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Evaluation of the combination of Cetuximab and Palbociclib in a
colon patient-derived xenograft mouse model

The tumor volume is measured for each animal twice a week
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GAMM: Generalized Additive Mixed Model

Inclusion of splines in the model

:: """" ""‘-..‘.-"*"‘. ...v"‘.'.‘ : v v vﬂ ‘ *o .

= A spline is the sum of K basis functions b, to which coefficients S, are ] . : ‘AAAA’A

applied: f(x) = Zﬁkbk':x} o RSN
k

Splines: basis functions are applied to obtain a smooth curve

= The wiggliness (=complexity of the curve: how the curve changes shape) can be controlled:

-

* Through K the number of basis functions * Through the smoothing parameter A
Y 7o 126 Penalized likelihood estimated in the model:

likelihood - A * wiggliness

i too large # too small i just right
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Writing of a GAMM using mgcv R package

gam(sqrtTVv ~ Modeling sqrt Tumor Volume with GAMM
baseSQRT + trtGroup +
s(day, bs="cr")+
s(day, by= trtGroup, bs="cr") +
s(day, animalID, bs="fs", xt="cr", m =2),
family = gaussian(link = "identity"),
data = , method = "REML")
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Writing of a GAMM using mgcv R package

gam(sqrtTVv ~ Modeling sqrt Tumor Volume with GAMM
baseSQRT + trtGroup + intercept
s(da bs="cr")+ ,
(day, ) Vehicle BIW Cetuximab 15 mg/kg BIW Palbociclib 10 mg/kg BIW Cetuximab 15 mg/kg BIW +

s(day, by= trtGroup, bs="cr") + Palbociclib 10 mg/kg BIW

s(day, animalID, bs="fs", xt="cr", m =2),
data = , method = "REML")
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Writing of a GAMM using mgcv R package

gam(sqrtTVv ~ Modeling sqrt Tumor Volume with GAMM
baseSQRT + trtGroup + intercept +
s(da bs="cr")+ ,
(day, ) Vehicle BIW Cetuximab 15 mg/kg BIW Palbociclib 10 mg/kg BIW Cetuximab 15 mg/kg BIW +

s(day, by= trtGroup, bs="cr") + Palbociclib 10 mg/kg BIW

s(day, animalID, bs="fs", xt="cr", m =2),
data = , method = "REML")
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Writing of a GAMM using mgcv R package

gam(sqrtTVv ~ Modeling sqrt Tumor Volume with GAMM
baseSQRT + trtGroup + intercept + + treatment
s(day, bs="cr")+ Cetuximab 15 mg/kg BIW +
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Writing of a GAMM using mgcv R package

gam(sqrtTVv ~ Modeling sqrt Tumor Volume with GAMM
baseSQRT + trtGroup + intercept + + treatment
s(day, bs="cr")+ .
(day, ) Vehicle BIW Cetuximab 15 mg/kg BIW Palbociclib 10 mg/kg BIW EUTE 51D TS 20U

s(day, by= trtGroup, bs="cr") + Palbociclib 10 mg/kg BIW

s(day, animalID, bs="fs", xt="cr", m =2),
data = , method = "REML")
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Writing of a GAMM using mgcv R package

gam(sqrtTVv ~ Modeling sqrt Tumor Volume with GAMM
baseSQRT + trtGroup + intercept + + treatment + s(day)
s(da bs="cr")+ .
(dans ) Vehicle BIW Cetuximab 15 mg/kg BIW Palbociclib 10 mg/kg BIW EUTE 51D TS 20U

s(day, by= trtGroup, bs="cr") + Palbociclib 10 mg/kg BIW
s(day, animalID, bs="fs", xt="cr", m =2),

data = , method = "REML")
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Writing of a GAMM using mgcv R package

gam(sqrtTVv ~ Modeling sqrt Tumor Volume with GAMM
baseSQRT + trtGroup + intercept + + treatment + s(day) +
s(da bs="cr")+ .
(L, ) Vehicle BIW Cetuximab 15 mg/kg BIW Palbociclib 10 mg/kg BIW EUTE 51D TS 20U

s(day, by= trtGroup, bs="cr") + Palbociclib 10 mg/kg BIW
s(day, animalID, bs="fs", xt="cr", m =2),

data = , method = "REML")
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Writing of a GAMM using mgcv R package

gam(sqrtTVv ~ Modeling sqrt Tumor Volume with GAMM
baseSQRT + trtGroup + intercept + + treatment + s(day) +
s(day, bs="cr")+ ,
(L, ) Vehicle BIW Cetuximab 15 mg/kg BIW Palbociclib 10 mgrkg BIW EUTE 51D TS 20U

s(day, by= trtGroup, bs="cr") + Palbociclib 10 mg/kg BIW

s(day, animalID, bs="fs", xt="cr", m =2),
data = , method = "REML")
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Writing of a GAMM using mgcv R package

gam(sqrtTV ~
baseSQRT + trtGroup +
s(day, bs="cr")+
s(day, by= trtGroup, bs="cr") +
s(day, animallID, bs="fs", xt="cr", m =2),
data = , method = "REML")

Random intercept

Random slope

+Dg1X
A B
A \\ e -
A
p \
AN
~So +bgox
- -—
0 1000 2000 3000 0 1000 2000 3000
Time (ms) Time (ms)

Random smooths

0 1000 2000 3000 N il

Time (ms)

SIPSEN

random cubic spline effects

Tumor volume (mm?) [Square Root Scale]

Modeling sqgrt Tumor Volume with GAMM
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Inferences with GAMM

Effect of the combination of Cetuximab and Palbociclib on BALB/c mice bearing CR1197 tumor model

Group GAMM Fit with 95% CI and
Individual GAMM Fit (--)

GO01: Vehicle BIW

G02: Cetuximab 15 ma/kg BIW

G03: Palbociclip 10 maikg BIW

Tumor volume (mm?)

G04: Cetuximab 15 ma/kg BIW +
Palbociclib 10 mag/kg BIW

37T 10 1497 21 24 ZB 31 35 38 42 45 48
Days post-randomization

Gamm fit and Median £ MAD of tumor volume
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Objective 1: comparison of the treated groups to the vehicle group
Hommel adjusted pvalues from simultaneous tests
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Objective 2: comparison of the combination to the best single agent
Pvalues from simultaneous tests
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* 01: Vehicle BIW G03: Palbociclio 10 mgfkg BIW
Treatment group

* G02: Cetuximab 15 mg/kg BIW = GO04: Cetuximab 15 ma/kg + Palbociclib 10 mg/kg BIW

Inferences:

v Estimation of the mean effect in each group and of
their difference on a specified time interval

x  Pointwise confidence intervals only control the alpha
risk on average

v Simultaneous confidence intervals come from
posterior predictions and control the alpha risk at 5
% on the entire time interval.

v PSimBas can be derived as pvalues (Probability
Simultaneous Band Scores) !

v Answer additional issues: estimation of the Tumor
Growth Inhibition, of the time of regression or tumor relapse,
of the tumor doubling time, of a combination index...

[1]: Meyer, M.J., Coull, B.A., Versace, F., Cinciripini, P. and Morris, J.S. (2015), Bayesian function-on-function
regression for multilevel functional data. Biom, 71: 563-574.


https://doi.org/10.1111/biom.12299

Why GAMM?

Non-Linear Growth

One model for multiple objectives

ONE unified
Simultaneous inferences fra mework

Estimation of parameters such a TGl Data collected at varying timepoints

Handles subject’s drop-outs
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Non exhaustive references

Generalized Additive Models in R - A Free Interactive Course

Meyer MJ, et al. Bayesian function-on-function regression for multilevel functional data. Biometrics. 2015;71(3):563-574. d0i:10.1111/biom.12299
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Ruppert D, Wand MP, Carroll RJ. Semiparametric Regression. New York, NY: Cambridge University Press; 2003.
Simpson GL. Modelling palaeoecological time series using generalized additive models. Front Ecol Evol. 2018;6.

Simpson GL. Simultaneous intervals for smooths revisited — From the bottom of the heap

Wieling M. Analyzing dynamic phonetic data using generalized additive mixed modeling: A tutorial focusing on articulatory differences between L1 and L2 speakers of English. J
Phonetics. 2018;70:86-116. doi:10.1016/j.wocn.2018.03.002

Wood SN. Inference and computation with generalized additive models and their extensions. TEST. 2020;29:307-339. doi:10.1007/s11749-020-00711-5

Thank you for your attention!

Let’s stay connected: odile.coudert.berthion@ipsen.com
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