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Overall survival BED,,< 100 vs. BED,,> 100
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Overall survival in operable patients

Onishi H et al. Cancer 2004




SPACE study

Randomized phase Il trial

3x15 Gy on the PTV edge
=103 Gy EQD2,T (a/b=8 Gy)

NSCLC —> SBRT 22 Gy x 3 to 66 Gy in one week
T,,NOMO
<bcm o
PS 0-2 —> 3DCRT 2 Gy x 35to 70 Gy in 7 weeks
Primair eindpu nt: Progression-free survival in the SPACE study
1.00
Treatment arm
PFS - .
0.75 1 =8
2
2 0.50
&
0.25
000-‘ T T T T T T T
0 6 12 18 24 30 36
Months after randomisation
Treatment arm
A 49 37 25 15
B 53 46 27 20

= 58 Gy EQD2,T (a/b=8 Gy)

Fig. 1. Progression free survival by treatment arm (A = SBRT, B = 3DCRT), ITT analysis. HR = 0.85, 95% Cl: 0.52-1.36.
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Nyman et al. Radiother Oncol 2016



CHISEL: A randomized phase Il trial of SABR vs
conventional radiotherapy for inoperable stage |

non-small cell lung cancer
TROG 09.02, ALTG 09.05

Trial Registration NCT01014130

Camd Bdl, Tao Ma, Sdin Mnod, Scatt Bahington, Jerey Ruoen, Tames Kron, Brent Chesson, Alan
Herschtd, Marijana Vanevski, Angda Rezo, Aristine Hder, Marketa Skala, Andrew Wirth, Geg Wheder,
Addine im Mark Shaw

O behdf of the CHSHL investigatars
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Study design

Stratify:
T1vsT2a
Medically inoperable vs medically operable

Randomize 2:1

4 4

54 Gy 3 fxin 2 weeks 66 Gy 33 fx in 6.5 weeks
or or
48 Gy 4 fx in 2 weeks 50 Gy 20 fx in 4 weeks
140 Gy EQD2T 56 Gy EQD2T
96 Gy EQD2T 53 Gy EQD2T

66 Gy/ 24 fractions = 67 Gy EQD2T
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% Freedom From Local Failure (Censored)

Freedom from local failure and overall survival
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— Hypofractionated radiotherapy (HR
— — Standard radiotherapy (SR)
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100

80

HR 0.29,
95% CI 0.13, 0.66
P =0.002

60

401

% Overall Survival

207

Treatment Arm

— Hypofractionated radiotherapy (HR
— — Standard radiotherapy (SR)

05 10 15 20 25 30 35

Years since Registration
Numder 3t risk
s 55 4 3 28 2
2 2% 20 18

HR 0.51
95% CI1 0.29, 0.91
P =0.020




Grade 3+ toxicities by arm

| sAmR

Dyspnoea 2 (1 grade 4) o
Cough 2 o
Fatigue 1 0
Chest wall pain/pain 1 2
Lung infection 1 o
Hypoxia 1 0
Weight loss 1 o
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Toxicity and second primary lung

cancers in late survivors following
|Ung SBRT. Givlianietal.

Second primaries:
2-4 %fyear up to 18 years following treatment

Janssen-Heijnen et al. JThorac Oncol 2012
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1192 patients
5y OS: 14 % (182 patients)

Toxicity

— G2 fatigue: 5/182 (2.7 %)

— G2rib fracture: 1/182

— G2 chronic myositis: 8/182 (4.4 %)

Failures
— LR:3/182; regional failure: 2/282; DM: 5/182

Second primary lung cancers

— 22 (12 %)
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Conclusions

* SBRT is superior to conventional
radiotherapy =» No change of
current practice in The Netherlands

* Theincidence of second cancers
after SBRT and other treatment is +
4%[year: equals highest risk groups
in screening study = life-long yearly
low-dose chest-CT?
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Proton Therapy

Critical Review

Consensus Statement on Proton Therapy
in Early-Stage and Locally Advanced Non—Small

Cell Lung Cancer

Joe Y. Chang, MD, PhD,* Salma K. Jabbour, MD,’

Dirk De Ruysscher, MD “Steven E. Schild, MD," CharlesB Simone, II, MD,’
Ramesh Rengan, MD," Steven Felgenberg,MD Atif J. Khan, MD,’
Noah C. Choi, MD,** Jeffrey D. Bradley, MD," Xiaorong R. Zhu, PhD,"
Antony J. Lomax, PhD,"" and Bradford S. Hoppe, MD'', on behalf of the
International Particle Therapy Co-operative Group (PTCOG) Thoracic
Subcommittee




Critical Review

| am still sober ...

Radiotherapy and Oncology 83 (2007) 110—122
www .thegreenjournal.com

Proton Therapy in Children: A Systematic Review
of Clinical Effectiveness in 15 Pediatric Cancers

Roos Leroy, PhD,* Nadia Benahmed, MSc,” Frank Hulstaert, MD,*
s ic revi Nancy Van Damme, PhD," and Dirk De Ruysscher, PhD*
ystematic review

Leroy et al. Int J Radiat Oncol Biol Phys 2016

A systematic literature review of the clinical and
cost-effectiveness of hadron therapy in cancer

Mark Lodge®*, Madelon Pijls-Johannesma®, Lisa Stirk®, Alastair J. Munro?,
Dirk De Ruysscher™®, Tom Jefferson®

VOLUME 25 - NUMBER 8 - MARCH 10 2007

Proton Therapy in Clinical Practice: Current
Clinical Evidence
Michael Brada, Madelon Pijls-Johannesma, and Dirk De Ruysscher

Radiotherapy and Oncology 103 (2012) 5-7

Contents lists available at SciVerse ScienceDirect

Radiotherapy
O gy

Radiotherapy and Oncology

journal homepage: www.thegreenjournal.com

Systematic review

Charged particles in radiotherapy: A 5-year update of a systematic review

Dirk De Ruysscher®*, M. Mark Lodge ®, Bleddyn Jones €, Michael Brada ¢, Alastair Munro®,
Thomas Jefferson’, Madelon Pijls-Johannesma®
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A Bayesian Randomization Trial of Intensity
Modulated Radiation Therapy (IMRT) vs.
3-Dimensional Passively Scattered Proton Therapy
(3DPT) for Locally Advanced Non-Small Cell

Lung Carcinoma

(clinicaltrials.gov identifier NCT00915005)

Zhongxing Liao, J. Jack Lee, Ritsuko Komaki, Daniel R. Gomez, Michael

O’Reilly, Pamela K. Allen, Frank Fossella, John V. Haymach, George R.

Blumenschein, Noah Chan Choi, Thomas F. Delaney, Stephen M. Hahn,
Charles Lu, James D. Cox, and Radhe Mohan

Supported in part by NCI grants PO1 CA021230 and U19 CA021239.

~ | maastroN_ |
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Presented By Zhongxing Liao at 2016 ASCO Annual Meeting



Lung, Esophagus and Heart
Mean Dose

o
O =
A B IMRT
B 3DPT
o |
0
=
o 8- -
> P=0.59
(72} [ \
8 .5 \
§ Q | P<0.01
= l
P=0.16 ‘ I
] \ ‘
o | [ = = ®
N | L ] | I
[ i 1] ]
—— == N [)
o - ° I I

Mean Lung Dose = Mean Esophagus Dose = Mean Heart Dose

e unvensiy or rexdNote: Analysis carried out using the Wilcoxon rank-sum test (also known as Mann-Whitney Two Sample Statistic)
MD Anderson

CaneerCenter

Making Cancer History’

| manstRoN_ |
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Presented By Zhongxing Liao at 2016 ASCO Annual Meeting
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ZONPTC IS
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Systematic introduction of new technology

* Phase o: "In silico” quantitative modelling: Is
a measurable clinical benefit probable?

: Can the technology be applied safely?
l: Prospective clinical study
ll: Randomised trial if possible/ needed

(evident gain is necessary)

Phase IV: Outcome of wide-scale
implementation

Fiona Hegi, Dirk De Ruysscher, Paul Keall: et al. Submitted 2016



Potentials and limitations of proton therapy

* IMPT with robust plans? Passive Scattering
PT?

* Uncertainties
— Anatomical changes
— Range uncertainties

— Set-up/Movement
— RBE

ZonPTC | A
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Dose (Gy and Gy(RBE))

=== physical dose
201 = RBE-weighted dose/LEM [V
= =RBE-weighted dose/ccnstant RBE=1.1

0'0 1 1 1 1 1 1 1
0 10 20 30 40 KO 60 70 80

Depth (mmH,0)
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Model-based indications

Radiotherapy and Oncology 107 (2013) 267-273

Contents lists available at SciVerse ScienceDirect

Radiotherapy and Oncology

¥ 5

ko

ELSEVI

-
R journal homepage: www.thegreenjournal.com

Proton radiotherapy

Selection of patients for radiotherapy with protons aiming at reduction

of side effects: The model-based approach

Johannes A. Langendijk®*, Philippe Lambin ®, Dirk De Ruysscher€, Joachim Widder?, Mike Bos ¢,

Marcel Verheij ©

*Department of Radiation Oncology, University Medical Center Groningen, University of Groningen, The Netherlands; " Department of Radiation Oncology (MAASTRO Clinic) &

Research Institute GROW, University Hospital Maastricht, The Netherlands; © Department of Radiation Oncology, University Hospitals Leuven/KU Leuven, Belgium; “Health Council of
the Netherlands; *Department of Radiotherapy, The Netherlands Cancer Institute-Antoni van Leeuwenhoek Hospital, The Netherlands
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Model-based indications

Selection of patients for protons

100% 4 IMRT (photons)

90% - IMPT (protons)
80% <

70% -

60% -

sow | IMRT(photons) ,

NTCP (%)
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ANTCP

* Grade 1: are not taken into account
 Grade =2: minimal 20%

* Grade = 3: minimal 5%

e Grade = 4: minimal 2%

When several side effects are occurring simultaneously:
* Grade =2:2 ANTCP minimal 15%

* Grade =3: 2 ANTCP minimal 7.5%

* Grade = 4: > ANTCP minimal 3%

Z0N PT[J A
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Choice of the NTCP model

Annals of Internal Medicine RESEARCH AND REPORTING METHODS

Transparent Reporting of a multivariable prediction model for
Individual Prognosis Or Diagnosis (TRIPOD): The TRIPOD Statement

Gary 5. Collins, Phi; Johannes B. Reitsma, MD, PhD; Dowglas G. Altman, D5c and Karel G.M. Moons, PhD

Pradiction models are developed to aid health care providers in 2011 with methodologists, health care professionals, and journal
estimating the probability or risk that a specific disease or con- editors. The list was refined during several meetings of the stear-
dition is present {dizgnostic models) or that 2 specific event will ing group and in e-mail discussions with the wider group of
ocour in the future (prognostic models), to infarm their decision TRIPOD contributors. The resuling TRIPOD Statement is a
making. However, the overwhelming evidence shows that the chedklist of 22 items, deemed essentizl for fransparent reporting
quality of reporting of prediction model studies is poor. Only of a prediction model study. The TRIPOD Staterment aims to im-
with full and dear reparting of information on all aspedts of 2 prove the transparency of the reporting of a prediction model

prediction model can risk of bias and potential usefulness of pre- study regardless of the study methods used. The TRIPOD State-
rirfinn medcls o adamostabs sccaccad Tha Trancrarant Bac mant is tﬂ |.|Ed in ConiwnctEon 'I'I‘ilh ﬂ'E TRIPOD exnlanation

www.tripod-statement.org

N * “ Collins et al Annals of Internal Medicine 2015



http://www.tripod-statement.org/
http://www.tripod-statement.org/
http://www.tripod-statement.org/

rovement of prediction

els

LOW RISK

Lung cancer
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Lung V5 (%)

cLINIC

—WHO=0, Age=80)

@
S

Age=80
= = WHO=1, Age=70
WHO=1, Age=60

>1 (worsening) (%)
3

@© «©
2 &
a a
8 &
s <
S0 ——WHO=0, Age=80 4
5 e WHO= 5
z 2
:.;;20 =+=-WHO= z
L 3
g 10 Wi g10-
o a
0 e — . . 1] ST | P, T SN T: 2
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90

Lung V, (%)

[AVERAGE RISK] HIGH RISK
g Low-risk patient per baseline dyspnea category b Average-risk patient per baseline dyspnea category High-risk patient per baseline dyspnea category
J —8— AD>-1 model: risk of dyspnea worsening =8—AD>1 model: risk of dyspnea worsening { =6- AD>1 model: risk of dyspnea worsening
80 ; =+-D>3 model: risk of grade 3 dyspnea 80 =+-D =3 model: risk of grade 3 dyspnea 80 =+-D>3 model: risk of grade 3 dyspnea
r Appelt et al. model: risk of symptomatic RP Appelt et al. model: risk of symptomatic RP ' Appelt et al. model: risk of symptomatic RP
70 - D=3 model without 'Baseline dyspnea’ variable 70} %D >3 model without 'Baseline dyspnea’ variable| _70 *- D=3 model without 'Baseline dyspnea’ grade
N 2 | 2 &
560" > 560" ——]
% I 3 o
5% £ 850
2 [ 4
& a a
o 40 o - 40
@ @ @
= 30: 2 2 30
b= =
£ | ¢ .
o (¥ a
20- 20 - |
10 10
I B
0 % 0
0 1 0 1 2 3
Baseline Dyspnea grade () Baseline Dyspnea grade () Baseline Dyspnea grade ()
|AD21 model (dyspnea worsening at 6 months)|
0 Baseline dyspnea grade=0|patients % [Baseline dyspnea grade=1] patients % [Baseline dyspnea grade=2]patients

——WHO=1, Age=80
WHO=1, Age=70
WHO=1, Age=60
=-=-WHO=2, Age=80
= = WHO=2, Age=70
WHO=2, Age=60

=3
1=

=]
o

>1 (worsening) (%)
3

N oW A oo
o & ©o ©

Probability of A dyspnea
=

o

50 60

40
Lung V5 (%)

100 0
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Improvement of

models
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Probability of 12 month mortality (%)
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Lung cancer

12 month mortality risk depends on MHD and GTV
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De Ruysscher et al. WCLC 2017



Proton Plan Dose Calculation on DECT
vs SECT

SECT




PACIFIC

No. of Events/

Total No. Median PFS 12-Mo PFS 18-Mo PFS
of Patients (95% Cl) (95% Cl) (95% Cl)
1.0 mo % %
Durvalumab  214/476  16.8 (13.0-18.1)  55.9 (51.0-60.4) 44.2 (37.7-50.5)
0.9- Placebo  157/237 5.6 (4.6-7.8) 353 (29.0-41.7) 27.0 (19.9-34.5)
S
S 084
=
0
Y 0.7
o
§ oo
ﬁ |
— |
B 02 : Durvalumab
o [ A f
S 04 | :
5] | |
£ 034 | |
_:gv 0.2 i | Placebo
a Stratified hazard ratio for disease progression |
0.14  ordeath, 0.52 (95% Cl, 0.42-0.65) |
Two-sided P<0.001 | :
0.0 T T T I T | T T |
0 3 6 9 12 15 13 21 24 27
Months since Randomization
No. at Risk
Durvalumab 476 377 301 264 159 26 44 21 4 1
Placebo 237 163 106 &7 52 28 15 4 3 0

”‘AAST& | Antonia et al. New Engl J Med 2017
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Subgroup analysis of KEYNOTE-o001

A
100 HR 0-56 (95% Cl 0-34-0-91); p=0-019

—— No radiotherapy
80 —— Radiotherapy

60

40

Progression-free survival (%)

100 HR 0-58 (95% Cl 0-36-0-94); p=0-026
20 .

Number at risk

(number censored)
No radiotherapy 55 (0) 12 (1) 6(2) 4(2) 3(3) 1(5) 0(6)
Radiotherapy 42 (0) 16 (6) 8(8) 5(8) 5(8) 4(9) 0(11)

Overall survival (%)

0 | T | T T T | |
0 6 12 18 24 30 36 42 48

Time since first dose of pembrolizumab (months)

Number at risk
(number censored)
No radiotherapy 55(0) 24(1) 17(1) 11(1) 8(1) 5(3) 1(7) 1({7) 0(8)
Radiotherapy 42(0) 28(2) 17(3) 14(3) 9(3) 6(5) 1(9) 1(9) 0(10)

Q?b@q, -
MAASTk ‘
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Shaverdian et al. Lancet Oncol 2017



Radiation

Barriers for successful immune
treatment

Tumaor Immunologic Phenotype

'

J

T-cell negative

T-cell poor

Immune exclusion

Immune suppression

ﬂEJ Vascular barrier DC absence Ty, 1 chemokine absence Tolerogenic DC Antigenicity loss Excess of MDSC,
= J Treg, TGFR
- TAM reprogramming Ag release CXCL10 Ag release Upregulation of Ag release
& vascular DAMPS CX¥CL16 DAMPS MHC-I Fas DAMPS
i normalization IFM-1 CCLS [FM-I MNKG2D-ligands IFM-1

Transfer of Ags

to stroma

2 ¥y L y
@
o Adoptive T-cell DC growth factors Adoptive T-cell therapy TLR agonists Adoptive T-cell therapy TGFB neutralization
E therapy vaccination (FLt3L, GM-C5F) vaccination IL-2, IL-15 IDO inhibitors vaccination IL-2, IL-15 Treq depletion
Z IL-2, IL-15 IT DCs injection T-cell costimulation STING agonist T-cell costimulation C5FR1 antagonism
E

Q\?b@q, -
MAASTk ‘
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Immune checkpoint inhibitors -

Demaria et al. JAMA Oncoloav 201c



Upregulation of MHC class | by
radiation

.\
p u)

MHC class | surface expression (a

.‘—C.‘

mean value

— MHC class |
- TfR

10 20 30
dose of irradiation (Gy)

Reits et al. ] Exp Med 2006
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Upregulation of TAAs by radiation

* (Caco-2, HCT116, WiDr, HT-29, LS 174T, SW1463, SW403, SW480,
SW620, T84, LoVo, and COLO 205

* Asg49, SK-LU-1, SWqo0, HLF-a, NCI-H23, NCI-H647, Calu-1, H460,
Caluiand Calu3

 22Rvi, DU 145, PC-3, PC3, DU145and LNCaP

 MelJuSo, SK-MEL-37, CaSki and SiHa

* MDA-MB-469, MDA-MB-231 and MCF 7

* Saos, LMg, 143B, HOS, HUog, and M132

Dudek et al. Cyt Growth Fact Rev 2013
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Radiation alters the MHC class |-
associated peptide profile

it s0m K e %

non-irradiated

100 BT e

B

Peptides specific for irradiated cells

ETDRGMSAEY Mitochondrial protein CGI-51,_ .
YSDSLVQKGY DNA repair protein MSHE 5g 474
VTDVGIRY F-box protein Fbl7 e 4,
IADMGHLEY PCHNA

242.249

% | Reits et al. ] Exp Med 2006
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Main mechanisms of ICD-inducers

Cancer cell are @ CRT @  Hsp700
1= umcB1 T Hsp20@
Mitoxantrone v +y8 Th17 cells invasion 1
Anthracyclines @ « IFNy-producing CD8+ T cells
Cardiac +CD8+ T cells infiltration”
Glycosides <'N 5 (e DCs - PDLI
. . ra
Oxaliplatin
VCirradiati .- ?O ’i) « IFNy-producing CD8+ T cells 1
UNCirediaion W @ * NK cell cytotoxicity T
o \} «DCs infiltration®, activation
Radlotherapy « IFNy-producing T cells
+ CD4+ and CD8+ T cells infiltration 7
*Treg inﬁltration‘lr
Shikonin

7A7 antibody —

+ CD4+, CD8+ T cells infiltration 1

« NK cells infiltration®

CyclophospLar_nﬁr/,—) T v

{875 ) -mo besinfiltration T
+CD8+ cells infiltration

* Treg infiltration wl; general ¥

@ «Th17 4
T

= CTL cytotoxicitw
| ____——> & v 3 * DCs infiltration 4

Bortezomib ——|
* IFNy-producing T cel lsT

* NK and CD8+ cell cytotoxicity

S
]w § * DCs maturation 4§
« DC-derived IL-18 nof 1-10¥
2
"W« D4+ and CD8+ T cell expansion

* NKs important for

Photodynamic
Therapy (PDT)

Coxsackievirus B3
the outcome of the treatment

Dudek et al. Cytokine &
Growth Factors Rev 2013



Prognostic value of ICD-genes

C Prognostic impact of Lung Cancer-specific ICD- D Prognostic impact of Lung Cancer-specific ICD-

derived metagene signature in derived metagene signature in
Lung Adenocarcinoma Lung Squamous Cell Carcinoma
= HA = 0.42 (0.31 - 0.55) = HR = 0.63 [0.46 - 0.BE)
‘* logrank P = Be-10 logrank P = 0.0034
m o
= [ -
T @ e
i L E [ =]
: :
= 3
[F5] i
- L = =
B o B o
§ 2
Q
[ L]
o o
Expression Expression —
o — low - — Il::_-w *
S o — high 2 4 — high
I ] I 1 1 1
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Time [months) Time {months)
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Garg A. et al. Oncolmmunology 2016



Prognostic value of ICD-genes:

Biolog

LUNG
CANCER

CD247
cDz
CCR5
PTPN7
ARHGAP9
IL12RB1
SAMD3

CD3E
UBASH3A
FASLG
IL2RB
SIRPG
sLA2

B o s (0D

Cancer-independent
ICD-derived metagene >

cccccc

Garg A.

cal meaning

PSTPIPl CCRS
SAMD3

. ARHGAP9

“x- R

CD247 PTPN7 N/

IL12RB1

GO Biological Process P-value
Regulation of T cell activation 0.00008
Regulation of Leukocyte cell- 0.00008
cell adhesion
Regulation of homotypic cell- 0.00009
cell adhesion

et al. Oncolmmunology 2016




Maximum clonal frequency in post-treatment blood of the most
frequent TCR clonotypes found in TILs.
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lTwyman-Saint Victor et al. Nature 2015
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Resistance for anti-PD1 can be overcome by radiation

Anti-PD-1

v

Responsive Resistant

MHC Ill-ligh Ml-t | Low
VR

IFNB
More TiLs Less TiLs
l Radiation l
Tumor / \ Tumor
regression progression

Wang et al. Cancer Res 2016
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Radiotherapy

Tumour
cell mass

Initiates cell death

+

Releaze of DMNA and RMNA
into the cytoplazm
1
] L
DMA triggers cGAS RMA triggers TLRs
toreleaze cGAMP and RLRs

Activation of the STING
signalling pathway

Activates transcription of
the type | IFN gene

Activates transcription of
the type | IFN gene

!

Production of IFN
# Ezzential for DC activation and function, DCs in turn prime T cells
* Mediates recruitment and effector function of CD8* T cells
# Activates pro-death signalling in tumour cells
* Eszential for maturation and activation of APCs and T cells
= PD-L1 induced by inflammatery cytokines, including IFM
* Prolonged IFN signalling stimulates tumour prosurvival mechanisms

Initiates cytokine and chemokine praduction
in the tumour environment
1

¥ +

Infiltration of Efflux of immune cells
* Dendritic cellz * Teells
* Macrophages *DC=
* Cytotoxic T cells * MD5Cs
+T cells * Cytokines
|_ * MDSCs
! }
T_ cells build up in the MDS5Cs suppress T-cell
tumour microenvironment activation and promote
and secrete TG and IL-10. tumour regrowth
‘which both zupprez: effectar
T-cell activation and alzo
stimulate the suppressive
functions of MD5Cs

Initiates release of tumour antigens

Initiates release of DAMPs (calreticulin, ATF, HMGE1)

Actrvation of APCs

Initiates recruitment of IL-1B, TGFP, FGF, TNF and NLRP-3

Generates chemotactic signals that recruit several myeloid cell
populations with distinct roles in T-cell suppression

Weichselbaum et al.
Nature Rev Clin Oncol 2017



Which toxicity may be
Increased?

Durvalumab Placebo
(N=475) (N=234)
Any-grade all-causality AEs, n (%) 460 (96.8) 222 (94.9)
Grade 3/4 @ < 61 {26_1)2
Grade 5 21 (4.4) 13 (5.6)
Leading to discontinuation @ 23(9.8)
Any-grade treatment-related AEs, n (%) 322 (67.8) 125 (53 .4)
Any-grade all-causality AESIs, n (%) 311 (B65.5) 114 (48.7)
Grade 3/4 39 (8.2) 8(38)
Grade 5 4(0.8) 4(1.7)
Requiring concomitant treatment 200 (42.1) 40(17.1)
Any-grade immune-mediated AEs, n (%) 115 (24.2) C_19(8.1) )
Grade 3/4 16 (3.4) 6(2.8)
Grade 5 4 tD.B} 3(1.3)

)}M Antonia et al, New EnglJ Med 2017
MAASTRO ‘ Paz-Ares et al, LBA1, ESMO 2017
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Which toxicity may be
Increased?

Durvalumab (N=475) Placebo (N=234)

Event Any Grade Grade 3or 4 Any Grade Grade 3or 4

Amrelent, n (%) 460 (96.8 142 (29.9) 222 (94 9)
Cough 68 (35.4) (0.4 59 (25.2)
Pneumaonitis/radiation pneumonitiss 161 (33.9 168 (3.4) h8 (248
Dyspnea C 106223 ) 7(1.5) 56 (23.9) :

i g 3 (0.6) _ 3(1.3)
Pyrexia 70 (14.7) 1(0.2) 21(9.0) 0
Decreased appetite 68 (14.3) 1(0.2) 30 (12.8) 2(0.9)
Nausea 66 (13.9) 0 31 (13.2) 0
Pneumonia 62 (13.1) 21(4.4) 18 (7.7) 9(3.8)
Arthralgia 59 (12.4) 0 26 (11.1) 0
Pruritus 58 (12.2) 0 11 (4.7) 0
Rash 58 (12.2) 1(0.2) 17 (7.3) 0
Upper respiratory tract infection 58 (12.2) 1(0.2) 23(9.8) 0
Constipation 56 (11.8) 1(0.2) 20 (8.5) 0
Hypothyroidism 55 (11.6) 1(0.2) 4(1.7) 0
Asthenia 51 (10.7) 3(0.6) 31 (13.2) 1(0.4)
Back pain 50 (10.5) 1(0.2) 27 (11.5) 1(0.4)

Q?b@q/ @ Antonia et al, New EnglJ Med 2017
MAASTk ‘ Paz-Ares et al, LBA1, ESMO 2017
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Examples of experimental mitigators of radiation-induced lung damage

IL-17 antibodies Anti-CD25 (Treg depletion) nintedanib

O non-irradiation control
Sham Radiation control IL-17A antibodies Placebo
3 ‘(.:‘p (1 b ;\;}‘;\g’y{n{g.““_" N
G~ Dt ol ‘? A {4\3:'"4'-"@& o g
G S 8T AR

O irradiation + normal saline
@ irradiation + IgG

g >\)‘* A S 80 r m irradiation + anti-CD25 - )
? - 70 *
i Ee- *
(% “ 60 *#
£
3 50
£ L *
5 0 * o
2T -
E 20
10
o i
im 3m 6m
Time postirradiation
Xi tal | biol 2015 De Ruysscher et al.
Wang et al. Exp Lung Res 2014 long et al. Immunobiology Radiother Oncol 2017
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chemo | chemo | chemeo
cycle 1| cycle 2| cycle 3

ctop®

Information | Research I T

Nivolumab: 360 mg Q3W, 4 doses

v

chemo chemo Radiothera Nivelumab:
cycle 1 cycle 3 PY 480mg Q4w
up to 1 year

Nivolumab: 240mg Q2W, 8 doses —>

Amended protocol

Screening, eligibility
and enrolment

chemo chemo
Stage cycle 1 cycle 3

nmA/B
NSCLC
b
|
rot t t+ 1t t t 1
i Nivolumab: 360 mg Q3W 4 doses, followed by 480 mg Q4W up to 1 year
|
Whole body

S~ FDG-PET
/‘w di Q |||\|. i
MAASTRO ‘ CT scans year 1: every 9 weeks, year 2: every 12 weeks, beyond 2 years: every 6 months +se until PD
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van den Heuwel et al. Journal of Translational Medicine (2015) 13:32 )
DOH 1001 186/ 12967-01 5-0397-0 T JOURMAL OF
! TRAMSLATIONAL MEDICIMNE

RESEARCH Open Access

NHS-IL2 combined with radiotherapy: preclinical
rationale and phase |b trial results in metastatic
non-small cell lung cancer following first-line

chemotherapy

Michel M van den Heuvelr, Marcel ‘.-"erheijz, Rogier Bcushuizen', Josa Belderb-c:sz, Anne-Marie C Dingemansl,
Dirk De RLI}-'SSCh-Equ Julien LauremS, Robert TlghEE', John Haanen' and Sonia Quarating™

Radiotherapy primary tumour 5x4 Gy, followed by selectikine

Clinical outcome

No objective responses were observed durmg the tnal. based on EECIST v1.0 critenia for tumor response.
PFS. and OS5. Median PES was 2.9 months (95% confidence mterval [CI] 1.5: 3.1) and median OS was 8.6
months (953% CI 4.9: not evaluable). As of the dav of reporting there are 2 long-term survivors (both n good
performance status 4 vears after start of first-line chemotherapy). One patient discontinued treatment with
NHS-IL2 in November 2013 and there were still no signs of disease activity in August 2014. Of note. both

long-term survivors developed thyroiditis during treatment.

2/13 (15 %) patients no progression after 4 years!
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Abscopal effect of L19-IL2 and radiation

1.0

o o o
® 2 bt

Fraction not reaching
4x start tumorvolume

e
L
1

FEEEEE

Wehicle

L19-IL2

156Gy + PBS
520Gy + Vehicle
15Gy + L19-IL2
Ex2Gy + L19-IL2
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Phase | trial SBRT + L19'|L21CT02086721

* Synchronous or metachronous oligometastatic solid tumor
(NSCLC, RCC, HNSCC, CRC, melanoma)

e Or poly-metastatic NSCLC

e SBRT to all (up to 5) oligometastatic sites =» L19-IL2 (6
cycles: day 1,3,5; Q 21 days)




Phase Il trial stage I-Ill small cell
cancer "ETOP- STIMULI"

Screening:

LD SCLC

T

FDG-PET-CT
or CT

[

Brain MRI
or CT

Chemo-Radiotherapy: Consolidation vs observation:
cis-/carboplatin + etoposide induction maintenance
4 cycles Tumour
evaluation: , A N A N
. @ . . ’ i v
§ §F § § 2 % % 72 0000 B-mxiyea
: & & = = = =
PCI pD no combination nivolumab
yesl nivolumabyipilimumab
off observation
from start of chemotherapy after randomisation
3 6 9 2 0 3 6 9 12 14 16 18 27 -
Week e T T T
| cr

RT (Thoracic Radiotherapy):

accelerated schedule preferred

start: day 1 of chemo cycle 1 or
day 1 of chemo cycle 2

Biomaterial for translational research:

Whole blood

Biopsy:
FFPE block
or slides

cLINIC

CT scans for tumour assessment

- up to 18 months: every 9 weeks
- upto 2 years: every 12 weeks
-years 3&4: every 6 months
- at 5 years

At progression:

f 1 f

s

’ Serum
I [
’ Whole blood ‘

Whole blood

Voluntary re-biopsy:
— FFPE block

lung



Randomized phase Il NVALT-11/ DLCRGO2 study
of prophylactic cranial irradiation vs. observation
In stage Ill NSCLC

De Ruysscher DKM (1), Dingemans A (1), Praag J (2), Belderbos J (3), C. Tissing-Tan C (4),
Herder G (5), Haitiema T (6); Ubbels F (7); Lagerwaard J (8); Stigt J (9); Smit E (10); van
Tinteren H (10), van der Noort V (10), Groen HIM (7)

1 University Medical Center Maastricht and Maastro Clinic, Maastricht; 2 Erasmus Medical Center, Rotterdam; 3 Anthonie
van Leeuwenhoek hospital, Amsterdam; 4 Radiotherapeutic Institute Arnhem; 5 Antonius hospital Nieuwegein; 6 Medical
Center Alkmaar; 7 University Medical Center Groningen; 8 Free University Medical Center, Amsterdam;

9 Isala hospital, Zwolle; 10 Netherlands Cancer Institute, Amsterdam; All in The Netherlands
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Primary endpoint: Incidence of
symptomatic brain metastases

BM + neuro 6 (7.0%) 24 (27.2%) <o0.001

|20“HPHHMHQHH

Registration is allowed efthes before of after herapy t
PCI: 35 Gy In 18
fractions, 30 Gy In
12 fractions or 30
Gy In 10 Tractions
Sultable for radical /' I PO within 4
therapy for stage Il WHG Perfomance —
NSCLC? R
» ConcuTent giatus 0-2 A
chemaotherapy and 2- 3 wesks aner ]
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All neurological adverse events: Physician rated

All grades Grade 3,4, 5
PCI Observation PCI Obs
86 88 86 88
Memory impairment 26 7 0 0
Cognitive disturbance 18 3 2 0

After Holms-Bonferoni correction: significant differences between arms
considering all grades: Memory impairment and cognitive disturbance.

Grade 3-5: number of AE too small to see significant differences.
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Patient reported adverse events

All grades Grade 3, 4
PCI Observation PCI Obs
86 88 86 88
Dizziness 50 36 1 0
Headache 55 36 4 2
Fatigue 69 70 3 5
Memory impairment 50 47 2 1
Vomiting 16 6 0 0

After Holms-Bonferoni correction: significant differences between arms
considering all grades: headache

Grade 3-5: number of AE too small to see significant differences.
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Conclusions

- PCl reduces symptomatic brain metastases (7 % vs. 27 %),
but at the expense of increased side effects

- When rated by physicians, G1-2 cognitive disturbance (3.4 %
vs. 20.9 %) and G1-2 memory impairment (7.9 % vs. 30.2 %)
are significantly increased

- Rated by patients, only headache G1-2 (40.9 % vs. 63.2 %)
IS significantly increased

=» Detailed analysis of QoL is ongoing
=» Strategies to reduces the toxicity of PCI (an efficient
treatment) is needed (hippocampus sparing?)
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