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Hallmarks of Cancer (adapted), Hanahan et Weinberg, Cell 2011
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Fluor-18- Deoxyglucose = FDG
(o) Demi-vie : 110 minutes, injection iV.

Forme d‘imagerie Concentrations du contraste
(mol/kg kg)
Sonographie (US) 103
Tomodensitométrie (CT) 103
Résonance magnétique (IRM) 10°
Chimiotherapie 10°
Scintigraphie 10712 (piko)
Positron Emission Tomographie (TEP) 10712 (piko)
Schaefer et al. Radiology 2004
FDG - PET Chv Evolution of Tracers
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Diagnostic Therapy

e.g.Jod-123 e.g.Jod-131
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Adenoma of the Thyroid Complete Restoration
Hyperthyroidism Scintigraphy
Scintigraphy
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Unbenesiair Vs Neuroendocrine Tumors

Somatostatin Analogs Ui

lodine-123 lodine-131 lodine-131
80MBq 7400 MBq 7400 MBq
18t Cycle 2n Cycle
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Netter — 1 Trial ol

Lutetium — 177 DOTATATE R

Evaluate the efficacy and safety of '77Lu-Dotatate + SSAs (symptoms control) compared
to Octreotide LAR 60mg (off-label use)' in patients with inoperable, somatostatin receptor

Aim positive, midgut NET, progressive under Octreotide LAR 30mg (label use)
Design H International, multicenter, ntrolled, parallel-group
Treatment and Assessments
Progression free survival (RECIST criteria) every 12 weeks
Dose 1 Dose 2 Dose 3 Dose 4
Y Y‘
4 administrations of 7.4 GBq of 77Lu-Dotatate 5
i n=115 +

Bl every 8 weeks + SSAs (symptoms control) Years
and K follow

Randomization

n=115 H Octreotide LAR (high dose - 60mg every 4 weeks') \j» up

L

" FDA and EMA recommendation

Prostate Cancer Uil
Gallium 68 PSMA A

Conto Hositaier
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N=229(ITT)
Number of events: 90

177Lu-Dotatate: 23 ]
Oct 60 mg LAR: 67

Hazard ratio: 0.21
[0.129- 0.338] p <0.0001

79% reduction in the risk of
disease progression/death

Estimated Median PFS in the
Lu-DOTATATE arm Trosmet
=40 month

oo Ry

Al ssions nfirmed and reviewed for

v Gallium 68 PSMA-11 Honid__
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PET PET
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Ga68 PSMA

Chv Gallium 68 PSMA-11 Huid
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68Ga-HBED-CC 3,3 GBq '”’Lu-PSMA617 4,0 GBq ’Lu-PSMA617 68Ga-HBED-CC
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PET Cycle #1 Cycle #2 PET
Lu 1 77 PSMA-61 7 Haberkor, Personal Communication 2014
German Multicenter Trial e e s e Efficacy Meta - Analysis e e s e
PSMA PET Symptomatic  Biochemicall
PSA fall 550%  CT(RECIST)  (EORTC) response radiclogical PFS Overal Survival
Cycle 2 Zechmann 61% - - 23% CR, Median B9FS B
2004 etal” PD 14% 61% PR 126 days (62-149)"
- andi Ahmadzadehfar S0% - = - - -
2015 et al®® PO 30%
g ‘Ahmadzadehtar A2% PR 40% PR 80% - - -
H 2016 etal.’ 0 21% sDS5%  SDO%
¥ 5% PD 20%
£, il Kratachwil 43%-72%" - - -
5 ”.I 2016 et al?” PD 27%
i 1 Baum 2016 etal’  55% PR20%.  PRSE% 33% PR Median raiological  Median not reached
e —— 11U e AR B MR PD 1% SD 52%, SD 8% PFS 13.7 months.
i i PO26%  PD 36%
K Rahbar 2016 etal™  31% - - - - -
0 PD 23%
e Rahbar 2016 etal®  32-50%1 - - - - 29475 19.7 weeks
PD 20%
Heck 2016 etal®  33% PR 11%,  integrated’ CR 5%, 14% CR Median PFS 175 days
PD 32% SDSG%.  SDEI%.PD32%  42% PR 195% C1 35-315)
PD 33%
Yadav 2016 et al?  Mean Pre- and CR 33%, PR50%,  Analgesic score  Median PFS 12 months  Median 05 15 months
post 275/141 SD17% (=6 2.5 reduced
PD 20% to 18
Rhabret al. JNM 2017
Toxicity Meta - Analysis | e e Alpha versus Beta Radiation | e e
Haematological tasicity (G2-3) Non-haematalogical toxicity T (R—
Hb wce Platelets Salivary Other
- -
Zechmann 2014 et al ™ Below ‘normal 15% 10% 25% Hypothyroidsm 1/28, mucositis 1/28
range’ 75%
Ahmadzadehtar 10% 10% 10% 20% Fatigue 20%, nausea 20%
2015 etal®
Ahmadzadehtar 5% 12% 0% 9% Nausea 12%, fatigue 13-17%,
2016 etal’ hypogeusia 4%
Kratochwil 2016 et al”  10% % % % Fatigue G, nausea G1
Baum 2016 et al* 5% N/ changes' 9% N/S changes' 0% 4% -
Rahbar 2016 et al” 15% NS changes  5.4% 3% NS changes 9% Nausea G1 1.4%
£ 2 :
Rahbar 2016 et al 9-20%" 0-11%' 0% 15% MNausea h?%‘ nil with routine Rayon Alpha Rayon Beta
antiemetic use
Heck 2016 et al® 32% (G1-2) Neutropenia 5% 25% (G1-2) 37% Fatigue 25%, Anorexia 25%, Bone
Yadav 2016 et al ¥ 6.5% Nil reported Bone
Fatigue and dry mouth appear mast commonly. Haematological problems occur and can be significant in the group of men with borderfine
marow function due 1o extensive bone metastases
20 LET 1
High BM Toxcitiy Low

Rathke etal. JNM 2017
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Ovarian Cancer
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18F Aza Folate

Phase 1, Patient #1

2018
PSA<0.1 ngmi

Kratochwil et al. JNM 2016

Diagnostic

Immun-histochimie Folate Récepteur
Cancer des Ovaires

Thérapie

BT el Euationof
Ml e . 3001

Rosotacer for Fote Receptr Taretg, Bocorjg Chem. 2013
o 0 e, N . 2015 T SA( 12431

18F Aza Folate

Contre Hospitalier )
Unbenesiair Vs Dosimétrie, Patient #1 e

Theragnostic Evolution

Schaefer et al.

rgan Doses (s
calculated: 10.27

¥8), Nuclide: F-18 (1.10£02 min), Adult Female
015 at 03:16:10 CET

Target organ Alpha

Total o€ Cont.

adrenals 0.00£000 2.146-02 0.
ain 0. 3.648-03 o
Breasts 0.006000 X 1
Gallbladder wall 0.00€000 o
L1 wall 0.00£000 o
seall Intestine 0.00£000 o
Stomac 0.006000 1.
ULT wall 0.00€000 o
Heart wall 0.00€000 o
far 0.00£000 25
Liver 0.00£000 83
ungs 0.00€000 3.
Muscle 0.00£000 o
ovaries 0.00£000 3.
Pancreas 0.00£000 o.
ad Marrow 0.00£000 1
osteogenic Cells 0.00€000 5.
skin 0.00€000 [
spleen 0.00£000 2.
ymis 0.008000 o
Troid 0.00€000 4
urinary 8ladder wall 0.00€000 6.
uterus 0.00£000 o
Total eody 0.00€000 o.
2.

Effective Dose Equivalent (nSv/M8Q)
Effective Dose (sv/Meq)

Internal Dosmietry can predict all tissue doses (Efficacy and Toxcity,

Schaefer et al

Radioembolisation (SIRT)

a theranostic procedure
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Outcome based on cellular
mutation to predict response
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Outcome and toxicity based on
dosimetric calculation

Administration
Imaging
Patient Selection

Angiography
Coiling
MAA Scintigrahpy

Angiography
Radioembolisation
BS Scintigraphy
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v Trials in Theragnostique o v Trials in Theragnostique :
R g q - #=EFE Can we use the EBRT paradigm ? -

(2)

Measure Calculate Verify (Gy) Radiotherapy Paradigm Internal Alzéol;ne Values
Y.

Trials in Theragnostique :

ot . Hni_— v and how can we get there?
weewieds - will it replace phase Il studies ? =< Ck &

&

Survival function

Vs.

Cumulative survival

Better Image Analysis and New Tracers

oGy

Predictive Dosimetry « retrospective » survial analysis

o Better Image Analysis 4 W Radiomics L,
R, Radiomics o s oERIR S, Some Bascis Aty

RADIOMICS
Images Are More than S

Pictures, They Are Data

GENOMICS

characterization and quantification of genes,

which direct the production of proteins with

the assistance of enzymes and messenger molecules

TRANSCRIPTOMICS
expression level of MRNAS,

reflects the genes that are being actively
expressed at any given time

PROTEOMICS

the large-scale study of proteins

the entire set of proteins, produced or
modified by an organism or system

METABOLOMICS

study of chemical processes involving metabolites

..MICS (engl. Neologism) : study of large, comprehensive biological data sets

Aerts et al. Nature Comm. 2014
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Correlation Matrix : correlation analysis between features

toremove strongly related factors

Contre Hospitalier
Universitaira Vawdois.

Translation to PET

Problem of Segmentation

Ho-Young Lee et al. Sci. Rep. 2017

A

Hierarchical clustering; Patient grouping with

similar radiomic features

v

Contre Hospitalier
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DFS probability (%)

DFS probability (%)
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groups

Translation to PET

Problem of Reconstruction

Time (months)
Survival Analysis by the different

Ho-Young Lee et al. Sci. Rep. 2017

A

Segmentation

Approach approachsoftware

1 In-house developed software

Commercial software package

Miracda Medical RTx

4 Combination of commercial

software packages VCAR

and PMOD

Commercial software package

MIM

6 Commercial software package
PMOD

7 In-house developed software
bused on 3D level -set

segmentation approach
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Phantom Scans

Beichel, Gilles et al. et al. Med Phys 2017

€ How can we use Radiomics in PET ;.

Contre Hospitalier
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power of PET lies in the system approach
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PET has many sources of « errors » : reconstruction, scanning time, machine, biologics, etc.

amﬂﬂh How can we use Radiomics in PET /«/
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What is the Power of PET ?
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PET pre Ipilimumab (SUVmax > 2.5)

Lymphnode
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Pre - Ipilimumab Cycle 2 Cycle 4

FDG - PET as System Approach ; ,

FDG - PET pre SIRT : A whole Liver Radiomics e

Contre Hospitalier
Universitaira Vawdois.

pu——

FDG avid lymphnodes (SUVm > 2.5) independently predicts survival prior to Ipilimumab
In multivariate Analysis

Uberlebensfunktionen iiberlebensfunktionen

1 10] ot it Lisisge
| - - N1and N2 [
N LN SUVmax FDG > 2.5 ian‘:‘;mm
o o |+ 100zensen
| |z
5. i
H H
‘. M e
H — H
LN SUVmax FDG <25 NO
. o]
] ]
EIRN TR T T T I T TR TR TR )

os os
Multivariate analysis LN only significant Kaplan Meier OS versus N — Stage
Covariate (p = 0.031) p<0.05

LN morph (axis/clustering) not relevant (p = 0.14)

Dummer, Maiwald, Schaefer; Melanoma Res. 2016

Liver System Approach

the use of FDG in a whole liver approach

Contre Hospitalier
Universitaira Vawdois.
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indication

We have to make use of the SYSTEM MEDICINE power of PET

Chv Translation to PET

Contre Hospitalier —
Uniwersiiire Vauols - Gjgnature of Survival : A whole Liver Radiomics (Univariate) /"=

TiF-FDG PETICT iver segmentation of
all patients (ITK workbench softvare)

T oxdreciod] Iz of the 39 radi features |
| (108 rach feat L included in the LASSO regression |

4 ) | Nr—
iAo W % L oy
(CGITA software) y correlated

* }; foatures
= : oo
L n
- -

Significant Factors :

Strength (clear, perceivable characteristics ,identifiable as texture)
Variance (variation of intensity around the mean)

Blanc— Durand P, van der Gucht A, Denys, Schaefer; Oncotarget 2018

v Translation to PET

Contre Hospitalier —
Uniwersiiive Vauio's Sjgnature of Survival : A whole Liver Radiomics (multivariate) ‘!« ===

PFS os
1
-l + Consarad
Logrank #= 0.007 _ Logrank = 0015
08 3
] 1
B os 8 .
a L a
3 o4 3 04y B —
H H 4 Lowsisk grave
z ] PPET-RadScore < -0.07
3 3 ) n=18
a ™ : Lowsisk graup 8 i,
| Highriskgroup L "=9 High sk group
| pPET-RadScare > 013 PPET-RagScore > 0.07
0o n=g o n=2
& T El £ o % & Ad B o b &
Time (mo) Time (ma)

Blanc— Durand P, van der Gucht A, Denys, Schaefer; Oncotarget 2018

PES
Characteristics HR (95% CT) P Characteristics P
PFS pPET-RadScore 303 (289317 0.004 05 pPET-RadScore 0.001
BCLC staging system BCLC staging system.
Stages A vs. B 0.62(008496) | 0.66 Stages Avs. B 126(020-558) | 076
Stages Avs.C 056(025-127) | 0.16 Stages Avs. C 0.65(030-138) [ 026
Serum AFP level 0.77(0.53-1.12) 017 Serum AFP level 075 (0.45-1.24) 026
Stranfied for BCLC staging system
PFS pPET-RadScore 355(3.04414) 0.004 OS pPET-RadScore 219 (3.6-133) 0.001
Serum AFP level 0.79(0.55-1.14) 021 Serum AFP level 0.75 (0.45-1.26) 028

Blanc - Durand P, van der Gucht A, Denys, Schaefer; Oncotarget 2018



New Tracers

m Modern Oncology : With Targeted Oncology Treatment
Specific Tracers get more important !
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Why is this playing a role ?

In modern Oncology
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angogeness v
Inhibétors of Inhibitors of
VEGF signaling HGF/c-Met

Hallmarks of Cancer (adapted), Hanahan et Weinberg, Cell 2011

v Example

Ipilimumab - Melanoma

VL | uniarsoe de ousamse

Oncology drug prices
SCRTHIN: DS, K Powe, 0TWE FNBMIBCEULCal Compan 8 T EMpHAs.e ordology ESearch

U.5. SPENDING ON OMCOLOGY MEDICINES

HUMEER OF CANCER
DAUGS 1N CLINICAL
DEVELOPMENT

SHobtkn

ani i am

PD/POLI CHECKPOINT INHIBITOR PRICES
Extimated average pos morth

1T 1 1
$13,100 $13,000 $13,000 $12,500

based un e miligrams of madicine
@ et sz et cost o a suerage o

The Immunotherapy Paradigma

Overall Survival (%)

0 4 3 12 16 20 24 28 32 36 40 44 48 52 56
Months.

J

Antibody anti - CTLA4 : Prolongation of OS in Melanoma Patients in 2™ line after
Chemotherapy. 1Million Euro Question : Who are the 20 %

How to Enhnace Immunotherapy

smart combinations

Proportion Surviving

Targeted Therapy

Immunotherapy
Chemotherapy I
—
7
Time

How to Enhnace Immunotherapy

smart combinations

Lymphnode Tumor ME
- =g
\ d o=l
et e ¥ 100-
L1000
i S @ - @
A .

Nivolumab plus ipiimumab (N=72)

i’ .I_. lpibmumab (N«37)

Combination of anti PD1 and antiCTLA4 block

Postow et al, NEJM 2015

Proportion Surviving

Targeted Therapy

Immunotherapy
Combination
Immunotherapy
Chemotherapy I
—
7

10



How to Enhnace Immunotherapy

smart combinations
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How to Enhance Immunotherapy

The Role of Target Evalutation

Better Target Evaluation

Immunotherapy

Proportion Surviving

Chemotherapy

Targeted Therapy

Time

How to Enhance Immunotherapy

Heterogeneity in Expression Levels
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Contre Hospital
Universitaira Vawdois.

awlo { :
Immune Checkpoint Therapy (Pembrolizumab)
is highly active in patients with NSCLC

<5 &

KEYNOTE - 001, Garon et al. NEJM 2015

Target Evaluation
What is the Target ?

VL | uniarsoe de ousamse

i B

PD - L1 Expression patient #1 (Core 1, Core 2)
Pkl
»

PD — L1 Expression patient #2 (Core 1, Core 2)

David Casadevall et al, Clin Lung Cancer 2017

Target Evaluation .

Fundamental Problem of Imaging

Contre Hospitalier
Universitaira Vawdois.
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Whatis Cancer and Where is it ?

This is how we have to understand cancer

This how we understand Cancer

Tumeur

Foie normal

Better Target Identification & Modulation

Immunsuppressive Tumor Microenvironment

Lymphatic Endothiial Cells

LE—

Treg cells supress
T-cells
GF - Beta)

B-Lymphocytes

orBad
Breg

via L10.

Tumor associated
macrophages

Tumor Associated Pericytes
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s @
e Ea
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ot “
!l trafficking lation L]
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'D'ih Tumor Microenvironment

i o

PREDICTION OF SITE SPECIFIC REPONSE IN MELANOMA PATIENTS
Contre Hospifalier PRIOR TO CHECKPOINT INHIBITOR TREATMENT -
Macrophages (Mlpol Vs MZPOI) Uniivarsitaire Vaudois. VB | Urrrarat dn Laesarme

Tumor associated macrophages (TAM) in the tumor
microenvironment play an essential role in cancer progression

Factor p-value HR 95%
Gender 0303 0574 0.200-1.649 During ion the anti-ts | M1 polarized _u
Age 0393 1317 0.700-2.480 hifts towards the i ive M2 o
Differentiation 0.670 1175 0.558-2.476
L h node metastasis 0.011* 2778 1.260-6.123
P stoging ool 3021 10554649 €D206 in macrophages renders them to produce IL10 and TGFb »:/_g’
TAM count 0.0154 1602 1.279-10.142 ifying this TAM as y subtype Fd
Mi-polarized TAMs count 0.860 0881 0.214-3.628 _m‘c'lbc
M2-polarized TAMs count 0.031* 4280 1.146-15.984 ” . - “
o el LM e purrod o e Tc99m - Tilmanocept is a FDA/EMA approved drug (Lymphoseek™) omea v
Peritumoral LMVD o038 1073 10041147 for lymphnode scintigraphy/SPECT and targets CD206 with nano- wanse
[ o
molar affinities
“Seatistically significant Advanced NSCLC Data Lvmppgigg"k
( g Due to its high specificity even smallest targets as atherosclerotic
- w{ — Jrr—— plagues in mice and humans can be visualized
Immunoreguiatory Immunostimulatory 1 Y o~ Ml pumnes T - 8
= | L ]—\ Human with and without M2+ Aortic Plagues

- 8 - e B

Accumulate in hypoxic regions due to e Accumulate in hypoxic regions due to
VEGF VEGF

Oblgsteprtners for nvadn, U il ¢ B Oblgstepartnes for vason, o ———
o & meastaes ‘ Ee=eca

Irangetal cunics 2011
3 ‘Apple for Grant : Corfdential

PREDICTION OF SITE SPECIFIC REPONSE IN MELANOMA PATIENTS Tumor Microenvironment
e Horpllier PRIOR TO CHECKPOINT INHIBITOR TREATMENT Yonid_— . X ) ) X
Activated Immunosuppressive Endothelium : Angiogenesis

Universitaira Vawdois. v us

Niklaus Schaefer & Krisztian Homicsko

$ $
»
|
-
H % !
g g b i
3 - 3B o
d-7to-1 d+21104+27
Pre- Nivolumab Nivolumab (post cy2)
NG A%
03 — L% — | desert also dri by altered [E—
HiRes TOF Quanttatve HiRes TOF Quanttatve mmune desert also driven by altere S
PETICT SPECT PET/CT SPECT tumor neoangiogenesis Leakiness

Reduce T— cell trafficking

Appld for Grant : Conidontial

Chv Companion Diagnostics il How to Enhnace Immunotherapy

[lotadie s Ga68 anti - Granzyme B PET o st oene

teell ion grant under Systemic Modulation

T- Lymphocytes

/

Treg ce
cytoto
(L10&

A

 Treated resgorcer
@ Treated nonresponde
- et

Cytoxic T cels attack tumor
cells

Target Modulation

o
£ L
=
‘4‘ g Better Target Evaluation
7]
i . . o\ 5 L
~ Balb/c mice, CT26 cells . D + 12, injected i.v. 37 M Days postnoaudation €
\:7/ of 68Ga-NOTA-GZP amPD-1/amCTLA-4 days 3,6, 9 8-
) o
i* o Immunotherapy
3 Chemotherapy
S Targeted Therapy
i

Time

Morphology d+12 Morphology d+18

Mamood U et ol Canc Res 2017
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Target Modulation

Induction of Mutations
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Synergistic Radiotherapy

mutational status and Immunotherapy
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Rivzi et al. Science 2015

How to Enhnace Immunotherapy
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Synergistic Radiotherapy

Local Synergism in the Microenvironment

V'S Radiation Synergism
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Synergistic Radiotherapy

Distant Synergism

VLIS B ELERISREEN o recognition and killing of
NKG2D irradiated tumor cells through T

Upregulation cells and NK cells

Van den Broek et al. Clin Cancer Res. 2013

* Enhance T-cell their recruitment
CXCL16 release to the tumor site

Microenvironment

: Darmaria et al.  Immunol. 2008
Changesin

Immune Homeostasis * creating a microenvironment

IFN-y production beneficial for T-cell infiltration

Lord etal. J Immunol. 2008

Reprogramming * Transfomring M2like phenotype
immune suppressive in M1 proinflammatory
TME cells phenotype (2Gy)
Klug et al. Cell 2013
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The LuMed Trial

Phase I Trial Ipi/Nivo + Lutetium DOTATATE
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Theranostics : What is it about

(In my humble opinion)

Nuclear Medicine Diagnostics
To Better Guide New
Medical Oncology Principles ?

«Pure»

Nuclear Medicine
Theranostics? b a

Nuclear Medicine Therapy
To Modify/Enhance New
Medical Oncology Principles ?
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