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Immunotherapy in oncology : how to predict progression?

2011+ : FDA approval of immune-checkpoint inhibitors (ICI) .
targeting PD-1)
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20-40 % long-term response!
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PREDICTING PROGRESSION? |

Gold standard biomarkers: PD-L1 expression (+ TMB)
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New biomarker: liquid biopsy? - Circulating cell-free DNA (cfDNA) 4 i - o ||
J Half-life: 15min-2h J Systemic Concentration3|| Mutations Fragmentome
| | . AN J\_
\/ Non-invasive \/ Cost-effective

~

IGilberto De Castro et al., J Clin Oncol, 2022; Sharma et al., Cell, 2017

3Ribba et al., Front Pharmacol, 2023
2Siravegna et al., Nat Rev Clin Oncol, 2017

TMB = Tumor Mutational Burden lreia—
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CFDNA size profile as a promising biological marker

uLAS technology: > Independent of genome position

No need of prior DNA extraction

Counter-electrophoresis
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Jalia == 4 Only needs 1 ul. of plasma
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Pressure driven flow A Fluorescence
.

DNA Detector
Concentration

Cost-effective ~ 15€/sample

2 bp - accuracy on fragments sizes
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Andriamanampisoa et al, Anal Chem, 2018; Boutonnet et al, Anal Chem, 2023 Grabuschnig et al., Int J Mol Sci, 2020 bp = base pair &zu’a/_ 2
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Develop a mechanistic model of the joint cfDNA —
tumor kinetics (TK) in advanced cancer patients
undergoing ICI
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\_

Assess pre-treatment cfDNA size profiles and early,

on-treatment, model-based parameters as predictors

of immunotherapy resistance
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I-SChISM: Size CFDNA Immunotherapy Signature Response

Early progression
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Clinical variables

Age, tumor type, sex, Eastern Cooperative Oncology

Group (ECOG)

Biological variables

SChISM: Size CFDNA Immunotherapy Signature Response

Neutrophil to lymphocyte ratio (NLR) (0020 16 cfDNA-derived variables
Lactate dehydrogenase level (LDH)
1o /o015
: £l
CfDNA variables > -~ Jo.010
Total concentration (pg/ul) Cror § e oo
= _
Location of the peaks (bp) Py, P, £05
[&]
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High proportion of long fragments at baseline is associated with response

C-Index Long fragments (R-1650) NLR PD-L1(NSCLC) PD-L1 (HNSCC)
CfDNA ; *kkk c_;s 1.00]
. 0.66 g =
*k%k > cutpoint = 0.0386 r.a.u cutpoint = 4.95
®» 075
L :
| —— 0.63 R I O e I I I | |- : |
*% g Ldg-ran ) ‘ Log-rank ' Log-rank
| 0.251 o : ;
i —_—— 0.6 ag) p< 0.0001 p=058 b= 0.061
I rxx 2 o000l - ' ' ' '
—O— 0.62 0 10 20 30 0 10 20 30 6 5 10 15 20 25 0 5 10 15 20 25
>k 1 Time (months) Time (months) Time (months) Time (months)
—— 1 0.63 Number at risk Number at risk Number at risk Number at risk
LARGE |_****_| ' 0.64 low |57 13 6 0| high |31 4 0 0| 1+/3¢ 24 16 12 1 ol 07 3 1 1 0 0
— bk : ' high |69 33 16 0| low|79 35 19 o 07 4 3 2 2 o 1+j22 14 8 5 4 0
—— 0.64
—— ! 0.69
FREE : R 1650 Rsgo- 1650 Ra1650 Rsso— 1650 )
—— 0.69 «  Multi-cancer R- 1450 :
 AUCtest: 0.74 [0.65—0.83]
[ Clinical and biological ] e PPV test: 0.56 [0.45—0.68]
| Kk kK \ .
I . 0.59 AvA 1 e Multi-cancer PD-L1"
A S AU 0SS
L ' - PPV:0.34
| .
, 0.63 e Multi-cancer TMB®
Sex o | 0.59 - AUC:0.69
03 1|0 30 NLR NLR « PPV:0.42
' Hazard Ratio (95% Cl) ' True responders True progressors
Salas, Nguyen-Phuong et al, ASCO, 2024; ESMO 2024 AUC = Area Under the ROC Curve -

ILu et al., JAMA Oncol., 2019 PPV = Positive Predictive Value lreeia— 6



Patients cluster according to their fragment size distribution
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Concentration — log (pg/upL)
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Concentration — log (pg/uL)

0.0

-2.5

-5.0

-7.5

-10.0

701-44
0.20 1
015
0.10
0.05
0.00
\\,v .
E
o 100
N
n
5 50
£
2 0
0 500 1000 1500
Fragment size (bp)
. - .
Time (months) 0 09137

Total fragments

0.0 25 5.0 7.510.012.5
SLD

0.20

hort and long fragments showed different kinetics

Short fragments

60

50

40

30

20

10
00 25 50 75 10.0 125
Individual lesions

150
100
50

0
12 0

Time (months)

0.3

0.1

0.0

Lesion type - New

Progressor

Long fragments

0.0 25 5.0 7.510.012.5

Non-target - Target

Ve

lrzia—~ 9



r

oint modeling of tumor and size-dependent cfDNA kinetics

| | B

1.

Tumor cells (Sum of Largest Diameters, SLD, T) comprise two sub-

populations: treatment-resistant cells Ty and treatment-sensitive T
ones.

Short fragments Dg 540-75) bp) are proportionally released through:
* T growth, through active secretion during proliferation
* Tg death through apoptosis
Long fragments D; 1650-540) bp) are proportionally released through:

* T growth, through active secretion and/or necrosis of the tumor
microenvironment

* Tg death through necrosis

CfDNA is cleared from the circulation by liver and kidneys, depending on
fragmentsize f.(Dy), f1(D)).

(dT
@ =« Tr
ddﬁz {0(‘°Tsﬁ) . l]{t:(? Initial conditions:
t a—f) Tg ift>
T =Ty + Ty (Tg(t =0) =Ts,
dD Tp(t=0)=T
d =/1s'(a'T+ﬁ'TS)_fs(Ds) R( ) Ro
th Ds(t = 0) = DS()
!
L7=11'(175'7"|'ﬁ'7's)—f1(01) LDL(t=O)=DL0

&'zu’a/- 10
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Population approach

Non-linear mixed-effects

0 = {Tg,, Ts, @, B, D, As, kp, Dy, A1, kp, }
VO, € 6,1log(0y) ~N (10g (Qkpop)'wg’k)

1) Tumor size parameter identification
independently of the cfDNA data

|
[ Tumor error model: constant ]

2) Joint tumor—cfDNA parameters
identification with tumor population
parameters fixed

u
[ cfDNA error models: proportional ]

¢

Number of samples per patient

[ medanmnma)

Tumor imaging 2 (1-10)
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[ n=109 |
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Best clearance function: linear }
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Model diagnostics

TK model

STOCHASTIC
APPROXIMATION

VALUE (%) S.E. R.S.E.(%)
FIXED EFFECTS

Qpop  0.065 0.015 23
Bpop 0.36 0.045 12
TRy, 7.9 1.7 22
(o 43 4.1 9.7

STANDARD DEVIATION OF THE
RANDOM EFFECTS

Way, 0.9 110 0.13 14

W,y 0.83 99 0.12 14

WT, ~ 088 110 0.15 17

wT;, 086 100 0.073 8.5
ERROR MODEL PARAMETERS

a 8.7 0.74 8.5

Correlation of the estimates
€ [-0.12,0.44]

[ Condition number = 4.74 J

Joint model
STOCHASTIC
'v. APPROXIMATION
VALUE (%) S.E. R.S.E.(%)
FIXED EFFECTS
DSUM 11 0.94 8.9
Dy, . 1.4 0.1 7.4
)\sm 0.38 0.047 12
Al 0.086 0.013 15
sz,,o,, 0.29 0.038 13
kD,W 0.53 0.089 17
STANDARD DEVIATION OF THE
RANDOM EFFECTS
wp,, 0.71 82 0.07 9.9
""Dlom, 0.51 54 0.062 12
Wpop 0.94 120 0.095 10
WL, 0.96 120 0.094 9.8
kaSW 0.95 120 0.11 11
ka,W 1.2 170 0.12 11
ERROR MODEL PARAMETERS

bspmorr  0.43 0.013 3
arK 8.7
brong 0.55 0.018 3.2

Tumor kinetics Short fragments Long fragments
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Outliers proportion = 3.46 % Outliers proportion = 6.79 % Outliers proportion = 14.48 %
® 300 40
S 400
ﬁ 30 .
P 200 .
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200
5 100
0 0
0 200 400 600 0 100 200
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w
wl .
I o o L] [} O
= . :
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Parameters of the dynamic modeling are predictive of the PFS

al/p

kD,

: : ©
Full kinetics .
- 5
I C-Index (I"l - 109) $ 0.751 cutpoint = 0.747 cutpoint.= 027
a I KKk ng 050i --| 0 mmsee—e e
e : | 0.67 s . :
= Log-ran
IB | § 0.25 R o.c‘fms
I S 0001 ' ; , | | — j j
| o 0 10 20 30 0 10 20 30
kD | , e 0.63 o Time (months) Time (months)
l I ! ’ Number at risk Number at risk
| high|23 1 0 0 | high|s7 26 10 0
; . low |86 41 21 0| low|22 16 11 0
Hazard Ratio (95% CI)
o I Early-on treatment _ a/B 1
| *% © l
= 2
_ o 0.62 (6 weeks, n =90) S o
o]
ﬁ : g 0.75- cutpoint = 0.49 cutpoint = 0.0937
o)
I o L Y N EUO "
T | . g 0.50 .
| | 9 -rank .
Ro il ! 0.55 § 0.251 L(;)ag=r%r.1cl)(bo19 L%g;%rjgze
' 5 0.00 | -
1 o 0 10 20 30 0 10 20 30
. | o Time (months) Time (months)
Ail |_ | 1 0.61 Number at risk Number at risk
| high |37 10 3 o low|71 30 14 0
: low |53 32 18 o | high |19 12 7 0
0.5 1.0 1.5 2.0
a: tumor growth rate kD;: long fragments clearance rate s,
Ceeia— 13

B:tumor decay rate

Az long fragments release rate
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The model describes different size-dependent cfDNA kinetics

T (SLD, mm) Progressors Responders
200
150 —=3.86 \/ —=0.49 —=0.04 %:0.22
1007 te
50- \‘M
0- — Nt
PFS
' Censored D (short cfDNA, pg/uL) |
| Progression 1007 A =0.14 A =0.2 As =1.67 | Ag| =0.72
ob 4 dat 75 kp. = 0.20 kp, = 1.92 kp, = 0.4 ! ky, = 0.61
y serve ata | i
50 | |
25_ .. L] - i i
O_ >0 ® ':, o .T
D; (long cfDNA, pg/uL)
81 ° A, =0.04 A; =0.03 A, =0.03 A =0.16
kp, = 1.05 kp, = 0.91 kp, = 0.07 kp, = 0.94
61 :
4 A i ?
0 5 10 15 20 0 5 10 15 20 0 5 101520 0 5 10 15 20
700-158 701-75  Time (months) 701-2 701-18
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Conclusions and perspectives

* |Cl-treated patients with lower fragmentation of cfDNA before treatment tend to respond better and to have longer PFS.

» Mechanistic modeling offers biological insights to explain the interplay between cfDNA and tumor kinetics.

: - Mechanistic modeling Mechanistic modeling
Agnostic statistical Fioint of fioint<i
deling - of joint DNA-tumor —» | ofjoint S|ze-dep_end_ent
mo kinetics cfDNA-tumor kinetics
Did not fit Fitted but not F|tteFI a.nd
predictive predictive
» Assess results on validation cohort (150 patients to come)

* Improve mechanistic modeling, exploring cfDNA from hematopoietic origin
* Joint TK-cfDNA-PFS modeling

Integrate the model parameters into multivariable machine learning
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