How disability progression is associated with serum
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multiple sclerosis patients treated with Alemtuzumab:
results from a mechanistic drug disease joint model
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Relapsing Remitting Multiple Sclerosis (RRMS)

1. Klineova and Lublin, Cold Spring Harb Perspect Med., 2018
2: Ransohoff, Nature. 2018
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Relapsing Remitting Multiple Sclerosis (RRMS)

* Auto-immune disease of the central nervous system??

» Leading cause of disability for young and middle age adults?
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Relapsing Remitting Multiple Sclerosis (RRMS)

* Auto-immune disease of the central nervous system??
» Leading cause of disability for young and middle age adults?
* Immune cell infiltration across Blood-Brain-Barrier*?
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Disability assessment in clinical trials

1: Cohen and al.,, Lancet, 2012
2: Coles and al., ther Adv Neurol Disord., 2021
3 Kurtzke, Mult Scler Relat Disord. 2015
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Disability assessment in clinical trials

» Expanded Disability Status Scale (EDSS) defines disability*23
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Disability assessment in clinical trials

» Expanded Disability Status Scale (EDSS) defines disability*23
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Disability assessment in clinical trials

» Expanded Disability Status Scale (EDSS) defines disability*23
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* Primary outcome

o Time to event
o Event: first confirmed disability progression sustained over 24 weeks!23

- EDSS long and difficult to assess
- Need for a new blood biomarker

1: Cohen and al.,, Lancet, 2012
2: Coles and al., ther Adv Neurol Disord., 2021
3 Kurtzke, Mult Scler Relat Disord. 2015
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Candidate biomarker: Neurofilament Light chain

* Neuron-specific cytoskeletal protein released and measured in blood

f/‘ A7

* Serum Neurofilament Light chain (sNfL) levels decrease following administrations of disease modifying therapies
« Natalizumab (anti-a4-integrin)
* Ocrelizumab (anti-CD20)

e Alemtuzumab (anti-CD52)

Khalil and al., Nat. Rev. Neurol., 2024
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Alemtuzumab

1. Evan and al., Expert Opin Biol Ther., 2018
2: Cohen and al., Lancet, 2012
3: Coles and al., ther Adv Neurol Disord., 2021
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Alemtuzumab

« Lemtrada® commercialized by Sanofi }- Alemtuzumab

* Immunotherapy?
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* Monoclonal antibody

‘g toimmune
E

Macrophage
° —

sheath

» Selective depletion of CD52+ lymphocytes

* Immune reconstitution therapy

Macrophage-
mediated

myelin sheath Development of
breakdown multiple sclerosis

1. Evan and al., Expert Opin Biol Ther., 2018
2: Cohen and al., Lancet, 2012
3: Coles and al., ther Adv Neurol Disord., 2021
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Alemtuzumab

« Lemtrada® commercialized by Sanofi }- Alemtuzumab
* Immunotherapy?
, ' CD52+ receptor
* Monoclonal antibody
» Selective depletion of CD52+ lymphocytes

* Immune reconstitution therapy
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* CARE MS-1randomized controlled phase Il clinical trial comparing alemtuzumab and interferon 1-a23

1. Evan and al., Expert Opin Biol Ther., 2018
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3: Coles and al., ther Adv Neurol Disord., 2021
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Alemtuzumab

Lemtrada® commercialized by Sanofi
Immunotherapy?

* Monoclonal antibody

» Selective depletion of CD52+ lymphocytes

* Immune reconstitution therapy

sheath

Macrophage-
mediated

myelin sheath Development of
breakdown multiple sclerosis

CARE MS-1 randomized controlled phase Il clinical trial comparing alemtuzumab and interferon pf1-a23

<

X\ K K(In case of disease progression event)
| H N | |
+ +

CARE MS-1-EXT
326 patients from CARE MS-1
3 TV infusion in the case of relapse or disability event

351 patients
5 IV infusion at baseline
3 IV mnfusion at 1 year

<«

szfL measurement i&\s Alemtuzumab administration for 5 days & 3 Alemtuzumab administration for 3 days I EDSS measurement + MRI measurement I rkira“sz?:r?:ﬁ t

1. Evan and al., Expert Opin Biol Ther., 2018
2: Cohen and al., Lancet, 2012
3: Coles and al., ther Adv Neurol Disord., 2021
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Aim

In RRMS patients treated with alemtuzumab in CARE MS1 and CARE-M1-EXT

-> assess the link between disability progression and sNfL dynamics
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Lymphocytes, sNfLL and disability progression after alemtuzumab administrations

| | c 100%:-
ARE - MS1 CARE-MS1-EXT

CARE - M&: CARE-MS1-EXT

75%

50%-

25%:- |
|
I ; l , | e 4 “c | I | | 00/0- I | .I | | l | | l
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Time (years) Time (years)

CARE - MS1 ' CARE-MS1-EXT
S—
8001
|
|
|
|

Lymphocytes (G/L)
O = NN wWw s~ oo N

Disability progressio

600

400

sNiL (pg/mL)

2001

Time (years)
Tom Chebassier 06/06/2025 PAGE 2025: Modelling neurodegenerative progression




Lymphocytes and sNfL trajectories pre and post disability progression event
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Lymphocytes and sNfL trajectories pre and post disability progression event
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Lymphocytes and sNfL trajectories pre and post disability progression event
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Lymphocytes and sNfL trajectories pre and post disability progression event
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Patient characteristics at baseline

* Young population mainly composed of women (65%)
* Most of the patients in an inflammatory state
» Almost half of the patients with T1 and T2 lesions on magnetic resonance imaging

- Population considered representative of RRMS typical patients
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Two-stage approach
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Two-stage approach

1. Lymphocyte-sNfL model*?
* Non linear mixed effect modeling approach
« Structural and statistical model selection on BICc?
» Inter-individual random effects n; to capture patient i departure from population estimate
+ Inter-occasion random effect k; to capture sNfL peak of patient i at occasion k
+ Covariate model building through
* Screening step on empirical Bayes estimates

 Backward selection on Wald test

1: Delattre and al,, Int J Biostat., 2020
2: Nguyen and al.,, CPT Pharmacometrics Syst Pharmacol. 2017
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Two-stage approach
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* Non linear mixed effect modeling approach

« Structural and statistical model selection on BICc?
» Inter-individual random effects n; to capture patient i departure from population estimate
+ Inter-occasion random effect k; to capture sNfL peak of patient i at occasion k

+ Covariate model building through
* Screening step on empirical Bayes estimates
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2. Disability progression model

% —e+ Parametric survival model

S + Baseline hazard function

C

% « Stepwise covariate model building approach

% - Link function

N «  Current sNfL value, sNfL(t) Using predictions with &;x and fj; = capturing the peaks
. Current slope of sNfL dsNfL(t) Predictions with only fj; = ignoring the peaks

©odt

. 1: Delattre and al,, Int J Biostat., 2020
¢ Current Chaﬂge from baseline 2: Nguyen and al.,, CPT Pharmacometrics Syst Pharmacol. 2017
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Lymphocytes-sNfL model

ODEs:
Lym(t = 0) = Lym,

dProl
dt = kin' Prol — kin- Prol
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= Ke (14 Barcokg: Lym) — k. sNfL
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Lymphocytes-sNfL model
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Baseline covariates impact on sNfL dynamics

[ ]
T High covariate value

[ ]
T Typical patient

[ ]
n Low covariate value
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Baseline covariates impact on sNfL dynamics
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Baseline covariates impact on sNfL dynamics
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Lymphocytes-sNFL-Disability progression model
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Lymphocytes-sNFL-Disability progression model

* Time to disability progression model
« Exponential baseline hazard function

* Older patients at baseline more at risk to progress
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Lymphocytes-sNFL-Disability progression model

« Time to disability progression model * Lymphocytes-sNfL-Disability progression model
« Exponential baseline hazard function « 8 points drop in BIC when accounting for sNfL
 Older patients at baseline more at risk to progress * Link function

« Change from baseline

« Predictions with only 1j; = ignoring the peaks

Tom Chebassier 06/06/2025 PAGE 2025: Modelling neurodegenerative progression



Lymphocytes-sNFL-Disability progression model

« Time to disability progression model * Lymphocytes-sNfL-Disability progression model
« Exponential baseline hazard function « 8 points drop in BIC when accounting for sNfL
 Older patients at baseline more at risk to progress * Link function

« Change from baseline
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Lymphocytes-sNFL-Disability progression model

« Time to disability progression model * Lymphocytes-sNfL-Disability progression model
« Exponential baseline hazard function « 8 points drop in BIC when accounting for sNfL
 Older patients at baseline more at risk to progress * Link function

« Change from baseline
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Lymphocytes-sNFL-Disability progression model

« Time to disability progression model * Lymphocytes-sNfL-Disability progression model
« Exponential baseline hazard function « 8 points drop in BIC when accounting for sNfL
 Older patients at baseline more at risk to progress * Link function

« Change from baseline
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Lymphocytes-sNFL-Disability progression model

Change from baseline (pg/mL)
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Lymphocytes-sNFL-Disability progression model

« Time to disability progression model * Lymphocytes-sNfL-Disability progression model
« Exponential baseline hazard function « 8 points drop in BIC when accounting for sNfL
 Older patients at baseline more at risk to progress * Link function
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Discrimination and calibration

Desmée Sand al,, BMC Med Res Methodol. 2017
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Discrimination and calibration

« Individual dynamic predictions for Landmark times s

— Landmark: 2 years

—— Landmark: 4 years

— Landmark: 6 months
+ Calibration®® on Brier score scaled (sBS) on a Kaplan-Meier (KM)
» Discrimination'® on area under the ROC curve (AUC)

Desmée Sand al,, BMC Med Res Methodol. 2017
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Discrimination and calibration

« Individual dynamic predictions for Landmark times s

— Landmark: 2 years
—— Landmark: 4 years
— Landmark: 6 months

+ Calibration®® on Brier score scaled (sBS) on a Kaplan-Meier (KM)

» Discrimination® on area under the ROC curve (AUC) Link sNfL and disability
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Discrimination and calibration

« Individual dynamic predictions for Landmark times s

— Landmark: 2 years
—— Landmark: 4 years
— Landmark: 6 months

+ Calibration®® on Brier score scaled (sBS) on a Kaplan-Meier (KM)

» Discrimination® on area under the ROC curve (AUC) Link sNfL and disability
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- sNfl presents limited discrimination and prediction performance
Desmee Sand al.,, BMC Med Res Methodol. 2017
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Conclusion

1. Benkert and al., Lancet Neurol. 2022
2: Mullard , Nat Rev Drug Discov. 2023.
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Conclusion

» Development of a semi-mechanistic model for lymphocytes and sNfL dynamics
« Quantification of alemtuzumab effect on lymphocytes clearance based on drug mechanism of action

« Description of a time varying link between lymphocytes and sNfL via inter-occasion random effects consistent with RRMS
physiopathology

1. Benkert and al., Lancet Neurol. 2022
2: Mullard , Nat Rev Drug Discov. 2023.
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Conclusion

» Development of a semi-mechanistic model for lymphocytes and sNfL dynamics
« Quantification of alemtuzumab effect on lymphocytes clearance based on drug mechanism of action
« Description of a time varying link between lymphocytes and sNfL via inter-occasion random effects consistent with RRMS
physiopathology

* Covariates identified coherent with the literature?

1. Benkert and al., Lancet Neurol. 2022
2: Mullard , Nat Rev Drug Discov. 2023.
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Conclusion

» Development of a semi-mechanistic model for lymphocytes and sNfL dynamics
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« Impact of age and BMI on sNfL release and blood levels
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Conclusion

» Development of a semi-mechanistic model for lymphocytes and sNfL dynamics
« Quantification of alemtuzumab effect on lymphocytes clearance based on drug mechanism of action
« Description of a time varying link between lymphocytes and sNfL via inter-occasion random effects consistent with RRMS
physiopathology
« Covariates identified coherent with the literature?
« Impact of age and BMI on sNfL release and blood levels
« Older patients tend to have higher risk of disability progression

« sNfL underlying dynamics found associated to disability progression2
« Biomarker of an inflammation of the central nervous system - used in other neurological diseases
« Lacking in specificity in RRMS according to the current model

1. Benkert and al., Lancet Neurol. 2022
2: Mullard , Nat Rev Drug Discov. 2023.
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Conclusion

Development of a semi-mechanistic model for lymphocytes and sNfL dynamics
« Quantification of alemtuzumab effect on lymphocytes clearance based on drug mechanism of action
« Description of a time varying link between lymphocytes and sNfL via inter-occasion random effects consistent with RRMS
physiopathology
Covariates identified coherent with the literaturet?
« Impact of age and BMI on sNfL release and blood levels

« Older patients tend to have higher risk of disability progression

sNfL underlying dynamics found associated to disability progression?2
« Biomarker of an inflammation of the central nervous system - used in other neurological diseases
« Lacking in specificity in RRMS according to the current model

Modeling disability progression as time to event data induced a loss of information

1. Benkert and al., Lancet Neurol. 2022
2: Mullard , Nat Rev Drug Discov. 2023.
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Conclusion

Development of a semi-mechanistic model for lymphocytes and sNfL dynamics
« Quantification of alemtuzumab effect on lymphocytes clearance based on drug mechanism of action

« Description of a time varying link between lymphocytes and sNfL via inter-occasion random effects consistent with RRMS
physiopathology

Covariates identified coherent with the literature?
« Impact of age and BMI on sNfL release and blood levels
« Older patients tend to have higher risk of disability progression

sNfL underlying dynamics found associated to disability progression?2
« Biomarker of an inflammation of the central nervous system - used in other neurological diseases
« Lacking in specificity in RRMS according to the current model

Modeling disability progression as time to event data induced a loss of information

Next steps:
« Modeling EDSS and sNfL trajectories via a latent variable model
« Link with T1 and T2 lesion longitudinal data

1. Benkert and al., Lancet Neurol. 2022
2: Mullard , Nat Rev Drug Discov. 2023.
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Thanks you for your attention!
Questions?
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Alemtuzumab clinical trial: CARE MS-1

" NfL measurment [ | H B [ |

’3:‘.& 5 Alemtuzumab administrations for 5 days

a4\ L

,% 3 Alemtuzumab administrations for 3 days

A
I EDSS measurment
MRI measurment LEMTRADA ARM
I ALC measurment 376 patients \

Patients with COPRIMARY ENDPOINTS

Age (18 to 50)
RRMS & more than 2 MS attacks
EDSS from 0 to 3 at screening
Patients without
Previous DMT/immunosuppresive,

k Progressive form of MS INTERFERON $-1a ARM

3 subcutaneous injections per
week
187 patients

* RELAPSE RATE
* DISABILITY PROGRESSION

J

* What is the study measuring?2

+ Expanded Disability Status Scale (EDSS), every 6 months

« T1-Gadolinium lesion number every year

* T2-lesion volume every year

* Absolute lymphocyte count (ALC) every month

* Serum Neurofilament Light Chain levels (sNfL) every 6 months
- Interferon -1-a arm is not considered for modeling

(2) Cohen and al., Lancet, 2012
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Final lymphocyte-sNfL model

Base model|Final covariate model

BICc 59253 (0) 59102 (-151)
KDE 0.173 (Fixed) 0.173 (Fixed)
ALCO 2.02 (2) 1.91(3)
B(ALC_€<REGION) - 0.0838 (35)
B(ALC_<BMIBL) - 0.278 (25)
K. 0.00248 (3) 0.00248 (3)
K. 0.00292 (4) 0.00291 (4)
[NV 28.8(3) 25.9(5)
BBa e €SEX) - 0.164 (31)
(NFL,) 32.4 (5) 25.1(6)
B(NFL_&CATCGADO) - 0.519 (17)
B(NFL_&<BMIBL) - -0.587 (38)
B(NFL_&T2VOLO) - 0.303 (10)
K, 0.0585 (7) 0.0639 (7)
Bk &<AGE) - 1.02 (11)
B(k_€BMIBL) - -1.03 (14)
K 0.00648 (6) 0.00976 (9)
B(k . €EDSSBL) - -0.108 (28)
B(k. &MXTTRLS) - -0.0277 (33)
SN 0.252 (Q) 0.238(9)
BB o ~sr EALKN) - 0.685 (37)
B(Ba o €T2VOLO) - 0.196 (30)
w(ALC,) 0.272(5) 0.265 (5)
w(k,) 0.582(4) 0.587(4)
w(k,,) 0.731(4) 0.738 (4)
OB evsiond) 0.543(5) 0.542 (5)
w(NFL,.) 0.966 (4) 0.782(4)
w(k,) 0.787(8) 0.789(8)
w(k.) 0.734(7) 0.689 (8)
OB ) 1.08 (8) 0.087(8)
VB ~ap) 118 (2) 1.2 (2)
Corr(k, vs.ALC,) -0.0753 (86) -0.0884 (73)
Corr(k_ ,vsALC) 0.233 (26) 0.222 (28)
Corr(Bu ey VSALC )| -0.23(28) -0.196 (33)
Corr(k_,vs.k,) 0.844 (2) 0.844 (2)
Corr(Ba cppsieyVSKIN) | -0.484 (10) -0.497 (10)
Corr(B, ey VS.kout) | -0.644 (6) -0.651 (6)
Corr(k_ vs.NFL_) 0.51(14) 0.542 (12)
Corr(k.vs.NFL,) 0.324 (24) 0.327 (24)
Corr(k.vs.k.) 0.744 (5) 0.815 (4)
Additive errr (ALC) 0.134 (2) 0.134 (2)
Proportional error (ALC)]  0.192 (1) 0.192 (1)
Proportional error(NFL)| 0.309 (0) 0.308 (0)
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Lymphocyte-sNFL-Disability progression model

No Link [CFB (Occ. Peaks)|CFB (global trend)
BICc 1806 (0) 1803 (-3) 1798 (-8)
Te 9710 (12) 8930 (12) 7430 (14)
B(Te€<AGE)|-2.12 (22) -2.1(22) -1.89 (25)
Benitl Senp 0.00369 (22) 0.0118 (35)

30%

3
32

FCDP24W probability
=]

Current CFB global trend

4
Time (years)

30%

FCDP24W probability

No Link

CFB (global trend)

BICc

1470 (0)

1465 (-5)

Te

10200 (13)

7770 (15)

B(Te<AGE)

-2.28 (23)

-2.07 (26)

Bcl\lfl =>CDP

0.0115 (39)

CFB at 1 year (global trend)

4
Time (years)

No link [CFB (global trend)
BICc 1259 (0) 1257 (-2)
Te 10100 (15) 7790 (17)
B(Te<AGE) | -2.62 (22) -2.43 (24)
Bene >cnp 0.0103 (43)

30%

FCDP24W probability

CEB at 2 years (global trend)

4
Time (years)

- Underlying sNfL dynamics better captures the link with disability progression through CFB

Tom Chebassier

06/06/2025
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Individual dynamic predictions (6 months)

Tom Chebassier
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1
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I
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Individual dynamic predictions (1 year)

Tom Chebassier
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Individual dynamic predictions (2 years)

Tom Chebassier
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Individual dynamic predictions (3 years)
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Individual dynamic predictions (4 years)
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