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A simple model of tumor growth

Interactions between cell populations in a single tumor site
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Contramensal interactions between species

Simon Hodge and Wallace Arthur, The Ecology Centre, Univ. of Sunderland, Sunderland, UK SR1 3SD.
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Do we have a full observability if we measure a single variable?

Original state space

) Reconstructed space
(Rossler system)

Coordinate transformation
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True when the Rossler system is observed from variable y(?)

» The system is fully observable
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Observability from different variabl X —
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» These conditions define the singular observability manifold

PRESENTED AT: Maismaucalr oapesies Wil PRESENTED BY: Clément Draghi
" Biology and Therapeutics of Cancer ' 9



Observability coefficients computed for the cancer model

Journal of Theoretical Biology 322 (2013) 7-16

~ Journal of *
e
Journal of Theoretical Biology g

Contents lists available at SciVerse ScienceDirect

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

What can be learned from a chaotic cancer model?

C. Letellier®*, F. Denis P, L.A. Aguirre®

Tumor cells

It should be more efficient to track the tumor
environment rather than the tumor itself
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Application to Lung cancer

« Lung cancer: more than one million deaths/year worldwide

» Two types of cancer: Non small cells lung cancer (NSCLC) 80% / small cells lung cancer (SCLC)
« 5 Stages (stage 0 = noninvasive tumor)

Stage 1: tumor < 3 cm Stage 2: tumor < 6 cm Stage 3: tumor > 6 cm Stage 4: Tumor invades
no metastasis Isolated metastasis in the lung Metastases in the lymph nodes other organs
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Application to Lung cancer

Treatments: surgery, radiation therapy, tyrosine kinase inhibitor (TKI), immunotherapy...
Commonly, the follow-up is based on CT scan every 3-6 months depending on the stage

Relapsing patients often wait many weeks before a visit during which symptoms

are detected**

75%-90% of lung cancer relapses are symptomatic®

*  GLWalsh et al. AnnThorac Surg 1990
** F Denis et al Support Care Cancer 2014
¥ F Denis et al INCI 2017

Rk E Basch JAMA 2017
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Self-reported symptoms using a weekly questionnaire filled at home

Man, 63 years

. Smoker, 90 kg, No physical activity
> Patient Treated by Radiotherapy
probability of relapse = 75%
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Self-reported symptoms using a weekly questionnaire filled at home
Man, 65 years

> Patient Smoker, 86 kg, No physical activity
Treated by chemotherapy
probability of relapse = 75%
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Web-Mediated Follow-Up by Moovcare™

o [

Average problem

Slight problem

Heavy problem
Operating principles of MoovCare™

Weakness feeling

Patient (or relative) WEEKLY reports HOSPITAL & PHYSICIAN P o protiem |
12 Sym ptoms DASHBOARD Average problem

Slight problem

Heavy problem

3' 1 N Pain
Algorithm analysis
* Additional comment e
in free texte window Average problem

Prospectively assessed in 3 trials

« Prescription » of a
personalized follow-up
with MoovCare™

Slight problem

Heavy problem

Relapse and dangerous medical

conditions suggested

Notifications sent to nurse/oncologist
=» phone call

Early visit +/- imaging

F Denis et al Support Care Cancer 2013
F Denis et al Support Care Cancer 2014
F Denis et al INCI 2017
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Securise data
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4. Alert confirmation

+ Additional exams
+ Treatment adaptation,

Ambulator
y patient
2.

12 clinical parameters collection
(form to fill 1 time per week)
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MooveCare versus a routine follow-up (Phase I)
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» Confusion matrix S

Appetite|loss
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Pain

r | Without relapse
elapse P Other pathology

MoovCare positive
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MoovCare negative
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> Sensitivity 100%

> Specificity 89%
> detection of cancer relapse anticipated by 5 weeks compared to routine imaging ...

» Moovecare has a reliability equivalent to the one of a routine follow-up!
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Phase |l trial

Patients surviving

1.0
Web-application arm

* Non-randomized mono-centric study

» 98 Patients (Stage III/IV Lung cancer)

* + 27% one-year survival improvement* Control arm

p (log-rank) = .0014

* F Denis,Am JCO 2015
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Phase Ill Multi-Centric Randomized Study

PRIMARY OUTCOME: OVERALL SURVIVAL

Non-progressive Stage Il (only N+) - IV

Ineligible
SCLC and NSCLC N =12

Internet access 1-11A

PS 0-2 and symptomatic score < 7 iB-1v

TKI or maintenance therapy allowed
Planned visit similar in both arms Stage

Reduction of scheduled imaging Control"IIA
ontro

arm 11B-1V

Mathematical Perspectives in the

PRESENTED AT: __ 2
Biology and Therapeutics of Cancer

PRESENTED BY: Clément Draghi

3mo 6mo 9mo 12mo 15mo 18 mo 21 mo 24 mo

CcT CcT CT CcT

CcT CcT cT  CT CcT CcT CcT CcT




Consort Diagram

« Ineligibility after randomization (12)

> No internet access
> No proven lung cancer
» Progressive disease at randomization

> Non-authorized maintenance
treatment

» Comparable groups
» Median age 65 yrs
» 33% stage lll, 63% stage IV
> 41% maintenance/TKI
> 17% SCLC
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133 underwent
randomization

Control
follow-up
N =

66

Web-mediated
Follow-up
N =67

5 were found to
be ineligible
after
randomization

7 were found to
be ineligible
after
randomization

\4

v
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Planned Interim Analysis (1/2016)

Primary endpoint: Overall Survival

133 randomized patients Hazard ratio for death = 0.325 ([0.157; 0.672],

9 months follow-up
+7 months median OS
Inclusions stopped by IDMC

Control arm

Switch of eligible patients

12 mo OS

Kept in control arm for ITT analysis Control arm (1 = 61) 12 (86 - 164) 199,

Months

F Denis et al. INCI 2017
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Performance Status at Relapse

PS 0-1

77% of patients (Web-app arm) vs 33% (Control arm): p<0.001

\ 4

Treatment of Relapse

74% « Optimal » (Web-app arm) vs 33% (Control arm): p<0.001

Earlier and increased supportive care =» improved QUALITY OF LIFE
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Final OS analysis (2-years follow-up)

. Censoring cross-over
ITT with crossover (Survival of swiched patients
(10 patients eligible) Not assessed after cross-over)

= NON favorable CASE = favorable CASE

P=0.03,
HR 0.594 (0.368 ; 0.959) Control arm P=0.004,
HR 0.496 (0.305 ; 0.806); p=0.005

Control arm

Median OS 12 moOS 24 mo OS
Median OS 12 mo0OS 24 mo OS

Web-application arm (n = 60) 22.5 months 75% 50%
75% 50%

Control arm (n = 61) 14.9 months 56% 34% Web-application arm (n = 60) 22.5 months
Control arm (n = 61) 13.5 months 53% 26%

T

5
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Incremental Cost-Effectiveness Ratio
(ICER)

Survival

benefit Assessed cost ICER

- Van Loon et al, Eur | C 2010
g;;‘;a“ for Lung 4 weeks 265,000 $ 66,250 $

Huntington et al, JCO 2015
CT-scan for

Lymphoma

PET for cervical
Cancer

2 weeks 800,000 $ 400,000 $
Auguste P al, BJOG 2014
| weeks 1,000,000 $ 1,000,000 $

Matter-Walstra, JTO 2016

Nivolumab for Lun
Cancer & 14 weeks 184,000 $ 13,143 $

Moovcare™ 32 weeks < 30,000 $ <940 $
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Conclusion

First study with overall median survival benefit (+7.6 to 9.0-month)

Moovcare™ assessed prospectively in > 300 patients (and PRO in > 1200 pts)

First real personalized follow-up in lung cancer... soon available for pilot sites

Larger multicentric international studies to be initiated in other cancers (>1000 patients)

Other application coming soon: cancer screening in smokers (Smokecheck™)
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Moovecare can also be used for better assessing tumor
response to treatment

>1-year immunotherapy duration... and so on
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initiated T T ongoing

Mathematical Perspectives in the . . 20
PRESENTED AT: _ . ) PRESENTED BY: Clément Draghi
Biology and Therapeutics of Cancer



Acknowledgements

Many thanks to all patients who participated in our study

Co-Investigators (France)

Claire Lethrosne, MD, Nicolas Pourel, MD, Olivier Molinier, MD, Yoann Pointreau, MD, Julien Domont, MD, Hugues Bourgeois, MD, Héléne
Senellart, MD, Pierre Trémoliéres, MD Thibaut Lizée, MD Jaafar Bennouna, MD Prof Thierry Urban MD Prof, Claude E( Khoun MD,
Alexandre Charron MD, Anne- Lise Septans PhD, Magall Balavome MSc, Sébastien Landry, MSc, Phlllppe Solal- Cellgny, MD and Chr1stophe
Letellier, PhD, Prof

Promotor

Weprom, Angers, France

My institution
ILC Jean Bernard, Le Mans, France

Sponsor
SIVAN Innovation Ltd.

US Scientific support
Ethan Basch MD, FASCO, BA (Chapell Hill, NC), Amylou Dueck, PhD (Mayo Clinic), Bridget Koontz, MD (Duke University)

Institutional supports

Société Francaise de Radiothérapie Oncologique (SFRO),
Syndicat National des Radiothérapeutes Oncologues (SNRO),
Conseil National de ’Ordre de Médecins (CNOM)

E, o 1omatical espacties i PRESENTED BY: Cléaene®ifaghiS MD,PhD

Biology and Therapeutics of Cancer




Mathematical Perspectives in the . .
PRESENTED AT: . 2 PRESENTED BY: Clément Draghi
Biology and Therapeutics of Cancer




Follow-up and Patient-Reported Outcomes...

75%-90% of lung cancer relapse are symptomatic*

Relapsing patient often wait many weeks before visit with symptoms**
Patients and caregivers are « connected »

Relapses may be detected 5-weeks earlier at first symptoms**

Patient-reported outcomes may improve survival***/****

*  GLWalsh et al. Ann Thorac Surg 1990
** F Denis et al Support Care Cancer 2014
*¥ F Denis et al INCI 2017

#kxk E Basch JAMA 2017
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Predefined subgroups analysis

No of

patients Hazard ratio [95% Cl] p-value

Overall 121 0.594 [0.368; 0.959] 0.0331
Male 81 0.542 [0.307; 0.956] 0.0345
Female 40 0.710 [0.290; 1.737] 0.4528
PSO 32 0.693 [0.288; 1.668] 0.4129
PS 1-2 89 0.554 [0.311; 0.985] 0.0441

TKI 17 . 1.345 [0.402; 4.508] 0.6306
No treatment 72 . 0.561 [0.293; 1.077] 0.0823
Maintenance 32 0.486 [0.198; 1.190] 0.1141
3B/IV 86 0.558 [0.325; 0.958] 0.0344
2B/ 3A 34 0.715 [0.254; 2.011] 0.5253
SCLC 20 0.087 [0.022; 0.342] 0.0005
NSCLC 0.756 [0.444; 1.288] 0.3037

T
0

Web-mediated follow-up better Control follow-up better
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