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Biomarkers for Clinical Aging Studies - Requirements

@ Biomarkers should be easy to obtain

?/ﬁ;ﬁ Biomarkers should detect and quantify brain changes preceding gross atrophy

Biomarkers should respond to treatment

Biomarkers should serve as outcome marker in clinical trials

Biomarkers should be reproducible and reliable

@ Do your biomarkers fulfill all these requirements?
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Quality Prediction of Biomarkers in Aging Studies — A Real Challenge

Volumetric
Measurements

Widely used, but with
only moderate
prediction quality

Cognitive Sophisticated
Testing markers from
PET-MRI, fMRI & DTI
Necessary, Can greatly
but time consuming enhance prediction
and expensive guality

Source: Kilimann et al., (2013) Curr Pharm Design 19, 6416-6425. (Review)



Connectome-derived Biomarkers for Aging Studies?

The CONNECTOME
IS directly affected by
neurodegeneration. Alzheimer's
disease (AD) as a disconnection
syndrome.

The CONNECTOME
can be extracted from tractography

(DTI) or from time series correlations
(fMRI, MEG, EEG).

Anti-dementive treatment was
reported to have a protective effect on
the structural and functional
CONNECTOME.

CONNECTOME
alterations correlate with cognitive
Impairments.

However, extracting and analyzing the connectome requires expert knowledge In
neuroimaging and expensive hardware.

?3 I OI l |G X Source: Kilimann et al., (2013) Curr Pharm Design 19, 6416-6425. (Review)
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Our Solution: NICARA™

> NICARA provides fully automated
processing routines for structural
NICARA™ and functional connectome

Neurolmaging-based Connectome Assessment in Research and Application extr aCt| on
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> NICARA allows fully integrated
study management and catalog
functions for connectome data
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> NICARA enables visualization,
exploration and comparisons of
1 multimodal connectome
iInformation and morphometry.




NICARA Offers You Many Advantages

...precise patient
stratification

...better monitoring of
treatment outcome

...hardware
resources

dBiomax
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> More precise patient characterization by earlier
detection of, e.g., accelerated neurodegeneration

> Better monitoring of treatment outcome by
connectome assessments before and after treatment

> Create more predictive biomarkers based on
morphometry and connectome changes

> No neuroimaging knowledge needed

> Hardware resources provided by Biomax
Informatics



Use Case: NICARA for Alzheimer’s Disease (AD)

(as an example for detecting brain changes in Aging, Neurodegeneration and Dementia)
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A preferred DTI Pipeline for AD Connectomes

DWI
bvecs & bvals

- \ All pipeline tools executed
[T | | hvrio MAI b NICARA
Desai‘lzg(re\-l'a(illlci):ny Deface transformation \ y dare...
Detrieux
Hipp(?(l;(a-l;npus VBM, DBM, DWI
Brainstem RBM & SBM v preprocessing
Deterministic O p e n SO u rce
Set Origin & Align to Coreg Tractography
MNI coordinate Tiw in Native Space
Freesurfer I - d d - h d d f
cc;)rtica! &I <_Skull-stripped CAT12 Va I ate I n U n re S O
subcortical ) .
parcellation Tiw Segmentation A St u d I e S
. Deterministric
ngvrfgl;f/le};s Tracts in MNI Spae PreprDo\j:Velssed

suggested as preferred
neuroimaging method for
; AD drug development*.

Brainmasked
Tiw

NICARA
3D Anatomy
View

Five Tissue Type
Segmentation

{ Probabilistic

HCP MMP 1.0 atlas
{ Tractography

Connectome Nodes

NICARA Connectome Browser

*in Falcon C, et al. Neuroimaging Methods for MRI Analysis in CSF
Structural ﬁonnectome Biomarkers Studies. Methods Mol Biol. In Biomarkers for Alzheimer’s
Disease Drug Development edited by Robert Perneczky (2018)
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From Image to Feature Space: Exploring AD Connectomes

Fiber Density Maps

(Image Space) Image space

visualizations (e.g., fiber
density maps) give a
reliable overview of

3D Lattice Graph the patient’s connectome.

(Feature Space)

B

CONNECTOME BROWSER

133 Longitudinal Assessment: Day 0 Cohort: Patient Study: Alzheimer’s Disease Neuroimaging Initiative 3

ml - The feature space

CONNECTOME BROWSER representation allows for

itudinal Assessent: Day 0 Cohort: Patfent  Study: Alzheimer’s Disease Neuroimaging Initiative 3 Protocol

more precise
guantification, multi-modal
connectome integration
and feasible inter-subject

Reddish: high densities; Blueish: low densities of fibers of
a major white matter tract in DTI tractography

comparability.

Bold lines: high fiber densities; Thin lines: low fiber densities
(DTI tractography of a subnetwork)



Characterization of AD Patients with Brain Network Comparison

AD Patient

NICARA

detects differences in
the connectome of
AD patients and
healthy matched
controls of any fiber

Matched Control

tract* or functional
brain network.

AD patient: reduced densities

* here: Cingulum fiber tract

Healthy matched control: stronger and more connections




Easy to Interpret Patient Report

B

X Export~ | F Admine | & @&

Comparison information. Scroll down for results graph.

Name 036_5 Frontal Aslant Tract
Type Patient Report

Modality DTI Tractography

Brain Atlas @ HCP MMP 1.0

Patient 4 036_5 6179

Number of Controls 8

Study Ml Alzheimer's Disease Meuroimaging Initiative 3 Protocol

Patient Report

Average Connection Strength

Filter results by:

Connection
[ selected items: 0
Patient
Connection Connection Strength

Patient (036_5_6179)

Patient 2 0365 6179

Sex Male

Diagnosis (&) G30 Alzheimer disease
Age Range @ 76-80

DTI Tractography

Longitudinal @ Day 0
Assessment

Controls Average Connection Strength

B 036_5_6179_DTI

Connection

Controls Standard Deviation

Subnetwork (Frontal Aslant Tract)

Subnetwork =f|' Frontal Aslant Tract
Type Fiber Tract
Number of ROIls 20
Number of 26
Connections
Per page: &) Results: 25 = [
@ =

T Apply + Add Filter

Show/Hide ~

zZ-5core

B control
~——— Patient

Sorted by Controls Average Connection Strength =

Connection is Part of Subnetwork

@ L_SFL connects to L_FOP4 0.321782173123211

@ R_s6-8 connects to R_ér 0.034623219631612
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2.6180798006098525

2.5233225819974896

1.5759246186188658

1.3477495243638802

-0.7285556683222284

-0.9232796292547425

Frontal Aslant Tract

Frontal Aslant Tract

NICARA delivers
an overview of
the patient's brain
connectivity In
comparison to
averaged
connectivity of

matched controls
and standard
distribution.




Effects of Treatment with Long

itudinal Assessments

B
CONNECTOME COMPARATOR

@ General Information © First Time Point €© Second Time Point @ Subnetwork

3D Lattice Graph of 003_5_86307

© Connections

@ Longitudinal Assessment

Longitudinal Comparison: Day 0 versus Year 1

& Export~

& Admin~

8
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Changes in brain connectivity from cold to warm colors
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R_PFm connects ta R_43
L_PFt connects to L_OP4
R_IFSa connects to R_TE2a
R_PF connects to R_OP4
R_IF]a connects te R_TE1a
L_FOP4 connects to L_TGd
R_45 connects to R_TE1p
L_PFm connects to L_TETm
R_&r connects to R_RI
R_PF connects to R_1
R_IFSp connects to R_TE1m
R_44 connects to R_RI
L_8C connects to L_PH
L_IFjp connects to L_TEZ2a
L_FEF connects to L_IP2
R_STSwp connects to R_STV
R_MI connects to R_A4
R_45 connects to R_PBeRt
-100

Connection

50

Percentage Difference

Filter results by:

Connection v

100 150

200

Y Apply + Add Filter

O Selected items: 0 Show/Hide ~ Sorted by Percentage Difference ~
Connection Subnetwork First Time Point Second Time Point Percentage Difference
[J @ R_45 connects to R_PBeRt Superior Longitudinal Fasciculus 0.022566996514797 0.004109589150175 -81.79
[J @ L_FOP1 connectstol TEla Superior Longitudinal Fasciculus 0.02415026788367 0.005221931962296 -78.38
[0 @ R.STSvp connects to R_FOP2 Superior Longitudinal Fasciculus 0.202312142355368 0.050534499343485 -75.02
[J @ R_PFcm connects to R_TE1a Superior Longitudinal Fasciculus 0.019978968426585 0.005202913889661 -73.96
] @ R_FOP5 connects to R_RI Superior Longitudinal Fasciculus 0.201966043212451 0.053406999097206 -73.56
[J @ R_IFJp connects ta R_STSvp Superior Longitudinal Fasciculus 0.027958994032815 0.007483629509807 -73.23

Percentage changes (x-axis) of connections (y-axis)
(sorted from strongest increase to strongest decrease)

NICARA helps
assess
longitudinal
changes in brain
connectivity

before and after
treatment.




Morphometry Reports with NICARA

MORPHOMETRY BROWSER

NICARA
delivers
manifold reports
on the
guantification of

B Groy Matter volume
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Connectivity Combined with Surface Based Morphometry

B =

& Export~ ’ /& Admin~ l 8 ®

MO RP H OME-I—RY B ROWS E R © SBM © 3D Lattice @ Threshold (2 2.0) & R|?2(& . .
oom Pr—— O Sumetwork Direct comparisons

— o between surface
based
morphometry of
brain regions and
surface based full
brain DTI

Subject: Longitudinal Assessment: Day 0 Cohort: Study: My Test Cases

Morphometry Browser - Brain Structure Coordinates - Surface Based Morphometry With DTI

tractography for a
more precise
patient
characterization in
clinical trials.

15

Surface based morphometry: size and color of nodes
Surface based full brain DTI tractography: links between nodes



NICARA for Clinical Trials at a Glance

More precise
patient
stratification by
combining

Y connectivity
with
morphometry
h Sete) Effects of
characterization ks 7= Ze
of patients
Patient’s brain e
connectivity in - &

comparison to
matched control

O ofain data | '“!!!*!'!!!«-*!-.!-.-r--.-ler.h_
visualization Lo o]




Choose Biomax Informatics as your Preferred Partner

> \We have more than 20 years of experience in knowledge management
for the life sciences

> We have a validated technology through multi-year contracts with reference
customers and thousands of users worldwide

> We have a multidisciplinary team of life science and software experts

> \We have a flexible technology to adapt to your individual needs fast and
effectively

> We are fully GDPR compliant and certified according to ISO 9001 and
1ISO 27001



Interested In a DEMO of NICARA?

g
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NICARA™

Neurolmaging-based Connectome Assessment in Research and Application
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Register a free demo account at nicara.eu
or contact nicara@biomax.com for a free consultation!



