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manufacturers gog
reactors has anot

So, t
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supply of moly.

And 1
production of
generators. Nor

about in a few mi
since 2018.

That
have a deficit suj
U.S. Also at SH
corner to being
more conventional
and Lantheus.
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at this point.
all the reactors as well as the
tor producers have come up with a

tage reserve capacity.

Hhat 1is, where we'll have excess
th production of moly and for
nerators, if one of the generator
Hs down, or 1f one of the other

her outage.
lat outage reserve capacity has also

tly with the -- with shoring up the

stly, it's the addition of domestic

=

both moly and technetium-99m

HhStar, as I'm sure Jim will talk

mutes, has been approved by the FDA
has helped significantly where we
bply of technetium generators in the

INE, there's just right around the

jble to produce moly to supply the

generator manufacturers at Curium

p're quite excited about SHINE and
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qguite a bit to sh

of years.
Brian
MR. 9§
once. Thank you
that. The next q

NNSA
to convert moly-9
well as domestid
development for
financial cost
producers.

Could
chall

development
industry in re
importance to est
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MS.
There's a couple
make sure to addr
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provide technical
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new entities that are coming onto
we feel like the industry has done
Jre up our supply in the last couple
you're on mute.

MITH: It had to happen at least
Roy for that answer. Appreciate
westion goes to Joanie Dix.

s involved in international efforts

i

b as

) production to non-HEU methods,

efforts supporting research and
new technologies in providing
sharing assistance for potential
you describe any research and
lenges that NNSA is supporting
jolving that are of ©particular

Hblishing a reliable supply of moly-

IX: Yeah. Thank vyou, Brian.
of questions here that I want to
@ss both sides of.
irst part is that we continue to

support to international producers
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as they need it,
production.

We wop

their conversatio

And we continue [

Belgium's IRE in |

conversation to L

Regar(

have to help

technologies here

know, Greg and J

about, I don't th

particular area tf

For

AN) ]

1]

partners, there'

approaches that ed

what we're pleass

labs have a lot o

And, [

D

not only our coopq
other entities th
i

moly-99 productio

So, wi

try to make sure [

I,
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s they convert to non-HEU moly-99

ked very closely with Curium during
as well as NTP Radioisotopes.
o provide technical assistance to

heir efforts to succeed in the full

iU production.

ling the domestic efforts that we

establish non-HEU production,
in the United States in which, you
lm are very well equipped to talk
ink that I would say there is one
lat we're supporting.

11 of cooperative

our agreement

a lot of different technology

ch company is pursuing. So, really
d to provide is that our national
very unique capabilities.

ve like to make those available to
rative agreement partners, but also
at might be pursuing non-HEU based
» in the United States.

th these different technologies, we

that we address technical areas, or
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L

D

that will help these partners be

successful in their objectives to establish
production.

A couple of examples, we recently, one of
our national 1lalg recently completed a 60 curie
production run Rt their low energy accelerator
facility. They then shipped about 30 curies of this
over to NorthStdr to do some testing on their
accelerator projegt.

So, |we support a lot of different

activities throug

year where we

cooperative agres

parties, and do

whatever the mosft

that need to be a
And I
MR. 9
for the response.
up on the screen
one by a wide, w
to.

What

and licensing pos

hout the vyear. We do this every

J

liscuss with the labs, with the

ment partners and other interested
our best to identify and support

pressing and technical areas are

ddressed.

think that's it.
MITH: Great. Thank you for the,
So, we have the polling responses
MOow . And it looks like the third

ide majority is the most responded

challenges have policy regulation

2d?
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But,
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time. The nonp
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supporting,

they're also sup

say, domestic sup
I thi
certainly 1is, 1

importance of hav
medical products.

And g

has certainly filt

down into NNSA.
there.

But,
well, in terms
prioritization of
sure that they

resources applied

And
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TEFER: Yeah, happy to take a first

You know, I think policy has been

And you know, Joanie talked a little

A's role in this.

think this has been a priority for

~

P

in the government now for a long

roliferation agenda that NNSA is

bviously the healthcare agenda that

porting, by getting a more, let's

ply chain up and running.

nk, you know, the time of COVID

naybe even more emphasized the

ng a domestic supply chain here for

b, the policy agenda from my view,

rlered down.

It's obviously filtered

And there's direct funding support

ve see it, I think, in the NRC as

of really maybe providing a

some of these reviews. And making

jet addressed and get the right

to them very, very quickly.

o, I think that, from a policy
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always g

potential invest
unknown regulator
walking into.

And T
this has helped t
I think from a rs¢
we're building nd
processing capaci

And,

fission moly, whi

gold standard foz
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pbeen really helpful. I think that

lzes the importance of establishing

t's been a big deal. What we're

® joke. It's very hard. 1It's very

bu know, I think, when I looked at

ly on, one of the biggest threats

bt sort of Dback from investors,

Jrs, were, you know, this 1is an

<

YV paradigm essentially that you're

think that the national focus on

blunt that criticism a little bit.

»

B

gulatory standpoint, look, I mean,

D

w irradiation capacity as well as

Y.

you know, really focusing on sort of

h is, you know, the sort of present

moly production. For a facility

you're essentially licensed as a
you know, it's -- there's a lot of
wess, that go along with that. And
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it's a big deal.

But,
driven really simy
is safety. And
safety.

But,
safe design. And
I think, to you gt
it's a safe desig

And
early engagement
of back and forth

You K|
through the NRC i
falsely recognize
coming to market.

But,
that, you know, wl
willing to engage

And
framework where
can, because othe

a legal set of co

But,

D

!

b

If

]

¢

N

v

1

I
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it the end of the day, it's still
ly by, you know, one GS spike, which

regulations are designed around
ve've always tried to really make a

then, you know, try to communicate,

ys, you know, Brian at the NRC, why

1=
.

bu know, I think we've had really

with you guys. And that that sort
has been really productive for us.
wow, I think getting new technology

5 recognized as a -- I think almost

I as a barrier for new technologies

certainly in medicine we've seen
ere -- where a staff are absolutely
and talk about things.

there's the current regulatory

e try and make things fit when we
rwise you're -- you're getting into
plexity too.

from the first

let's start
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principles. And

later, but, make
why you think you
And
priority, you knd
back and forth on
DR. H
support what Greg
had the --
with ¢

we work

Organization of AQg

And w
with the FDA. Ar
been extremely su
and bringing alte

The
blessing and a d
we've, you know,
quickly.

And
situations where
it just takes tim

And T

that, you know, m

is in t
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I'll probably say more about this

t safe. You know, and then explain

ve done that.

o far, I think because it's a

w, we've had really good, I guess,

that with the NRC.

NRVEY : And Brian, let me add and

4

has just said. But NorthStar has

he unique position that not only do

he NRC, but we work with the

greement States.

r've also worked even more closely

id these agencies and entities have

pportive of what NorthStar's doing,

rtnative technologies to market.

OVID situation has been both a

lirse. There are situations where

the agencies have responded very

there have been other agent

the time lag is still there. And

D

e to get things done.

think more important long term, is

qd

iny of these time related endeavors

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



that are needed tg

if we could find W

really be helpfq

impacted some of |t

But, n

delays related to

been in place, thgf

need to start thip

MR. B}
weigh in on this.
Greg have said.

Rathep

policy and regulg
seen the governmeg
to embrace this ng
Betwef

which we absolul

embracing this new
to staff up to rey
but also with FDA

We ha
earlier, from hid

uranium targets.

work with.
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b get a license or permit in place,

ays to streamline those, that would

1. Recognizing that COVID has
those.
levertheless, we still see some time

just the process that has always

B

way we've always done it. And we
itking out of the box a little bit.
I'd also like to

ROWN: And Brian,

Kind of echoing what both Jim and

than see the policy, government

tions as a hindrance, we've really
nt agencies really do all they can
rw technology.

rnn DOE funding domestic production,
rely support, and NRC obviously
technology, and doing all they can
iew some of these new applications,
1 a conversation, as was mentioned
h enriched uranium to low enriched

Really, the FDA was wonderful to
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converting from HY

they could to do

and this new procg

So, wH

both DOE, NRC, ank

MR.

n

all the responseq|

treat the mo]

construction pern
for us, recogniz
that the U.S. has
And
resources to it.
to is fd

is
protection of th
facility.

And g(
type of facility
We do have staff [
and test reactor

fleet, as well a

because of the d

facility.

¥

31

realized the importance of

iU to LEU. And they really did all
a rapid review of our application

rss for making moly.

h

really appreciate all the work at

I FDA as well.

MITH: All right. Thank you for
And from an NRC perspective, we
y-99 license applications or

it applications as a high priority

ng the policy position of the
taken on this.

so, we do dedicate necessary

And as you stated, our main purpose

L~

the safety, security, and the

-

environment from this proposed

b, it is a challenge. It is a new

for us to type for our review.
Involved that are from the research
regime as well as the operating
some of the fuel facility folks,
in the

ifferent hazards involved
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there is a mix of -- of technical

A

jetting them to take -- take on the

-informed perspective is what we're

e have laid out 1like a two-year

plete the review for the SHINE
application. And we are striving
lule.

e're working as best we can with

regsponses. And getting through the
lication.

reat. If we could have the next
|1 right.

elt because the importance of
tion 1in addition to traditional
on methods, potential moly-99
me, producers, propose subcritical

ies for the irradiation of aqueous

targets such as those proposed by

has also been innovation in the
generator technology by NorthStar,
high specific activity Tc-99m from

rity moly-99.
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leading question
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U.S. since 1989.
prospective produ
produce moly-99
elected to devel
produce irradiate
What
different approad
necessary for Ng
capabilities?
DR. H
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succinctly here £
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reactor that we I}
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pport these new technologies, the

lapted its review procedures and

1]

to facilitate timely completion of

¢ial production of radioisotopes.

could have the polling question for

-

e ? All right, thank you. Our

b

for this topic goes to Dr. Harvey.

pvember 2018, NorthStar began the

hercial production of moly-99 in the

while most

While most prosp
¢ters are developing technologies to

Hhrough uranium fission, NorthStar
bp a new generator technology to
d molybdenum targets.

motivated NorthStar to take this

h? Also, what are the next steps
rthStar to expand its production
ARVEY : Thank you, Brian. A good

And I'll answer, hopefully, very

T you.
rognized back as in last 2007 when
rst extended shutdown of the NRU

nave the ability to bring a unique
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intellectual proj
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generation of par

new class, dau
nuclear medicine
We wg
accelerator techa
related radioisot
So,
together allowed {
moly target withd
new generating sy
low specific acti
concentration, US
SO, w
could see a futurg
more importantly
that occurred wh
period of time.
So, w
we

could bring

strongly on both
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irket .

q

had been working with some

derty that we had licensed for a

hat was a platform technology for a

@nt -- daug -- parent/daughter re -

ghter new class of nuclide in the

market from their parent.

re already 1looking at electronic

jlology to produce various medical

opes .

rombining these two technologies

1s to produce moly-99 using a stable

bt the use of uranium, and bring a

stem to this market that could use

vity moly and produce high activity

P compliant, technetium-99m.

h

feel like that we felt like we

g
5. And then that was borne out even
in the 2009/2010 market shortages
en NRU went down for an extended

felt like we had a technology that

[4)]

to market. And we worked very

the electron accelerator, and the
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neutron capture p|
But,
what are we doin
expanded our pro
infrastructure,
Columbia, Missour
our Missouri Univ
In esq
with another appH
initial six curie
15, and 19 curie
By mi
provide more the
delivery every Tu
We al
our Beloit, Wisco
new state of the
with the complet
facility, the fir
onsite next month
in April of next

So, (

going to see a lot

and how we're co
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ortion of producing material.

he second half of that question, of

to expand this technology, we've

Juction capabilities with both new

aind related FDA approvals at our

1 facility. And that we work with

ersity research reactor partners.

rly January of this year, we also,

bval from the FDA, we replaced our

offering with seven and a half, 12,

fa
&

source offerings to our customers.

1-2021, we'll have the capacity to

100 of these sources for each -- for

esday morning to customers.

I

o have major expansions underway in

msin facility. We're commissioning

q

irt hot cells and fill lines, along

dlon of a new electron accelerator

t two of which accelerators, arrive

=

. And will start being installed

year.

pbver the next year or so, you're

of announcements out of NorthStar,

ntinuing to expand this production
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approvals in the

So BrY

answering both qu

MR.
Dr. Harvey. Let'
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develop new techn
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DR.
we did. You know
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ley'll be related to multiple FDA
future, we believe.
ian, that's kind of a summary of

estions in one quick answer.

MITH: Okay. Thank you very much,

see, we have the polling responses

like the first one 1is the most.

why have companies elected to

4

®logies, rather than utilize proven

Faa)
\"Z3

[EFER: So, I can weigh in on why

we -- ours is sort of a combination
rtors.

d

1, I got into this frankly, wanting

nergy in the beginning. And see

as sort of a stepping stone to

u know, this was -- this was a neat
for fusion to play a role in, on
fully someday producing energy.

nk the other sort of challenges,
the economics of investing in a

payback time associated with a
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production method

is still coming

isotopes.
And 1
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right? That's w4
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chain.
You k

reactor 1in the Ng

jumped to over $1
early stage.

So, Y

tend to not come ¢

in the amounts o

actually making af

for us a new react

doesn't -- it doeld
Now,
that. And I thi

disagree with tha

you know,
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nt in a new reactor, it gets pretty

r fast.

ring in sort of a reactor-based
you know, I think the JHR reactor
online, and still not producing

think the all in cost on that is
| to be around $2, $2.5 billion now,
ry expensive when you look at how
s to be made in the moly-99 supply
now, I think that the new PALLAS
therlands, the most recent estimate
billion on that. And it's pretty
bu know, we know that these costs
own as you get more and more detail
f design.

So, when vyou look at

L investable proposition, you know,
or is sort of not on the table. It
i1 't make money.

there's varying views on

nk there's other people who might
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technology as wel
advantage of a 1
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that's sort of our perspective on

4

given when the supply chain is,

ded to come up with a way that was

ng to include a radiation capacity,

proposal, you know, you needed to

vy to do that more cost effectively.

or us that pointed as, you know,

|

chnology. And then on top of that,

1're using a source like SHINE's, we

sed sort of neutron flux then you

]

ind in a reactor.

o that that necessitated new

L.

How do you how do you take

wer flux then you would typically

and still make the same amount or

A

now, we believe that the factory

the U.S. will be one of the largest,

ly, the 1largest medical isotope

drld. Despite the fact that it's a

ilcense with the NRC actually goes up
out 82 hundred,

six-day curies per

ow, it's going to be a really big
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factory.

But,
technology essent
in a way that wg
supply chain -- of
current supply
reactor produced
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effective solutio
to the conclusion

DR.
quick sentence he
Greg has just sai

New t
nuclear nonprolif

the market away

reduction of ove
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And t
already exists in
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production of mol
B
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we had to we had to invent new

lally, to make that low flux usable
uld produce moly that the current

Hr goal was to produce moly that the

Mhain couldn't differentiate from
moly.
bu know, in order to make a cost-

n that was scalable, for us, we came

that new technology was needed.

IMRVEY : And Brian, let me add a

re. To sort of go along with what

=2
.

echnologies assist in DOE's goal of

ration, because they've helped move

from HEU. They assist in the

h

rall waste in the production of

opes .

hey augment the infrastructure that

the market, by providing more ways

ilal, increasing the reliability of

¥y worldwide.

ROWN: Well Brian, let me also add,

moly producer, and a conventional
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tor producer, we are constantly

improving conventional production
we convert it from HEU to LEU, we

efficiencies. So, we made our

ion more efficient and more cost

so, looking to the future, I mean,
ntries. We welcome SHINE to the
laking -- they're going to make moly

I our generators.

they can make it reliably, and in

rocess, we'll be more than happy to
noly in our generator system.

're improving on old technologies.

-y

looking forward to these new

I

MITH: Okay. Great. Thanks. 1I'd

ier one of the questions from the

ydditional tools or resources would

bing new technologies, and getting
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IEFER: I can I can offer some.

new technology in nuclear is really

y difficult to get private capital

mow, it's -- and I think it's just
mes involved that are very 1long,
I think, typical venture investors

of returns.

now, you know of need somebody who's

|

nt capital that's really willing to

you know, and the NNSA program is

t's really awesome.

rou know, that -- if you don't have

b

that doesn't that doesn't

share,

think that created, at 1least for
pite NNSA's patience and good will
bu know, that slowed us down gquite

m the beginning.

obu know, I think there 1is an R&D

in nuclear in general, where there's

fe
]

ssistance for really neat projects.
¢reasing.

mow, I think we are seeing more of
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And 0
it's some sort o
that would be 1¢
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such a way that t}
were trying to
sector, that then
that there was so
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0 seeing the private sector put up

lear. But, so our grants are a big

ffi the barriers for us, just was, you

ht. The NRC reimbursement fees are

| entrants in pre-revenue companies,

~

=

just a mandate of how the NRC is

K with, you know, I think 90 percent

T don't know if there would be a way

s developing new technologies to do

ew that would help them convince

ey were on the right path.

aybe it's not a full review, but

T --

engagement with the NRC that

5s expensive. And allow them to

latory path they're proposing.

ype of system they're proposing, in

ley'd have more confidence when they

itch their ideas to the private

<

D

was a good regulatory path. And

me certainty.

now, we were lucky enough that the

n medical isotopes as we as we
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end of the road.

So,
think about. I
companies to get

regulatory path,

and is going to r

MR. S
a little bit. Th
you're Jjust tall

reactors that are

And 1
license applicati
reactor design.
developing guidan
as well as simila
isotope facilitie

So,

O

a way to kind of
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And you know, there was new interim

D

ing drafted as we emerged, and so

was included in that interim staff

was useful for us. I think if that

you know, that might have been the

bu know, that's just something to

5 how do you get new innovative

]

some confidence at least, in the

hich is long and expensive overall,

N

equire some patience.

MITH: Yeah. I'll respond to that
lere are a lot of parallels to what
ding about, to the new advanced

being developed today.
ike medical isotopes, we have one
pn in with us now for an advanced
And we're kind of in the process of
¢e for these new advanced reactors,

H to what -- what we did for medical

$s back a while ago now.

le thing that we would encourage, as

address what you said there Greg,
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f early review. For the advanced

when we have discussions with

re
pplicants, we really encourage pre-
rment with us.

fore you submit an application, you
or white

e call, topical reports,

topics. Things that you're going
5 as part of your application.

's a white paper, we can give you
tten feedback on our initial review
f it's what we consider a topical
tually write a safety evaluation on
that 1if the information stays
time you submit your application,
at previous review as part of the
lat application. Kind of you get
pu did previously.

the more

b, so those that you do,

an give vyour investors that the
proceed through.

ARVEY : And Brian, can I have a

the NRC and the FDA? The agencies

rery significant role in the future
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ne .

hat many of these alternative

ire approvals from one or both

int FDA/NRC panel last October that
was a very, very good first step.
vo agencies that are most directly
together, and listening to what's
future that those agencies need to
hing. So they can be prepared.
would strongly endorse that that
ecomes a regular forum so that the
agencies, NRC and FDA stay abreast
in the future of nuclear medicine.
IITH: Great. Good point. Another
ere are other parts within the NRC
in this whole process.
the

my group, my division does

production facilities. Another

her office handles the use of that
1]l uses.

there 1is other coordination

so,

he, within the agencies. So, good

S

14

f we could have the next slide,
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the veterinary sp
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we get into the
remind all the

session,

right.
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ve onto our final topic. Which is

1cal radioisotope production on the

lear industry.

rive to establish a reliable supply

Jioisotopes has encouraged the

w technologies that may be used for

research and military applications.

RC's review of medical radioisotope

also demonstrated an ability to

]

te new technologies.

if we could have the polling

1 can see on the slide there, it's

uses of the materials, including in

ce.
want to mention real quick before

lead in question. I just want to

eople that are 1logged into this

d

] can submit questions off to the

nce we finish this topic, we are

the Q&A session. So, if you have

questions, and if we have enough

time, we'll try t® get to as many as we can.
All nlight. So, the first question, or
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constructing this
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Europe, and pro
therapeutics faci
Also,
has had on the
technologies?
DR. P
fun question for
getting more effi
our company's evo
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there
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H

jtion for this topic goes to Dr.

is currently constructing its

a

roduction facility in Janesville,

the NRC reviews 1its operating

bn for eight subcritical operating

B

¢ production facility.

lessons has SHINE learned from its

designing, licensing, and

facility that it intends to apply
brts to build a second facility in

duce lutetium-177 at its planned

Ll ity?

what influence do you think SHINE
development of other new nuclear
1 Yeah. cool. This is a

[EFER: So,

me actually. Because learning and
tient has been really important to
lution since it was formed.

ou know, I think one of the things

struggled with really early on is,
is a status quo in nuclear.

H's not, from my opinion, it doesn't
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whether it's due
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or what.

But,
goes back to wh
earlier, vyou knd
yourself if the p

And
principles does A
or does the path
sense?

And
the interface wiy
Right? 1It's a sa

Do ws
even though this f
reactor

a power

different then a
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do necessarily at the regulatory

just sort of the way business has

iclear power has a certain way of
at for various reasons in my view,
flicient as it could be. You know,
to decades of cost-plus contracts,

j maybe some of their own behaviors

you know, I think for us -- and it
Ht I was saying a 1little bit of
w, vyou always Jjust need to ask

th you're on makes sense.

q

so, you know, just 1like first

does the path you're going down,

]

somebody's recommending to you make

bu know, that comes down to, from

h the NRC for example, is it safe?

mple question.

do it 1like a power reactor did,

process looks totally different than

and 1its hazards maybe totally

power reactor?
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sometimes those 7
And no matter hoy
that's the only ¥
ask vyourself, dog
safe?

Is th
safe? And you k
it's been done?
the NRC for examg
you know, our app

I thi

up, because I thi
safety is sort of
operating philosg
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imes the answer is vyes. Sometimes
y good methods that have been
And they're applicable. And we
you know, sometimes no. And

nethods just don't make any sense.

M

loud somebody shouts at you that

ay you can do it, you're going to

147

S

is that required to make it

't actually the best way to make it

q

mow, do you have to do it the way

Well, I don't know. Let's go ask

le, and see what they think about,

roach.

nk there's a lot of trust been built

mk people at the NRC know that like

really, really core to our company's

phies. But, we're not necessarily

I

q

iditional way of doing things.

I think that's something that new

A

Age any new company in nuclear, or

any in nuclear, to really consider
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early days how ma
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So,
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attitude SO

yourself, does an

safest thing we c¢

I ten
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be the safest and

And s
the biggest lessd
we intend to applj

really probably v
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mean,
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things are done, know,

vay you

reasons why they're done that way.

o tie back to the

necessarily

hey don't necessarily tie back to

S. And in many cases, the way

don't tie back as it turns out.

I can't tell you, during the

my times I had to ask the question,

ation that says we must do it this

w, nine times out of ten, it comes

-- 1it's not

okay, maybe it's not

on, right.

bu know, I think that questioning

rt of always, vyou know, asking

approach make sense? Is this the

q

an actually do?

1 to prefer simplicity. You know,

hat the simplest solutions tend to
the most practical to implement.

, you know, that's sort of probably

h, I guess, I've learned, and that

| going forward. And I think that's

bry foundational to our efforts to
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177 for example.

of what what

Inow, 1n terms

1md on others, I hope we've had an

[sS.

now, I think building a, you know,

lle facility that is licensed under

ramework of a reactor, you know,

I think,

in a long time for

licine, and you know, using this

K for a long time.

bower,
eing really focused on having to

jving to have a business case that

while meeting all the requirements,
safety and regulatory perspective,
. done in a long time.

u know, I think the at -- you know,

ve we use it all the time, the

Faa)
L3

folks at the NRC refer people to

lee application if they want to see

yvou know, that's great. And I hope

now, it took us a long time to build

Wllture that we have now. And that's
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hope people can do more quickly in
about my little friend here. 1I'll

t, yeah, that would be the biggest

would be nice if people could take

r experience.

IITH: All right, great. Great. I
riend's play area there in the
1. It looks really nice.

ts would love that.

IEFER: One of many. They're
\ter)

MITH: All right. We have our
P now. Four questions this time.

is the one with the most response.
lat is the next challenge that needs

nce a stable supply of moly-99 is

ly want to take a shot?

ARVEY : I'll take a shot at it,
IITH: Okay.
\RVEY: I think that, you know, you
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-- with a staple supply, you need to get
sustainability 4gnd vreinter -- re-energize this
energy, this industry.

And w
sure that indivi
technologies, new
are being done in

So,
training, are the
future.

MS. D

as well. You
perspective and t
the main things
attention to, and
forward, is notin
front or back end
So,
technologies, eve
need to receive.
or whether that's
So, T

the supply chain

following the mol

e¢'re going to need to start making

duals are trained on all the new

approaches, innovative things that

this industry.
sustainability, reliability,

things that we see necessary in the

I1X: I can jump in here a little bit
know, I think from the NNSA's
lhe government's perspective, one of

rhat we want to make sure we pay
that we address as we need to going
g any issues relating to either the
of the supply chain.

know, for of these

you any

nybody has source material that they
Whether that's enriched uranium,

enriched molybdenum.

think, you know,

making sure that

on all ends, not just, you know,

y after irradiation and getting it
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and to the hospitals, and to the

ler to make sure that that happens,
ctention to the sufficient source
ront end.

hen addressing waste on the back
g is going to have a different waste
mt disposition pathway.

think those are two very important
least need to pay attention to as
nd for the supply chain to be stable
m the long term.

ROWN : Well, and I'd also like to

Hre and talk really about the future

e .

1]

past, nuclear medicine has largely

To go in and diagnose disease, or

Inction of an organ to see how well

eally, the new direction of nuclear

o therapeutic end. And the research

ed a large role in this in producing
hes .

n, for years and years, the research

oroduced the majority of the
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muclear medicine.

ome of the nuclear power plants are

involved too. I mean, we have

lants globally that are already

137, cobalt-60, even a moly-99

at a commercial power plant in

I think not only the commercial

addition to the research reactors,

n the future. I mean, we're going

need for things like lutetium-177

eed a lot of reactor space.

t only -- not only can the research
le, but I also think that commercial

nts will play a role in the future

¢lear medicine.

NMITH: Great. Great. Good answers

we have some more time. So, one

H

»

tions that got a lot of responses

her areas of nuclear medicine that

from establishing new medical
daches?
think Roy, you touched on some of

apeutic approach.

But, any other

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



specifics that an

DR. P

is the biggest -
exactly right abo

And t
substantially hig
so, 1it's a more if

players.

But,

chain isn't great

lutetium-177 as a
And I
out there for ths
SHINE as well.
But,
not

chain's gre

Ytterbium-176, wh
primarily source
Russia and primar
So,
applications of t
to that, right.
SHINE radiation

that's produced

56

yone can think of? Okay.

[EFER: Yeah. I mean, therapeutics

the big up and coming. Roy was

wt that.

H

e reimbursement for therapeutics is

NHer than it is for diagnostics. And

nwestable business case for a lot of

the therapeutic

yvou know, supply

either. You know, Roy mentioned
really exciting isotope.

think there's a lot of drug trials
And we've got a focus on it at

you know, the raw material supply

at for that either. Enriched
1ich is, you know, required for that
pf thing, pretty much only made in

|1y sourced from Russia these days.

rou know, there's there's

echnology, you know, that may apply

We actually believe we can use the

facility for any medical isotope

with a neutron capture that is
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msmutation. Right.

here you have elemental separation

t nucleus and the daughter nucleus.

use chemical separation to get back

ic activity, even if there's a

lower flux.

now, the particle beam technology

ped for driving the fusion reactor

ally in some ways for enriching

q

in types of isotopes.

ou know, 1f we want to make our own

i example, that's actually something

doing. And so, you know, there's

lcations of this.

50 see, you know, what we're doing

N

lsion side, in generating these high

burces, fusion neutrons are, you

eV, sort of average output energy.

sort of puts them in an ideal range

&

1ion for things that could be really

i

m. Like for example, transmutation

we look at handling the waste

en building up from power reactors,
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the one thing ped
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concentrate them
neutron flux, you
right, in the peg
N-3 on reactions

3

And
down to be much
actually expect
facilities come g
time we've needed
little bit, that
transmutation sor

So, I
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are an awesome source of low carbon
on energy effectively. You know,
ole complain about the most is the
| sotopes.
if you can separate those and
and put them into a high energy
get a large number of, it's 14 MeVs,
k of the cross section for N-2 and
for just about everything.

© you can transmute these things
shorter lived half 1life.

So, we

that, vyou know, as our medical

nline, and sort of the engineering

to dedicate to that, frees up a

we're going to move into waste
of over the next few years.

think there's a lot of neat sort of

ns that will come out of this. I'm

about some of those that will come

rar technology as well.

But, fior us, you know, we see really neat
spinoff applicatiopns.

MR. SMITH: Okay. All right. Okay, if
we could have thg| -- well, before we go to the next
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le to join us via phone, as opposed

dnnection.

if you're able to -- we can unmute
nere anything you want to add to any
opics?

ITKOWSKI: Yes, Brian.
NMITH: Go ahead.
ITTKOWSKT : It's -- okay, are you
NMITH: Yes.

[ TKOWSKTI : Okay. Thank vyou. One

's very exciting is the development

Nistry. Which is a metal chemistry.

ne of the future products to come to

be gallium-68, labeled PSMA, for

cancer.

at the same time, as the metal

eloping for the gallium products,

yenating interest in technetium

same product, for PSMA for prostate

hat opens up, instead of positron

lhy cameras being use, going back to

on emission commuted tomography
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cameras.

hat can bring more opportunity for

jing centers to provide services for

opulation that will need to be

prostate cancer and its advanced

nat opens up with prostate cancer.
products that are being developed
g will open up more opportunities

maging in breast cancer and colon

Hjncer can follow as well, all this

tumor imaging.

Hen following on with the therapies.

these products would be developed

concomitant therapy that could

soft tissue and bone disease and

reast, or colon cancer.

you.

MITH: All right. Okay. Glad

[4))]

connect and come through clearly.

f we could have the last slide?

ow that we've explored our prepared

bw turn to questions from the

e run out of time Dbefore your
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submit those at a
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fleel free to reach out to any of the

ed on the slide, and we will follow

=

1

t you the information that you're

Ive a couple of questions. And T

couple of those.

me of them is, the NRC staff has a

=)

& the commission that would make

h

s, innovative changes to NPUF

lng medical radioisotope licensing.

s of that rulemaking?

&

rulemaking is still before the

we're still waiting to get the final

And then the direction from the

1 have any questions, feel free to

my time. We have two more here.

bpf the U.S. goals was to have

i1l cost recovery for moly-99

h the number of new projects, both

, and being planned internationally

upport, can that goal be reached?

goal being full cost recovery for
1

1. Joanie you want to take a shot
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IX: Yeah. I'll start off. And

B

¢ else wants to jump in.

wll cost recovery effort was really

ded and led by the OECD. They

jh level group on the security and

radioisotopes.

wo of the main things to come out of

Hs already mentioned, which is the

pacity. And the other was focused

cost recovery.

nk, you know, the group has shrunk
ah, Roy?

ROWN: Go ahead, Joanie.

IX: Okay. The group has shrunk a

COVID has made

(I\

past few years.
ill.

he full cost recovery portion of

s, I think it's something that
ggled with, and continues to do so.
not sure, vyou know, that I can

one way or the other that will be
it's certainly something that the

certainly the U.S. government
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Roy,

MR. B
I can address th
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group that Joanie

And t
recovery for quit
with the research
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for those researc
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done, is they'
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attention to in terms of trying to
lance 1is.

ou can support the industry so that

stable, while making sure that you

so much money in that vyou are

q

king it unstable in the long term.

over to you.

ROWN : Yeah, thanks Joanie. Yeah,

conventional production of moly.
y with that same high level working
mentioned at OECD in Paris.

hey have been pushing for full cost

h

e a few years now. What we've seen

reactors we use to irradiate moly
seen a loss of government support

hh reactors.

vhat those research reactors have

e systematically increased the

All

s for all the moly production.

ts are going to the reactors for

ve seen increased costs on our end.

il

\lr after year in the name of full

h

e understand that.
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cost recovery, if
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production standg
full cost recover

DR. H
the new technoloq
have accepted fed
full cost recover

So,

W

entire market 1
because if not,
full

cost reco

disadvantage in
market is potenti
MR. S
one other questio
What
radiopharmaceutic
DR.

information that,

program in produc
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ink that has stabilized the market

D

¢ have gotten to a point where full

it's not -- if we're not there yet,
close.

from a conventional moly-99
bint, I think we're very close to
Y IOW.
ARVEY : And Brian, I can add from

nmy side that especially those that

cral support, we're required to be

Y -

D

¢ look forward to the day that the

§ completely full cost

recovery,

those of us that have implemented

Wyery  programs, could be at a
the market. And that means the
@lly unsustainable.

MITH: Okay. Thank vyou. We have

m that's been submitted.

does the future of alpha emitting

q

1ls look like?

HARVEY : I can ©provide some

because NorthStar's got an active

Ing Actinium-225 as we speak.
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amount of researc
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emitting radionuc
And
bright for a
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MR. S
MR. B

to agree with Ji

emitters is very,

With
Actinium-225, as
thorium-228, ther

being done by Cuy

therapeutic alpha
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1 -- if you look at the history of
notherapy  landscape, there's a
¢curs every other year. It's -- it

Japan in 2017. There were slightly

participants.

tawa, Canada two years later, there

bants. The amount of work, the

]

Ih, the amount of money that's going

radionuclides, in particular alpha
lides, is significant.

[ do believe that the future 1is
pprovals with alpha emitting
MITH: Roy?

ROWN: Yeah, thanks Brian. I have

m. We think the future for alpha

very bright.

the advent of isotopes 1like

Jim mentioned, but also lead-212,

D

are a lot there's a lot of work

<

ium and other companies looking at

emitters.

()]

think there's quite a future here.

therapy or the current therapy out
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clear future for
MR.
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sufficient in dev
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And ¢
a reliable supply
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are supporting ou
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be a, you know, s
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commercial marke
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ind probably for the next few years,

beta emitters.
Chere's some clear advantages with

)| from alphas. We think there's a

q

11lpha emitters in nuclear medicine.

All We do have

W8]

MITH: right.

that came in.

Ho you expect the U.S. to be self

eloping or producing moly-99? What
1sotopes?

€2

IX: I'll start off here. I mean,

¢omplicated question. And I think,

ling that I want to make sure to
this question is rather complex.

nsuring that the United States has
will probably be a blend of both
You know,

rnational producers. we

iH domestic entities here in the U.S.

m up to the capacity that they can

table sufficient supplier.
ultimately that's -- it's a
1. And it will -- 1it'll wvary

hat goes between both international
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wcers.

the NNSA side, the one thing that I

is that we released a funding

ncement in July of last year. And

rough that process.

me of the key parts of this funding

mcement for the domestic producers,

have an established production

end of 2023.

)

¢ are really driving hard from the

ible to provide financial support to

n be up and running in the U.S. by

least by the end of 2023, if not

=)

=

are hoping that 2023 will be a

the U.S., and seeing additional

line by that point.

MITH: All right. Great. We have

obably around four, three or four
1 would like to make some closing

I'm open to doing that. Both,

9o,

inal remarks you want to make real
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ARVEY: Yes. Just first of all, an

the commission having this type of

1nging industry together and making

1lg the comments and those of us on

le to people who have questions.

dly, I want to just repeat what I

5 ago. The joint session between -

&

etween NRC with NRC and FDA last

remely wvaluable in understanding,

les to understand what's coming for

nuclear medicine and the new

H are going to support the future of

ongly recommend that these types of
ome regular, rather than just
MITH: Great. Great. Roy?

ROWN: Thanks, Brian. Yeah, I want

for including the medical community

or the RIC.

We rgtognize that the RIC is very well
attended. It's |always highly anticipated by the
nuclear communpity, both nationally and
internationally.
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just want to recognize NRC and

Ing this medical panel.

MITH: Sure. Greg, any final
IEFER: Yeah. No, I think it's
lly exciting time for nuclear

do want to applaud, you know, some
eing taken to make nuclear more
ticularly the innovative start up
think that's really awesome.
now, and I think piggybacking on
you know, we really are looking
j our role in helping the U.S., you
I know NorthStar's already there.
really looking forward to playing
shoring wup U.S. production, and
a leader in production of isotopes
tn exporting, right.

oducing a robust enough supply that

verseas. I think there will always
ming in, and I think that's a good
Lk it's -- it's good to have diverse

of sources, and a supply chain that
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lple places.

think that the I think there's

rnd of the tunnel. I think the

R

s have done an awesome job, you

h

e supply chain.

nk there's some tough situations.
Nopefully going forward, the U.S.
Jsition of leadership in isotope
NMITH: Great John, do you?
NITKOWSKTI : All right. Yes. I
what the NRC has been doing. And
xpanded over to looking at the
frience of authorized wusers, those
can 1inject alpha emitters, beta
diagnostic imaging.
o the NRC is far reaching, and

Iing criteria and authorized user

r11 as the new and emerging

als. How they will license such

solid tumor products and other

actinium products, and such.

he NRC is definitely looking at an

llace in medical isotopes. Thank
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MITH: Great. Thanks a lot, John.
fore we end here.
I1X: Yeah. 1I'll just -- just a few

hink, you know, I really appreciate

ogether this panel, as, you know,

said.

&

T think it's particularly important

0]

medical isotope industry side of

that, you know, from a licensing

dnow, medical -- moly-99 and medical
rertainly resulted in some new and
ements with the NRC, I think from -
domestic companies for sure.

s you mentioned earlier, I think
Jarallels that can be drawn for some

going on with advanced reactors in

g areas.
1 think that hopefully this was
Wy just for the medical side, but

mew nuclear regulatory industries.

MITH: All right. Great. I just

1 my panelists for participating

a wonderful session.
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L1y appreciate all the all the

we've had and the participation by

blic as well in responding to our

look forward to continuing these

D

¢ future, and the future of medical

®, thank you once again.

his ends our panel session. Thank

eupon, the above-entitled matter

rd at 2:46 p.m.)
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