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First cancer cell Diagnosis
1 l treatment

v

Growth law: go(Vp)=Vp(Qp ,Bg/n( Vb))

Primary
Tumor

Disseminatior] law: d(Vp)= ti(Ve) ¥ .

! A

Secondary di’ssemination?
Brain
@ ﬁ ‘
Metastases Same growth?
Growth law: g(V)=V(a B/n( V))

Dormancy?
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The model with dormancy could describe best the data

25 T T
50 1 ! !
1 1
20 ! ! Obijective function
407 ) : : o
= -.0_5 1 1
g €151 I I Model Patient 1 | Patient 2
5% 3 , , Base 5.51 2.53
g 2 0 : : Secondary 5.43 2.3
220+ 5 YT ! ! Delay 5.23 1.53
g z I I I Dormancy 4.93 1.71 |
10l 5] : : © ] Diff. growth | 4.95 .79
: :
o T . | ¢ |
15 20 25 30 35 40 45 50 -20 0 20 40 60
Months post-diagnosis Months post-diag

Dormancy estimated to 133 days £ 4.2%

- @0
““‘..“.Oittcoon

Data

Bilous et al. (Benzekry), biorXiv, 2018



t = -55 months
10 mm

Primary Metastases (brain)

tumor
(lung) Bilous et al. (Benzekry), biorXiv, 2018



Size (cells)

t = -65.1 months
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Clinical application - Metastatic relapse in breast

cancer
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ts (642 w/o adj)

ien

1057 pat

n-=

Clinical data of individual breast
metastatic relapse

K = 25 features

508/
whd
&
] 0.6 —— Metastasis free survival
© —— Overall survival
> 0.4
g
&3 0.2
0.0 - : .
0 5 10 15

Years post-diagnosis

& »
<« »
A menopausal_status ER PR Ki67 HER2 HERZ_intensity CKS6 EGFR VIM
Post-ménopause 20 0 0 0 0 0 0 0 0
Miénopause 40 95 R o 0 0 o 0 0
Activité génitale 87 10 26 o o 0 0 80 o
Post-ménopuuse 100 100 8 0 0 0 0 0 0
Post-ménopause 0 o 16 R2 +++ 0 o 0 o
Activité génitale 100 95 12 0 0 0 0 0 1
Activité génitale 56 100 17 0 0 0 0 0 0
Activité génitale 57 85 23 100 ++ 0 o 0 o
Post-ménopause 30 5 20 0 0 0 0 0 0
Post-ménopause 0 0 15 100 -+ 0 5 0 o
Post-ménopause 100 80 10 o o 0 0 0 [
Post-ménopuuse 30 0 5 0 0 0 0 0 0
Post-ménopause o o 15 40 ++ 0 o 0 o
Ménopause 0 80 8 0 0 0 0 0
Post-ménopause 0 0 27 0 0 0 30 0 1
Post-ménopause o 0 56 o 0 80 60 100 0
Activité génitale 50 92 2 1 + 0 0 0 0
Post-ménopause 0 7 5 o ] 0 o 80 ]
Post-ménopause 65 0 10 o 0 0 0 60 [
Post-ménopause 100 50 11 0 0 0 0 0 0
Ménopause 20 100 0 o o 0 o o o
Activité génitale 90 6 5 0 0 0 0 0 0
Post-ménopause 100 3 s o o 0 o 0 o
Activité génitale 0 [ 6 o [ 0 o o o
Ménopause 30 100 5 0 0 0 0 0 0
Post-ménopanse 100 RS 25 o o 0 0 o
Post-ménopause 10 45 11 13 — 0 0 0 0
v Post-ménopause 66 1 2 40 L 0 o 0 0

outcome

ALDHI1 date_metastatic_rel: date_death_or_loss
854 | 0

censored
1999-02-04 00:00:00 1998-04-26 00:00:0C
1999-01-06 00:00:0C
1993-10-21 00:00:0C
2004-06-15 00:00:0¢
2006-03-21 00:00:0C
2002-04-05 00:00:0C
2006-11-23 00:00:0C
1997-11-02 00:00:0C
2006-09-15 00:00:0C
2003-03-29 00:00:00
2003-12-02 00:00:0¢
1990-10-20 00:00:0C
2003-10-14 00:00:0¢
2004-11-19 00:00:0C
2006-09-30 00:00:0¢
1991-07-31 00:00:0C
1995-07-05 00:00:0C
2005-12-08 00:00:00
2005-05-23 00:00:0¢
2007-09-06 00:00:0¢
2006-09-06 00:00:0¢
2001-02-09 00:00:0¢
2005-07-23 00:00:0¢
1993-08-12 00:00:0¢
1995-01-01 00:00:0C
1993-02-08 00:00:0¢

1990-09-04 00:00:00
1993-02-08 00:00:00
1999-12-15 00:00:00

1995-03-08 00:00:00

1990-04-06 00:00:00
1994-11-02 00:00:00

Institut Bergonié, Bordeaux, FR
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Mechanistic modeling of time to relapse

N pre-clinical history TTR
< > < >
Vdiag -
Visibility threshold
5 '
N
B Primary tumor !
o growth )
: A
=y | / ' Metastatic
o
- / ! growth
Dissemination: p / / E
\/ v/v/v/ : .
- tdiag 0 TTR Lapse time
from diagnosis
Number of metastases with size larger than the «  Time to relapse (TTR) defined as the time elapsed from

visible size V,_ (= 0.5 cm) diagnosis to the appearance of a first visible metastasis

+o00 t—Tuis
Nyis(t) :/ p(t,v)dv =/O d(Vy(t))dt TTR =inf {t > 0: Nyis(tdgiag +1) > 1}

Vvis

T, = time to reach V + Parameter B fixed such that carrying capacity = 1012 cells

Nicolo et al., in preparation, 2019



Mixed-effects statistical model

n (T%) = In (TTR (Vi ', ') ) + €', &~ N(0,0%) (Observation model)

S (t|o/, Mi) _Pp <Ti > tlad, Mz’) Survwgl fu.nctlon .to achount for
censoring in the likelihood

Mixed Effects Models for the Population Approach
Models, Tasks, Methods and Tools

In (Oéz) = In (apop) + 772“ 7724 ~ N(()? wgz)

In (/ﬂ’) = In (tpop) + ?7;, UL ~ N(Oawi)

pd %
. / \
fixed effects random effects

Lavielle, CRC press, 2014

Likelihood maximization performed using the saemix R package (SAEM algorithm)

Comets, Lavenu, Lavielle, J Stat Softw, 2017



Descriptive power: fit to the data

1.0 1
Kaplan-Meier estimate
— Model fit
0.8 1 : :
g_) Parameter Estimate r.s.e. (%)
E log apop -6.337 12.635
10g f1pop -26.814 3.683
0.6 - o 0.542 28.409
Wa 3.373 36.435
Wy 3.780 15.876
0 5 10 15 20
Time to relapse (years)
Viiag =10 mm Vdiag =20 mm Vdiag =25 mm
1.0 \ 1.0 1.0
g 0.81 @ 08 E 0.8
[a] E [a]
0.6 1 0.6 0.6 1
0 5 10 15 0 5 10 15 0 5 10 15

Time to relapse (years)

Time to relapse (years)

Time to relapse (years)

Nicolo et al., in preparation, 2019



Predictive power: covariates

Parameter Estimate r.s.e. (%) p-value
; ; ; ; log a -8.883 10.151
In (MZ> = In (tpop) + BZXL + ULa nL ~ N(0, WZ) sz 0.086  27.376 259 -10~* |
BHER2. 0029  42.833 0.020
. T i . . 9 ‘3(7[)44‘(, 0.011 60.816 0.1
In (o/) = In (apop) + Bo x5, + 14y Mo ~ N(0,w3) BTRIO.a 0.016 58119 0.085
108 ftpop -26.342 3.696
BEGFR. 0039  47.527 0.035
o 0.606  23.104
Wa 2062  22.715
Wy 3.563 16.759

c-index = 0.62 (10-folds cross-validation)

Calibration for 10-year outcome

Test set Learning set 10/
) X
1 2 3 4 5 6 7 8 .. N
0.9
(7]
°
1 2 3 4 5 6 7 8 N Sos
[
o
o
Qo7
1 2 3 4 5 6 7 8 N @
2
o
0.6
1 2 3 4 5 6 7 8 N b

0:5 0:6 0:7 0:5 0:9 1:0
Predicted probabilities

Patient ID  Tumor size (mm) Ki67 HER2 CD44 TRIO EGFR Observed TTR (cens) Predicted TTR  Prediction error (days)

a7 20 32 100 0 0 50 739 (1) 447 292
255 25 1 60 90 60 0 1812 (1) 1609 203
143 18 60 0 50 0 0 2798 (1) 434 2364
12 10 20 0 23 0 0 5970 (0) +00 -

Nicolo et al., in preparation, 2019



Size (cells)

t = -11.6 years
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Virtual patient with

median u Nothing visible
30 . , / 30 —

Diagnosis personalization

Virtual patient with

large u (90th prct)

N
(6)]

I
|
|
25+ :
|
|

Imaging detection limit

N
o
N
o

Number of mets
o
Number of mets
o

10+ 10
51 5
o mem . . 0
10° 10° 1010 10" 10°

Volume (cells)

Breast cancer patient with primary tumor of 4.32 cm

10° 100
Volume (cells)
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Chemotherapy personalization

Toward taking into account inter-individual variability

- 10 virtual patients with breast cancer detected at stage TINOMO. Size of the tumor

at detection: 1 gram.

- Chemotherapy : 6 cycles of 21 days (75mg of DTX and 100mg d’EPI) viens & al., J. Clin.

Onc. 2001

- Number of visible metastases (> 108 cel.) 5 years after the end of the treatment

Adapt the number of cycles to each patient

L4 Protocole de Viens
6 cycles | 9 cycles | 12 cycles
126 days | 189 days | 252 days
1.3 x 10~ 7 1 0 *
2.7 x 10~7 2 1 0
4.0 x 101 3 2 1
6.1 x 10~7 5 4 3

Barbolosi, Verga, 2011
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2 Combination bevacizumab - chemotherapy
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