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Covariate adjustment can increase the statistical power of randomized clinical trials

Randomized control trials (RCT)

Y = b0 + b1T + eps*

Vs

Control

- The goal of RCT is to test the presence of a
treatment effect (i.e., null hypothesis is b1=0) Original

Frequency

Y = outcome
T = Treatment allocation

VoL

- Prognostic covariate X that is
associated with Y

Treated

Unadjusted outcomes (overlapping)

Vs

Adjusted }

. . . . Control

\% Adjusting the efficacy analysis
on covariate X allows

researchers to make a more L

Frequency

Y = b0 + b1T + b2X+ eps’

Treated

precise estimation of the
treatment effect b1 and
increase the statistical power of

the trial.

4 . .
*eps: residual noise

Adjusted outcomes (more separated)
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A metaphor for covariate adjustment: noise on the subway

\% Corrects clinical outcomes for biological “noise” to clarify drug response “signal”
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Listening to music
on the subway

Music

Subway
background noise

Increasing the

music volume

Noise cancelling
headset

| 1]

I

Enhancing the
measurement of
treatment effect

Treatment effect

Biological
variability*

Increasing the

sample size

Adjusting on
prognostic covariates

* Examples: comorbidities, ECOG, biological measures pre-treatment measures
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Evidence-based covariate adjustment to improve trials

\% Data external to the trial helps identify prognostic signall

Model

Training data
Learns pre-treatment covariates
that predict patient outcomes

@
%

CT-Scan' H&E Stains?
Combine image features
to predict outcomes

=

Find most prognostic

EHR/eCRF3
eCRF covariates

1CT-Scan: Computed tomography (CT) scan 2 H&E:hematoxylin and eosin stain

Trial data

@
CT-Scan'  H&E Stains

5

eCRF

3EHR/eCRF: Electronic Health Record/electronic Case Report Form

Control Treated

Frequency

0('\9'\“3\

AWUS{G o

Unadjusted outcomes (overlapping)

Control Treated

Frequency

Adjusted outcomes (more separated)
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Covariate adjustment case study

Case study: Owkin reduced p-value from 0.08 to 0.01 for a large phase III oncology trial by using
covariate adjustment methods

X

A top-5 Pharma needed to reconsider a Method - We applied Owkin's machine-learning
phase-3 trial that had failed to expertise to identify novel prognostic covariates

© iat . . . .
ctmon from an external datasetin the same indication.

adjustment demonstrate superiority of its

Uo immunotherapy against the standard of ‘ ‘ ‘ ' '
care in an advanced cancer setting Efficacy analysis of the client's trial was adjusted

Clinical based on these prognostic risk scores and/or on
dat. .
o selected variables.

hl; Results

Pharma
partner

Our tool enabled our Pharma partner to achieve a dramatic improvement in the statistical
significance of the efficacy of their immunotherapy drug.

Adjustment HR 95%Cl p-value Result of Initial RCT
Original stratified analysis 0.86 [.72,1.03] .08 &
Lasso + strat 0.80 [.67,.96] 01 &

Selected variables + strat 0.81 [.68,.96] .02 =

! 1 1 1 1 1 1
07 075 OB 0B 09 085 1

Results of RCT after
adjustment
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Covariate
adjustment can
derisk and
accelerate trials
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Simulation framework for evaluating impact of covariate adjustment

\% Impact = sample size reduction for 80% statistical power

10

The Cox proportional model is assumed
to hold

The main parameters are :

C the c-index of the prognostic
covariates

A the cumulative incidence of the
event in the placebo arm at the end
of the trial

Weibull shape w

drop-out rate ¢

SURVIVAL TIMES
PARAMETERS
100% A A
1
C 3 90% 1
_ |
S 80% I strata
Simulation of event times e )
A Binary K > 3 70% ! frim
- 5 |
h .
w searc 9 60% y
d 50%
y, 0 1 2 3 4 5
Time (years)
Statistical power estimation for unadjusted and adjusted
l analysis depending on sample size (10e+3 repetitions)
SAMPLE SIZE REDUCTION
100
~ STUDY OF R?__
90
= w0 . ‘ For all Weibull shapes and dropout
N, T | | rates, R> behavior as a function of
2 _1_ adj $ .o ! ! obs
obs ~ N, & : . —_— > .
60 ! C-index,
‘N ‘N +  Cumulative incidence.
50 ' adj 0
a0 60 80

Sample size per arm

-~ Adjusted Unadjusted
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Results of the simulation study

\% Impact = sample size reduction for 80% statistical power

In all settings (all tested treatment effects,
Weibull shapes and dropout rates):

d Increase with C-index

O Increase with cumulative incidence A

- Statistical power is a function of A, C and n

L

80

Reduction in sample size (%)
N (o))
o o

N
o

A =90% bt
°
°
Cumulative
incidence
] (%):
! 75
? A =30% o 50
°
25
°
Py °
ot d A= 100/0
°
° ™
°
°
0.6 0.7 0.8

C-index
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The impact of covariate adjustment is
larger:

2 - when we identify all possible

sources of prognostic signal

& - fordiseases with large proportion

of events in trials e.g. metastatic
cancer more than secondary
cardiovascular disease

kin Inc.



3- Broadening
eligibility criteria

Al for Evidence-Based Covariate Adjustment in Clinical Trials & OWKI N Confidential information: do not share without written permission from Owkin Inc.



L siydonnen A

- 1SV

r LV

- Buibeig

- OpNjoXa SISEISEIdW SND

- oby

- 9oUBUSIUIBI

- (qewnuwipdi) Juswyessy |1 7ad

[ SI0HqIyul YYEJAD

- AOHQIYUI MY

- OgM

- 91AooydwAq

Fd1V

- uiwngpy

- (Aue) ABojolsiH

HR increased or not affected

- UOIIEOO|SUB} MV

- (011018As) aunssaud poo|g

- (o1103sEIP) 8InSsaid poojg

- JusLIBa] DIWBISAS SNOoIASId

Eligibility criteria

- AOHQIYUI MTV/d493

]} 4993 u voneinyy v

- (jexele00p) Juswiess} | 7Ad

- Sioleield

- uigojboweeH

- uiqnilig

- (snowenbs) ABojolsIH

- (snowenbs-uou) ABojosiH

- 9003

- uoissalboud Adessyjowsyo paseq-id
[ 40HQIYul 4493

- Adeisyy onsejdosunue snoinaid

m

[ SYEM/MTV/H493 Ul uolieiny

BEYOND

FLAURA
Keynote189 -
Keynote407 -
Checkmate017 4
Checkmate057 -
oL Checkmate078 -
Keynote010 -
LUXS -

1L

a Clinical trial

t al. Nature 2021).

OAK -

iU e

Ko}
Q
3 38
3 s
-8 - 2
2S5 2
TEE O
I sjiydosnaN
I 1SV
r 1V
r Buibeig
[ @pnjoxa siseiseldw SND
r aby

I @ouBUSIUIBIN

dpoint (L

[ (qewnuwid) Juswyessy 17ad

[ SI0HQIYu!l YYEJAD

F IouqIyul MY

r OgM

r 91A00oydwAi

rd1v

F uwngpy

ir primary en

I (Aue) ABojoisIH

I uolyeoo|suBl} MV

the

- (011018As) ainssaud poo|g

- (o1103se1P) @4nssaud poo|g

- Juswea.] oIWalsAsS snoinsld

[ J0NqIYuUl MV/d4D3

ieving

- (Iexeie00p) swiessy |1 ad

r 497 ul uoieinin
[ Si9|eeld

- uigojbowseH

le ach

h

ve w

lus

[ uignaiig
(snowenbs) ABojoisiH
(snowenbs-uou) ABojo1siH
5003
+ uoissalboud Adesayiowayo paseq-id
[ 401qIyul 4493
+ Adesay} onsejdosuiue snoinaid

[ SYEM/MTV/H493 Ul uoeinin

Genentech researchers have shown using Flatiron health data that NSCLC trials could be much more

Eligibility criteria in clinical trials are too restrictive
INC
BEYOND
FLAURA H
Keynote189 -
Keynote407 -
Checkmate017 A
Checkmate057 A
Checkmate078 -
Keynote010 A
LUX8 -
OAK -

b

el
(9]
2
- 3
o %%mw
O O O
O = C
»® q v
.mm___U
S ®
Za

Confidential information: do not share without written permission from Owkin Inc.

14



Covariate adjustment removes the incentive for strict eligibility criteria

A

100
Using restrictive eligibility criteria
homogenizes the trial population and
leads to an increase in power.

A Covariate adjustment
Y » increases power for Inclusion
’ inclusive trials

However, once we adjust on the
variable used for inclusion, the

inclusive or restrictive population J I A e e —= 100%
have the same statistical power > s = 50%
5 ’
=
c Model
\% Evidence-based covariate — Adjusted
adjustment can allow for . = = Nul
broader eligibility criteria. 60 *
This means faster enroliment ry
and better generalizability ¢!
'l
1
é
250 500 750

Mean number of events
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Better covariate
adjustment allows
for more inclusive

v trials




4-New covariates using deep
learning on histolegical slides
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Digital pathology: the ideal playground for deep learning

\% Ultra-high dimensional data are contained in H&E slides

Al can help to process and better understand this vast amount of information

H&E slides

@® Extracted from biopsy
or resection pieces

® Commonly utilized
throughout the patient

journey

® Digitized and high
dimensional data

each slide = 2GB file

contains approx
100k x 100k pixels

18



HCCnet: Deep learning prognostic model for resected hepatocellular carcinoma

DISCOVERY CROSS EXTERNAL
VALIDATION VALIDATION

HENR.'.}_‘PND??hT‘ THe CANCER GENOME ATLAS

No adjuvant treatment exists for resected m

hepatocellular carcinoma despite unmet medical need N\ \/

== INCLUSION CRITERIA
Death rate at 5 years is 32% in TCGA ——

- Patients treated by surgical resection without any prior anti-tumor therapy
- Available follow-up

- Unequivocal diagnosis of HCC

- Available histological slides from formalin-fixed paraffin embedded material
- Lack of extra-hepatic metastatic disease at time of surgery

Q Q

PREDICTION OF SURVIVAL W oo Gl
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Deep learning methodology tailored to histopathology

\% Large images with information localized to the tumor

@ PREPROCESSING © scHmowDER
DEEEE
- 5 SN
Tiling ] T mEEEE
Embedding HEBEN
ooom;m
' 7 SEmEs
Preprocessed tiles .
100 000 x 100 000 px np x 224 x 224 px Resnnet xfggi%ures .n.!:B.
© cHowbper
max
o [#]
E (4 . €:§ SCORE )
- o - RISK Resnet features N §
Tile O Tile SCORE n, x 2048 - n
Scoring W Sorting Tie W
O Scoring
5 “ -
o [ = =
min
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n,.. x 2048 n,. x1 ., 0] min
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Results in the validation set

\% HCCnet obtained a c-index of 0.70 vs 0.64 for traditional clinical variables

[0 SCHMOWDER (validation)
1 CHOWDER (validation)

[0 Composite Score
I AJCC Tumor Stage
I HBV

[0 AFP serum level

21

0.80

0.75

0.70

£0.65

3

0.60

0.55

0.50

0.45
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Adjustment for HCCnet would lead to 10% reduction in sample size

L——> Using semi-synthetic simulations based on the TCGA validation set

0.90
0.85

HCCnet+
Staging+ECOG

Staging+ECOG

0.75

0.70

600 700 800
Sample size
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Broader eligibility criteria enabled by covariate adjustment

Inclusion
== 100%
Eligibility level Nested inclusion criteria N (%) —_ == 84%
S ;
Less restrictive [ All patients included in the validation of 328 (100%) Tq_: 55%
HCCnet on TCGA %
Mildly restrictive | Child Pugh classification is A 275 (84%) o Model
ECOG O or1 __ HCCnet+
Clinical
Most restrictive [ ECOG score of 0 180 (55%) = = Clinical only
No macrovascular invasion
No cumulated hepatitis B and C infection

140 160 180 200 220 240
Mean number of events
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Covariate
adjustment is
viewed
positively by

requlators

\% We have received positive
feedback and scientific advice
from the EMA about the
relevance of adjusting on deep
learning histological covariates

FDA

The FDA published a draft quidance in 2021:

“Although an unadjusted analysis is acceptable for
the primary analysis, adjustment [...] generally
reduce the variability of estimation of treatment
effects and thus lead to [...] more powerful
hypothesis testing.

Covariate adjustment leads to efficiency gains
when the covariates are prognostic for the
outcome of interest in the trial.”

EMA

The EMA has produced a guideline in 2015:

“The main reason to include a covariate in the
analysis of a trial is evidence of strong or moderate
association between the covariate and the primary
outcome measure. Adjustment for such covariates
generally improves the efficiency of the analysis and
hence produces stronger and more precise evidence
(smaller p-values and narrower confidence intervals)
of an effect.”
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https://www.fda.gov/media/148910/download
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-adjustment-baseline-covariates-clinical-trials_en.pdf

Prognostic signal in new
modalities unlocked by
Al can impact clinical
frials
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