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How do we understandcancertoday?
A Cancer ajeneticdisease

A Gapbetweenimmenseknowledgegainandtherapeuticapplication



Cancer geneticdisease

SporadicCancers acquiredmutations

Syndromatic= Hereditary Cancers

Sporadic. hereditaryF /x> Y M IE:

Tumorsuppressoigeneg
lossof function mutation

A e.g.retinoblastomagene

wild-type

hemizygous
deletion
(germtine)

homozygous
deletion



Cancer geneticdisease

Oncogene
Geneactivating mutations

e.g.Ras, EGFR

EGFR Agonists

EGF, BTC, Epiregulin,
Amphiregulin, XL
HB-EGF, TGF-a y

EGFR mAbs:

Cetuximab

Panitumumab
Extracellular EGFR
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FunctionalOrder in Mutant CancePathways

Pathways GenesMechanisms
Proliferation RTKIDncogenesEGFR, VEGER
Apoptosis p53/MDM/BCLEZ2 etc

CellCycle Regulation  CycDCDKNZ2aRbetc

Migration/Invasion FAK, CD44, PTeld
Angiogenesis VEGFR, Ang2, STAIS
Metabolism Glycolysislsocitratdehydrogenase

Epigeneticg HistoneDNAMethylation/
non-codingRNAsmicro, longer circular

Regulatiorof geneexpressiorwith altered cell signallingC
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Endometrial cancer Acute myeloid leukemia
Bladder cancer

Breast ad.ca.

Renal clear cell ca. Cervix sq. cancer

Prostate ad.ca, A Cholangioca,
Chronic lymphoblastic le
. ‘ Cutaneous melanoma of

Pilocityc astrocytoma o -

/—E’/"" o |~ Colorectal ad.ca.

] pancreasad.ca. L N S Diffuse large B-cell ly.
Ovary cancer ( 4 Esophageal cancer
Neuroblastoma Clioblastoma

Multiple myeloma —° Hepatic cancer
Lung sq. cellca, & Head/N. sq. cell ca.
Lung ad.ca Lower grade glioma
28,076 Tumors - 221 cohorts - 66 Cancer Types -
203,003,747 Mutations
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568 Cancer Genes across 66
Cancer Types

Limitation:

Afew therapeuticallyrelevantmutations known at present

Bcrabl: Glivec
B-raf mutations
etc.

Nature Reviews Cancer 2020, 10, 1038
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lorectal cancer
{MLH1, MSH2, MSHG, PMS2

‘ (HPC1, TLR1, TLR4, TLRS, TLR9)

>

‘m
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Li-Fraumeni syndrome

t Nasopharyngeal cancer .

> ‘ Malignant melanoma ?

‘ = ' \\ “Ghmnlc myeloid Ieulr.mllab

‘ Pancreatic cancer ’ ‘ Burkitt lymphoma ’

‘ﬁ-— q‘fu—“m e

‘ Hultlple endocrine neoplasia '

mm) Hereditarycancersyndromesoccurenceof malignantgliomas



Specificfactors of malignantbrain tumors (gliomas glioblastomag?
A Classificatioof glioma

A Gliomagenetics prognosti¢ but nottherapeuticimplications



Brain Tumorigenesis

Glialrestrictedprecursorcell
Acquiredmutations
Genetidnstability

!

Genotypechange
Phenotypechange
celldivision
cellmigration
ECMchange

PSA-NCAM+
9-O-acetyl GD3 +

/

Neuron
GM1+/GDl1a+

Normal brain development

NSC 33EALt

Promininl+
6034-

Va N gt ot

Oligodendrocyte

04 (Sulfatide)+
01 (GalCer)+
GMa+

Type 1
Astrocyte

Type 2
Astrocyte
A2B5+

GD3+



Malignant GliomaWHO WV |
Solidnodule

= 2componentdisease

A Tumornodule (surgery?)

A Invasivetumor cells(?)




Peter Burger
PathologistDuke/JHH
Sabbatical USZ

Whole Brain Cutef GBMpatients
MicroscopicAnalysis
Visualizatiorof Invasive Cells

Glioma= Whole Brain Disease! |

2 CIm 2—4 cm
4cm Randzone aussarhalb der  tumorfern
Turmaor

Verhdltnis Tumorzellen 1:1 1:10 1:1000
zu normalen Zellen

Burger PCPathology offumoursof the Nervous Systedama: the Journal of the American Medical Associag88: 973.



Malignant Gliomas BrainIntrinsic Tumors:OrphanDisease 31 caseg M 1 1 Q1 N
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Median Survival Time 1P5 months
S - about 50%o0f patients die within 1 year
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KaplanMeier survivalcurve
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Malignantastrocytomagrade 4 ¢lioblastoma
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IDH 1,2,3i6ocitrate-dehydrogenasegassociated
with astrocytomall, secondaryGBM

mitochondrial enegeryproduction (KrebsCycle)

Normalfunction: oxidativedecarboxylatiorof isocitratto h -
ketoglutarate

Mutant IDH:productionof 2-hydroxyglutarate =

=oncometabolite changesnethylationof histoneand DNA
structure, modifies geneexpressionpatterns

IDH1mutations R132H (ArgHis),mostfrequent

Germanbiochemist
1937discovery
1954 Nobeprize



Therapeuticobstacles..

Why do most solid tumors resisttherapeutic efforts?

Biophysicafactors tissuepenetrationof drugs



Two of the most malignanthumanmalignantneoplasms

Gallbladder

GBM PancreasCA
Kaplan-Meier survival estimate C 1045 —
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Solidtumorsin genera? GBMpancreasCA malignantmelanoma ovarianCAetc

Genetic,anatomicaland biophysicalfactors of therapeuticresistance



Anatomicalfactor of therapeutic resistancein the brain

Blood-Brainh Barrier

Grade 2: BBBlosed

Grades 3. BBBpartiallyopen

BBBactivetransport lipiphiliccompounds



Pressure, mm Hg

Biophysicalfactors of therapeutic resistance

Tumor 3 V~14.87cm?
State ~ Necrotic
10 -
Tumor 2 V~0.26 cm? (4 2 :
State ~Viable - ) e ‘.. “- A
5 % Las, 3og, N z‘,. .
g Tumor4 V~0.07 cm? 3 S A NG
// Stote ~Viable > L.'. ] )’:‘w!_ '3
,,:”a’//—"—_. e ~‘4 .E" . = d:"#“.'
2==-" AN g oyt
0 la== 1 i g o2 -'-""S," dpta T o "
Subcut Outer 1/3 Middle /3 Central 1/3 D) Vg S22, 2
ubcu or 33 ;‘-:3" L SR 9 L N ,,.5,_%%4-., :
SN b 1 e L P K S
Bk i ;J’*ﬁi"" C A A T s
- V. M LS o »eiatys v i X > ‘.,J. 73
The largethe tumor grows A v*‘f;{‘v’i‘i‘x A e A L

4 v o’ * .l:c - 4 ‘..' o A &
AL S 1 WMl Na By ?.,‘.'c’. A% P 'D'”?P'QL‘{-\‘-‘:"?

the higherthe interstitial pressure

Intratumoral pressure> interstitital pressure(normal:5-15mmHg/ 7.5-20 cm HO)

capillaryandvenularycollapse(decreasecaccessabilityf drugs?)

R Jain. Barriers to drug delivery in solid tumors. Scientific American 271 (1), 58-65
R Jain, T Stylianopoulos. Delivering nanomedicines to solid tumors. Nature reviews Clinical oncology 7 (11), 653-664



Biophysicalfactors of therapeuticresistance

100

Water (r2=.999)

Tumor Ti!.su.
(ré=,953)

¥

omo’ [cm’ /s)

0.1 Normal Tissue
(r2=.992)
0.0l
0.001 T T T T T T 17T T
10,000 100,000 200,000

MOLECULAR WEIGHT

The largethe compound {lextrang,
the worsethe diffusion

Vectorsize

Monoclonalantibodyy mMp p Wn nn

Antibody

Peptidevector. 1800 Daltons

R Jain. Barriers to drug delivery in solid tumors. Scientific American 271 (1), 58-65
R Jain, T Stylianopoulos. Delivering nanomedicines to solid tumors. Nature reviews Clinical oncology 7 (11), 653-664
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How canradioactivity be usedto treat cancef?

A The Marie Curiexperience
A Howto makethe staticseedapproachdynamic
A Bifunctionalmoleculesfor tumor targeting

A Targetinggliomas(definingthe appropriatevector)



Marie (1867£1934) and Pierre (1859906) Curie

1898 Dec26)detection of radioactivity separatinguraniumfrom uraninite

RadonR222
lodine-125
Aureum198
Iridium-192
etc

Radioactive seeds

S N = BreastCA,ProstateCA, Brain CA etc.

7
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Staticseeds

Receptor Targeting Radiotracer

Seedsverylimited to target l @

] l
Radionuclide

invasivetumor cells
Doserangemm |

Ligand Chelator

Dynamicpeptide vector




Targeted DOTA-Radionuclide Peptide Radiotherapy

9
@ DOTA / DOTAM-chelators @

peptide vector 212p

I neurokinin type 1/ somatostatin type 2-receptors




Bifunctionalmolecules

A Receptombindingdomain(tumor cell binding)
A Effectordomain(therapeuticradionuclidd

A Platformtechnology

Receptor Targeting Radiotracer

| e

Radionuclide
l Linker l

Ligand Chelator



Clinicadevelopmentsteps

A Preclinical definition of drug, drugtarget, biochemicalssaysanimalstudies
A Phase rial: toxicity, safety

A Phase Zrial: dosefinding, evtl efficacy

A Phase 3rial: comparisorto state of the art (randomizedtrial)

A Phase 4clinicalapplicationafter marketauthorization

A Phase 2b/3 oncology dosefinding, efficacy marketauthorization(orphan)



Selectionof an optimaltargeting vector
Resultof 4 clinicalphasel trials overa periodof 10 yeard

A Ant-BGmMABY ™ p p:a large, p&or diffusion
A DOTATOCL300 Dexcellentsize butnot specific(neuropil), kidney: tubular re-uptake
A SubstanceP: specificin brain (expressiorin tumors, inflammation trauma, hemorrhage

A Modified SubstanceP: limited blood passageno kidneyuptake

Size rapiddiffusibility

Specifictarget binding compartment



DOTA-modified Substance P
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Radionuclide Chelator PeptidicVector



SubstanceP (NK1) receptorautoradiography

H&E Substancd® control

M n W-p n ¥ n Almeceptdrs/ gliomacell(grades 24)

JeanClaudeReubj PathologyUnibein Kneifel et al. Eur. Blucl Med. 2006



Preclinicatesting
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3 100, Control /1 glocking with
g V4 ) |53 unlabeled
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Binding inlow-nanomolarrange Competitivebindingassay



Howto apply aradiopharmaceuticalo treat malignantgliomas

A Localapplicationversussystemic(i.v., i.a.)injection/ diffusibility

A Compartmentabpecificityto limit toxicity

A Synthesis andizeof the targetingvector/ receptoraffinity



Brain Tumor Targeting:
Themostefficient mode of drugapplicatior?

Intravenousc intraarterial ¢ intratumoral (interstitial)?

Testingcircularvector DOTATOC (8AA, 1300 D)



iv. ¥ APl P

Systemic= intravenousor intraarterialinjection:
< 5%0f injectedactivity reacheghe tumor (systemiaadio-toxicity)

ANT / 24hr

Intratumorakinterstitial
3

Injection K /T T /By T /By K /By

4
1.v. 29 .40 0.65 043 12.60

R 1.a. 2641 0.80 0.55 14 .66
. 1.t. 003 18.31 61.25 1.58

“100-190 MBq.
ANT / 30min L LAT/30min » K, kidney; T, tumor; By, .4 , cephalic background; B,,4; abdominal
6 background.

- .

ANT / 24hr L LAT / 24hr

A.Merloet al. Clinical Cancer Research. 102833, May 1999



40%

Astrocytomagrade 12:
Intracysticinjectionof In-111 DOTATOC

20% 1 40%lossof injectedactivity /24hrs

30% |

activity in urine

10% +

0%

hours

A.Merloet al. Clinical Cancer Research. 102933, May 1999



1.V.

l.a.

1.
30min

injectionvolume
2ml

1.
24/48hr

11n-DOTATOC
1300 Daltons

5 6

R ‘ ’
POST / 30min R LAT / 30min

il l 8 '

R R

POST / 24hr POST / 48hr

2D SPECT

MRI



intravenous

Kidneythe doselimiting organ

In octreotide-basedsystemicapproaches

Kidneyuptake
DOTATO®CET

Guhne et alDiagnostics2021;11(7):1216




Intratumoral (intracerebra) injection

ZMN
19U Ll 1 Biograph 64
*3/29/1972 : syngo CT 2006A
412212015 !
11:39:23 AM

19 10-U0 1= 1.9, 1 £.Luu

speder2 T T
4/22/2015
11:39:23 AM

Baseline

Baseline
FUSED MPR

FUSED MPR

CT/PT : | CT/PT . 50/ 50
SP A96.9 W 300 T 606.29 SUV bw SP A132.9
SL: 4.000

W 300 T 60.62 SUV bw
C 40 B 0.00 SUV bw SL: 4.000 C 40 B 0.00 SUV bw

Nokidneyuptake onlslightbladdersignal

Linearpeptide 11l AAcleavedby serumpeptidases

modified (prolongedhalf-life 4x),only peptide fragmentsin systemiccirculation
Rapidclearenceanto bladder

Modified substance P

L.Krolicki WUM,NuclearMedicine



Localapplicationof the radiopharmaceuticalhe wayto go!

Faort

Intralesional
Catheter

Tumor

Injectionvolumeabout2ml




AstrocytomaGrade 2: BBBclosed limited leakage

AstrocytomaGrade 24: BBBpartially open, variableleakage

Additionalfactors open CSBpacespostRT

d

Grade 2 Grade 4



Selectionof the appropriate medicalradionuclide
A Betaemitters

A Alphaemitters



By
Mean energy 50-2300 keV 59 MeV eV-keV
Path-length Tumors, tissues (= 12 mm) < 10 cells (50-100 pm) <1pm
LET <1 keV/pm ~ 80 keV/pm 4-26 keV/pm

Examples of radionuclides ~ ''Tb, "’Lu, *Y '“Tb,**°Ac, **Ra 123 M)y




Dose Range, Dose Decay Curve, Tumor Cell Size 20-60 nm

ko +0.08 mm alphgparticles/ 5.84/8.5MeV
Beta: 1 mm Lutetiuri77 /0.13MeV
1 Beta: 5 mm Yttriun®0/ 2.1 MeV

10 mmGammakKnife



Tissuaange(alpha:beta 1:10 (Luil77) to 1: 50 (Y90)

Toxicityprofilel

alphaemitters (0.1mm)

beta-emitter Lutetium177 (1mm)




Canwe perform a largeslinicaltrial
with targetedalphatherapy?



Thebottleneck for alphatherapy

Insufficientsupplywith alphaemittersworld-wide
2018 Vienna Conference IAEA / ITU:

consensuso developAc225for clinicaltrials




ExampleActinium-225

A Extractfrom Thorium229 TerraPowerProjeci TU Karlsruhe, Obninsk, DOE)
A Irradiate Radium226with Cyclotron(robotic reactortechnology Prague E&Zs0
A Spallation(CERNSOLDRBYorthStar Troitzketc): produceperiodtable! 2% Ae225

- Problemof chemicalseparation Contaminatiorwith 1% Ae227(t,,F year9



ISOLDE and MEDICIS

A 1sotope mas$SeparatorOn-Line Device
A Located at ProtorBynchroton Booster (PSB)
A Study of fundamental atomic and nuclear physics

CMS

: TT40 TT41
-
o AWAKE

A ATLAS
H|Ma=1t o
ELENA  AD
— o ISOLDE
COV>  'mamm
e o/ 0" G
n-Tof

LINAC 2

CTF3

A MEDICIS (Medical Isotopes Collected from ISOAL&Jus on medical applications exclusively!



The chart of nuclides .

Number of
PArotons (2)

A

Number of
Neutrons (N)




THE CHART OF NUCLIDES

Number of
PArotons (2)

Number of
Neutrons (N)




The chart of nuclides

Number of
PArotons (2)

U5STP WOt SYSydQYy OKSYAOI f LINZ
of protons and electrons

Number of
Neutrons (N)







Starting with uranium (92 protons and >140 <LEE
neutrons) many lighter elements and their isotopes
can be produced, e.g. Actinium 225: 89 protons e
and 136 neutrons) F

IIIII

Number of
Protons (2)
A
ot
““““““““““““““““““ e(\\,’a"\
1.4 GeV 00 0.0
- +“0
° @Spallaﬂo@ .0.0
_________ i &% @ OO o
' + +300
Number of @ heutrons

Neutrons (N) @ protons




Radioactive decay

Thecolorful boxes on the chart of nucl@ndicate the isotopes of an element which are not stable
What does this mean: not all configurations of protons and neutrons remain togehardecayfollows
through which the isotope loses energy and transforms into another one

Gamma decay: dexcitation

Beta (plus/minus) decay: through emission of photon

Alpha decay: He atom (2p+2n) electron or positron gets

gets emitted emitted and either proton
transforms to neutron or
vice versa With a given isotopeghe half-life defines
after which time half of the isotopes will have
photon @ heutrons undergone the decayy, unit A Begderet Bgp

© electron/positron @ protons and is given in decays per second



Radioisotope production at MEDICI&cycle

ISOLDE e Delivered

Initial sample ) sample activity
activity 50MBq 21-38MB(q
S RILIS " T
® A'-- Mass  _  ~50% 3
g | 5 - T separation efficiency 5
o | v + Ga
S s lonization $ >
o | e =] 2
3 3
5 & . 2
« — [==5 S - Ground state -8
24F7 SOE-G - 1 :‘- llllllllllllllllllllllllllll .“ é
el GRS : | : =
35-47MBq " — ?\A&E?gl :  Collection at MEDIC!SE 23-41MBq 3
remaining Target imadiation™ o maining: ~ 1-5d - remaining
< 1d "l llllllllllllllllllllllllllllll ’:



Howto applytargeted alphatherapy in malignantgliomas?

A TATfor low gradegliomas anew treatment paradignf

A TATfor glioblastomashow to developa clinicalprotocol?



Casepresentationslow gradeglioma

Diffuse invasivastrocytomagrade 2 (IDHnutant)

Median Survival Time:years

XuezhiDong et a ltrendshiQadev, il,aral I1l astrocytoma patients and associated clinical practice patterns
between 1999 and 2010: A SEER-based analysisd . | n :Onddlegy Practice 3 (1 Mar. 2016), pp. 29438.



9 KY 0 DNJ edanergypertumor volume (=mass)

Smalltumor volume
Largetumor volume

Eeany Meary Eate/ Mate

Earlyintervention: the sameamount of energyis muchmore effective with minimal side effects



31-yearold Australiencomputerscientist
repetitivefocalseizureghand speech
openbiopsy

diffuse invasivastrocytomagrade 2

IDHmMutant

location Sylviarfissure

A CT/MRI 2020 / axiaView



Surgery’
-not completelyresectable
-high risk for deficits

l ‘. .' .' ‘
. ..b..‘ ,
. 4

CT/MRI 42020 coronaryview

-~ ol

Location

Lateral ventricle

Caudate nucleus

Internal capsule

Vasculature

Putamen and
globus pallidus

MCA
superior
division

T~mca
inferior
division

Anterior cerebral  Recurrent artery  Internal carotid ~ Middle cerebral arteries
artery (ACA) of Heubner artery artery stem (M1)




Central sulcus
Precentral gyrus Postcentral gyrus

Superior temporal
gyrus

Lateral (Sylvian)
fissure

MRI 42020 / sagittaView

Anterior parictal (posteentral sulcal) artery | Posterior parietal artery

Central (Rolandic) sulcal artery. Branch 1o angular gyrus

Terminal branches
of posterior cerebral
anery

Precentral (pre-Rolandic) sulcal artery

Prefrontal sulcal
artery

Terminal branches of
anterior cerebral
arlery

Lateral frontobasal
(orbitofrontal) artery.

Left middle
cercbral artery

Left anterior
cercbral artery

Occipitotemporal
Anterior communicating artery branches
Posterior temporal branch

Right anterior cerebral artery
Middle temporal branch

Left internal carotid antery
Superior and inferior terminal branches (trunks)
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Blownup Gallium68 DOTAsubstancd? signal30 minutesafter injection

- Injectionvolume2 ml
- not visible in CSF
- widespreadapiddiffusion(moleculaweight1800 D)




1 yearafter TATgood
status milddeficit (fingers
left hand,

word finding)

3/2023

712024

2.3yearsafter TAT,
goodstatus mild
deficit (fingersleft
hand word
finding)




Post TAMRI: Tweightedimagewith createsconfusion
- inflammatoryreactiontowardsapoptosignecrosis

- not histologicaupgradingo highermalignancy

2 yearsafter TAT

. v \ ""
=

6/2020 7/2022 3/2023 212024



The TAT approach 2nd example

33-year old female

diffuse astrocytoma |l

only using

A

and necrosectomy




1.96GBq 213BDOTAGAAubstanceP

2 weeks _after aT 18 months after aT

IIIIIIIIIIIlIIIIIIIIIIIIIlIIIIIIIIIIIlIlIIIIIIIIIIIlIlIIIIIIIIIIIIIIIIIIIIII>

t (monthg




Onlytreatment:
neoadjuvantTAT

andnecrosectomy

3/2014 and 2022

17 yearsrecurrencefree survivalin anow 50-yearold womanwith

diffusive infiltrative astrocytomagrade 2 hofunctionaldeficit+a Ot S y &



MR2

Study date: 09.11.2004

6:15:43

rm cor 2500 MR2
T —— : iy
AR Ref: BIEL / Perf
Study date: 17.10.2013

Study time: 16:17:41

Eearly/ mearly

|deal case 2GBq B213:longterm control over 17 years no relapse asymptomati¢ no medication



Diffuse Astrocytoma Il

24-year old man, seizures

2 GBg BI-213 DOTA-substance P




Sept 2015

Apr 2016

B e

2 GBgBF213 DOTAubstanceP

4 weekspost TAT 3 monthspostTAT



April 2016

Sep 2022

7 yearsrecurrencefree after TA T, Karnofsky 100no other therapy



25yearold male in 201diagnosis
astrocytomall left temporo-occipital

3resections2011, 2013, 2018




25yearold male, astrocytomall left temporo-occipital, 3resections2011, 2013, 2018




TaTin 2fractionsusingAc225

total 1.85mCi(69.4MBqg) 2019

closeinterval of 8 weeksveryclosewith largetumor burden highdosagen advancedstage



3 yearsafter TAT, 2e-craniotomies(necrosis DDprogressiorn)
muchimproved Karnofsky 80

Perfusion MRI:
Necrosis *

not progression




Smalltumor volume Largetumor volume

Eeany Meary Elate/ Mate



Conclusiorior advancedcases

Startearlier!
Fractionationin largetumor system®

Invasivediseaset++ not visible on MRIflair)

TATno rescuetherapy



Age&Year Dx Histology/

[ Gender

43(2000)m
33(2007)f

39(2008)m
64(2011)m
25(2011)m
31(2011)f

24(2015)m
32(2020)m
30(2020)m

Location

oligo Il/pR

diff astro Il/fR

diff astro Il/oR

diff astro Il/ centralR
diff astro Il/tL

diff astro Il/tL

diff astro II/fL

diff astro II/fR

diff astro Il/tL

Genetics

ND

ND

ND

IDH mut, 1p/19q wt
IDH-1-R132H, ATRX mut
IDH-1 mut, 1p/19gwt
IDH2 Exon4 RL72M
IDH-1 RL32H, ATRX mut
IDH RL32H, ATRX mut

Qossover for recurrent OGII after Y-90 P
FK43(2003)m oligo I/ pR

ND

pre-/ post-a
therapies

KX Y-90F/CT
none/S
none/S

gS

gS

XRI/'S
none/S
Snone

Snone

K Y-90F

activity/
nuclide(cycle)

1.9 GBq Bi-213(1)
2 GBq Bi-213(1)
2 GBq Bi-213(1)
1.9 GBq Bi-213(1)
35 MBq Ac-225(2)
1.9 GBq Bi-213(1)
2 GBq Bi-213(1)
20 MBq Ac-225(1)
17 MBq Ac-225(2)

2.5 GBq Bi-213(1)

TAT

2000
2007
2008
2011
9/19
3/17
2016
122
3/22

2014-18

Karnofsky

90
100
100
90
80
90
100
100
100

80

PFSOS
(alive)

264+/ 266+
192+/194+
180+ 182+
* 144+ 150+
42+ 144+
72+ 146+
*86+ 92+
12+ 30+
14+/ 32+

48/ 224

0.2
0.1
0.1
0.1
0.1
0.2
0.5
0.8
0.8

0.1

QALY

20
16
15
11
10
10

25
2.7

6.4

Verylongrecurrencefree survivaltimesin diffuseastrocytomapatientsil (mediansurvivals yearg
(Bayesiarapproach)

QALY: Karnofsky (61} x Survivalygarg, compareGBM 4yearssurvivalgain e.g. 0.7 x 3 =2.8

Estimateof sociceconomicimpactof a giventreatment



Howto applytargeted alphatherapy in malignantgliomas?

A TATfor low gradegliomas anew treatment paradign?

A TATfor glioblastomas how to developa clinical protocol?



ResultslaTonrecurrentGBM

A WUM: > 100 GBMatientstreated (published), phasel and 2includingdosefindingcompleted all casesrecurrent GBM
A 3 GBMrecurrentstudies a) Bi213labelling b) Ac225labelling c)secondaryGBM Bi213labelling

A protocolfor phase3 discussedvith EMA correctedphase3 protocol readyto go (earlyadjuvanttrial)

120
120
o 108 B 2'3Bi-DOTA-SP, recurrent GBM, N=20, o %050 50 ——
T median OS — 23.55 mo 3 i- -SP , recurrent , N=6,
§ 96 B OS since rekurrence, median — 10.9 mo \S/\llj?\tle\:;(’:llltllrc::z‘g rf?(r)nmogo E " medién AR Tam . . . 0 o
2 . +e Paisacislie patients treated in Warsaw| & * ® e Sut_)groumnalysm‘or : nclusioncriteria.
% W Withdrawn consent with Bi213 DOTA ‘?_,_’. - + Patient still alive at the end of the study deﬂne target pOpu|atI0n fOf phasel ” StUdy
g 72 PE Pulmonary embolism Substance P. % PE Pulmonary embolism
£ Avastin-RT-TMZ, median OS - 16.8 m 5 in-RT- i ;| g g . .
3 w = e ° + | Red: total survival times | § 71| vemRrMemeamos-iesme || Bagtresultsobtainedin patientsif
3 . since diagnosis (median g 60 x tumor diameter X6 cmand
23,5 months) g Karnofskyscorex70
% Violet: survival times o
S| e e e 3 following start of alpha 2538 : ; :
orod I therapy (median 10,9 Total_survwaltlmes in subgroup 33,75months
ul PE months) “ Survival aftestart of alphatherapy. 27,8 months
. 12
OS[mo]: 89 105 123 130 137 151 200 205 229 234 237 252 27.3 309 327 348 37.0 428 47.7 598+
since ol

[
jrecurrance [mo]: 49 64 9 45 61 103 1.5 8 148 31 125 206 239 259 284 272 309 59 81 501+

0S[mo]: 105 229 327 348 37.0 59.8+

08 since
recurrence [mo]: 64 148 284 27.2 309 50.1+

Standard SRCT Stupp et aleansurvivaltime for GBM 14.5months




Howto improve TATresponsan GBM?

ASupplyonly every8 week® Exponentiabrowth, celldoubling< 7days
ADo notwait until recurrencemanifestsin MRI!
AAcceleratiorof supplyof Ac225every2-4 weeks

AEarly adjuvant TAT after emd standardRCTgupervisedby EMA)



Whenisthe besttime point to apply TAT inmalignantglioma?

1000:1

,)ji!\, i

Humanbody (70kg)10* cells Tumor (70g 4x4x4cni)0' cells



99.9%removed

Surgery

Residual Tumor 10° cells

101

-
.
.
---------
.
.
.
.
.
an®

Symptomatic Surgery

* Recurrencg10t1h



Howto overcometo impasseof clinicaldevelopmentin orphandisease

Profitability constraintsand societalresponsibility

Orphandisease< 10caseg M n n earn n K



ClinicalEconomidDevelopment? a. 01 12t Sa
A > 200cancertypesin humans majority are orphans(<10caseg M 51 1 Yean n K

A Ethicaldilemma: insufficientprofitability for big pharmainvestors

Adam Smith
1723¢ 1790

Capitalismand Free Enterprise
»It is not from the benevolenceof the butcher, the

brewer, or the baker that we expectour dinner, but
from their regardto their own interest.»

A Diseassds fate, not selfinflicted, socialresponsibility



