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TEP-TDM+ Lymphoma (model) 30 60 Closed Rouen FDG EJNMMI 2008

QJNM 2011

R&0O 2013
RTEP1 Lung 2 |22 Closed Rouen FDG R&0O 2012
RTEP2 Lung 77 266  Closed Multicentric ~ FDG EJNMMI 2014
RTEP3 Oesophagus 90 180 Closed Multicentic ~ FDG EJNMMI 2013

EJNMMIr 2014
RTEP4 Lung 5 30 Closed Rouen FDG/FLT/Misc R&O 2012
VoSeTep Breast (lung model) 30 30 Closed Rouen FDG R&O 2014

RTEP6 Lung 20 60 Project Rouen-Bxl  Miso/Faza
RTEP7 Lung 150 300 Project Multicentric FDG
Mosart Lung - H&N 700 2000 Project European FDG/Faza

Total 419 1133



J John, peintre ameéricain



ICRU 83

GTV BTV ?

Troost, JNM, 2010
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PET/CT for therapy planning in lung cancer

" RCT standard for stage Il NSCLC (Auperin, JCO 2010)
" FDG-PET Is a standard for therapy planning in 2015

Caldwell, IJROBP 2001 ; Van Baardwik, IJROBP 2007 ; Roel IJROBP 2006 Nestle, Radioth & Oncol 2006 ; Gerbaudo Eur J Radiol 2007



Roéle de la TEP-FDG dans le planification de la RT

" Comparaison delineation selon CT ou TEP
v GTVCT: 2.31 [1.06 — 7.66]
v GTVFDG: 1.56 [1.09 - 2.77]

Caldwell, IJROBP 2001 Van Baardwijk, IJROBP 2007



Irradiation des aires ganglionnaires suspectes (IFl)
ou Irradiation prophylactigue(ENI)

N =200 IFI ENI o
(68 - 74 Gy) (60 — 64 Gy)

Pneumopathie 17 % 29 % 0.04
controle local a 5 ans 51 % 36 % 0.03
Rechute ganglionnaire a 7 % 4 % 0.35
distance
Rechute des aires 38% 55 % 0.02
Initialement envahies
Survie global a 2 ans 39 % 26 %

a b ans 25 % 18 % 0.2

v’ Stade III inoperable, sans TEP, O < 6 cm, SC -, pleura —
v IK = 80, perte de poids < 10 %
v' 4 — 6 cyclesCT concomitante & base de CDDP

Yuan AJCO 2007



Volumes determines par le TEP-FDG

" 44 pts, CPNPC I-lll, 10/44 down-staging par la TEP
v Dose & 64.8 Gy (1.8/))
v" GTV = tumeur + ganglions en TEP-FDG

v’ Récidive ganglionnaire
v Récidive en dehors du CTV (sans récidive locale)

Recurrences No. of patients (%)

" 18 recidives locales (41%) None 26 (59)
. ) In-field 10 (23)

d 16 MOIS Exclusively in-field 5

L, In-field and distant 5
" 1 seule recidive en dehors Isolated nodal
L Nodal (outside of C'TV) along 2 (4.5)

du Champ Initlal chez un pt with local or distant failure

Distant only 7(16)

NOen TEP et CT Brain only 1

De Ruysscher, IJROBP , 2005; Belderbos IJROBP 2006
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Fig. 1. Meadian and range values of the rate of elective nodal failures (ENF) in 28
groups (2158 patients) with PET-CT and in 24 groups (1487 patients) without PET-
CT performed before radictherapy.
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GTV Influenced by delineation method

= GTV based on FDG-PET

" Significant difference correlated with
v’ SUVmax
v’ Lesion size
v’ Heterogeneity

= Best method not defined in 2014
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Nestle, J Nucl Med, 2005
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Impact de la TEP sur le volume cible

Consequences of additional use of PET information for target volume delineation
and radiotherapy dose distribution for esophageal cancer

Christina T. Muijs**, Liesbeth M. Schreurs®, Dianne M. Busz?, Jannet C. Beukema?,
Arnout J. van der Borden?, Jan Pruim®, Eric J. Van der Jagt ¢, John Th. Plukker®, Johannes A. Langendijk?

" Modification du volume cible de plus de 10% chez 61% des
patients

Estimated NTCP, comparing CI- and PETJCI-based treatment plans, for symptomatic pneumaonitis and cardiac martality after 10-15 years resulting from irradiatian.

Endpaint Cl-based (mean = 5D) PET/CI-based (mean + SDJ) p-Value?

Normal tissue complication probability
Symptomaric pneumanitis (%)

Overall 6.4 (+2.6) 5.7 (£2.0) 0.03
Increased lung dose 4.5 (£2.2) 5.1 (+2.4) 0.03
Decreased lung dose 6.9 (£2.2) 55 (xL.6) 0.00
Cardiac mortality (%)

Overall 28 (£1.4) 2,5 (+1.3) 0.01
Increased heart dose 1.9 (1.0} 2.0 (+1.0) 0.22
Decreased heart dose 3.4 (+1.3) 2.9 (+1.4) 0.00

Abbreviations: NTCP, normal tissue complication probability; CT, computer tomography,; PET, positron emission tomography. Data presented as mean values, with standard
deviation in parentheses.
¢ Wilcoxon signed rank test.

Muijs, Rad and Oncol, 2009



GTV influencée par la méthode de contourage

Mean Volume Ratio
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Which Target?

Table 2. Pathologic length compared with lengths detected by different methods using CT, FLT, and FDG PET/CT

95% CI

Group Median Mean + SD R p Mean difference difference t P
Lpam 4.65 494 + 221 — — — — — —
Lot 4.75 47T £ 191 0.895 .000 —0.23 £ 0.99 —0.67 to 0.21 —1.084 290
Lencvis 5.10 5.10 +2.22 0.985 .000 0.17 + 0.39 —0.01 to 0.34 1.994 059
Lipgos 4.89 5.10 £ 2.18 0.991 .000 0.16 +£0.29 0.03 to 0.29 2.532 019
LrpGana 3.83 3.85+1.52 0.911 .000 —1.09 £ 1.04 —1.55 to —0.63 —4.914 .000
L Tvis 4.68 4.89 + 241 0.956 .000 —0.05 £ 0.71 —0.36 to 0.27 —0.309 761
| TR D.32 D.24 + 248 0.950 .000 0.30 + 0.79 —0.05 to 0.65 1.784 .089
Lirra 4.68 491 +2.43 l 0.964 .000 —0.03 £+ 0.66 —0.32 to 0.27 —0.196 847
Lriris 4.68 4.66 + 2.47 0.954 .000 —0.28 £ 0.75 —0.61 to 0.06 —1.732 098
L m09 5.33 5.57 £2.23 0.784 .000 0.63 £+ 1.46 —0.02 (o 1.28 2.019 056
L 1os59 4.68 5.10 £2.25 0.790 .000 0.17 = 1.45 —0.47 10 0.81 0.543 593
LErT30% 4.28 4.82 +2.24 0.808 .000 —0.12 £ 1.38 —0.73 10 0.49 —0.411 .685

Han, IUROBP, 2010



Which Target?

Table 2 Comparison of FLT and CT-based overall values
of measured dose-volume histogram-based evaluation
factors for esophageal cancer patients

Mean + SD plangrap planct t P
ﬁ otal-lung \
Vs (%) 479+1530 56.1+1380 -631 0000
Vio (%) 33.8+890 40.1+9.10 —6.78 0000
Vs (%) 18.2+10.00 23.8+9.70 -436 0003
V3o (%) 549 +440 89+470 -3.17 0016
MLD (Gy) 982.+31950 1096+3.02 -470 0002
Heart
V3o (%) 376+1930  441+2080 -597 0000
Vao (%) 20.8+ 1350 228+1410 —-119 0272
MHD (Gy) 2263+1025 253741071 =592 0000
4426+136  4469+029 094 0380

\Dmax of spinal cord {w

Han, IJROBP, 2015
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Standard-dose versus high-dose conformal radiotherapy with concurrent and
consolidation carboplatin plus paclitaxel with or without cetuximab for patients with stage
llIA or llIB non-small-cell lung cancer (RTOG 0617): a randomised, two-by-two factorial

phase 3 study
Overall Survival
100
18-Manth
Survival
75 Rate
E 6. 9%
5
53.9%
= B0
=
E Median
w 25 Dead Total Survival Time
. 90 213 28.7 months
andard S
— ﬁEgH cﬂ:ase{ﬁ}ai c’iﬂ.} 117 206 19.5 months
0 HR=1.56 (1.19, 2.06) p=0.0007
0 3 6 g 12 15 18
Patients at Risk Months since Randomization
Standard 213 207 190 177 161 141 108

High dose 206 197 178 159 135 112 87
Bradley, Lancet Oncol 2015
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Patient selection
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Cis-FU: No v yes, exact log-rank P = .015
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Fletcher GH, Radiology, 1974

|| faut environ 100Gy pour stériliser un cancer épidermoide

25



Prescription non uniforme dans le GTV

Dose painting (Hall, The Lancet Oncology 2005)

[ PTV70 Gy |
CTV 70 Gy

o 10~ N
70 70 70

70 70 70 70

o FDG-PET  Hypoxia-PET... DW-MRI
(1980...) (2005...) (2010...) PET-MR  (2020)

Courtesy Prof V.Grégoire. MIRO Brussels (20 14)
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Dose painting

" By Contour (DPBC) " By numbers (DPBN)

¥ Boost dans le BTV, mais qui v’ Prescription fonction de la valeur
reste uniforme dans les volumes du SUV : La dose est ajustée a

v"Exemple avec un seuillage du 9
BTV & 50% du SUVmax I'€chelle du voxel

DPEN

E}I'I‘IE!SQ

DPBC 5’ 5
; D
ﬂ D max S 5 5
66 Gy E 1 B TR 1 SUV.,,,,
@w D(SUV)= Dmin + (Dmax-Dmin)*(SUV-SUVmin)/(SUVmax-
5 fod E . SUVmin) :
’ Drin = e |

Dase Escalation Factor
[

L 1 L | L
1500 2000 2500 3000 3500
PET Voxel Activity [Ba/ml]

Comment segmenter le BTV ? Quelle fonction de prescription choisir ?

Meijer Radliother Oncol 2011 Bentzen, R&O 2011; Thorwarth Nucl Med Review 2012
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Dose painting: DPBN
® TPS manipule des volumes (RT structures) et pas des voxels

® |l faut opérer une conversion du DPBN en isocontours compatibles avec le TPS

® Isocontours doivent étre compatibles avec les contraintes technologiques de I'IMRT
® Performances des LINAC : Gradients de dose IMRT < & 20 Gy/cm (VARIAN)

FDG

Meijer R&0O 2011 Choi Radioth Oncol 2010
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BTVm et BTV(h) delineation

" Pre-RCT " Per-RCT

v BTVm v BTVm et BTV(h)
v" Best method not defined in 2015

v’ 40% SUVmax
v’ Possible on injected PET/CT

v BTV(h)
Method .
Souvatzaglou H&k  Faza —15xSUVTM S o i Mot tested ReE
EJMMMI2007 (what muscle ?) £ 20—
Mortensen H&H  Faza -1.4xSWV,,, TM Mean + 350 Mot tested 5 |
R02012 —14xSUV 0 TIM d
: 20 —
Thureau Lung Miso —1.5x5UV, . sote Very poor i
JNM2013 Ll - it Pert | I L o e e
Tachibana H&H  Miso -1.6xSUV,,, TV SUM e possemuscios Mot tested gl
JRR2013 ) e e B xR B Bio s R A2 m ot B B Bk 8l s
Bittner HGN  Faza -15xT/B SUV, oo comatomamess  Not tested 1§58 FEE ST 1R 11t
RO2013 with manual correction e & k2 3 §244 55 EZ i 8 8
ro , T : 8 8 8 T2i T Y o
Servag H&MN  Faza -SUV,..,+35SDofBG L Mot tested = £ Z = £ £ T EE DL S gy g
E\.Il\lh.‘h.‘l2014 ss;msntatlon methods L o E L E

Thureau, JNM 2013



Analyse des traceurs a faible contraste

Global k-Test for Visual Analysis of PET/CT Images for
18 Nuclear Medicine Physicians at 18 Centers

K 1BF-FDG 18F-FMISO 8FFLT
5 classes 0.59 0.43 0.44
2 classes 0.81 0.77 0.77

k-Values for PET/CT Images Regarding Primary
Tumors and Nodes

8F-FDG 8F-FMISO 8F-FLT

K Tumor Node Tumor Node Tumor Node

Sclasses 0.84 051 045 044 049 0.41
2classes 087 078 065 081 084 0.74
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Analyse des traceurs a faible contraste

Sensitivity and Specificity of Different Methods of Volume Delineation

E-FMISO BE-FLT
Segmentation Sensitivity Specificity AUC Sensitivity Specificity AUC
_ 1.2 i 0.56 0.78 0.92 0.5
n=704 (s 0.86 0.72 0.79 0.02 0.83
SUVmax
40% 1 0 0.50 1 0
50% 1 0 050 1 0
SUVmaxAorta
1.3 % 1 0.56 0.78 0.96 05
1.5x% 0.71 0.96 0.84 0.92 0.83
1.6 x 0.14 1 0.57 092 0.83
SUVmeanAorta
1.3 % 1 0.36 0.68 1 0.33
1.5 X 1 0.4 0.70 1 0
1A/ 1 054 078 1 0
SUVmaxLung
1.3x% 1 0 0.50 1 0
1.5 % 1 01 0.55 1 0.33
N v o e 1.6 % 1 0.1 055 1 0.33
! 2 &
5 5 9 2 SUVmeanLung 2 ? 2 2 2 D 2 2 @ ¢ 2 @
228 3 1.3 % 1 0 0.50 i 0 0.50;;;;;;5@5@%%
L ow E E 1.5 % 1 0 050 1 0 0.50 8§ 8 8 § 6 8 =2 = 2 2z 2 Z
LW = = 2 2 9 U § § @O @ ® m
1.6 x 1 0 0.50 1 0 0.50 > > > 2 2 2 35 = 3 0 0 W
SUV M | - i | = = = = = = = s =
SlUVmaxMuscle won v 2 2 2 = = =
X X X 00 D 5 B o
1.3 % 0.43 0.96 0.70 0.96 0.83 0.90 B 8 x x x 200 =z 23
1.5 % 0.29 1 0.65 0.92 0.83 0.88 F F F 2 2 2 aw e x5 35
1.6 % 0.29 1 0.65 0.87 0.83 85 [T T C 55 5 KKKE - = <
L g h ©EBEE
SUVmeanMuscle i oo
1.3 x 0 0.96 048 1 0.17 0.59

15 il 014 057 1 017 .50
I 16.x 1 052 078 096 017 057




Pre-treatment PET/CT for RT In lung cancer

1. FDG (standard in 2014)
2. Hypoxia

33
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High uptake In pre-RT : recurrence or radioresistance

re- rapyscan Post-radiotherapy sca

I
owver L
llest voly
W Residual »  E7%post  CR0% post  1190% post
a7 —_—
£ 1 . T
= 2
©
2 i
2 -
| '
=S
g -
GTY % 40 S0% B0% 0%

Thresholds pre-radictherapy scan

PET-Boost Phase II-ll In progress
(Pr D.De Ruysscher, Leuven)

GTV  34%  40%  50%  60%  7ON Residue 70% 80%  90%
Thrashelds pra-radictherapy Threshold post-radiotherapy
scan scan

Aerts, IJROBP 2008; Aerts, R&O 2009; Abramyuk R&O 2009; Aerts Lung Cancer 2012 Calais, INM2015



Lung « Hotspot » study

PET, PET,

| PET |

PET,

Pre-RT

Per-RT

Recurrence

Isit possibleto determine,
at baseline, a tumoral
sub-volume with
high risk of relapse?
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High uptake In pre-RT : recurrence in esophageal cancer

Initial Ainical and RT Characteristics
Total (n=98) R (n=44) DR (n=19) LR (n=35)
Acp 63 + 11 63 + 12 64 9 63 + 12
Gender
Male 8l (83%) 33 (75%) 16 (84% 32 (91%)
Female 17 (17%) 11 (25%) 3 (16%) 3 (9%
Histology
ScC 76 (78% 35 (807 14 (74% 27 (77%
ADC 22 (22%) 9 (20%) 5 (26%) 8 (23%)
Tumor Location
Superior 20 (20%) 5 (11% 3 (16%) 12 (34%
Middle 43 (44% 21 (48% 10 (53% 12 (34%
Inferior 43 (44%) 20 (45%) 9 (47%) 14 (40%)
Tumor Stage
[} 25 (26%) 12 (27%) 5 (26%) 8 (23%)
(]| 56 (57% 24 (55% 10 (53% 22 (63%
v 17 (17%) 8 (18%) 4 (21%) 5 (14%)
Endoscopic Tumor Length (am) 51 + 29 46 + 18 49 + 26 59 + 39
S5an 33 (34%) 10 (23%) 7 (37% 16 (46%)
Weight Lost (%) 9 +7 8 +7 8 +6 10 + 8
Albumin (g'L) 39.0 + 52 390 + 52 393 + 58 389 =+ 51
RT Duration (Days) 43 + 12 46 + 16 41 + 7 2 +9
RT Dose (Gy) 52 + 4 51 + 4 53 + 4 51 + 4
1,00 1,00
0g0 Rao Y - Rey -
08D 1AL [
o _ wee 1M
O Javeard
. n e I
030 —{ L 1 mAokfA
e i H menn 0
0.10 110
0,00 , ! .00 M |_|‘
A0 M0 M5S0 MGl AT AAD A90 470 240 A50 260 470 A0 %0

Calais, EJINMMI 2015

Coronal

BASELINE PET,

RECURRENCE PET,

: Relapse MTV 40% SUVmax

: Relapse Hotspot 902

UVmax
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Tumoural hypoxia and RT

Dose recue
10 20 30 40

Cellules
hypoxiques

Cellules
aerees

10-3= Cellules survivantes
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Tumoural hypoxia and RT
= TEP/PET-Imidazole

v' BF_misonidazole

[ut]

T ;.. N 107 Cellul
18F-FRP10 g@ D Cellules
v 18E_HX4 w ¢

v 8Ga-NOTA-NI 1073

v
= TEP/PET-non-imidazolé
v' Cu-ATSM
v 8971-cG250-F(ab'), 1%41-cG250-F(ab’), (HIF-1cr, CA-IX)

Cellules survivantes

v BFE_FAZA o Dose recue
v BE_FETA f,.-;|/\>“\--\_\;mmmls 10 20 3|0 40
v BEFETNIM o ~)\
»s 13F_EF'] ><\ S\R >S'hume|‘es[|iruluilh..]
v 18F.EF3 N '
v BEEFS N Q
v 128 AZA E semstaituidais 1071
Cellul
v HIHAZG l [ h;pgx?:ues
v 14IAZGP
v
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Dose painting based on pre-treatment hypoxia-PET

CT planning )

FDG-PET planning

Hypoxia-PET planning

Y RT-CT

FDG-PET/CT

F-MISO-PET/CT
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PET-F-miso & boost (H&N)

" Lee, IJROBPO7Y " Chol, R&0 2010 " Hendrickson, R&O 2011
v 10 pts H&N v’ 8 pts H&N v 10 pts H&N
v" 84 Gy on GTVh v' 84 Gy (4) on GTVh, v 70 Gy on PTV
v 70 Gy on GTV v 78 Gy (2), 72 Gy (2) ¥ 80 Gy on GTVh

v
v' 105 Gy on GTVh - 2/14 60 Gy on nodes

Morm. Vol,




RTEP4

Proliferation

Vera, R&O 2012

Metabolism

Hypoxia

Cance

42
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Belief Function : multitracer images segmentation

18F-FDG 18F-FLT 18F-FMISO
FUSION
. . - >
Metabolism Proliferation Hypoxia n
FUSION
EEEh R e . Metabolism
T s Sl ..ﬂ,-.\’efabﬁh,'{mx.'a e g

Lelandais, PMB2012, MICCAI2012, IJAR2014, MIA 2014



Multitracers imaging using Belief function

Contents lists available at ScienceDirect

Medical Image Analysis

journal homepage: www.elsevier.com/locate/media

Fusion of multi-tracer PET images for dose painting

@ CrossMark

Benoit Lelandais**, Su Ruan?, Thierry Denceux °, Pierre Vera®, Isabelle Gardin®
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FDG, FLT, F-miso in rectal cancer (n=15)

FDG FLT

>

Before CRT

Before surgery o After 10-12 F of Cqu

Resection
specimen

Pathology

axial coronal sagittal

FDG (green), FMISO, (red), FLT (red)

Lambrecht and Haustermans, R&0O 2010; Roels, Acta Oncol 2008
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FDG, FLT i(g SCC esophagus cancer (n=22)

Fdg
Absolute

Han, lIROBP 2010 “FLT PET/CT-based treatment planning provided potential benefits to the lungs and heart”
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HYPOXIC : Prognostic interest of tumor hypoxia imaging by 64Cu-ATSM PET in patients
with locally advanced stage Ill/IV HNSCC treated by concurrent chemo-radiotherapy (Lettre
intention PHRC2015)

CT-RT (week 1-7)

>

Initial evaluation W3 End treatment 24 mo

Intermediate therapeutic

assessment
A

Cu-ATSM Cu-ATSM
FDG FDG

ARRONAX
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RTEPS - Phase Il RT-boost in lung cancer

PHRC 2011

6 sorties

F-misol

n=61

FDG1 +
n=61

CT induction

A 4

FDG2 +
n=32

Hypoxia
n=40/30

Pre-inclusion

n=79/75

18 sorties (dont 7 M+ sur FDG1)

F-miso2

n=31

Date du bilan a 3M du dernier pt inclus 14/3/15

SociétE Frangalse

de Radiothérapie
Oncologinue

SFRO
3 months 1 year
n=34/25 n="?

Inclusion
n=61/60

No hypoxia
n=21/30

1 sortie

Mumber of patients
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RTEPS - BTVh

valumes (mly

5 classes 0.59 0.44
2 classes 0.81 0.77
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(a l'intérieur du GTVm)

Thureau, JINM 2013



RTEPS : Boost on pre-treatment F-miso PET

18 mar 2013

24134 (70%) patients with boost

Toxicity
Ograde 4
2 grade 3 A 4 P
(86 & 66 GY) 66 Gy + boost 20 Gy

'

’.




RTEP 5 : BTVm et BTVh
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Reésultats préliminaires (n=33 pts hypoxiques)

FDG

Thureau, RTEP5, La Rochelle 2015

Ensemble des volumes (n=70)

= DICE
W JACCARD

a0% S50% 60% 0% B0% 20%

Volumes avec fixation Fmiso = 2 (n=35)

= DICE

I W JACCARD

a0% 50% 60% 70% 8U% 90%
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RTEP6. Etude comparative de I'hypoxie mesurée en TEP/TDM au F-miso et au FAZA chez
les patients atteints d’un cancer broncho-pulmonaire non a petites cellules au moment du

diagnostic : Corrélation avec I'immunohistochimie —
<21j 24h i; \r
Al AN Becabel
g N - N
24h i
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/ A \ %'fi\é Université i EE
CLINIQUE DU CEDRE  GETELAER N=f
e
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PET/CT for RT during-treatment

1. FDG
Hypoxia




Dose redistribution based on per-treatment FDG-PET

CT planning

FDG-PET planning

FDG-PET
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PET-FDC during RT (R EP1)

25.0 -
> Vol Adapt itive
A Vol 40

20.0 . I Vol Manu: |
< 15.0 - I T
=) o}
2 10.0 - - | -
5 :

5.0 -

0.0

1 2 3 4 5 6
PET, PET, PET, PET, PET, PET

o wow e = one No artefact during RT

Edet-Sanson, R&0O 2012



PET-FDG during RT (RTEP1)
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S
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Edet-Sanson, R&0 2012



PET-FDG during treatment for prognosis

FDG-PET staging

Hoestra 2005
Pottgen 2006
Kong 2007

Van Baarwijk 2007
Decoster 2008
Hellwig 2009
Zhang 2011

Huang 2011

Van Elmpt 2012

RTEP2 2014
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23

31

47

46

37

34
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Retrosp.
Retrosp
Retrosp
Retrosp
Retrosp
Retrosp
Retrosp

Retrosp

Prospect.
Mono

Prospect.
Multi

A

B-i

n-1v

I-1v

mn

FDG-PET
\%

RT-CT ¥
1a3cycles Chir ou RT Residual MRglu = 0.13 0S: yes
3 cycles RT-CTsurg na Histological response: yes
45 Gy (CT-)RT Metabolic response MR 3 mo after tt: yes
D7-D14 (CT-)RT Follow-up SUVNR > SUVR at D7: yes
3 cycles RT Metabolic response PFS: yes ; OS:
After induction Surg SUVmax =4 0S: yes
40-50 Gy CT-RT Decrease 50% SUVmax 0S: yes
40 Gy CT-RT SUVmax ,SUVmean, MTV RECIST 1 mo: yes
D14 (CT-)RT Decrease 15% SUVmax 0S 2y : yes (MTV no)
42 Gy (CT-)RT SuV2 (> SuUv1 > M1V) 0S 1y
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Prognostic value of FDG SUVmax during RCT

(DTED’)\

FDG-PET staging

Table 4
cell carc

Clinical exam
+CT
+ FDG-PET

FDG-PET planning FDG-PET 42 Gy + endoscopy
PET1 PET2 1y

cT ' EERTECTER |

_________

SUVmaxz
100 b=
_— so|- __
;‘ui = e j SUdexE = 53 '.-
g E :
H N 73] o4
5. g
=}
P K AUC = 0.85 [0.73 - 0.94]
A |- <10*%
':'"'...l...l...|p...|...|
0 20 40 =] a0 100

100-Specificity

Multivaniate analysis of outcome at 1| yea:l{lﬂgistic regression). The tested vaniables were age, sex, stage (IIIB vs. other), histology (squamous

noma vs. other, mduction chemotherapy (yes vs. no), treatment regimen (RT or RCT), SUV s, and metabolic volumes from PET, and PET:

Endpoint Variable  Odds ratio pvalue Correctly classified Area under ROC curve

Vera, EINMMI 2014

Disease-free survival at 1 year (40 events) | SUV o | 1.97 (95 % CI1.25 - 3.09) 0.003 75 % 0.85(95 % CI0.71 - 0.92)




RTEP7/IFCT1401 — Randomized phase II-lll study of personalized radiotherapy
dose redistribution in patients with inoperable stage Il non-small cell lung cancer
and a persistent FDG uptake at 42 Gy during concomitant radio-chemotherapy

P — GTV PET/CT, ----- ) — Follow-up —
PET-FDG, 4D Planning 4D CT : | S BBwe B
n =150 n =150 : : Delay post-RCT— (5 mo ) (1y) (2y) (3v)

| CT-IV+ CT-IV+ CT-IV+ CT-IV+

Dy , i PET-FDG, 4D : FDGPET FDGPET FDG-PET FDG-PET
NSCLC i i (42 Gyl) n=75 |

Histology ! : >
= = - -
| arma ' . R Std curative RCT 5 | |
n=75 : : GTV PETfCTl (50 Gy) j | I
: | . - Std RCT 66 Gy | |

. i ! ! FDG, - — .
i l : : 1/3 = GTV PET/CT, : :
Inclusion | : PET-FDG, 4D lnge ' | |
R1:1 I (42 Gy) n=75 | |
& | 1 1 | I
I : : ! | |
| : : * = | |

| ame | oo MU o VO gy o, R
n=75 GTV PET/CT, (50 Gy) No decision GTV PET/CT, T
n=75 : ! I

34 centres in France, 1 centre belge, 1 centre allemand
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Segmentation et modeles d’evolutivité tumorale

Segmentation des tumeurs hétérogenes (RW)

Segmentation dynamique (3D+t) en intégrant du modele spatio-temporel

» % & &

du(x,t)
e - i)t S - T@)
Onoma , IEEE ISBI2012; Mi, IEEE TMI2014 , Mi, MIA 2015 Advection Proliferation Treatment




FDG-PET for H&N

A X X X X

\' \'" v \" \' \' v

— Pretreat. —— Weekl - Week2 - Week3 - Weekd - Week5 = Week6 = Week? >

i i
Université : i
catholique ‘tk ;
delouvain  n
I I L -x Y dicth F'l‘ k L)
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PET

Dose
planned

Accumulated
dose

UCL ;"’-%'1

Université . ?
catholique ==
\E/

delLouvain s,

—  Pretreat.

PET HOf

GTV Hof

PTV HOf. 86Gy 2.46Gy/f
(86 Gy planned)

Plan 1
Fractions 1 -7

Weekl - Week?2

PET H7f

GTV H7f= GTV H7f - GTV HOf

PTV H7f. 86Gy 2.57Gy/f
(89.95 Gy planned)

L0

A

T

T
TTTTTTTT

MIM VistaR

R5

Week3 = Weekd —> 70Gy (35fx2)

PET H17f

GTV H17f= GTV H17f - GTV H7f - GTV HOf

PTV H17f; 86Gy 2.89Gy/f
(101.15 Gy planned)

18t B Plan 3
Fractions 18 - 35

AllROI'3

Servagi-Vernat, Acta Oncol 2014 & EJNMMI 2014

Anti-chronological reporting
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PET/CT-MR : dose redistribution

= Personalized dose redistribution

v’ In space (pre-treatment FDG PET)
v’ In time (during treatment)
v'In dose (boost)

Lung
H&N
Esophagus

Brain
Prostate
Cervix

Rectum

Pre-RT During TT  Potential tracers Device

FDG PET/CT
FDG
FDG

PET/CT

FET
Choline
FDG
FDG

Methionine ?



Conclusion : PET/CT for therapy planning in lung
cancer

" Pre-treatment

v FDG for GTVIBTV delineation
v' GTV = primary tumour + nodes [before induction chemotherapy]

v’ Pre-treatment boost : Contradictory results (RTOG 0617)
v On going phase II-lll trials

v FDG dose painting : not validated
v’ Hypoxia : Ongoing phase II-11l trials

" During treatment
v'FDG No artefact during RT
v PET-FDG during RT : ~42 Gy
v’ Major prognosis value during RT-CT (but not a standard in 2014)
v Interest for dose redistribution and boost ? On going clinical trial [1-11]
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