed
intended?

MS. T
FDA in that rega
mandate that how
offer that in our
facilities have ¢
assure that the
accordance with tl
and whatnot.

So t

facilities to ass

delivered as inte
extravasations cd
not even be awars
an extravasation,

about extravasati
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=Y

y contributed heavily in that

(OTENOS: Okay. Thank you. I think

¢ question submitted earlier on the

htion that Dr. Lisa Dimmick wanted

d the question was, in the approval

ticals, can the FDA mandate that

clinicians ensure or document that

dose 1s actually delivered as

TMMICK: So I can't speak for the

md, but I don't think that we can

the question is posed. But I will

NRC regulations, we do require that
rocedures or processes in place to
administration was carried out in

e physician's direction, the dosage

here are protocols in place at

ure that the administered dose 1is

ol

Nded, but as we discussed, you know,

n occur, and you're not you may

that they're occurring. And with
keep in mind that we're not talking

mg the entire dose.
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artery, depending

But 4
place to assure f{
the administratidg
the physician's w
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approval 1is
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ts can leak from the puncture site

there is always some well, I

.

"always," but, you know, it's not

¢ to be some leakage, at least from

the needle enters the wvein or the

on the type of injection.

ilgain, we do have requirements in

hat facilities need to assure that
n is conducted in accordance with

ritten directive or prescription.

TENOS: Thank you. I guess I heard

FDA's perspective, most of our

d on the evidence submitted in

he new drug application, so any

ibing information, you know, would

ndividual product and what was

clinical investigation to ensure

¢ prescribing. So I think a lot of

would be product-specific and

kding to a set of gquestions more on
pbective and the role dosimetry can
aluation may be directed first at
We have a couple of questions.

qumor is next to an organ at risk,
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like the brain, tH
etcetera —-—- we seq
is 1t fair to
mandatory compone
DR. A

think that, you ki

goes into the dey

to, I think, some
and the need to (¢
the tumor and to
as we're going th

like to be able t

that's being anti

to the tumor and f

asking sponsors f
to the greatest

some of these

different than wh
radiation. We do
follow-up inforn
estimates for a 1
John mentioned as

So -
seeing is a lot of

at least at this
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=Y

lungs, the heart, the spinal cord,

|

this typically -- in this context,

tate that proper dosimetry i1is a

>

mt of safety evaluation?

INSCHER : Thanks, Anthony. Well, I

ow, 1s it mandatory -- I think that

elopment of the product and speaks
bf the things that Christy addressed

lletermine what's being delivered to

the normal tissues. So we would,

rough the development of a product,

 determine that, you know, the dose

¢tipated is actually being delivered

o the normal tissue. So we've been

b provide us with that information

|

xtent possible. And I think with

radiopharmaceuticals, 1t may be

at you're seeing with external beam
m't know -- we don't have long-term
wmtion and precise dose volume

ot of the normal tissue, as Christy
well.

and the other thing that we're
these products are being developed,

oint,
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However, vyou knoj
with immune chec
starting to see 1
patients who a f
expectancies. Sdg
are not going to
late toxicities.
So I

studies long-ter
so thg|

survivors

exactly are the

products.
DR. F
do you have anyth
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Joseph again,

for these types o
like external beat
indicate that t}
activities going
again,
involved and als

some extent. B

it dependsg
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w patients are going to live long

these long-term toxicities.

op

if you look at what's happened

’

point inhibitors, you know, we're

ong-term survivors in categories of

ew  years ago had very short 1life

we can't assume that these people

live long enough to develop these

think we have to build into the

m follow-up for people who are

t we can learn more about what

tolerance doses for these new

(OTENOS: Thank you. Dr. Rajendran,

1ing to add on this topic --

AN : You know, again -- this is

cach individual tumor is different

systemic radiotherapy. It is not

1 radiotherapy where you can clearly

all the

ere's the administer

o that. But

It is very difficult.

on the sensitivity of the tissue

b

it depends on the proximity to

4

t they're wusually not determined
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based on the dosipetry because it takes a long time,

but most of those
avoided
experience

malignancies,

patients, in my experience, we have
any tumor, because mine -- my

been mostly in hematological

altfhough I have done the solid tumors

the solid fumors. The location, for example,

including spinal

regimen prior to

clearly,

dlose to some other wvital organs,
cord, then we routinely kind of try
Vviolume by giving chemotherapeutic
instituting systemic radiotherapy.

DTENOS: Thanks. And I guess on the

there's a distinction to be drawn
between dosimetry)| that's specified in the -- as the
llicitly in multiple areas of our

requirements
regulations for g
be at least smal
dosimetry acquire

And that

noup measurement so that there would
| group estimates of organ at risk
] during premarketing investigation.

1 of a mandate, I guess, 1in the

language of thig| question. But currently, going

beyond that in tefgms of any existing regulation for

personalized per
to guide in
currently

presentation, yoy

(202) 234-4433

patient dosimetry prior to -- you
Jividual patient dose, that does not

But Dr. Anscher, in your
highlighted the promising results

two Dosisphere study for the
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administered micr
are confirmed wit
do you think the ¢
from that tria
dosimetry for int

DR. A

to, you know, do
one could envisiof

I mean because w

their blood suppl

beyond about 15(
develop areas of
that there's unif
are administered
we'd be fooling
actually, I thin

once we see it d

would be to do

.

refute that it

individualized, s

of Dosisphere st

important informa
DR.

question for Dr.

sort of connectir
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spheres, and I guess assuming those

h additional investigation, how big

ip 1s for extrapolating the evidence

in support of individualized

ravenously—- administered therapy?

ISCHER: well, I think we would have

the same type of demonstration, but

| where you would see the same thing.

know that tumors rapidly outgrow

and that it's once they get

Y s

microns in size, they start to

no blood supply. And so to assume

orm distribution of compounds that

intra venously I think would be

opurselves. But we would need to
k, see that demonstrated and then
gmonstrated, I think the next step

studies that either demonstrate or

Dl

matters whether the dosimetry 1is
imilar to what was done in the dose
udy . I think that will be very
tion.

HOTENOS : Thank vyou. I had a

Bill Goeckeler, and I guess try and

ig the dots from the sessions that
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Dr. Bergeron and

provided, I thoud
the degrees of p
administered acti
less than half pe;
you referred to
individual variaf
you even mentione
you know, there
question was with
have any estimat

variation?

DR.

Fan\

great question.
we have so far is
the precision app
number of photons
looked like. It
you image for a v
you can do is aboj
terms of just the
And think about
megabecquerel of

kind of extrapola

whole body images
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from NIST in the earlier session

nt, you know, enviable findings on

recision for estimating, you know,

vity with variability ranges in the

cent range. I noted in your slide,

sort of the 25 percent inter-

ion for causing that, and I think

dl that on top of that, there was

d be measurement variation. My

respect to alpha dosimetry, do you

D

of the magnitude of measurement

-

N

OECKELER: Yes. It that's a

the best estimates

bo because of
that because of the -- it's really

¢ars to be limited by the available

And I mean you saw what the images

looks like the

a lot of work and

¢ry long time. Currently, the best

it plus or minus 30 percent or so in

precision of the measurement itself.

the image I showed you of the 7

actinium just in a liver lesion and

q

Hing to the whole body, one of those

that I showed you,
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look like. So t}
or that we won'
other methods. 1
of compounding of]
some alpha-emitt
short-range beta-
DR.
with the few minj
that response, ma
you were —-- you Ki
of one leading 7
preventable varia
science forward,
target would you 1
in

to aim for

dosimetry methodsg]

DR. G
DR. F
DR. @
I'll take a cra
important, and it
to look at this (g
but for most tg
exposure. The o

minute ago about
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at's not to say that can't improve
e higher doses or that there aren't

t Just kind of reinforces the sort

uncertainties that are involved in

#rs and even some beta-emitters,
ekmitters.
'OTENOS:: Thank vyou. And I guess

ltes we have left, following up on

yoe for any members of the panel, if

ow, 1f you had to speculate on sort
nethodological target for reducing
lion in these estimates to drive the
what sort of single methodological

dentify, you know, for the community

ilmproving the precision of these
PECKELER: Well, this is --

(PTENOS: Maybe Dr. Goeckeler --
ECKELER: -- Bill Goeckeler. Yes.

k. So I think one thing that's

comes out when you actually start

leta. You can gather a lot of data
rgets, there's a main source of
ther thing -- and you raised it a

inter-intra patient wvariability,

NEAL R. GROSS

Cou

(202) 234-4433

RT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



right, so many of

tumors, it's not
over their body.
first part of yol
instance, for mos
we're developing
seems to be limit
only one, but i
acute.

So if

couple source ter

with clinical

blood. It may be

those are is real

like blood sampli
can do with much
camera imaging.

most critical to nf
the biggest part
figuring out what

to measure that c

]
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these patients with advanced solid

ust a tumor. They have lesions all

So I think that part of -- to the
ir question is if you look at, for
Tt of these -- for most of the drugs

right now, bone marrow toxicity

=d . It's not to say that it's the

s the one that's most clinically

you look at that, there may be a

ms that predominate the correlation
1t may be just circulating time and
something else and identifying what
ly important, because some things,

mg and other kinds of sampling, you

more precision than Jjust with gamma
And so I think focusing in on what's
crasure and what's going to introduce
of the source component and then
's the precise

-— most precise way

ould really help.

ARIANI: Can I -- I don't know if I
the -- this is Maurizio Mariana --
me now-?

(OPAS: Yes, I can.
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organ, and in ouy
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exposure was in a
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have limited in t
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on exposure of a
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my comment

valuable. It may
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ARIANT: So I think that we should

h the last comment from William, I

¢ should remember that those images

ion. So it can only give us a

of the potential exposure to normal

experience, we you were asking

The

le experience. marker

dological marker of toxicity were

effective in telling us 1if the

range of safety that was acceptable.

in our experience, the uptake in the

iln the in a given patient, the

lous lesions is quite variable. So

iink that the real marker of a good

er of toxicity of normal organ. So

marker of toxicity, that tells you

g

e to a the level in which you

erms of the dose. And this is also

maximize the exposure to a given

dlifficult to have a dose evaluated

q

$ingle or multiple lesions, because

ition, very variable. So yes, the

s essentially that dosimetry 1is

be used to check or to approximate
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which is the rang
organ. It's much

the contribution

organs and then i

195

=)
=

e of potential toxicity for normal

| more difficult to assess which is
f lesions that are close to normal

mduce and direct exposure to the --

to the -- to an opfgan that is in a close proximity of
(audio interference) unless it 1is a brachytherapy
approach.

But for the administration that's

intravenous for 3
given receptor, f

DR. RAJENDR.

I know that dosi

See, the when
you mentioned --

dosimetry is done
of toxicity wher
intravenous metho
a direct brachyth
therapies, like S
It is
where to focus on
the toxicity
radiopharmaceutic

mentioned as one

major toxicity.

1T

carrier molecule, like if you had

or example, that is treated.

N: Yes. This is Joseph Rajendran.

netry is not 100 percent perfect.

we do the exploratory studies, as

Hs Dr. Mariani mentioned -- that the

to determine the dose to the organs

D

¢ toxicity 1s expected. But the

s are, again, not very perfect like

rapy approach as you do it in liver

[R-Sphere and other things.
important that we have an idea about

ur toxicities because, for example,

eally is based on what the

1] is wused, and bone marrow was

of the toxicities. That can be a

That can be —-—- we can do a number of
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ways in which youy
receiving systemi
radioimmunotherap
labeling the nort
anti-CD45 1is ant
target CD45 receg
can be in the bong
can estimate, we
the dose, the c]
estimated to the
There
deficiencies in p
MS. D
to go ahead and
much, Dr. Rajend
We need to go ah;
again, thank you
panelists and for
And s
WS

get to, again,

the questions tha

Okay.
Session IV, whiag
Radiological Devy

Session is Ralph
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can estimate the dose to a patient

I~

radiotherapy. For example, in

y where the treatment 1is

done by

nal situations, 1like, for example,

ilbodies used to target anti to

rors. There 1is a lot of uptake

B but in situations where we

marrow,

do a bone marrow biopsy and adjust

rculating dose and also the dose
one marrow by the level of uptake.

are various ways to improve the

q

itient organ-based dosimetry.

IMMICK: Okay. I think we're going

eed to end there. Thank you very

an, for your additional comments.

ad and move on to Session IV. So

Session III and the Session III
the discussion.

It was very good.

b for questions we weren't able to

H will try to provide responses to
T have been submitted to the chat.

With that, we'll turn it over to

h is, "The Evolving Landscape of
1lces." The moderator for this
Lieto. Mr. Lieto is Chair of the
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American Collegq
Government Relati

a medical physici

Ralph -- 40 years

(Pausg

MS. Df
You're on mute, [
Ralph.

DR. 1L
better?

MS. L(Q
very good. Thank

DR. 1
Okay. Thank you |

correction on thi

younger than what

submit your quest

selecting the "ch

q

right-hand side

»

select "all panell

some of these are

Speakf
allotment. Our]
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which will be givsg
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of Radiology Medical Physics

bns Committee. Mr. Lieto has been

st for over 50 years I'm sorry,

Thank you and welcome.

. )

IMMICK: And Ralph, you were there.
alph, or maybe we need to unmute
IETO: Let's try this. Is that
PAS: Yes, that's better. That was
you.

IETO: Okay. Sorry about that.

for the introduction, Lisa, and the

D

time because I still think I'm

I am. Just a reminder to attendees,

ions you have for the speakers by

at," which is a bubble in the lower

f your Webex screen. Be sure to

ists" for your questions, because

going to a private chat.

rrs, please adhere to your time

first presentation 1is entitled

ices: Total Product Life Cycle,"

n boy Julie Sullivan. Dr. Sullivan
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Administration's
Health,
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radiation oncolog

DR. S
me okay?

DR. L

DR.

mention up front
in this presenta
endorsements of
slide, please.

So
regulation of ra
focus on their ¢
please.

To st
of FDA's reguls
regulates the mat

equipment itself.

are responsible £

1T
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\cting Branch Chief in the Division
Health within the Food and Drug

Center of Devices and Radiological

egulates diagnostic imaging and
Vv devices. Dr. Sullivan.

ULLIVAN: Thank you. Can you hear
IETO: Yes.

ULLIVAN: Okay. So I do want to

that the examples that will be used

Hion are not to be considered FDA

hose products or companies. Next
Hoday I'1l1 be discussing the
liological medical devices with a

remarket regulation. Next slide,

art, I'd like to discuss the scope

tion of medical devices. FDA

fWufacture of the equipment and the
Other state and federal agencies

dr regulating the use of radiation-

emitting device
requirements f
institutional q
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ition. Next slide, please.

dical Device Amendments of 1976 are
medical devices to be both safe and

definitions for these terms are

ummarize, safety is the reasonable
e probable benefits to health and
rice for its intended uses outweigh
Effectiveness is the reasonable
use of the device for its intended
s of use will provide clinically
s. Next slide.
DA takes a risk-based approach to

In the FD&C Act, three classes

v

r medical devices, and devices are
f these three classes based on the
| necessary to assure safety and
lass I devices are the lowest risk
1bject only to general control such
Most,

ring processes. but not all,

are exempt from premarket
ne examples of Class I devices are
jue depressors, and hospital beds.

IT devices are products for which
mined that general controls alone

t to ensure a reasonable assurance
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ectiveness and so special controls
Ww Class II devices are exempt from

ation wvia the 510(k) pathway, but

'y of Class II devices require

Hnd FDA clearance prior to being put

L

he majority of medical devices are

includes most radiation therapy

@s such as patient positioners, HDR

Tems, and proton therapy systems.
ly, Class III devices are the
ces. These are life-sustaining or

pvices such as cardiac pacemakers,

W technologies that we don't know

|

gulate as Class II. Either special

neral controls cannot provide

ince that the device 1s safe and

intended use, or the technology is

-
=

e can't identify all the potential

These devices are subject to
il by the FDA. Some examples of
v/ devices that are Class III are
spheres.
@ally, 1f an existing regulation
1fied for a new device, 1t 1is

lass III by default.
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How F
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he device is low enough risk and is

enough to write special controls.

H

ating a new Class II regulation for

alled de novo. Next slide, please.

»

general controls and special

by FDA to help provide a reasonable

On this slide

y and effectiveness.
both general and special controls.
rols a device is subject to can be

assification regulation for that

cal devices are subject to general

xempted by the regulation. Special

lly device specific and may include

H

premarket data regquirements or

requirements. Next slide, please.

DA determines what a device is meant

ils meant to be used is by both its

ts indications for us defined here.

e help FDA determine how the device

Note that the intended use and

]

;e for a device may be the same for

feral indication that do not specify

ion, or population. The intended

ation oncology devices can be very

ample of this is for linear
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e both the intended use and

iIse may be to deliver radiation to

diation 1s indicated.

nentioned earlier, most radiological

IT devices that require a 510 (k)
We'll talk more about this type

Next slide, please.

remarket notification, called a

I

Hthway to market for most Class II

adiation therapy devices. A device

q

ough the 510(k) pathway is said to

A clearance. Manufacturers must

when introducing the device into

bution for the first time or when

0 a currently marketed device. A

needed when the change could

rct the safety or effectiveness of

D

tn there is a major change 1in the

-

ise of the device. Next slide,

510 (k) premarket notification

hway to market based on substantial

@in market access via this pathway,

st demonstrate that the new device

rket is substantially equivalent to
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e. This is done by comparing the

predicate device and demonstrating

llce is as safe and as effective as

1ice. FDA establishes substantial

comparing the intended use and

iracteristics of the two devices.

1%

substantial equivalence is

the new device has the same intended
technical characteristics as the
or when the two devices have the

Use and different technological

wt do not raise different questions

kctiveness. Next slide, please.

nluate the different technological

.

etween devices, FDA reviews the
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The types of performance tests
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the failures may occur in the newer

We use this information in a total

D

@ approach where the same reviewers

Ing the post clearance issues with

also the reviewers performing

bf the devices. On the next slide
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iclide applicator system. And this
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are used for the HDR system. The
used in this case was a previous
terloader device. Next slide.
rcond example of a 510 (k) clearance
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les of the types of benefits, risks,
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Premarket Approval and De Novo
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oe, magnitude, duration of benefit
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ty and effectiveness of the device

Some important components

purpose.

a PMA submission are shown in the

e and include information such as

results, proposed labeling, and
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ded to support the reasonable

y and effectiveness. Some examples

1c evidence are shown here. I want

N does not consider isolated case
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ilng sufficient details to permit
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rols that PMAs have.
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for the first time, and we really

d what your device does before we

nate it.

ionally, it's beneficial to focus on

llon to the what. You had a reason

-y

testing you did or for providing

A. We want to understand the

s1ide, please.

]

n probably skip this one.

NEAL R. GROSS

This just

that data to F
rationale. Next
We ca

cou

(202) 234-4433

RT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



says that we
radiological devi

And t
for preparation o
videos about com
Device Advice is
information about
And the Division
or DICE, is a gr
questions about t
Next slide.

And J
to contact the
directly if you h
is provided here,

DR. 1
presentation is e
Registry." Our
Herrera serves as
the M

Leader in

Branch of the Ny
Herrera.

DR. K
afternoon, everyg

going to be provid

209

talked about the regulation of
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oved by the NRC or agreement states.
roncludes my discussion for today.

over to Ralph. Thank you, Ralph.
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he Nuclear Regulatory Commission.

APP: Thank you, Ralph. Today I'm

ut gamma stereotactic radiosurgery

sphere brachytherapy and other

yies the NRC regulates.
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]

medical technology, we evaluate it

it can fit 1nto the current

CFR 35, Subparts D through H.
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able for the specific technology so
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tensed under 35.1000.

slide, please. First I'll talk
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s1ide. Subpart H for 10 CFR 35.600

]

ons for teletherapy, remote after

1
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lew gamma stereotactic radiosurgery
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for the gamma knife Model C, which
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¢ and checking locations in case of

ually checking patient setup if a

q

inged.
so has modified physical presence

modified period spot checks in full
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calibration condi

Next
use of manufacty
published protoco
bodies and has
requirements for
medical physicist

Next
another GSR unit
is licensed underq
gantry assembly,
imaging for rea
collimation and g
were not considerq
developed.

Next
guidance for the
again, specific t

The
patient name, tog
number of fractio
and gantry angle

The p
geometric and dos

treatment. Aga
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tions.

s1lide, please. It also allows the

Hred procedures where there's no

ls accepted by nationally recognized

updated training and experience
the authorized users, authorized
s and RSOs.

slide, please. The ViewRay 1is

that is licensed under 35.1000. It

35.1000 because it has a rotating

an 1integrated magnetic resonance
l-time 1image guidance, multi-leaf
@ating. These are all features that

td when regulations in 35.600 were

slide, please. The licensing

ViewRay has licensing conditions,

® the ViewRay.

Mritten directives must i1nclude a

tal dose, dose per treatment and

ms. It also must include isocenter

positions and treatment sites.

rocedure will include validation of

1metric accuracy for each patient's
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presence require
check in full cal
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Q)

procedures when
accepted by a n
specific training
to the Perfexion/
Next
additional GSR Urg
treatment

cancer

because of the

carrier, table

vacuum-assisted

stereotactic loca

Again
evaluated durin
regulations.

Next

licensing conditi
the written direc
dose, dose per fr
treatment site, i
and inner and out

It

presence requirem
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ments and modified periodic spot

1bration conditions.

il lows the use of manufacturer

there 1is no published protocols

Htionally recognized body and has

and experience requirements similar

Tcon.

s1ide, please. The Gammapod is an

Wit. This unit is used for breast
and 1s licensed wunder 35.1000
rotating sources and collimator

movement during treatment and a
breast cup immobilization and

lization system.

these are features that were not

n

the development of 35.600

=

slide, please. The  Gammapod

ns are listed on this slide. First

tive requires a patient name, total

the

q

jction and number of fractions,

mcluding the planning target volume

kr cup sizes.

1so includes modified ©physical

ents, modified periodic spot checks
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and full calibr

differences due

location systems

and dynamic treat
It al
procedures when

accepted by natio
has specific trail
the authorized ud
and radiation s
Gammapod.

Next
like to highlight
the emerging tech
manufacturers,

ed

help create the
listed above.
There
differences betwe
manufacturers and
reasons for thess
trying to make 1if
licensing guidanc

I'm

microsphere and p
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gtion conditions to account for

d
to the breast immobilization and
and source and collimator movement
ments.
lows for the use of manufacturer
there are no published protocols
nally recognized bodies and, again,

Ning and experience requirements for

ers, authorized medical physicists
afety officers specific for the
s1lide, please. One thing I would

is for all the GSR units and all

iIhologies, the NRC appreciates when

rly users and FDA work together to
He licensing conditions that are
is some question why there 1is

en GSR units. And working with the

the early users 1is generally the

ol differences.

It is we're really

specific to those units and these

1%

S.

going to move on now to the

q

irticle brachytherapy.
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Next
closer to Subpart
the regulations
using sources eif

device registries

research to deliv

in accordance wif
exemption

The
include calibn
accountability,
experience, patig
and precautions.

Next

microspheres we

brachytherapy dey

35.1000 modality [t

was issued in 200

because of the un
and large number
treatment.

Next

g
W

microsphere licen
experience speci

It's a combinatiof
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slide, please. Microspheres are

H in 10 CFR 35.400. This provides
specific for manual brachytherapy
her approved in sealed source and
for manual brachytherapy or used in

r therapeutic doses for medical use

h an active investigational device

specific requirements in 35.400
ation, brachytherapy source
authorized user training and

ht surveys and safety instructions

slide, please. Yttrium-90
e classified Dby the FDA as
ices. It was the original 10 CFR

o have a licensing guidance, which

2. It was licensed under 35.1000

ique delivery system and the size

of spheres that are delivered for

slide, ©please. The Yttrium-90

5ing guidance includes training and

ric for Yttrium-90 microspheres.

1 of radiopharmaceutical and manual
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brachytherapy tr
after authorizati
Yttrium-90 micros

The
reporting of
underexposure due
delivery due to s
is done in a
procedures.

This
microspheres due
device. It also

concerns listed t

and further guida

available.

Next
brachytherapy in
brachytherapy, by

the sense there
implanted and the
There
as Phosphorous-37
licensed under 10
applicator might

might not need a

P
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ining. The training is allowed

bn, which again is unique for the

pheres.

medical event criteria excludes

known medical risks such as

to stasis and wrong treatment site

unting when pretreatment assessment

lcordance with  the manufacturer
is, again, specific to Yttrium-90
to the unique delivery of this

has specific inventory and waste
at licensee should be made aware of

Nce and has leak testing information

slide, please. Particle

addition 1is ©permanent implant

L it's similar to microspheres in
s a large number of sources being
7're of small sizes.

fore, particle brachytherapy, such

used in Oncosil, 1is 1likely to be

CFR 35.1000. And depending on the

not need these types of devices

cealed source and device registry as
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Tomas' previous p
Next
cover the propose
Next
developing a rulj
for codifying reqi
Codif
that some of thseg
without the need f
they would be 1i
that I mentioned
Poten
codifying require
microspheres or
rulemaking that W
technologies an
accommodate futur
The
will go to the C
determination if
rulemaking for em|
Next
my presentation,
DR.

i

presentation is

1T
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resentation just went over.

slide, please. Now we'll quickly

d emerging technology rulemaking.

slide, please. The NRC staff is

H

making plan that provides options

lirements for emerging technologies.

ying the requirements would mean

se technologies would be licensed

br being in 10 CFR 35.1000. 1Instead

ensed under the specific subparts

efore.

tial rulemaking options include

ments for the current GSR units and

the option 1s to have a broader

rould codify more approved emerging

| add greater flexibility to

¢ emerging technologies.

ulemaking plan with these options

ommission 1n December 2020 for the

the staff should pursue this

krging medical technologies.

slide, please. And that concludes

Hnd I'll turn it back over to Ralph.

[ETO: Thank you, Katie. Our last

entitled Industry Experience in
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Regulatory Proced

will be given by

radiation safety
Medical. Diana?
DR. 1

hear me okay?

DR. L

5

DR.
thank the NRC med|
has been a star-s
I'm very humbled
colleagues during
box so kind of
really passionate
So on with the pr

So 1

process for rad

please. This is
own personal expe

In 3

Marylou Stroumbos

reviewed this prq
the call with us
Next

highlight and focty
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s for Radiological Devices, which

Diana Thompson. Ms. Thompson is a
/| scientific advisor at SIRTeX
'HOMPSON : Hi, everyone. Can you

IETO: Yes, you're good.

HOMPSON : Excellent. I want to

lcal team for the invitation. This

udded lineup as well as attendance.

| to see many of my friends and

these weird times here in the chat

nited over something that we are

about, which is radiation physics.
esentation.
ndustry experience and regulatory
1ological devices. Next slide,

just a disclaimer that this is my

rience working at SIRTeX Medical.

ddition to regulatory team,

my

51 as we've all

well Jeffrey Cyr,

D

sentation and they are present on

1f we have any questions for them.

slide, please. I also wanted to

ils my presentation on what the agenda
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was for this calf

supporting the tii

technologies, esg

q

threatening medic

So I'f
process and when
different requlat]
are a medical dev]
to have a lot of 4
how that affects
treated.

Next
description of oy
couple of times,
for use specifica

It tall
20 and 60 micromdq
’

small with the Y-

implanted permaner

A

in the hepatic ar

next slide to king

how that implantalf

It's K

to that manual K

really see our paf
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|, which was to basically look at
ely access for patients to emerging
rcially when we're looking at life
11 needs, right?
n going to go through our approval
and how we were approved by the
bry bodies as you saw. Because we
te that's radiological, we are going
pprovals that we have to juggle and
how our users

and patients are

slide, please. This is a

r device. It's been brought up a
but this is from our instructions
1ly.

ks about we are microsphere between
ters in diameter. So we're pretty
0 bound to that microsphere. It is
tly using a catheter that is placed
tery. We'll have an image on the
of visualize what that looks like,
tion works.

imilar, like Katie Tapp was saying,

rachytherapy except for you can't

rticular brachytherapy devices.
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Our N
using acrylic and
So these Class 1 4§
approval.

They

part of our seale(

and they facilf
microsphere as |
shielding.

Next H

N

Dl

our Class 1 accej

application or Sf

left-hand side of
that is used to s}

)

90 and then this |
right-hand side.
It is

doctor here 1is gl

17

the syringe to thd

the V Vial, as we

spheres out and tHh
that is attached

So ot
patient wvia that

delivery device

230

ttrium microspheres are shielded
implanted using a Class 1 accessory.
ccessories are also part of our FDA
Ahre not radioactive,

but they are

1 sourcing device registry as well,

ltate the implantation of the
ell as providing beta radiation
lide, please. This is the image of

sories that are a part of our SSD
D approval. If you look on the
your screen, you'll see the acrylic

ield the beta radiation from the Y-

1s our acrylic delivery box on your

delivered by a pressure. So the

oved, and he 1is using pressure on

n force D5W, or sterile water, into

call it. And then that forces the

en to the right will be the patient

y a catheter, right?

ose spheres are into the

going
catheter that is attached to our

and the actual microspheres
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suspended in the
they are so small
I thi
physicists is th
acrylic, it does
radiation and th
source and devics
around our device
Next
how our sealed so
So if you can ima
these vessels. A
interventional 1
authorized user,
next section, the
that preferential
the tumors that a
This
we talked a lot a
where we want tho
to the implantati
use, we do use thdg
our spheres would

implant them in t

Next

231
liquid that is in the vial because
mk one thing for us to highlight as
it as the beta 1is shielded in the
still produce a little bit of X

\lt 1s characterized in our sealed

3

H

those radiation levels

registry,

7

slide. This 1is to help visualize

Wrce is implanted into the patient.

yine, the catheter is inside one of

md then when the authorized user or

@diologist, who not be the

may
which we will continue on in the

m implants these spheres. They use

blood flow to go into to treat

re being selected for treatment.

s also how we essentially map. So

out dosimetry. This is how we map

J

e spheres to go as well. So prior

bn as part of our instructions for

T technetium-99m MAA to verify where

go prior to implant. And then you

hat same location.

s1lide, So our initial PMA
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approval was issu
be an important d
that impacts our
patients and users

The
highlight here ig

device Dbecause

1

regulation, regul

in 2002 as a medi

little bit of cai

sealed source, wl

requirements of {

sealed source and

Part [

device, and we do

the Dbody. The ag¢

tumor and that's

intended purpose [

Next

q

]

approval, as Ms.

part of our se

additional requix

§

A
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td in March 2002. This is going to
te to remember as we go through how
other approvals and access for our

to our device in the United States.

mportant thing that I wanted to

that it was approved as a medical

it -- and I this

copy ©pasted
tory definition, as it was approved
cal device. This kind of caused a
nflict with the NRC definition of
tich in 35.2 we don't meet those
hat sealed source, but we have a
device registry.

f that is because we are a medical
not use any chemical action within
tual implant is implanted into the
where we are imparting our active
f treatment.
lide, please. Part of that FDA PMA
ullivan was describing in that first
is that do have this

tion, we

ement for the training, education
program, the TEC program as we call

equires our physician proctor to go
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out for every tr

interventional r4
they understand
affects treatment
perform mappings

This
that we put physid
of cases with o
process.

A usg
having completed
one of our physi
the safety and ef

This
instructions for
unless you have a
and have complete
our device, which
Movin
just to highlight
this was to note
that we did gqg
manufacture and

United States in |

This
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eating physician and that is the

dliologist. This is to ensure that

there the catheter goes, how that

| how to select patients and how to

q

ind how that relates to treatment.
1s part of the safety that we have
ian proctors that have done hundreds

wr new users to go through this

L~

cannot order our product without

the TEC process and be certified by

¢ian proctors that they understand

ficacy of our product.

is also highlighted again in our

wse that we specifically state that

license pursuant to 10 CFR 35.1000

il the TEC process, we will not ship

is our safety promise, right?

¢ on to the next slide. As well

| you know, our industry experience,

that we do have a supplement 004

h

t approval 1in January 2008 to

listribute our own product in the

Milmington, right outside of Boston.

is an FDA supplement but we also
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have two addition
distribution of
did require a rad
They
state, because Ma
Conti
highlighting Dr.
the guidance, whi
to do in order to
The
that have the st3j
in Oct

came out

g

approval as well
of 2002. So Dbet
really not acces
compliant way b
35.400,
you're doing the
to do?

The b
type application
patients treated
and with Katie Tag

guidance so that

for safety for e

t

n

you can'ft
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Hl state licenses for possession and

he radiocactive material. So that

loactive materials license.

rre from the state, the agreement

q
]

ssachusetts is an agreement state.

muing on to the next. This 1is

Fapp's excellent work. We do have

ch tells our clients what they need

use our product safely.

hings that I wanted to highlight

rs here is that the first guidance

bber 2002 whereas our first PMA

is our SSD approval came out in March

ween March and October, there was

5 to our product 1in a completely

J

@cause as she highlighted wunder

really count our microspheres as

implant and so what were our users

road scopes that were doing research

initial

1]

i and trying to get the

1n the country were working with us
Pp's group in order to develop this
we could have these set guidelines

rerybody.
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collaboration th
greatly treasure.
In Oc

manual brachyther

brachytherapy, ¢t
authorized user
radiologist was

implanting the d
training as part
FDA.

So we
we kept that as
document.

Movin
nuclear medicine
authorized user,

because the nuclq

ones that are act

ol
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t we have with the NRC that we

tober 2002, again in line with that

ipy and the fact that we are a micro

Al

he radiation oncologist was our
r whereas the interventional
the person that was actually

vice and the person that we were

of our TEC process required by the

had a little bit of disconnect, but

a team approach 1in the guidance

q into 2017, that's when the

y Oon

physician could now Dbecome the

which is important for our product

17

ar medicine technologists are the

wally preparing the patient dose.

So the radiation oncologist was the
authorized user. ||The interventional radiologist is
the treating phjisician and the nuclear medicine
technologist is agtually preparing the dose.

So e added  the nuclear medicine
physician as a |[potential authorized wuser. But
there's still ng| pathway for that interventional
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radiologist to b
license that can

our device.

Here
aligned, right?
of observes for
matched. The int

to become an aut]
congruent.

So th
when everything w,
2020, we have a
the authorized uy
separate.

And i
with our clients
we understand the
used safely and t}
must be complian
most important th
well as our users

Next

another thing to

congruence is that

7, which requireq
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come that authorized user on the

actually sign the prescription for

in 2011, that's when we finally

q

o the TEC process that the FDA kind

us and then the NRC guidance, we

erventional radiologist is now able

Norized user. And they're kind of

is was a really great this was

&s 1n congruency. And now in March

q

new guidance that was issued where

ser and the TEC process 1s again

n all of these revisions, we do work

Hs well as the NRC to make sure that

requirements so that our product is

fat our clients understand that they

t with NRC regulation because the

iing is the safety of our patients as

slide, please. So here was Jjust

highlight about keeping things in

we did have a PMA Supplement Number

il an update to our SSD application
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when we added thse
ionic solution.
Prior
and we did have
And if they were 1|
to live in a gray

realize both thos

And f

that's basically
quite a few apprd
for our accessor
registry as well
I wel
thank the team ad
the agenda. Than
DR. L
thank all four sps
presentations.
your time allotme
We do
-- we have kind o

if I can paraphra

It hs

licensing guidang

some licensing &
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optional use to use D5SW as a non-

to that it was only sterile water,

to juggle both of those approvals.

njot in congruency then our users had

/| area of compliance until we could

€ approvals at the same time.

hen the last slide, please. And

my ending comment is that we have

vals, the PMA Class 3, the Class 1

iles, the sealed source and device

1s all of the NRC guidance.

q

fome any questions. And I want to

pin for having me and having us on

k you very much.

IETO: Thank you, Diana. I want to

akers for their really nice, concise
And as a moderator staying within
mts makes you all the rock stars.
have a few questions. I'm going to

a very long one here. Let me see

se it.

5 to do with the Y-90 microsphere
e, which has been interpreted by
gencies to not allow centralized

NEAL R. GROSS

Cou

(202) 234-4433

RT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

WASHINGTON, D.C. 20005-3701 (202) 234-4433



nuclear pharmacig
allow them to pr{
licensee customer

Evide
the sealed sourcd
precludes this bg
Do any of the pan

DR.
part of it. Fr
sealed source ang
microspheres thern
the device, I thir
didn't meet the
se. Usually wher
think of a piece
it.

So in
statement in that
I

microspheres, t

that they're distr

yes, there would
sealed source and

But I
expand on the lic

DR. T
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-

D

to put this on their license to

|

pare the dose in a vial for their

mtly, this would require a change in

device safety evaluation and thus

D

ing done by a nuclear pharmacist.

klists want to comment?

IERRERA : Ralph, I'll try to take

hm my perspective at least in the

I| device evaluation processing, the

selves were registered as part of

fk, as Diana mentioned. They really
definition of a sealed source, per
you think of a sealed source, you

of metal with some metal slugs in

this case I think I agree with that
if they're going to be using other

hink if my understanding is correct

rfibuted as part of the product, then,
be a necessity to seek a different
device evaluation.

11 let one of my colleagues maybe
g

tnsing questions part.

HOMPSON : Katie,
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Because I think ¥
as well.

DR. T
someone would 11
with a different
require another e
that's the questi

If th
and draw it up an
I do not think tf
trying to specify

It's
one microsphere W
or something new

DR. 1

mean that the cent

and then adjust
requested dosage.
sealed source dev
DR. 1T
for us because t}
is used. Our pxy
specified activil

technologist or t

from that sourced
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re've spoken about this in the past

APP: Yes. I agree with Tomas. If

ke to use a different microsphere

dlevice or mix and match, that would

valuation. I'm not sure exactly if

dn or not.

Y

& question is to use a microsphere

] then use it as part of the device,
at's what the licensee guidance is
here.
really trying to specify don't use
ith the other device or vice versa
without doing a formal evaluation.
[TETO: I was interpreting this to
Hralized pharmacy would get the wvial
he amount to the patient specific
Does that require a change in the
N

lce registry?

HOMPSON : No, Ralph, that doesn't

gt is specifically how our product

pduct comes as a single vial at a

And the nuclear medicine

Cy.

e pharmacist would draw up the dose

vial and put it into that V Vial.
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So we don't -- th
how it has worked

DR. L
question here ab

delivery system

Has this been app

o

DR.
sealed source and
approved through
Device Evaluatiof
You

certificate.

the SIROS deliver

device, correct.
DR. L
DR. T
2020.
DR. T
is also aimed 4
question. Do thdg
the vial. And I'

this into accoun
dosage.

DR.
they settle quic

technologists on

240

it 's how our product is supplied and

since its inception in 2002.

IETO: Okay. Thank you. There's a

ut the about the new SIR-Spheres

M

hat I guess is under evaluation.

rtoved for use?

HOMPSON : Correct. It's on our

device registry. And that has been

the Massachusetts Sealed Source and

| Group. And it 1is on the same

can use the SIR-Spheres with either

iy device or the current box delivery

1IETO: This --

HOMPSON: This was reviewed in March
[ETO: Thank you. Maybe this one
t you, Diana. It's a clinical

spheres settle into the bottom of

m wondering if physicians must take

when administering the treatment

HOMPSON : So they do settle, and

ly. Any of the nuclear medicine

the call that have done this,
NEAL R. GROSS

they
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will see the nu
calibrator, right|]
But

delivery device i
they can be admin

So th
account during ad
administration d
suspend them agai

Addit

every user has to

ensure that that's

that requires a m|

So if
residual in the dd
that time as well

DR. L

do with USP 82

preparation of SI

customers? It 1

Diana, also.

DR. T

problem. So USH

through, I think,

it is an inf
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mber change as it's in the dose

hat's the entire purpose of the

-

5 to resuspend the spheres so that

1stered.

ey do not need to take that into

Iministration in the sense that the

@vice or apparatus 1is meant to

m so that they can be administered.

ionally, as part of the guidance,

estimate the residual activity and

within the plus or minus 20 percent

b

kdical event report, right?

for some reason there would be some

vice, that would be captured during

MTETO: The next question that has to

and how does this affect the

R-Spheres for preparing dosages for

nfight be in your wheelhouse here,
HOMPSON : Sure. Absolutely not a
825, they did -- the USP did go

appeals on this. And so right now

standard that's not

NEAL R. GROSS
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compendially appl

really does deper

the local regulat

Pharmacy, can 1

=

regulation.

So I
to see if they'wvq
informational but
still informatior
whether or not th

And f{
through the envinr
our accreditation
that we can adher
mitigate our ris
about that they ¢

DR. T
clarification --

can a commercial

the prescribed Y{

the V Vial and
customer?
DR. T
DR. 1

comment on this i
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cable as stated by the USP. But it

id on your local regulator because

or, which usually is the Board of

qmplement that in your state via

vould look to the Board of Pharmacy

17

actually implemented it as a not

required standard. And if it is

Al then it is up to your facility

¢y want to implement that.

obr me when I was an RSO that was

onment of care. We would talk with

group and see 1f this is a standard

=

to, how and why to ensure that we

s . And if anybody needs to talk

q

in feel free to call me as well.

TETO: Okay. And maybe this is a

xcuse me -- of that question about

or centralized radiopharmacy draw

90 microspheres and place them in

then deliver the V Vial to the
HOMPSON: Yes. Yes, Katie, go ahead.
APP: One thing I would 1like to

that the licensing guidance itself

NEAL R. GROSS
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was not that
in the licensing
the sealed source
And t
is really for —- y
and the delivery
and it has to be
delivery system.
A  spd
commercial radiog
do for their 11
licensing agency
And 1
state, they could
want to speak in
is licensing.
DR.
questions here th
in other words i
methodology to djf
the Y-90 microsj
methodology requi
I'm assuming prob

DR.

interpret this tg

t

q

4]
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he commenter referenced the clause

guidance, which was talking about

and device registry.
at clause in the licensing guidance

bu cannot mix and match microspheres

q
]

system. Those have to be together,

the approved sealed source with the

N

flcific question regarding specific

harmacies and what they're able to

tense really should go to their

whether an agreement state or NRC.

ff they still have questions from the

go ahead and contact me. I don't

general what every state out there

[ETO: Thank you. I have a couple

at relate to dosimetry methodology,

q

I

there FDA approved or recognized

H

termine the personalized dose for

heres? And does of

that type

re any type of regulatory approval?

q

1bly by the NRC.

k

THOMPSON : So the way that I

be is that our insert has the BSA
NEAL R. GROSS
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method. The bog
package insert in
to estimate the d
patient.

The
dosimetry method
on the written di
what the nuclear

q

draw up the dose

medical event crif
As ff
dosimetry, that w

not be part of ouf

DR. L]
DR. 9
Diana said, what

used what's curren

else, if you have

DR.

i

L 4
questions were ki
y

radiation therapy

Al

there was maybe

been submitted on

sounds like that

that I see here

1s not the case.
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surface area method is in our

y
our instructions for use for users
se to be delivered to a particular
authorized user will use this
n order to determine what should be
rective. The written directive 1is

medicine technologist then uses to

as well as what they compare to for

reria.
ir as doing any other type of
puld be an FDA gquestion. It would

r legal views.
[ETO: Okay.

ULLIVAN: Yes. To expand on what

we've cleared or approved has been
tly on label with SIRTeX. Anything
questions, please contact us.

IETO: Okay. Yes, I think the
nd of like aimed at sort of the
treatment planning concept where
iIn FDA approved methodology that's
reviewed or recognized. And it
The next question
is,

NEAL R. GROSS
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application? I’

application is.

o

DR.
It is an app tha
and Android users
using several dif

It ig
it's also not apj
disclaimer on thsg

purposes only.

DR. L
Tomas, a license
source unless N
certificate. And
DR. H

breaking up a bit

DR.

—

receive or use

source registry
approved. Is tha
DR. H
it, basically son
device unless ths
by a state agency

correct?

il
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m not quite sure what the DAVYR

HOMPSON : The DAVYR application.

t's available, I think, for iPhone

and it does dosimetry calculation
rerent methods based on input.

not endorsed by us, I think, and

jroved by the FDA. It does have a

Lt app that it is for informational

IETO: I have a question for Tomas.

D

@ cannot use or receive a sealed

N

@ has a sealed source registry

is that correct?

FRRERA: I'm sorry, Ralph, you're

I didn't catch all of that.

HIETO: Okay. A licensee cannot
ny sealed source unless a sealed
certificate exists and has been

not correct?

KERRERA: Okay. So as I understand

rone cannot use a sealed source or
sealed source has been registered
or the NRC.

/1 Is my understanding
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DR. L
DR.
certain stipulati
scope licensee.
licensee, if they
sealed source dev]
but then they wouy
the

device infor

information, that
licensing authori
So th

source device thd

would still need

need to be evalua
DR. 1,
you know, it's a

3

scope, which is,

they do not have

That's true, righ

DR.
correct. Follow]
registry -- it wag
down.

We dod

obtain a sealed s

you know,
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[ETO: Yes.

I[FRRERA : Well, I think there are

ons, particularly if it's a broad

.

There are other instances where the
could actually add or request that

llce be added as part of their license

1d have to submit that information,

mation, the sealed source device

we would typically evaluate to the

—F
t

V.

lere are ways to obtain a sealed

it may not be registered, but they
to be licensed and they would still
ed.
IETO: But that registry, assuming,
pecific licensee and not your broad
your 90 percent licensees,
access to the registry any longer.
That 1is

IERRERA: unfortunately

ng the events of September 11, the

publicly available but it was taken

ask that if somebody is trying to

urce device registration that they
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reach out to the
there is that alld

the certificate,

DR. 1
it, it is provide
DR. H
DR. 1
question here, th
DR. H
DR. L
DR. H

answer to the las
also permit licer
an IDE. So that q

a sealed source
another avenue fo

DR. T
too sure how thij
anyhow. It says
report if the the
patient due to a
which prevented f{
patient.

Does

DR.
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manufacturer and distributor. So
wance for the distributor to provide
ut the registry is currently down.
[ETO:

Okay. So if they requested

@ normally?

HRRERA: Right.

TETO: Okay. Thank you. I have a
¢ question here on --

OWE: Ralph?

IETO: Yes?

DWE : I just wanted to add to the

t question. In our regulations, we

sees to use devices that are under

ould be a device before it's gotten

and device registry. So that's
r getting a device.
[ETO: Okay. Thank vyou. I'm not

5 relates to ours, but I'll ask it
the NRC requires a medical event
apy dose is not administered to the

device failure or a human failure

he dose from being placed into the
the NRC want to comment on that?
TAPP: Sure. The NRC requires
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medical event reg
So when an event
regulations, it i
events. They do

device failure or

a medical even

and practice of m
The
determine if the

could be correcte

licensee for corr

follow through to

if it's something

the manufacturer
licensees.

SO, g
failure. Sometin

the NRC uses them
future.

DR. L
reported to the
report to both ag

DR. T

the NRC's medical

would see if it's
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orting to help prevent recurrence.

reaches the criteria set in the

~

D

helpful for the NRC to see these
not always mean that there was a

human failure. It can sometimes be

T can just occur due to limitations

kdicine.

NRC uses this information to

nHe was some sort of incident that

@I and then we alert that individual

ective actions and make sure they
prevent it in the future as well as
we could alert other licensees or

to prevent recurrence at other

tlgain, 1t does not always mean a

rs medical events Jjust occur. But

to try to prevent recurrence in the

IETO: Do these device failures get

DA or is the licensee required to

encies?

NPP: The FDA does have access to

4

event reporting system. So they

reported to the NRC. And I'll let

NEAL R. GROSS
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Julie respond for
DR. S
of device failure
use of the devic
like a mis-admini
DR.
question regardit
microspheres. Th

Software Incorpor

that was approved

q

DR. S
software device.
510 (k) database.
what it can be us
What
treatment dosimet
SIRTeX with the tHh
or reviewed.
The
determining postH
as shouldn't be
patient should be

DR. L

question unrelatq

understand why th

I
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reporting to the FDA if she wants.

LLIVAN: Sure. So FDA sees reports

when it's the device itself or the

that has failed versus something

q
]

stration.

HIETO: Thank vyou. A follow-up

g dosimetry methodology for Y-90

ere 1is a software dosimetry from MIM

I

ted for Y-90 microspheres treatment

by the FDA. Is that true?

ULLIVAN: Yes. So there i1is a MIM

You can find the information in our

On our 510(k) summary should say

ed for.

I should note is we have no pre-

1y methods other than what is on the

erapy labels that have been approved

ITM software 1s specifically for

rreatment dosimetry and is labeled
sed to make decisions on whether a
retreated.

IETO: Thank you, Julie. We have a

h

d to this. But I was trying to

e Y-90 microspheres are a Class 3
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device but devics
are Class I? Yq
there, but I'm jy
a higher risk tha
DR.
into classificati
it may depend on
or used. Things
1976 are conside
could affect the
As Di
the market in 200
predates my time
felt that the ri
device couldn't G4
special controls.
DR. T
think -- I don't
the chat here. T
or further commer
little bit more
people want to sul
here's one.

Post-

the Y-90 dosimetf
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-

D

like an HDR or LINAC teletherapy
b may have touched on the nuances
st trying to understand why that's

m say those devices.

ULLIVAN: Sure. So when you get

on of radiological devices, part of

when the device was first developed

that were in clinical use prior to

Hed pre-amendment devices and that

¢tlassification.

ana mentioned, SIR-Spheres came on

D .

And while that predates me, or

at FDA at least, that means that we

fa:

stk associated with the use of the

]

e mitigated only using general and

[ETO: Okay. Thank vyou. I don't

q

$ee any other questions coming into
es anybody have any clarifications

IWts because I think we still got a

time here for questions. And if

mit them, I would be glad to -- oh,

treatment Y-90 dosimetry, really on

ry questions, presumably provides
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more accurate do

N

medical event rid

an acceptable cas
demonstrate a me
comment on that?

DR. T

dosimetry can i
mentioned earlier
indicate there wa
that happened tha
always meet a fau
we want to know a

At th
dosimetry is ider]
And

see before.

appreciate the re

Ralph
I.

DR. L

DR. 1

the question camg

NRC allow latenci
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simetry but opens up the clinic to

k. Classic medicine may calculate

-y
M7

but careful voxel dosimetry may

dical event. Does the NRC have a

APP: Yes. Post-treatment adjuvant

dentify medical events. As I

| these medical events do not always

1]

H an actual fault.

They're an event
T meet the criteria but they do not

llt. They can just be something that
out and learn from going forward.

is time, we do know post-treatment
tifying some events that we didn't
we're keeping an eye on them and
worting on them.

{ I did have a question from Session

IETO: Sure.
APP: I'm trying to find it. But
up, what does the NRC -- does the

s just to not do the technetium-99m

ying? And I'd like to comment on

NRC
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treatment imaging

only thing is p
licensee chooses

it is their choicg
the current manuf
is the only way t

choose not to do

if they have unex

This
identify if ther
someone decides
imaging. But at

pre-treatment ima
just wanted to co

DR. L
aimed at Diana.
that 1is
authorized users,

DR. T

to be pretty varpy

user's background|

answer to that qu
report back. I

dive.

DR.

discover

H

K

f

L

1

I

i

§

Cou
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That is not the NRC's role. The

tr the licensing guidance if the

ot to do the pre-treatment imaging,
But they are no longer following

Acturer recommendations. And that

see the lung shunting. So if they

t, they would be required to report
ected lung shunting to us.
or us is a learning tool so we could

e 1s 1increased lung shunting 1if

not to do those pre-treatment

this time, we do not require the

ging per NRC requirements. So I

hment on that.

Thank you. I think this is

vhat is the most misunderstood item

ed during the proctoring of new

yes, I guess, if known?

HOMPSON: Yes. I think it's going

iable depending upon the proposed
So I don't know that I have an
rstion, but I'll think about it and
like, a total

ETO: Okay.
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L
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manufacturer's D

J{
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states do not af
reporting. So it|
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event criteria. H
if it is due to
evaluated prior tf

medical event.

DR. [
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FDA colleagues. Ii
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u have a CMC specific presentation

radiopharmaceuticals conjugated to

dies? I guess that's a request.
is: Is extrahepatic activity in the
suming from Y-90 microspheres,

ral event?

APP: Per the 1licensing guidance

would not be a medical event 1if

imnting and if the licensee did

re-treatment imaging and other

to avoid shunting.
hould be cautious there

as some

lapt that clause and may require
s important to check with what your
e's licensing guidance for medical
ut per the NRC's licensing guidance
shunting and if that shunting was
then it would not be a

treatment,

[ETO: Does SIRTeX plan to produce

HOMPSON : This would be a question
e quite a bit of work through our
t would be a change to our labeling.

ETO: Okay.
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questions coming

don't know if --
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1into the chat room here.

I guess 1

barah, do we want to turn this over

a little bit earlly or --

MS. LOPAS: Yes, Ralph, I think that's
fine.

DR. QIETO: All right. Here's one.
Does TheraSphered require IRB approval but SIR-
Spheres do not?

DR. $ULLIVAN: Sure. So TheraSpheres
are currently, ap least in the U.S., are approved

under a humanitarn
an HDE, or a huy

device is safe an

probable effectivy

same type of eith;g
clinical evidencd
for a PMA level o

SIR-S
Note though that
very similar, hav
metastatic coloxrs
hepatocellular c4g
between those two

And

about information

ian device exemption whereas which

manitarian device exemption, 1s a

| probably effective. So it's shown

eness but hasn't gone through the

r clinical trials or shown the same

as something that would be needed

T approval.

here is a PMA approved device.

K

he two devices, even though they're

1

two different indications, one for

ctal cancer and one

for primary
rcinoma. So that's the difference

hen I see there's another question

presented in the Dosisphere trial.
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they cleared?

presented us with

DR.

little perplexing|

says is there a di

if the authorized
physician or a ra

I thi
offenders. But 1
at maybe the que
higher number shg
with medical even

DR.
would be no diffe]
a different numbsg
have seen that.
authorized user W

But we have not

the other authori

more than the oth
DR.
general, and corr

think in looking

I think there are

|

HIETO:

i

"
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ed, come talk to us. But why aren't

If people haven't come 1in and

data, then we can't clear things.

This last gquestion 1is a

I think it's just in general. It
fference in medical event depending
user 1is a radiologist nuclear med
liation oncologist.

nk they're all equal opportunity
'm assuming maybe are they looking
tion is which one might provide a
1 we say or more frequently occur
s?

correct that there

APP: You're

ence in the criteria. And is there

r of events? I do not believe we

We do not always know who is the

hen we go back and trend the data.

q
N

een an 1indication that one wversus

rzed user per our inspections create

4

Rers.
HIETO: Okay. I think Jjust 1in
ect me if I'm wrong, Katie, but I

at the types of events that occur,

more Y-90 events than say, medical
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device 1like HDR,
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which I think 1is the number one

device -- well, I|lshould say therapy device number of
events. It wasn'ft so much the case maybe a few years
ago, but I think| that's the case now in terms of
numbers.

DR. TRPP: Yes. That is true.

DR. LETO: What are the requirements for
AUs to stay "on llabel" in Y-90 treatments. That is,

are there regulat

dose segmentector
Diana or Julie.
whole panel there
DR.
perspective, FDA
medicine so if tH
effective

and w

approved labelingl

that that was in {
use it in that mai

accordance with p

DR. L
DR. T
similar. The Al

directive and wha

require them to s

ory issues with planned very high

ies? It might be aimed at vyou,

But I'll just throw it out to the

SULLIVAN: So from the FDA

\| doesn't regulate ©practice of

-y

device has been found to be safe

hen used 1n accordance with the

However, if the physician decided

he best interest of the patients to

nner that would be their decision in

robably their hospital or facility.

IETO: Okay.

APP:

And for the NRC, we're very

] has the choice for the written

t their prescription is. We do not

tay on labeling as well.
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(Wher
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So, T
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DR. C
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TETO: Okay. Well, I think we've

nf our time for this session. And

| this over then to Sarah Lopas so

my announcements and, I guess, take

PAS: Yes. That's great. Thanks,

was a great panel. We are on time
a proper 15 minute break. We will

p.m. for our final Session V panel.

£, and we'll be back right at 3:00
d. Thanks, everybody.
eupon, the above-entitled matter

rd at 2:45 p.m. and resumed at 3:00

HSIAO: Okay. Well, thanks,

ming to this Session Five. It's on

Design Considerations for

1ls.

ie first speaker will be Dr. Denise

works in the Office of Oncological

q I'll just let her tell us more

’

working on. Thank you.

ASEY: I will be referring to three

deen approved for oncology education

le throughout the talk.
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m-223 dichloride, or Xofigo, was a

alpha-emitting radiotherapeutic

for the treatment of patients with

Nt prostate cancer, symptomatic

and no known visceral disease. And

{«
based on an improvement in median

o and some supportive evidence

lents who received the radium 223

H delay in time to their first
ral event; for example, palliative
r bone pain or new pathologic

jum-177 dotatate, or Lutathera, is

matostatin analog approved for the

lients with gastroenteropancreatic
Htumors, or GEP-NET, based on
fl an improved progression-free

endpoint as compared to long-acting

Il there's also an improvement in

in the data that was submitted in

ication.
then, the iodine-131 labeled
ra, also approved in 2018 for

1d with inoperable pheochromocytoma

And this product was
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Next [
through some of tf
subacute effects
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cells that are raj
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having a reduction in the need for
nedications that were durable. And
umor response rate of 22 percent in
registration study.
products are good case examples,
nhey are recent approvals, but, also,
indicated for patients who in some
t tumors and are likely to live for
er treatment.

So, it makes long-

component of the Dbenefit-risk

FY
r on these products for approval.

t1lide. And next slide.

e bone marrow is the dose-limiting

es of radionuclide therapy. Acute

ran, obviously, occur in the first

rr treatment, and the later adverse

ledysplastic syndrome and leukemia,
rars following treatment.

s1lide. And, first, we'll just walk

1e more common reversible acute and

on the marrow. As you know, bone

1sitive due to the presence of stem

bidly dividing. A maximum absorbed

dose of too greg
accepted, and thif
COUF

at of Dbone marrow 1is generally

5 value 1s based on older data from
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associated with
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important and pri
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of the data from t
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with metastatic cg
About
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docetaxel, and

treatment arm, e
ongoing pancytopsg
were treated on
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two patients

transfusion sup
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60 percent
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s in metastatic thyroid cancer.

i1's important to remember that these

the calculation may not account for
rontribute to bone marrow radiation
as of the

potential binding

h is the same target that may exist

N

hort-term myelosuppressive effects

17

Hrable.

Most patients recover prior

N

e of treatment. Factors that are

Iigher frequency of severe toxicity

Age and prior chemotherapy are

or renal impairment.

lide. ©Now we'll just go on to some

hese recent approvals. For radium-

D

¢ have safety data for 600 patients

istration-resistant prostate cancer.

of the patients received prior

percent, or 13 patients on the

xperienced bone marrow failure or

nia compared with no patients that

he placebo arm. And these included

dh fatal events, seven requiring

ort, and seven with ongoing

e time of death, but not necessarily
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approved in 2018
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th. Four percent of the patients

T discontinuation for either anemia

la, and severe thrombocytopenia was

ts who had prior chemotherapy, as

BCs for the registration trial were
ur weeks and prior to a dose. So,
all that well-characterized. But

rate single-dose study showed that

platelet counts nadired at

b to three weeks and recovery

ximately six to eight weeks after a

slide. And here you see the lab

his is Table 4 in the package insert

And some of the uncertainties that

H
»

ur review of this safety signal and

1 were patients' ability to tolerate

oxic chemotherapy, the optimal

atments based on the effects on the

q

§ is

portion of myelosuppression

rted versus related to bone marrow

slide. So, I-131, iobenguane,

The main safety data for this
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toxicity was comnf
the patients had
than half had Gy
during the study
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q

treatment,

two weeks for whi

A qudg
cell transfusion
platelets. And a
an erythropoietin

Next
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supporting the aj

223 patients with

to receive either
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hematologic toxid
low grade and rec

And 1}
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a single-arm trial of 88 patients

toma or paraganglioma. Hematologic

DI . As you can see, about half of

trade 3-4 thrombocytopenia and more
nde 3-4 neutropenia at some point
About 5 percent of the patients

ropenia, and the counts generally

four and eight weeks following

median time to recovery of about

Te cells and for platelets.

rter of the patients required red

and about 16 percent receive

lmost 10 percent received G-CSF for

study.

slide. And then, for lutetium-177

Hoproved 1in 2018, the key trial

joroval was NETTER-1. It included

midgut carcinoid tumors randomized
the lutetium-radiolabeled product

gy octreotide. Again, vyou see

ity was common, but it was usually

overed by the next treatment cycle.

lere is a section of the product

D

@ than half of the patients had any

Nrombocytopenia,
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term effects or
two risks we wory
myelodysplastic sjy
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level of neutropenia,

adiation therapy;
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the Grade 3-4
rlative uncommon.
So,

if we move on to the longer-

he long-term marrow toxicity, the

ry about are later development of

mdrome, or MDS, and acute leukemia.

in the literature include duration

r cycle of therapy, and this may be

ntinuous bone marrow insult; prior

platelet toxicity

1d obviously, tumor invasion of the

utetium-177, across two studies,

US, data that were reviewed for the

1 a median duration of follow-up of

months, respectively, for the two

of acute leukemia was less than 1

risk of MDS was between 2 and 3

-131, iobenguane, six of the 88

d MDS or leukemia between nine

cears following treatment. But, for

it was the confounder of prior
ng alkylating chemotherapy or
cases.
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Next slide. So, Bergsma, et al,

rresting of long-term hematologic
patients with GEP-NET that were
tium-177 dotatate between 2000 and

Medical Center. And the authors

mt hematologic dysfunction as a
Her myledysplastic syndrome, acute
myeloproliferative neoplasm, or an

1lned cytopenia that lasted for more

hey used comparative data from the

i Registry study for their analysis.

a number of risk factors, including

bne metastases, prior therapy,

ity during treatment, estimated bone

tenal function.

hile the study concluded that there

risk for late hematologic toxicity

eceived lutetium-177 dotatate, with

patients in the study population

ate toxicity, mostly MDS, and a

0.7 compared to the registry data,

no correlation with any single or

q

1bles that were tested.
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Next
regarding renal
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patients who experienced what they

And this graph on the right is data

And you can see this patient at
s after completing for cycles of

ped MDS, and the red line 1is

1

moglobin decline that is consistent

M~ 7

indicating the rise in MCV over

s1lide. So, we move on to the risk

y with radiopharmaceuticals, as you

s considered a dose-limiting organ,

philic radiolabeled peptides are

kidneys, but, then, they can be

bed at the level of the proximal

enal retention of the radionuclide

tively high radiation dose to the

months after tr
changes in bl
cou

(202) 234-4433

ils is just an illustration to show
at the receptors that 1line the

ells.

slide. So, a couple of points
toxicity using the example of

@tostatin analogs. Acute renal

wr within the first few weeks or

eatment, and often manifests as
ood pressure or asymptomatic
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irradiate the rdg
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And t
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competitive re-ac
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at Grades 3 and hi
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follow-up of 19 m
a difference betwd
clearance rate, X
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Next.

And
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chronic kidney damage is much less

neflect the failure to regenerate

after the initial injury.

factors for radiation nephropathy

anemia, and diabetes.

hypertension,

It to note that the risk of radiation

ds, partially depends on the choice

example, yttrium-90, because of its

d longer penetration range, can

nal tubule more extensively than

® mitigate risk for renal toxicity,

ise the co-infusion of amino acids,

N

e level of the proximal tubule of

tivaters. And for the lutetium 177

nele, from what we had in our review,

gher, renal toxicity was relatively

rent, and at the median duration of

nths, it didn't look like there was

»

en the two study arms for creatinine

ut, obviously, longer follow-up is

red.

very briefly, since radiolabeled

-

D

are used to treat neuroendocrine
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an acute releas
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Next
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different radiop
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treatment for a
function. Indiv
Obviously, safet
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guidelines are
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follow their bone
and years after t

Next.

Sorry

all filled out,
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rtant to be prepared for carcinoid
as with any other procedure or

y manipulate the tumor and lead to

84 of active immunes. There 1is

ing this acute toxicity with PRRT,

i)l crisis is a labeled warning and

Hhe lutetium-177 dotatate package

slide. So, 1in terms of «risk

lces, we already mentioned that

ptides carry different risks to

ts should be screened prior to

equate marrow reserve and renal

ildual dosimetry may mitigate risk.

monitoring 1is important during

Y

ween cycle. Co-infusion with amino

and standard supportive care
important for antimetics, for
stem cell infusion protocols. And

term follow-up with the patients to

marrow and renal function for months

reatment is key.

I don't know why the slide is not
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1de deck.

hat I wanted to get across here is

H
»

rmative product labeling can really

-

k for short- and long-term toxicity

Hach radiopharmaceutical. And for
ts, Section 2 generally includes
radiation protection; dosimetry;

I

q4; dose calculations, when relevant,

4

m limits.
hen, Section 5 of the label will
rnings for radiation exposure;

ncies; myelosuppressive, and renal

cautions that go along with each

on 6 will describe the safety in the

lations.

rction 8 of the label, not listed

hWsed for specific populations. For

special population in the

fection .4, 1is a discussion of the

[\

slide. So, our Jjob at FDA is to

ilability of lifesaving drugs to

s$t-marketing requirements, or PMRs,

g commitments, or PMCs, are tools
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point out that r4
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Nature Reviews is
at various produc
development.

And {
but I've got the
development. So,
are products that
we discussed. An
that are in phase

the upper right 4
the lower right (¢

pre-clinical deve
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sort of contract with companies to

I safety data post-approval that may

for how the drug is dosed or the

llces that should be in place for

g the drug.

11 three of these products discussed

Wwlative safety analyses after five

Ffollow—up to better track long-term

lide. And to conclude, I wanted to

iidiopharmaceuticals is certainly an

i space. This table from a paper in

from earlier this year that looked

s that are either approved or under

he slide was originally animated,

q
]

;e according to where they are in
the first box you see on the left

are approved, including the three

dl then, the second box are products

2-3 studies. And then, the box on

re the phase 1 studies. And then,

orner are the products that are in

lopment.

nis list is not exhaustive, but I
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nt it out because this is an active
and FDA 1is involved from pre-IND
and advise on these development

1 design. We really do encourage

est meetings, especially pre-IND

1ss these products or new products.

slide. And so, in summary,

11 development 1is an active and

the targeted treatment of wvarious
Inly, long-term toxicity must be

benefit-risk assessment for these

nrd clinical practices have evolved
ter the products while mitigating

and chronic radiation-associated

DA does recognize the need for

o effective treatments and we'll
rlosely with sponsors to strategize
dosing while minimizing radiation-
ies.
SIAO:

Thank vyou very much, Dr.
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know that a question already came
Please hold onto your questions,

Hest of time, we'll proceed to the

lext speaker will be Dr. Sue-Jane

is a biostatistics liaison to the

Drugs for the CDER Biomarker

gram. And her topic 1is about

q

itions for Theranostic Pairs.

¢, Dr. Wang.

VANG : Thank vyou for the kind of
m you hear me okay with the volume?
$IAO: Yes.

ANG: Okay. Great.

will be speaking about the Efficacy

T the Theranostic Pairs.

slide. So, this is the outline. I

]

he current regulatory practice and

ligm known as in-parallel-with-

gm, followed by some examples, and

1ciency of this new development

lowed by the interim remarks.

Y

tlide. So, for the theranostics, I

]

the nostics portion. We know

&1 and

combination of therapeutics
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n the nostics component, it is an

f a radiocactive drug. We call that

@1 that identifies a patient with
rertain proteins, such as the one
presenting today, which is an SSTR
sease such as neuroendocrine tumor,
TR receptors serve as a target for
And the therapy is a therapeutics

that I

D

xample am going to use

-

known as Lutathera, approved in

dlication statement of Lutathera

is treatment in adult patients for

hcreatic, NET, tumor with SSTR

identified through Octreoscan.

slide. So, we can see that the

in this particular example is a

ilch . The Octreoscan was approved

Lutathera. Here, we would like to

M

er approach, which is in parallel

And the interest there 1is to

tic trials by aiming to reduce the

ment time, improve the design

ake additional imaging indications

marketed diagnostic imaging drug or
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tional nostics imaging drug.

important, establishing test

Mith a local characterization, as

tudy, an 1imaging substudy may be

IJ

lide. So, with Lutathera, approved

spend time now talking about the

he indication statement, it says it
hic localization of primary and
aring somatostatin receptors. So,

in 1994, the label describing its

nmance 1is showing the diagnostic

H6 percent. And in a small group of

&

sue confirmations were available.

mate sensitivity and specificity.

-

le label was the sensitivity is about

¢d to conventional imaging, CD/MRI,

, that's definitely an improvement.

»

ldition, on the specificity, the

specificity of 50 percent compared

maging of 12 percent.

that was the imaging a nostics

mostics development of Lutathera.

int clinical studies, as mentioned

q

fhe following three studies. I will
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t study, the main study, NETTER-1,

)

& potential benefit with the new

q

ire proposing.

NETTER-1 is a two—arm active

The primary efficacy in point is

survival. Oof the 229

slide the

as you can see here,

2

acted from the label. The test arm

and the control arm as 113 subjects.

he separation in the survival curve

D

e months, and then, continues to

wider and wider over time to two
and a half years.

tudy was stratified by tumor uptake

e 2, 3, 4, and the length of time

L

D

on constant dose of Octreotide,

I arm dose of drug, and whether they

bnstant dose of less than six months

a stratification, one can do a

51s based on a stratified log-rank

iled log-rank test. The unstratified

nservative in the sense it did not

h

¢ stratification factor.

either way, we see the produced

18 with a 95 percent interval of 11
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ent. So, the 18 percent translates

lezard reduction. This part of the

ed from the FDA Multidisciplinary
ion.

t clearly shows that Lutathera is
this experience.

4lide. Oh, sorry, can we go back to

174

?

got to mention that the overall

13 percent in the Lutathera arm and

ontrol arm. And that difference is

be more accurate, that difference

$lide. So, in the imaging drug of

Hging, we often see drug labels show

ince characteristics, such as the
wecificity, accuracy, percent
era.

hown, for Octreoscan, we had a

86 percent and specificity about 50
suming the prevalence of subjects

ity is 70 percent. Then, 1f there

1, just based on the prevalence, we

dentify 70 percent of the patients

Hive.

If we now bring in an imaging
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iinical performance characteristics,

increase the chance of identifying

PTTR positivity.

]

in this example, with the

N

ificity, and prevalence, one can

that that positive predictive value

1ch means that we are able identify

ercent of the patients who are STTR

use the Octreoscan as the nostic

eranostic development.

his is Jjust an example to show the
the Octreoscan. Clearly, 1f the
ficity is only 50 percent/50

positivity value is going to be

prevalence. So, we would need to

hat actually performed better than
tvalence.

S

slide. So, I'm going to use the

nate difference, that 9.4 percent of

Hlk about how a study can improve in
in terms of the sample size saving.
ippose 9.4 percent treatment effect

mor response rate difference is the

truth. And if we/| then, project that this 9.4 percent
is true only wijfth a 70 percent prevalence, this
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to screen 186 pa
percent improveme

So, 1
has an even bettq
size saving is in
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leveraging here
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have the receptor

With

can have a highex

patients, we cl

patients. That 4

of patients who 4

in a therapeutic

i

1
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pcome 8.2 percent. To show an 8.2

|

nt 1in overall response rate, we

e¢en 230 patients because prevalence

r=3
£
.

if we, then, have good imaging
5 one imaging nostics has a
of .8. There, we would not need to
ts, but, rather, we would Jjust need
dients. That resulted in about 20

mt or saving in the sample size.

another nostics come along, if it

1%

r PPV, then we can see the sample

H

reasing when the performance on PPV
and better.

slide. So, the essence of

s to answer a practical question,
ent will the nostics imaging offer

ly identify targeted patients who

for the therapeutic development?

common sense, we know that, 1f we

degree of accuracy in identifying

carly 1improve the selection of

1so results in increased enrichment

re likely to respond to the therapy

trial. we are decreasing
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the chance of ing
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accurate if vyou
population for st
Next
NETTER-1 design
assumed 40 month
control arm and 3
free survival in
detect a hazardou
circle, if we are
hazard ratio of
events as progre
percent power and
So,
parameter, not t}
but to show you
gained with this i
where the hazard
hazard ratio 1in

meaning all the

47,
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luding patients who do not have an

<
.

ssentially, you then have a much

patient population with STTR to

and that effect size that you're

dimated 1s going to be much more

really enrich the right patient
ndy .

slide. So, I'm going to use the
parameters. So, 1in NETTER-1, it

progression-free survival in the

)l months improvement in progression-

the Lutathera arm. So, in order to

ratio of .47, the one with the red

L

going to achieve an effect size of

the study would need to have 74

H

ssion-free events to achieve 90

to a 35 percent level.

wve can, then, use this design

fat the NETTER-1 is done this way,
how the design efficiency can be
On the first column

Newer approach.

ratio of .47 was assumed to the
the accurately targeted patient,

atients you studied,
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it did not incorp
imaging performarn
to need to incred
interim time whdg

becomes available

For

N

positive, they go

also had been ts
histopathology
time, we will bqg
estimate is likel
So, s
than 100 percent.
would need to bs
would need to hay
the interim time

size. In terms of

re
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iltive, but also confirmed to be true

sitive. So, essentially, you have

=

tients you know exactly they have

study the treatment effect. If,

il perfect performance of your nostic

bu would Jjust need 74 events.

in that

1gn will be too optimistic,
rate the uncertainty of the nostic

ce. So, naturally, you are likely

se your number of events after the

n the nostic 1imaging performance

xample, people who were screened

into the therapeutic trial and they

sted with a biopsy, getting their

sults. So that, by some interim

able to know what the true PPV
r to be.
ppose the PPV is actually .8 rather

Then, in truth, the hazard ratio

about .576. In other words, we

-y

about 138 events. This means at

ne would need to jack up the sample

event number, it's almost twofold.
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was made it was

all the random
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get-go. And at 3

sequential design
analysis and find
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an even larger rdg
need the 74 event
events.

There
is employed, one
terminate a study]
have some safety
as well. So, the

assuming that we

of the drug.

So,
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f we are too optimistic in the

Ild need to adjust that along the way

a study design that is an adaptive

-

5 you to have such modification on

e righthand side, 1f someone has

of .47, but when that assumption

issumed that the hazard ratio is in

ilzed patients who are screened

L incorporate uncertainty from the

In interim time, 1if this is a group

| one would be able to do an interim

that, when the PPV is .8, the hazard

much smaller. This means there's

duction in hazard. So, you do not

You actually just need about 58

P .

fore, if a group sequential design

would have a possibility to early

for efficacy. However, they could

H

omponent that needs to be addressed
slide here is under the premise of
are only dealing with the efficacy
of this

he principle here
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relates to, if one prespecifies an

plans for that, the timing when you

V performance of your nostics, that

ime for you to adjust possible event

increase or to decrease, depending

are too optimistic or vyou are

s1lide. So, had this approach been

¥ studies that were mentioned in the

il around noon talk, they would all

N

e, so that the preliminary clinical

lerapeutic trial shows the proof of

slide. So, the goal with this

we use 1imaging agent 1in the

during the development of both.

g component would include using the

the patient with a positive scan,

where vyou can specify important

they are relevant, such as baseline

We can use 1imaging to do post-

esponse and post-treatment disease

then, the imaging can also be used

D

d time point for possible disease

rporating the multiple time points
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approval of this
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utcome data were collected in a

for some clinical further followup

q
]

tsible truth standard.

times, there's interest to evaluate

n conventional imaging and the

imaging taken.

slide. So, the wutility of this

U want to be smart in doing this

le the therapeutic trial is under

add to it a pre-specified analysis

ble data to support a diagnostic

cacy evaluation, such as a PPV

interim analysis. You can add a

r imaging claims, such as baseline

or possible prognostic imaging

buld also add onto the existing

ew protocol, but Jjust to leverage

Hotocol and address the c¢linical

g drug performance and analytical

So here, there are many things

11d in if you are interested in

q

wbeling of an imaging drug.

nt to emphasize that the potential

Jiagnostic imaging drug, it does not

Hly linked to the effectiveness of
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slide. So, these are the tangible

ns possible, depending on how you

ilonal analyses, additional design
lonal add-on protocol.

slide. So, to sum up, I consider
Arks. As we are beginning to see

oach coming to the agency, we see

WWis leveraging approach present the

lorable design efficiency that would

ed development time being shorter

q

11 approach.

N

¢ do emphasize the establishment of

tical characterization for patient

1red.

Hhis nostics component is an

Wwe see that NDA, as a new NDA, will
marketing this nostics as

maging with thera as a theranostics

onclude, the potential imaging

tion, you can think of it as: if

H

)

trates efficacy, the benefit of the

ilcs have, at a minimum, patient

e other hand, I
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peutic drug -- failed to show the

1

Nat's not the end of the world.

D

possibility of adding some more

-

r imaging drug development, so that

gnostic imaging claim.

e event that the therapeutics 1is

approved, that is not in this in-

ekraging setting. In this different

the nostics developer will be much
develop nostics that have a good

se it means that there were some

has already been approved under a

approach. So, the new one would

C as good as the originally approved

or be better than that. So, there

t and desire of wanting to have a

Dl

formance.

-y

=

hope that, as time goes by, we

Nis kind of submission, and what are

t we see or maybe they will have

ed that we will be able to share in

s1lide. I would like to acknowledge

]

leagues throughout the constant

rr we have a submission that comes
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you, and thank you for your time.

SIAO: Thank you very much, Dr.
£'1]1 move on to our next session.
all the guestions will be answered
panel.

rxt speaker will be Dr. Ana Kiess,

t Professor and a Residency Program

epartment of Radiation Oncology at

versity. And her trial 1is about
Considerations from Academic
e, Dr. Kiess.
IESS: Thank vyou very much for
slide. These are my clinical
res.
slide. From an academic

are very significant opportunities
eutical therapy trials for patients
in collaboration with industry and
e are also significant challenges.
rovide a general overview of these

inutes,
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tch with and
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our European

up

leagues in U.S.

radiopharmaceutical

slide. Most importantly,

q

11 therapies have the potential to

D

s as we

fit patients with unmet need,

D

@ overall survival benefit in phase

im-223 for patients with metastatic

T prostate cancer bone metastases

um dotatate with patients with

neuroendocrine tumors.

I

lide. As highlighted by Dr. Casey,

W agents in development in phase 1,

slide. Dr. Jadvar 1is going to go

n the many targeted agents and many

»

ting new agents.

1s another figure from Dr. Sgouros'

review showing the targets in the

harmaceutical literature are now

lifferent disease sites, including

hepatic, colorectal, thyroid, and

nancies. And there's now been the

dtforms such as the thorium-targeted

M that could potentially use ligands
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for multiple disease sites.

]

slide. As these agents are
m FDA approval, there has been, and
explosion in early phase

@1l trial opportunities. And I just

some of the different categories of

fvestigator-initiated and sponsored

here are many studies of new disease

example lutetium dotatate is being

other neuroendocrine tumors,

ochromocytoma, and paraganglioma.

1ng investigated in other cancers

hses such as non-small cell 1lung

breast cancer.
s many exciting combination therapy

exploring the synergy potentially

maceuticals and immune checkpoint

ation can cause antigen release and

q

dleath that increases tumor-specific

And there's studies of lutetium

1um-223

in combination with these
inhibitors can potentially inhibit

t as radiosensitizers, so are being

in combination with
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ls, and many other systemic

® being investigated.

ant to highlight that these studies

jotential toxicities of combination

he study ERA 223 of abiraterone in

radium-223 showing increase of bone

@ for bone protection agents.

slide. There are also studies

r line or earlier stage indications

wticals. My colleague, Phuoc Tran,

is the PI for a trial we have of
reotactic body radiation for
ith radium-223 for micrometastases
fatic prostate cancer. There's a

n biochemically recurrent prostate

Bitetium dotatate in new adjuvant
troenteropancreatic neuorendocrine
are interesting studies of

metry of lutetium dotatate in adults

e escalation, as well as for safe

o and

children, investigations

markers and looking at germline or
ir pathway alterations and their

n radiosensitivity.
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slide. The NCI and CTEP have an

ment initiative that is focusing on

rmaceuticals 1n combination with

also, really paying attention to

imetry, radiobiology, imaging, and

itto the trials. These include the

s that investigate radium-223 with

cthemotherapy, and TKIs.

Hlide. And the unique properties of
@ls present opportunities for
H1ls around imaging, developing
ient selection, and criteria for
nent using PET, CT, or other

J ,

and using quantitative imaging or
btentially even as a surrogate for
are trials, as we mentioned, for
simetry where you can use absorbed

Hl dose escalation and for high-risk

mns.

S also potential to answer
tions using dosimetry about
id optimum cycle length, about

effectiveness, and tissue dose

ticularly for alpha emitters.
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slide. I want to highlight one

lat recently came out using clinical

tium PSMA-617. In this study, they

lutetium PSMA-617 SPECT/CT scans to

bf regions of interest, including

uch as the salivary glands and

10)]

q

s tumor,

slide. And they were able to

radiation next slide,

ion dose effect that we see 1in

gy  with increased dose being

D

likelihood of PSA response. And

corresponds with what Dr. Anscher

bh the doses studied for Yttrium 90.

this increase 1n dose to also

response rate and other oncologic

i)

lide. And there is the possibility

planning. Whereas, current

based on fixed activity or weight-

N there

1th certain dose adjustments,
for individual treatment planning

n, especially with specific

slide. Along with all of these
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nes a lot of challenges with

d

11 trials, especially in phase 1 and
., many centers are still developing

@ to make this more efficient.

s1lide. In addition to requiring a

ials 1license for the appropriate

mg facilities for treatment and

e with the appropriate safety

¢'s also the usual complex workflow

cheduling of early phase clinical

ncorporation of frequent scans and

H dosimetry and pharmacokinetics, as

documentation that is required for

on of radiopharmaceuticals.

4lide. This varies a lot, depending
d radioisotope you are using. So,

with radium-223 are relatively
ol the drug comes as a preloaded

I, there's minimal precautions for

4

and it can Dbe performed in an

itient treatment room and requires

f dedicated time per treatment per

patients are eligible for discharge

kr step is lutetium PSMA or
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h

, which requires more significant

rion protection and contamination
cularly with a separate bathroom,

y clearance. The treatment can

five hours of reserved time before

N and various

1gible for a discharge,

ction techniques are used, and for

htate, long peptide pre-infusions

slide. And the most complex, in my

e-131 MIBG for pediatric patients.
Ils type of treatment program open at
ng seen in detail the operation at

3

Yy 1mpressed with their ability to

yh-level research and with such
rt for radiation ©protection and
retty much every surface is covered

ne patients require three or more

r treatment, urinary catheter, and

q

ition during infusion.

lide.

I

In addition to the logistics

| infusion, there's also logistics

the research infrastructure. The

Hre in nuclear medicine or, like me,

And the research pharmacies at
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centers do not accept

1ls. So, the radiopharmacies are

of research experience in IP

quality assurance, different
lerapeutic doses.

e to radiation safety precautions,

able to use the beautiful inpatient

q

as pictures there at our outpatient

q

ur infusion suites or areas are in
There are
e have with separated bathrooms and
ere's also two inpatient shielded
here's not

any medical oncology

cearch nurses in Radiation Oncology
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slide. Furthermore, with the

nples, there's limited availability

rarch phlebotomy in core labs. And

able to use these core facilities,
rporate specific procedures around

amination and waste management

h radiation safety, as well as

o=
.
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s1lide. Finally, there can also be

ated in

q

to radiopharmaceuticals,

ldition to typical IRB and contract

arly phase clinical study. But the

q
fommittee process occurs along with

ng phase 1, especially, there can be

1 cycles due to the long-advanced

drugs and international shipping.
have studies open at multiple sites

y the radiocactive materials license

kX use.
Hlide. These trials involve intense

coordination. And we have a team
llcians, and our head physicist and

Hnd coordinators and our radiation

pre all heavily involved 1in our
slide. For each patient, there's
ion with their primary medical

to each cycle of treatment with

@l treatment response.

slide. And there's specific

ing to which imaging tracer is being

Wterpret the imaging and incorporate

t, especially in follow-up scans.
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eckeler and Dr. Anscher did a great

ner the different wvariables with

portunities, and the challenges of

simetry into radiopharmaceutical

slide. And Dr. Casey highlighted

C that have

-marketing requirements

H

e to try gain further understanding

effects in agents. As a radiation

-y

very wary of the progressive and

@ late effects seen with cumulative

And as we move to earlier line and

ications, I think this is going to

rtant.

slide. So, 1n conclusion, there's

ortunities for radiopharmaceutical

especially early phase trials, and

collaboration and preparation is

N

s of these trials. And I encourage

hem to consider further integration

infrastructure to make the process

ind to incorporate dosimetry for

ns.
you very much.
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ur next talk on the topic of

ferapeutics and Looking Backwards to

irst part of the talk will be

fosh Mailman. So, Mr. Mailman is a

N

nized for neuroendocrine tumor

I

as an advocate for 1integrative

llear medicine and molecular imaging.

I| Chairman of the Society of Nuclear
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, Mr. Mailman.

ATLMAN: Thank you very much.

1 can't hear me, well, we'll work

slide. Since you've done a great
me, I won't really go through this
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Working Group for the Society of
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P my own opinion.
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s1ide, please. So, we've talked a

king forward on how we're going to

~

D

in the future or how we're going
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to see where we've come.
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rom a patient perspective,

first PRRT 1in humans back in 1996.

I 2017 and '18 that we see our first

pe and the U.S.

i)

lide, please. So, right, it's been

ne first PRRT with Y90. We've had

ents treated. This was adopted in
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proved in any geography, but it was

llable in other geographies, which

confuse patients because it was

asily in Europe and in other parts,

lstralia or India, but it did take

get an approval in the EU and the

this could cause
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. was an around-the-world survey of

en the approval of PRRT had come or
most everyone already thought
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there was a lot of

world. So,

tually. I just reran this in the
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more than three years prior to its
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ebook discussion on the FDA's role
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t's done everywhere else, which,

mething where patients in the U.S.
e's a different approval somewhere
rurrently going on in the U.S., and
oves the use for or the off-label
th we've already heard earlier today

that the FDA does. But this 1is

terest for those who have Lung NETs

|| does not include Lung NETS. And
insurance coverage issues.
here's a sense that the FDA -- and

was a patient first looking for

sense from patients back in 2010,

val, that the FDA can just approve

Application. There was a sense, a

t the FDA was holding or limiting,

J and through '15, the approval of

e¢ven though there was no application

trial, and no one to bring that

I

lide, please. So, we treated many.
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up in different contexts.
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of lives, including my own, but
not universal, not universally
had lots of INDs that were
yen in the U.S., and then, the use
care in Europe, using non-
rocols and data collection that
the ability for the oncology

accept that this data was for real.

slide, please. I'd often go to
conferences and see the famous
the death. Between Dbench and

nuclear medicine docs who were at

lcine conferences were often saying

is compassionate care in INDs, or
hlar INDs for treatment, we were
But, in fact, what we were doing

ability to actually get to an

nsed product that could treat so

we treated some, lots were left
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es, different data collection,

ms that were being answered.

o, one of the things that we did

lium-68 Working Group was we spent

rmonizing data, which is something

een —-- you know, we've talked about

he day, working on data collection

kwhat of the same gquestions.

s1ide, please. We've had the last

talking over some of the challenges

trolled trials and where they come

or potentially over, also, on

| 1s they really do confirm research

Ib get the oncologists and those at

ment to buy in. And they do matter

hey are harder to do in some senses.

We have many people who are

the time of the RCTs, and Dr. Wang

r some of the ideas of how we could

which I think is
rtant as we go.
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of rapid expansion. And one of the

re event has been held, we have new
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do is move faster and smarter, which
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e getting together and with support

and, also, the academic research
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think Dr. Wang's presentation was
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ul.

st work towards registration.
aind the value of the compassionate
more routinely in Europe, but we
0 treat the majority and not leave
r therapy for so long.

've had certain conversations about
planning, and we need to come to
values and the methods to do that,
is true value for that.

s1ide, please. And this is my last
y which way should we go from here.
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11 us a little bit of where some of
ing to travel in the future.

will do the next slide and show you
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n the Bay Area who work together to
ieuroendocrine tumors a much easier
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IAO: Thank you, Mr. Mailman.
we've heard the patient's

d now, we're going to hear the

spective on advancements in

beaker will be Dr. Hossein Jadvar,
ate Professor of Radiology in the

edicine at University of Southern

Angeles, California.
¢, Dr. Jadvar.
\DVAR: Thank you very much. I hope

of all, I'm very delighted to be

rhis forum and I want to thank the

their invitation. And it's,

dlso to be in the same session with

1ilman.

N

5 was mentioned, what I'm going to

slome of the radiopharmaceuticals in

P

anostics that we hope to see in the
1e outlook looks like.

have the next slide, please? Next.
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gational and not currently approved

slide, please. So, before I do

mention that we had actually a
ast decade with a number of major

d

n1ls that were approved. It started

he neuropsychiatric domain when we

1 pep agents approved, one after
At the amyloid content in patients

mpairment and the possibility of

&

e.

more recently, again 1in this

dlomain, we had the approval of the

dopa in 2019 for imaging evaluation

Parkinsonian syndrome.

just a few months

ly, we had the approval of the

raucipir, which is marketed as

pep agent is basically an imaging-

r the tau protein that is deposited

il looking at the tau pathologies,

er's disease.

N

¢ domain of oncology, back in 2012,

i)l of the C-11 choline for imaging
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fter definitive treatment. Because

alf-1life of 20 minutes,

although it

centers, it was not widely wused

19z
<
.

is many times mentioned before, a

ha particle therapy was approved in

ccess of the Xofigo phrase 3 trial
1chloride targeted to patients with

ate-resident prostate cancer and

q

1stases.

16, we had the very first pep agent,

ilclovine, marketed as Axumin for

nts with biochemical recurrence of

fter definitive treatment.

pon after that, we had approval of

tatate, marketed as Netspot, which

il previously in this series of talks,

ropancreatic neuroendocrine tumors

@ing the somatostatin receptors.

18, we had the theranostic pair

gallium68 dotatate, which was the

1s a beta particle theranostic pair

the same patients who undergo

te and demonstrate that they have a
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me tumors.

he iobenguane, marketed as Azedra,

0 before. This is for patients 12

lo have metastatic pheochromocytoma

Again, the target here, the agent

of norepinephrine.

n 2019, we saw the approval of

oc, which is very similar to

ry recently, again, in 2020, we had

he copper 64 with a 12-hour half-

hte, which makes it more versatile

m looking at neuroendocrine tumors
receptor expression.

inally, the most recent approval was
bl which is marketed as Cerianna.
$ the estrogen receptor in patients
metastatic breast cancer.

have the next slide, please?
rom here on, what I'm going to talk
that are not approved for clinical

so, that at some point they get

I

t to show you kind of a 1list of

erhaps in the future as we move on.
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conium-89 has a 3.3-day half-life.

ody which is targeting the human

flactor receptor 2, or HER2, which is

Aarget in patients with, for example,

nd this very nice study published by

N trainees, Dr. Ulaner, who was at

ettering at the time, shows very

| though the primary tumor, breast

N

, was not expressing HERZ receptor,
the left side, top panel A, but the

in this patient did express HER2

we can see the pep image on the
panel B, and you can see that the
try shows that this metastatic

in this case in the left femur,

I~ 7

ekssing HER2 receptors.

fore, this brings up two points in

that TRANCEs are extremely

md if we sample, tissue sample, one

H

V)

e where there is a primary tumor of
that doesn't mean that the rest of
are going to be the same. And
ation like this on a PET image is
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v
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to receive anti-HER2 treatments,
ptin, or others. And that decision

e just based on the primary tumor

for this receptor.

have the next slide, please?
is another agent, again, labeled
, which is an anti-CD8 minibody.

of the Memorial Sloan Kettering

asically, this agent is looking at

the infiltration of CD-8 T-cells
And that is an important feature
with checkpoint inhibitors to be

rthe hope is that, with this type of

first of all, assess if those tumor

y what we call tumor-inflamed; in

possess the CD-8 T-cells that can

hent and also can be used for

-l

evaluation in patients who have
are what they call immune-excluded

In other words, when there is no

patients ©probably would not be

s type of immunotherapy.
is is a clinical trial that is going
ing, as you can see on this slide.

receive a PET scan before and after
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of course, they would be examined

ponse. And these are some sample

at different days from day one to

he arrow is pointing toward a liver

bt or shows that there is a good

D-8 T-cells in this case.

have the next slide, please?

er very exciting development has

blast activation protein inhibitor

entioned by Josh earlier. This 1is

Iis is a gallium-68 FAPI that was

elberg in Germany. And you can,

ils an enzyme that is presented or

microenvironment of the tumor. So,

fent, we are not looking at the tumor

are looking at the microenvironment

q

resides and this desmoplastic

raused by the tumor. But it is not

of course. You can see it, also, in

flammation, and other conditions.

rery nice paper was published by our

in JNM in 2019, and they basically

gallium-68 FAPI, can kind of be a

er. They showed images from 28
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ing the comparison between FDG-PET
being on the top panel and the FAPI
bottom panel. And you can see in
ly FAPI is better for recognizing
r the distribution of the tumor is.

1

rample, if you look at the most left

it says for pancreatic cancer, the

the FAPI is more obvious or more
the one on FDG, but the exact
N occur. If you look at the most

hyroid cancer, you can see that the

positive with some lesions in the

the FAPI was negative.

his suggests that there could be a

lle between looking at the tumor

looking at not the tumor, but the

14

of the tumor. And perhaps, of

1s that it not only can be used for

o, for theranostics based on FAP

Naps a combination therapy attacking

md attacking the microenvironment,

pports the tumor.

have the next slide, please?

'm going to now talk about, the next

ng to be about PSMA. There's a lot

NEAL R. GROSS

Cou

(202) 234-4433

T REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
WASHINGTON, D.C. 20005-3701

H

(202) 234-4433



of excitement in
another enzyme Y
protein.

You

righthand side.
not prostate-spec
as a PSMA. And 4
does get expresse
some other tissue
actually in the
you later on.

But i
and a number of
overexpressed dra
have almost a tho
normal of the non
of this

density

transmembrane enz

cell, prostate tu
Also,
not be express

somewhere around
These are usually
could hav

tumors,

other types of hi

312

here. PSMA is, Dbasically, again,
hich is transmembrane enzyme or
ran see the schematics on the

Tt is not cancer-specific and it's

fic. So, it's actually a misnomer

q

$ was I think mentioned earlier, it

d to a very relatively low level in

The most level of expression is

o

D e

which I will show

L

alivary glands,

I turns out that, in prostate cancer

other cancers actually, PSMA 1is

matically. In prostate cancer, you

Wsand times expression, higher than

prostate tissue, and there's a good

PSMA, about 2 million of these

yme expressions per cell, per tumor

mor cell.

you have to notice that there may

ion, sufficient expression, in

to 10 percent of prostate cancers.

related to very aggressive prostate

Y

¢ neuroendocrine differentiation or

J

stologies,
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Can I
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So,
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at or designed.
of them all 1is
developed in Heid|

There
F-18-labeled type
the one in the midg
PyL, with a lot ¢
Johns Hopkins Uni

And {

also from Heidell

being that the 10(
activity, and th
have much urine 4
target-to-backgro
And also,
which is used for

May I

So, 1
data on the gall
that was led by D
othy

people from

structur
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g-negative reason.

have the next slide, please?

fhere have been a good number of

radiotracers, that have been looked

The very first one, the granddaddy

the gallium-68 PSMA-11 that was

klberg, Germany and Harvard.

has also been a lot of interest in

PSMA PET radiotracers. You can see

dle which is DCFPyL or simply called
f work that was originally done at

versity.

hen, the F-18 PSMA-1007, which is

erg, Germany, with the difference

7 agent has very low renal excretory

refore, a prostate that does not

5

rtivity, and the target or tumor or

und ratio is better in this case.

ally, it is similar to the PSMA-617,

flortaucipir, for the treatment.

have the next slide, please?

D

t's just review quickly some of the

lum-68 PSMA-11. This was a study

Calais from UCLA, but a number of
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including ours at
in Lancet Oncolog

That

between fluciclovy

before, 1is an a

]
PSMA-11 in 50 pa
between 0.2 to as
had started ther
received both ima
between the scans
scans.

And a
the positivity ra
in this case, esp;s
as you can see in
hand side. This
to-background rat
target-to-backgro

Can I

This
multi-center and
(phonetic), and
Oncology. They

gallium-68 PSMA-

accuracy in local
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USC. This was published last year
Y -

was a head-to-head comparison
ine PET-CT, which, as I mentioned
dproved agent and this gallium-68
tients with a PSA in the low range,
high as 2. ©None of these patients
@apy, and all patients, obviously,

¢ging studies, and there was 15 days

without any treatment between those

you can see, the detection rate or

M

e for PSMA was substantially higher

|

cially in the domain of metastases,
the graph that is shown on the left-

may be partially due to the target-

1o, as PSMA usually has a very high
und ratio.

have the next slide, please?

is another study that was also
led by USC colleagues, Tom Hope
was published in 2019 in JAMA
looked at the same tracers, that

1 with regard to positivity and

1izing recurrent prostate cancer.
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And w
with many other
group of patients

in this study --

rate also went ug}

graph that at a ¥

0.5, the positiv
percent.
Can I
This

They looked at P$

in 270 patients i
nanogram per mil
what the impact o
And in this case
had positive PSMA
percent of the pa
would have not b
for the treatment

So, 1]
righthand side o
and the

picture,

lesions that werq
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n

¢ can see again that, as was shown

L

tudies, that in this rather large

they had 635 patients involved

as the PSA went up, the positivity

And in fact, you can see in the

Ir

ery, very low PSA level, less than

ty rate was approaching about 40

have the next slide, please?

is also another study from UCLA.

MA and, again, gallium-68 PSMA-11,

m a very low PSA range, less than 1

liliter. And they wanted to know

m salvage radiotherapy planning is.
about 50 percent of the patients
studies. And it turned out that 20

tients had at least one lesion that

den covered by the RTOG guidelines
field.

f you look at the picture on the
f

this slide, this is a composite

yellow dots are basically all the

I

PSMA-positive from all patients,

ient. It's kind of put on this

skeleton. And the green are you
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can see is the aj
for radiation tre
but there are mai]
outside of that
proves that PSMA (¢
and, hopefully, r
Can I
So, b
on the last slide
is participating
PSMA-SRT trial.

trial. They are
post-radical-pros

PSMA should be g

outcome here is g

failure at five
through all the
interested, you
PSMA-SRT.
Can I
So ]

theranostic pair
earlier images sh
been previously h

we know of with r¢
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ea that would have been considered

jtment, salvage radiation treatment,

v, many, many yellow dots that are

region. And therefore, this just

an be helpful for treatment planning

kducing your failure rate.

have the next slide, please?

ecause of those studies and the one

that I just showed, the UCLA group

in a clinical trial. It's called

This is going to be a randomized
going to look at patients who are

tatectomy by chemical recurrence.

reater than 0.1. And the primary

"

eater than 20 percent declining SRT

years. And I'm not going to go
details, but, anyway, 1if you are
can look up the details of the
have the next slide, please?

now, let's move on with the
for PSMA. This 1is some of the

wing that in some patients who have

eavily treated with everything that

gard to treatment of these patients
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in metastatic c4
they can have 1
obtained with
PSMA-617.

This f

disease 1in the X

PSMA-11 scans in B

J

a number of cycle

he did really welll

view. After fous

study there, with

diffused bony d

dramatically to al

starting from 1,0

Can I

g
3

And
that was publishe
was a phase 2 sty

Australia, from ol

30 men with mets

cancer. Most of {
chemotherapy and

They
positive on PET s

discordant diseag

l1sease,

e,
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strate-resistant prostate cancer,
emarkable responses that can be
his data particle, lutetium-177

s a patient who had a very diffused

one. You can see the gallium-68

ere at baseline, and then, received

5 of lutetium theranostic pair, and

, not only from an imaging point of

cycles, you can see the PSMA PET

basically disappearing, all those

but also the PSA going

most zero, less than 1 in this case,

0.

have the next slide, please?

b, this is another landmark study
1 in Lancet Oncology in 2018. This
dy out of Peter Mac in Melbourne,
r colleagues there. They looked at
static castrate-resistant prostate
hem had prior treatments, including

ADT .

selected patients who were PSMA-

ran, on a PSMA PET scan, but had no

in other words, no disease that
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was FDG-positive.
that they primed
no sites that
positive.

Anywa
radioligand ther3d
about half of t}
cycles. The resj
percent of patien
In

50 percent. o

50 percent. So,
decline of more
percent of patien
But t
If you give the

not major respon

going to happen.

percent of patient

or a second cycle

And (
showed the stream
the response in t
impressive.

The n

all these interes

\

|

Il

>

p

1

I
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So, they just kind of made sure
had
and FDG-

not PSMA-positive

SO these patients received

four cycles. And we can see
e patients received all the four
onse was quite good. In about 60
there was PSA decline more than
rher studies, it's been shown about
the number to remember is the PSA

han 50 percent can be seen in 50

ere could be some delayed response.
First treatment and there's really
e, 1t doesn't mean that it's not
It turns out that up to 20 to 30
s may need to have another treatment
before you see some response.
n the left panel, the paper also
rrs plot and the waterfall plots of
lese cases.

As you can see, pretty

ext slide, please. And because of

ring results, there are a number of
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studies are. Thq
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Endpoints, vyou g
response, overal

progression-free
Can I
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bing on. One of them is a therapy
th is a randomized trial comparing
-617 versus cabazitaxel. Again,
with metastatic cancer disease and
They should have a PSMA-positive
rable size sites; should have a SGD
10. There should be no discordant

se. Again, they are primed in this
Ing and selected.

ou can see what the arms of the
re are 200 patients that would be
i it's a one-to-one randomization.

re the 1list there, including PSA

1 survival, quality of life,
survival, and such.
have the next slide, please?

Everybody 1is
ublication or the results of this
It's very much patterned after a

radium-223. It's lutetium-177 PSMA

rtive care. This was a two-to-one

And again, these are metastatic

prostate cancer PSMA-positive

is is an international study; 750

ated,
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up to 15 months.
results of this p
Can I
So, w
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there have been

been published m

for the
actinium-225, and
Sathekge from

another alpha emi

And y
least, these are
reports showing dj
the one with actif

this image has bj

people around thsg
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his got worse.
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L
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and research.
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And we are, again, awaiting the

rase 3 trial.
have the next slide,

please?

talked about lutetium-177, but you

)

alpha particle. In this case,
ome studies in patients that have
stly from Europe and in this case
from Mike

on the left-hand side,

outh Africa, wusing Dbismuth-213,
ter.

ou can see that in both cases at
small case reports or case series
amatic responses.

In, for example,

ium, in this case you can see -- and

en shown many, many times by many

world -- that the patient did not
the lutetium-177 PSMA. In fact,
But, after receiving, basically,

ctinium-225 PSMA, the PSA went down

also, the scan looked much, much

is also an active area of interest
s1lide.

So, this also was mentioned

re these PSMA targeted thorium-227
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conjugates. I an
the pre-clinical
potential efficac
the thorium-227

see that there wa
and based upon
animal studies, p

is being prepared

Bayer. Again, t
castrate-resistan
clinical trial nu
Next
basically my last
that we can 1look
receptor 4.
metastases in man
those cancers the
you pictures of
with wvery diffus
FDG-PET-CT on ons
hand side, this i

targeting the chg

that there is a co
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showing you in this slide some of
studies showing that the efficacy,
v of this particular approach using

or therapy in this form. You can

a good inhibition of tumor growth,

nese encouraging results in these

ne-clinical studies, a phase 1 trial

i| to be done. I think it's led by

is i1s in patients with metastatic

T prostate cancer. And I have the

mber there, if you are interested.

s1ide, please. And I think this is

]

slide. So, there are other targets

at this. This 1s the chemokine

has a role 1in progression of

I listed some of

y, many cancers.

re. However, in this panel, I show

IJ

patient who had multiple myeloma

>d marrow involvement. You have

side and, also, on the very left-

q which is

5 a gallium-68 Pentixafor,

mokine receptor. And you can see

mcordance in the marrow involvement,

can also be treated with the

in this lutetium-177
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Pentixather, whid

for theranostics
Can I
So, 1

at least gave you

the future. The

field. As we un
biology, and fing
image those tar

therapy to those

definitely in

personalized canc
And a

time and for the
DR. H
Now W

a couple of ques

earlier. So, 1I
there are two que
The
receptors or tran
to PRRT absorptiq
could you help an
DR. (

myself in both pl
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h opens up a completely new domain

using this particular target.

have the next slide, please?

n summary, I hope that I showed you,

a taste of what may be going on in
i

anostics 1s a very, very exciting

lerstand cancer better, the cancer

il new targets and ways that we can

jets, and also deliver localized
targets, I think theranostics 1is
the domain of precision and

ger care.

gain, I thank you very much for your

invitation.

$TAO: Thank you, Dr. Jadvar.

¢'re in panel time. So, there are

tions that came through the chat

b

L1 read out loud. First of all,
stions for Dr. Casey.
first qguestion 1s about, which

q
]

sporters are considered key leading

n and renal toxicity? Dr. Casey,

swer this question?

]

ASEY: I'm sorry, I didn't unmute

ces. Sorry.
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Hi.
reading of the 4
renal toxicity, i
megalin and tuby
receptors at the
sure if that answ
In te
intracellular, ar
colleagues is tha
after the endocyt
DR.
another question
which is often ddg
toxicity in the pg
including those w
treatment? Is |
second therapeuti
DR.

g

toxicity or all t
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Thanks for this question. So, my

rticle that I presented about the

t's specific to PRRT, and it's the

le receptors. They're endocytic

proximal tubule membrane. I'm not

krs the question that was asked.

rms of the transporters, one is more

d my understanding from one of my

H it is MATE]l and MATEZ2 transporters

dsis happened.

SIAO: Thank vyou. And there's

for Dr. Casey as well. For Azedra,

livered as two injections, is the

tkage insert related to all patients
ilth two treatments or only after one
zedra toxicity greater after the
.

dose compared to the first?

ASEY: So, did you say hematologic

oxicities?

$TAO: It was not specified.

ASEY: Okay.

ISTAO: So, 1f you can comment on
ASEY : The package insert for the

or the Azedra,
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study only includ

And the safety dat

the 88 patients h
So, in Section 5
specific warnings

mylesuppression,

of how the blood

doses. And cert
nadir and recovq
neutropenia 1in |

received two dose

In t
probably can't c
review because th
for Sect

example,

other common ad
specific to the |

you could call it

surrogate as h
thrombocytopenia
DR. K
Thank you, Dr. Ca
And
Kiess. So, thqd

logistics with r4
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¢d 88 patients. It was single-arm.

a is a pooled population. Fifty of

Hd more than one dose of the Azedra.

of the label, where we discuss the

and the specific toxicities, under

3

you can see the breakdown in terms

rounts nadir after one or after two

fainly, there was longer times to
Hry for the thrombocytopenia and
atients, in the 50 patients who
#rms of the other toxicities, I

pmment without going back into the

N

¢ safety population was pooled, for

ion 6 of the label, for all of the

verse events. So, that's Jjust

ilematologic, and there was, I guess

increased toxicity if you used the

neutropenia and

193]

ving prolonged

q

1fter dose two.

IISTAO: All right. That's great.
Sev.

1 have another question for Dr.
§ question 1is, "Are the simpler

lium-223 for administration related
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to the fact that
ability to infusq
also apply to AC-

DR.
question. The 1
that go along wit!
emissions, so t]
emission in the ¢
it's a particular
of the energy is 4
is emitted as alpl

[

gamma emissions

as low fraction
radium-223 is 1lik

For 4
energy gamma emigd
kiloelectron volt
very regional and
studies in German
the patients, the

and the patients

48 hours after 1inf

current radiation

with other studie

DR. H

H
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it is an alpha isotope? Would the

D

alpha without need for shielding

225-based treatment?"

4

TESS: Thank vyou. That's a good

rdiation safety and the logistics
it are related mostly to the gamma

le energy and fraction of gamma

lecay spectra. So, for radium-223,

ly safe agent because only 1 percent

mitted as gamma; whereas, 95 percent

1la and 4 percent as beta. And those

re particularly low energy as well
of the emission.

total So,

€ your best-case example.
rtinium-225, there are some higher-
sions that are imageable up to 440

The precautions around that are

o

D o

national. So, I know in the initial

1 of the PSMA-targeted actinium-225,

¥ have very conservative regulations

were hospitalized, inpatient, until

ection. But I don't know what the

precautions are at other sites or

2

IAO: Thank you, Dr. Kiess.
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We hd
sure 1t's specifi
but I'll read it
the MTD ij

agents,

for the average

meaning most pati

done to change thg

like it might be
DR. J
that. I think th
trial design, and
that 1s being 4

something that 1

norm. So, I'm n
qguestion.

But i
here is true, tha
looking at the
individual in thi

And m
is on the phone ¢

DR. K

active discussion
consider moving
of

instead adm
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iwe another question that I'm not

ed specifically for any panelists,

jut. The question is, "For most RPT

being determined like chemotherapy

D

patient instead of the individual,

ents are underdosed. What can be

L in early phase trials?" It sounds

for Dr. Kiess or Dr. Jadvar.

ADVAR: I'm not sure how to answer

¢re was an earlier talk on clinical
this is a rather general question
sked. So, I don't want to say
all-encompassing and changes the

£t sure exactly how to answer that

T 1s correct, what is being stated
4 there could be -- you know, we are
average patient rather than the
$ case.

q

aybe the other panelists or whoever

q

in also chime in.

[ESS: I think this is an area of

whether or not we can in the future

lowards absorbed dose prescription

lnistered
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There's a 1lot
prescribing by ak

trials that a
dosimetry are loo

like dose escalat

or retreatment or

risk patients.

phase 1 dose esc
specifically 1loo}
sort of

simpler

initial step to
standard of care.

DR. M
is Maurizio Maria

I th
choice of the dos
the dose is suffi

an acceptable lev

you push the dos

single patient,
rather than incre
which is not the |
goes back to the
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f complex factors that go into

sorbed dose. I think most of the

re incorporating individualized

ing at it for specific indications,

ion on an individual patient basis

treatment of children or higher-

Tn that setting, when it's not a

but

Al

t1lation or dose-finding trial,

¢l I think it's

ing at indications,

to incorporate, and 1it's a good

wards incorporating dosimetry as

ARTANTI : If I can contribute? This

mi speaking.

ink everything goes back to the

D

¢ and the dose regimen. Because if

iently high, then maybe they define

1

1 of toxicity. That means that, if

e sufficiently high, then, for a

pu would be able to lower the dose

@sing the dose, based on dosimetry,

est plan, actually. So, everything

selection of the best dose for a

leve that a different indication,
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different popula

because the risk

for those patig
expectancy, for ep
But,

have a patient w
really be in a

one, which me
consideration bedq
metastasis. So,

very high uptakepf

then, dosimetry b€

on overall safety]

DR. H
I thip
to the close of S
this along to oux
how they want tqg
either Lisa or ay
Marzella want to

MS. [
Session V and Dr|
This has been a df
So, 4

to Dr. Marzella

1

i

W

Hastasis
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tion, deserves different doses

rthat you take is, of course, higher

nts that have a shorter life

crample.

if you do dosimetry, then if vyou
th multiple metastases, you would
ifficult position to choose which
you would take into
ause of the variable uptake in the
you would have a metastasis with
the other with low uptake. So,
comes very tricky if it's not based
match.
IAO: Thank you very much.

1k it's actually about time we come
tssion V. So, I actually will pass
overall workshop organizer to see
handle the time afterward. So,

Yy organizer team? Maybe would Dr.

oW —-
IMMICK: Yes. So, thank vyou,
Hsiao, for moderating Session V.

reat workshop.
rtually, I'm going to turn it over

to kind of close out the meeting
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today, and then,
DR. M
MS. [
are on.
DR. M
So, D

productive and ir
all the work that

The
workshop is that
and regulatory ag
of new technologi
medicine.

A par
anticipate hurdls

product developme

during the worksh
For i
of specification

enhanced by consu
application revig
manufacturers to
two agencies.

We al

we received from
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we'll go from there.

ARZELLA: Can you all hear me?
[MMICK: Yes, your audio and video
ARZELLA: Great. Thank you.

gar Colleagues, this has been a very

formative workshop. Thank you for

you have done today.

main takeaway message from the

rollaboration between manufacturers

encies is essential for development

s and products for use in radiation

]

llel review process is important to

s and find solutions early on in

t, and we heard a number of examples

P.

mstance, consistency in development

-

5 and instructions for use is

ltations between FDA and NRC hearing

ws. And I would like to encourage

]

seek the joint participation by the

50 appreciate today the input that

the radiopharmaceutical and device
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