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Context: clinical vaccine development

* Immunogenicity evaluation: key step in phase 1 & 2 clinical trials

* many immunological markers are measured at once,
(in particular in the absence of protective correlates — such as in HIV vaccine trials)

e Cellular response is evaluated with intracellular cytokine staining (I1CS)
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Conventional statistical analysis of ICS data

 Comparing cytokine producing cell proportions between vaccine arms
after subtracting the non-stimulated response (control)
in each sample

e Rational: subtraction aims for the antigen specific response

* Issues: type-l error increase, bias, low statistical power



Conventional statistical analysis of ICS data

 Comparing cytokine producing cell proportions between vaccine arms
after subtracting the non-stimulated response (control)
in each sample

e Rational: subtraction aims for the antigen specific response

* Issues: type-l error increase, bias, low statistical power

x NEED FOR A BETTER STATISTICAL APPROACH



Bivariate linear modeling

* Dependent variables: Yl-NSthe non-stimulated response & Yl-S the specific stimulated response(s)

{ V= YT+ BV + el
VP = By +BiVi+ B3 Y + &

* where
* V; is the vaccine arm (eg vaccine vs placebo)
© YESNE G+ BV, o) and g~ N(0, o)
* YP~N@G+BIVi+ Y, 0%) and g~ N(0, 0%)

* Estimates

« B3:vaccine effect on the stimulated response

« BN5:vaccine effect on the non stimulated response

. ,85: non stimulated response effect on the stimulated response



Bivariate linear modeling

* Dependent variables: Yl-NSthe non-stimulated response & Yl-S the specific stimulated response(s)

YNS = pNS + g NSy, 4+ N0 $Sas code

l
YS — ﬁ S + B SV + ﬁ S YNS + ES proc mixed data=DATATABLE;
l 0 1%1 21 l

class ID_PATIENT STIMULATION ;

model Y = STIMULATION STIMULATION*VACCINE STIMULATION* Y NS/ cl noint ;

* where repeated /type=VC grp=STIMULATION sub=ID_PATIENT ;
* V. is the vaccine arm (eg vaccine vs placebo) run :
¢ YNS~NBYS+ LYV, oM) and S~ N(0, o)
o S S S S yNS S
VS~ N@B§+B5Vi+B5YN, 0% and &~N©, 0% | (R .oge

mgls <- nlme::gls(myformul,

data = transformed_data,
° Estimates weights = nlme::varldent(value = c("1" = 1), form = ~ 1 | stim),
method="REML"

« B3:vaccine effect on the stimulated response )

« BN5:vaccine effect on the non stimulated response

. ,Bf: non stimulated response effect on the stimulated response



Bivariate linear modeling

 Dependent variables: YL-NSthe non-stimulated responss~* e specific stimulated response(s)

NS ° \
Y;'" = ‘\ ode
Y.S — S proc mixed da LE;
=
‘S TION :
\O%\S MULATION*VACCINE STIMULATION* Y NS / cl noint ;
¢ M “o C grp=STIMULATION sub=ID PATIENT ;

e V. is the vaccine a eg vaccipe

m\)

* Y~ N@BOC+ 8K

code

mgls nlme: :gls(myformul,

data = transformed_data,
° EStimateS weights = nlme::varldent(value = c("1" 1), form 1 | stim),
method="REML"

C YN@S B * O

« [3:vaccine effect on the stimulated response

NS vaccine effect on the non stimulated response

. ,82 : non stimulated response effect on the stimulated response
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VICI: accurate estimation of Vaccine Induced Cellular Immunogenicity with bivariate modeling

Results Data view Additional Information
Data input
Choose a CSV/TXT file to import

Browse... No file selected

Header

Separator
Comma
Semicolon

O Tab

Input parameters

Model choice

inter-arm v

Variable specification
Select the column that identifies the subject ID

Please select a column name below v

Select the column that identifies the ICS response

Please select a column name below v

Select the column that identifies the stimulation

Please select a column name below v

Select the column that identifies the arm

Please select a column name below v

Run analysis
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VICI: accurate estimation of Vaccine Induced Cellular Immunogenicity with bivariate modeling

Results Data view Additional Information

Data input Show 10 [ entries Search:

Choose a CSV/TXT file to import

USUBJID VISITNUM POOL ptot_IFN_CD4 ptot_IL2_CD4 ptot_TNF_CD4 ptot_IFN_CD8 ptot_IL2_ CD8 ptot_TNF_CD8 ARM
Browse...  Light_ICSdataW28.txt
Upload complete 1 Groupe Placebo
Fiaa 2 Groupe Placebo
Separator 3 Groupe Placebo
Comma 4 Groupe Placebo
Semicolon
© Tab 5 Groupe Placebo
6 Groupe Placebo
Input parameters
7 Groupe Placebo
Model choice
inter-arm - 8 Groupe Placebo
9 Groupe Vaccina
Variable specification
10 Groupe Vaccina
Select the column that identifies the subject ID
USUBJID v Showing 1 to 10 of 356 entries Previous 1 2 3 4 5§ .. 36 Next

Select the column that identifies the ICS response
ptot_IFN_CD4 -

Select the column that identifies the stimulation
POOL -

Select the value that identifies background samples
NS -

GAG

NEF

NS
POL_ENV

Run analysis
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VICI: accurate estimation of Vaccine Induced Cellular Inmunogenicity with bivariate modeling

Results Data view Additional Information

Data input

Choose a CSV/TXT file to import AnalySis resu'ts

Browse... Light_ICSdataW28.txt

Upload complete Arm effect on ICS response Arm effect on ICS response
taking into account background response levels taking into account background response levels
Header Arm E3 Groupe Placebo Groupe Vaccina
Separator NS (F-value =0.593)
~ Comma
P-value
Semicolon 0,0.001
o Tab 0.001,0.01 10
B ootoost
[ oosorr °
Input parameters § oo vocene w10z
[0.2,0.3( I3
Model choice 0304( &os
[0.4,0.5[ -
inter-arm v 051 NS (F-value =0.301)
. ] NS (p-value = 0.664) * (p-value = 0.0118)
Variable specification prae=y 1 [
—— —— e
Select the column that identifies the subject ID 00
GAG NEF POL_ENV NS GAG NEF POL_ENV
USuUBJID v Stimulation B Stimulation
made with VICI made with VICI
Select the column that identifies the ICS response & Download heatmap [PNG] 3. Download boxplot [PNG]
ptot_IFN_CD4 v
Select the column that identifies the stimulation Numerical results
POOL v Esti Sta error  p-val
Average response in reference stimulation NS in reference arm Groupe Placebo 0.00375 0.00132  0.00479
Select the value that identifies background samples
9 P Average response in stimulation GAG in reference arm Groupe Placebo 0.04784 0.01221 0.00011
NS M Average response in stimulation NEF in reference arm Groupe Placebo 0.01967 0.02420  0.41693
Select the column that identifies the arm Average response in stimulation POL_ENV in reference arm Groupe Placebo 0.00655 0.00227  0.00420
ARM - Effect of reference stimulation NS on response in stimulation GAG 0.82730 0.94901 0.38395
Effect of reference stimulation NS on response in stimulation NEF 0.20906 1.88061 0.91155
Select the value that identifies the reference arm Effect of reference stimulation NS on response in stimulation POL_ENV 0.28485 017654  0.10756
Groupe Placebo v Effect of arm Groupe Vaccina on response in reference stimulation NS 0.00072 0.00165  0.66449
Effect of arm Groupe Vaccina on response in stimulation GAG 0.01513 0.01462  0.30146
. Effect of arm Groupe Vaccina on response in stimulation NEF 0.01549 0.02896  0.59311
Run analysis
Effect of arm Groupe Vaccina on response in stimulation POL_ENV 0.00689 0.00272  0.01176 1 2

Fit model



V/C/ Shiny user inte rfa ce https://shiny-vici.apps.math.cnrs.fr

Arm effect on ICS response
taking into account background response levels

Arm E Groupe Placebo Groupe Vaccina De pe nd e ncies :
NS (p-value = 0.593) o DT
* ggplot2
1.0 * ggpubr
o * magrittr
2 * nlme
Q- ]
S 5. * shiny
NS (p-value = 0.301)
1
NS (p-value = 0.664 * (p-value = 0.0118
(p value = ) T (P lue = 0. )
0.0 — E—— ———
NS GAG NEF POL_ENV
Stimulation

13
made with VICI
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VICI: accurate estimation of Vaccine Induced Cellular Immunogenicity with bivariate modeling

Results Data view Additional Information
Data input Statistical model:
Choose a CSV/TXT file to import yf’s - ﬁg’s + ﬁ?;’f,, peVaceine GroupeVaccina; + E?,S
Browse... Light_ICSdataW28.txt
T : yOAG = pOAG ¢ ﬂggﬁpevmderuupeVaccinai + BGACYNS + £0AG
pload complete
Header yVEF = ﬂg’” + ﬂgﬂ’;pev“cim GroupeVaccina; + ﬂxfp){vs + eVEF
POLENV _ POL;NV POL:NV . POLNV NS , POL;NV
Separator WO = By 4 Blroupevaceina GroupeVaccinay + Bg ™ yi'S + 7
Comma
Semicolon Number of esti d model par 15
O Tab
Inlet parameters AIC -2 Res. loglikelihood
Model choice
-1402.4379 -1432.4379
inter-arm v
Variable specification
Select the column that identifies the subject ID
NS GAG NEF  POL_ENV

UsuBJID v )
Variance  0.004369 0.017156  0.000056 0.000151

Select the column that identifies the ICS response

ptot_IFN_CD4 v

Select the column that identifies the stimulation

POOL v

Select the value that identifies background samples

NS v

Select the column that identifies the arm

ARM v

Select the value that identifies the reference arm

Groupe Placebo v

Run analysis

a



Conclusion

 Bivariate modeling
* Better statistical performances than conventional approach

* Shiny app deployed
https://shiny-vici.apps.math.cnrs.fr

* R package vici available
e GitHub https://qgithub.com/borishejblum/vici
* Soon on CRAN

* User community:
* VRI Immunologists
* Wider community
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