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 Social justification.

« Economic justification.

« At DONES every step, from production to patient, is completely new: INNOVATION.
« Several conventional and new radioisotopes are possible at DONES

« Conventional and new radiopharmaceuticals will be needed.

« Conventional radioisotope could need a new process to get the radiopharmaceutical.

« This talk is focused on neutron and deuterons and:

o PMo/*MTc.
» 80% of all diagnostic medical scans worldwide.

o 7Lu.
» Emergent theranostic (diagnosis and therapy) and in expansion.
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Social justification

« Radioisotopes and radiopharmaceutical are key for:

« Diagnosis of cardiovascular and cancer diseases.

* Therapy in cancer.

y World Health e a)th Topics v Countries v Newsroom v Emergencies v

¥ Organization

e PET techni gue Alzheimer. GHO Home Indicators Countries Data APl v Map Gallery Publications Data

World Health Lo z1th Topics v Countries v Newsroom v Emergencies v Data v About WHO v

Organization

GHO Home Indicators Countries Data APl v Map Gallery Publications Data Search

eath in Spain for both sexes aged all ages (2019)

10 DALYs | Underlying data | Download with OData API

Top 10 causes of death in United States of America for both sexes aged all ages (2019) Top 10 causes of death

Hide filters | Top-10 deaths | Top-10 DALYs | Underlying data | Download with OData API Ischaemic heart disease
Fllters Top 10 causes of death Alzheimer disease and other dementias
Country

Ischaemic heart disease Stroke

United States of America

Alzheimer disease and other dementias Trachea, bronchus, lung cancers

Year
Chronic obstructive pulmonary disease . X .
2019 v Chronic obstructive pulmonary disease
Stroke
Sex Colon and rectum cancers
Trachea, bronchus, lung cancers
Both sexes v ) ) Lower respiratory infections
Kidney diseases
Age group ) )
Drug use disorders Kidney diseases
All ages v
Hypertensive heart disease Hyperensive hear disease
Colon and rectum cancers Diabetes mellitus
Diabet it t T T T T T |
anetes metius 0 20 40 60 80 100 120
0 20 40 G0 30 100 120 140 160 180 Deaths per 100 000 pclpulation
Deaths per 100 000 population
e i - A A
g \@( 0, Ciemat r—7 ¥
Javier Praena — Universidad de Granada Centro de Investigaciones _— — 3
UNIVERSIDAD DONES-EVQ  Energéticas, Medioambientales EMPRESARIOS AGRUPADOS

DEGRANADA y Tecnologicas




Economic justification

ATTRACTIVE OPPORTUNITIES IN
THE NUCLEAR MEDICINE MARKET

Market growth in the APAC rowth |n thls market is mainly _~_  Emerging countries are
can be attributed to the rlven the increasing @ expected to offer potential
increasing research initiatives |ncadence and prevalence of % growth opportunities for
in Japan, rising installations of cancer and cardiovascular market players during the
PET scanners in India and diseases and the need to forecast period.

China. and initiatives by the reduce the demand and

Australian government supply gap of MO-99.

NUCLEAR MEDICINE MARKET

GLOBAL FORECASTTO 2028 (USD BN) . The European nuclear (©) Hospital budget cuts and
\/:/ medicine market is projected ﬁnﬂ high equipment costs are
to reach USD 2.2 billion by expected to pose a challenge
2028, growing at a CAGR of to the growth of this market.
11.3% during the forecast
period

The Mo/Tc is anticipated to account for a major share
of the global market for radiopharmaceuticals by
2031

The global nuclear medicine
market is expected to be
worth USD 9.4 billion by 2028,
growing at a CAGR of 11.3%
during the forecast period.
2021

2023
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The pathway of radioisotopes: no time to lose

Processing

Production
Nuclear Wi
Reactors HLA /A
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Cyclotrons 1 .,

Hospitals

Innovation at DONES:

Different nuclear reactions.
Nuclear reactors (n,y) -> DONES (n,2n)
Cyclotrons (18p,x) -> DONES (40d,x)

Innovation at DONES:

Innovation at DONES:

Different processing for
conventional radioisotope to
radiopharmaceutical.

New radioisotope...

New
radiopharmaceuticals
and new radioisotopes.

Different contaminations, different

experimental setups
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PMo/?*MTc: where is produced at present? Few nuclear reactors

From fission of Uranium (high production)
Or
Neutron capture: ®Mo(n,y)**Mo (medium production)
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The reactor must be designed in advance for
producing **Mo
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PMo/>°MTc : Molybdenum world crisis 2009-2010

Unexpected stops at the same period of few nuclear reactors.
Important delays in diagnosis (80%o of total!!!).

Radioisotopes: The medical testing crisis

Europe's isotope shortage will
continue into 2009

With a serious shortage of medical
t nuce

Hospitals forced to use substitute procedures for medical
scans.

1" ANNUAL
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Annual Review of Nuclear and Particle Science
The S| ‘

2020 ..

There is a follow-up of the
e situation of the Mo/Tc by
(ST international agencies.

Keywords
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Last small crisis
In Spain




PMo/®MTc : where at DONES? Test Cell

Best location for production.
Close to the Li jet.
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PMo/>°MTc: at DONES different reaction with natural target
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PMo/>°MTc : production at DONES

Behind of HFTM 6 irradiation day (GBg/g of Mo)
Shutdown ~ 48,2
5 days decay ~10

Comparable with medium production at nuclear reactors.

10MoO, enriched samples, the regional demand of Andalucia could be satisfied, most conservative.

Other radioisotopes could be produced simultaneously.

But in/out device from Test Cell modifies the production...
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PMo/>°MTc: infout device modifies production

Insercion lateral . . .
‘ v Permite insertar muestras automaticamente con perlodos

A programables de tiempo de irradiacion

\ \\\\§ Test Cell i
x l v' Maximo aprovechamiento del area de mayor flujo neutrénico

HFTM
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v" Posibilidad de irradiar grandes volimenes: ~ 100 cm3.

Entrada muest

\
__ = I %

v' Ejemplo: 6 dias de irradiacion para °Mo (95%)

* Produccion estimada de ~ 13 TBg de *Mo/*"Tc,

m—— ///*\\\\\s\\s\\\\\\\\\\\\ i = i « Cubre las necesidades del 70% de la poblacién de Espafia
e T Rews
1 e f‘" v Mantener la estanqueidad de la Test Cell
BE v' Conservar los requisitos de blindaje radioldgico de la TC
v' Soportar las extremas condiciones de irradiacion
E = [
Conducto de insercion
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PMo/>°MTc: infout device modifies production

|’y
: ;

Insercion Rabbit ~ STUMM

L , = ‘ J Seccién horizontal

Dos o mas filas de dispositivos Rabbit en la
posicion de irradiacion

R

v No hay cambios de disefio del blindaje de la TC, Retos (los mismos):
porque utiliza los tubos que pasan por los PCP.

v Ejemplo: 6 dias de irradiacion para 1°Mo (95%): v" Soportar las extremas condiciones de irradiacion

+  Producci6n estimada de ~ 2 TBq de %Mo/ Tc. v" Disefiar de los tubos del sistema Rabbit para evitar blogqueos.
» Cubre las necesidades del 100 % de Andalucia.



1771_u 1s the most emerging radioisotope

» Theragnostic = diagnosis and therapy. Number of scientific publications vs time:

 \ersatile radioisotope and one the most important

o Therapeutic applications of %Y and 177Lu
emergent radioisotopes.

« Currently, 1"7Lu (6.7 d) is under study for several other 50 { Pub Med — GMP LU
- Th tic Studi Tagcd
tumours with good results. g R g N wlr
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1771_u: where at DONES?

Not using neutrons (low production at TC)

Using deuterons on natural %Y ,0, target: innovation.

Two reactions produce Lutetium-177 with deuterons:
d+1%Yb — n+17Lu (6.7 d)

d+176Yh — p+177Yh (1.9 h)—177Lu (6.7 d)
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1771 u: where at DONES?

Possible deuteron beam deflection to R026 at 40 MeV and 1.25 mA

*  Simultaneous to the irradiation of the Li target /" Courtesy of
| T — VR M. Vézquez
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77u: innovation in production setup

Deuteron

Deuteron

ﬁn

A realistic device is designed to sustain the power.
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177_u: production at DONES

Specific Activity .
- (GBag/mg)

NUCIear 176 177 177
Reactors 100 7 Yb(n,y)177Yb—177Ly
DONES 1,11 3 176¥Yb(d,p/n)""Yb—-1""Lu

Same production in half of the time!!!
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More radioisotopes are under studied
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Vida Reaccion Convencional Blanco Reaccion en DONES Aplicacién
uc 20 min p +14N gas 10B(d,n) baja Multitud de diagndsticos PET
13N 10 min p +13C s6lido 12C(d,n) baja E Diagnosticos PET en cardiologia
150 2 min p +15N gas 14N(d,n) baja E Diagnosticos PET en cardiologia
18 110 min p+80 liquido d+?°Ne -> a+18F Multitud de diagndsticos PET
68Ge/%%Ga 270 d /68 min 69Ga(d,3n) alta E Diagnosticos PET del cancer
64Cu 762 min 63Cu(d,p) baja E InmunoPET y terapia
8Zr 78 h 8Yy(d,2n) alta E PET metabdlico
44Sc 4h/58h 4Ca(d,2n) altaE Gamma-PET
%mTe 52 min 2Mo(d,2n) alta E Gamma-PET
Lu 6d n+ 178Yh 176¥p(d,p) altaE Terapia del cancer diversos tumores
Ny 64 h 8Y(d,p) baja-alta E Terapia del cancer por radioembolizacion
161Ho 2.5h 161Dy(d,2n) alta E Terapia del cancer por electrones Auger
125] 59d 126Te(d,3n) alta E Terapia del cancer por electrones Auger
Un 2.8d 12Cd(d,3n) alta E Terapia del cancer por electrones Auger
195mpy 4d natpt(d,x) alta E Terapia del cancer por electrones Auger
@ O Ceme Ea 18
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18F: innovation in target designed

Wacuum Isolation Foil
/He]ium Cooling Outlet

/ Water Cooling Jacket
—~
Target G Wisconsi Target
arget Gas
ﬂ/ 1 | | Gas Inlet/Outlet
Target Foil

. Cyclotron 18 MeV 10 pA DONES 1.25 mA Wisconsi Updated DONES 1.25 mA Wisconsi

I Reaccion Blanco GBq Reaccidn Blanco  GBq Reaccidn Blanco GBq
Tl p+180 - n+18F  H,280 142 d+2Ne — at8F  Ne 461  d+2Ne — o+18F  Ne 150

(lig) (gas) (gas)
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Conclusions

* Production is justified from social and economic point of view.

« At DONES every step, from production to patient, is completely new: INNOVATION.
» Radioisotopes can be produced without interfering routine operation of DONES

«  9Mo/*®MTc can be produced at significant quantities (at least Andalucia).

« 177Lu could be produced in higher quantities than nuclear reactors.

« Many radioisotopes could be produced in significant quantities by neutrons and/or
deuterons.
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Thank you
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177_u: where is produced? Nuclear Reactors

“Carrier Added” SRR,
Neutrons+Luthetium sample LA
176Lu(n,y) AN 177|_u + 177m|_u
=
Higher production. \
Lower specific activity. ~ :
177m]_u is produced (0.05%), 160 days. -1t ——>{Lu-177
300 MBq of "’Lu c.a. :
Dose to tumor - 35 Gy T $.§1e§?\2|f-life
neutron
capture
Yb-176 —> Yb-177
“Non Carrier Added”
Neutrons+Yterbium sample el

176Yb(n,y)"Yb (1.9 h) - 77Lu (6.7 d) ) /

Lower production.
Higher specific activity.

177m_u is negligible

300 MBq of '"7Lu n.c.a.

Dose to tumor - 70 Gy

sz, @ i - A A
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Measure, Experimental Set-Up and '’°Yb sample

Sketch of the compound cucleus formation
S, +E, E, —y When a neutron of energy E_ interacts with *X

AAA
i~

nucleus. The quasi-stationary states on the
i compound nucleus above the neutron
Sn L— é’}/ 5 separation energy S_lead to resonances in the
n (E,) +2X == ‘ ; B
Z;ﬂ/ ‘ Cross section.
@) _,' i Four custom C6DG6 scintillation detectors were
? E ‘ Ec used, optimized for an extremely low neutron
‘ sensitivy. These detectors are positioned at 125° to
l } the beam position to reduce the in beam gamma
‘ rays background and minimize the effects of the
- -— e primary radiation angular distribution ">161,
A11X
The sample is a °Yb oxide powder, (1.5976 g and
99.43% purity) pressed in a 19 mm @ quartz and
2mm thickness.
Kindly provided by Richard Henkelmann (ITG
company) and Ulli Koester (ILL). This sample
will be recycled for radioisotope production at
ITG. ITG supplies of '”Lu to hospitals. As
mentioned, new routes are of high interest to
produce radioisotopes.

Measurement time from 25/10/2021 to 14/11/2021
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