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Retrospective and prospective evaluation of
selected biomarker profiles

- Role of biomarkers
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Biomarker validation in AD

* I[mportant to have an as homogeneous AD
cohort as possible

* Important to apply biomarkers that reflect the
neuropathology of AD




The continuum of AD
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AD: biomarkers

Abnormal

L 3

—— Amyloid-f accumulation (CSF/PET)
- Synaptic dysfunction (FDG-PET/MRI)
- Tau-mediated neuronal injury (CSF)
== Brain structure (volumetric MRI)
= Cognition

= Clinical function

-
—
-

-
——

Preclinical MCI Dementia

Clinical Disease Stag?

Sperling et al. Alzheimer’s & Dementia 2011, 7: 280-292
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WP6 protocol

* Clinically diagnosed subjects:
— Subjective cognitive decline: n=50
— Mild cognitive impairment: n=50
— AD dementia: n=50

* Neuropsychological exam, brain MRI scan, LP

* |In case of normal AD CSF biomarkers: ‘control’
group
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icometrix - herinneringen

Retrospective and prospective evaluation of
selected biomarker profiles

- imaging biomarkers
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A brief history of radiology

X-ray Contrast  Nuclear us CT MRI PACS Radiotherapy DTI

TS ‘ ne &0 7 “‘.‘“ﬁ”‘ 4 “Dear Dr Stieglitz: The X ray shows plainly
mﬂ{;‘y@“«;’;; i 4 ML that there is no stone of an appreciable size
A f‘:‘;’."«ﬁ in the kidne_y. The hip bones are shown &

plaie, TEET— 14 5 e ﬁf T ‘m“r;,, il the lower ribs and lumbar vertebrae, but
U f} o afppaabas fm :;"__J" no calculus. The region of the kidneys is
‘;‘M"‘-’:‘:"";‘f‘ T st wrsts &  uniformly penetrated by the X ray & there

s Gt Ak 1l eoriit 7 s is no sign of an interception by any foreign
T laslnr lliima || m??:—:’—“__., body. | only got the negative today and
7’;‘:‘;“;“&:&7) a;ym could not therefore report earlier. | will
B wifrs fstnd |2 == have a print made tomorrow. The picture is
by By rmg ¥ 1 ? not so strong as | would like, but it is strong

enough to differentiate the parts.”

William James Morton, MD, May 1896
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Radiological report today

Supratentorial, there are many
T2-hyperintense lesions from
the subcortical to the deep
periventricular white matter in
both hemispheres. Multiple
lesions run perpendicular to the
lateral ventricles. Moderate
global cortical atrophy. No Gd
enhancing lesions were seen.
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Blood lab

Patient Name Date Drawn Datle Feceived Date of Reparl
[Doe, Jane ] [1z727/03 | [1z/25/05] 12730403 |
‘ Sex Age Physician Nama/Addrass 1.0, Mumber Account Mumber
¢ [F] 654534565 344353,
CONCOURSE MEDICAL
" ' ¥OUR DOCTOR, M.D.
ANYWHERE, USA 000000 _ )
Patlent |.D./Sec. Sec. # Tirme Dvawn Speciman Number
9:30AM 33477
RESLLT
TEST RAVE APHORMAL  NORMAL UNITS REFERENCE RANGE
," CHEM-SCREEN PANEL
= BLUCOSE 87.0 WG/ 65,0-125
SODIUH 40,0 oL 136- 144
it POTASSIUM 4.5 HOLL 3.60-5.10
“mnm)) CHLORIDE 106.0 oL 99,0-108
“ CARBON DIOKIDE 25.0 LA 2L.7-30.7
B 9.00 HG/L .00-20.00
CREATININE 0.0 HG/L 0.70-1.30
BUN CREATININE RATIO 10.0
URIC ACID 6.00 HE/L 3.00-8.10
CALCIUN 9,80 HG/L 5.90-10.3
HAGNES TUM C%E'_D G/0L 1.50-2.50
CHOLESTEROL 5, HE/DL 120-233
CHOL. PERCENTILE HC 5.0 PERCENTILE
TRIGLYCERIDES H 230.0 HG/DL 50.0-200
PROTEIN, TOTAL 7,60 6L 6,50-8,30
ALBUMIN 4,10 GML 4.00-5,00
BILIRUBIN, TOTAL 0.41 HG/L 0.20-1,50
BILIRUBIN, DIRECT 0.06 0.00-0,20
ALK, PHOSPHATASE 59.0 UNITSL 30,0-110
BT 18.0 UNITS/L 5.00-80.0
AST (SGOTY H UL 5.00-43.0
ALT (SGPT} H (I8 5.00-60.0
AMYLASE, SERUM B0 UNITS/ 0.00-100
COMPLETE BLOOD COUNT (CBC)
WHITE BLOOD CELL WEC) COUNT 5.10 THIUS. UMM 5.00-11.0
RED BLOOD CELL (RBC) COUNT L 3.88 HIL./CL.MH 1.20-5.40°
HEMOGLOBIN (HGB) 14.0 G/ 12,0-16.0°
HEMATOCRIT (HCT) 42,3 PERCENT 37,0-47.0°
MOV K 109.0 L 80,0-97.0
MCH K34 PG 27.5-33.5
HCHC 35,2 PERCENT 32,0-36.0
RIH 12.2 PERCENT 11.0-15.0
PLATELET COUNT, AUTO 3,0 THIUS, /UMM 150-ti0)
T-LYMPH SUBSETS
CD+ HELPER  (36.0 AT 651 i ] 500-1500
D&+ SUPPRESS (44.0 FCTY 95 U 150-1000
CDU/CD8 RATIO L 0.8 RATIO 0.90-6,00
DIFFERENTIAL
POLY (52,2 PCT) %62 il ] 1650-8000
LYMPH {35.5 T 1810 .M 000-3500
HOND (9.9 FCT) S04 CU. K 40.0-900
E0S (1.8 RN % il ] 30.0-800
BASO 0.5 FCT 75 i ] 0.00-125

*Thesereference ranges are for females,

Therangestor menare: RBC=4. F5.10,HGE=140-8.0 HCT=42.0520
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Imaging lab

|_
)
a
z . .
FLAIR Tl
Sequences from PACS or scanner
|_
)
a
5 Analysis in secure cloud
O
Overlays with original exam in PACS
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Relevant imaging biomarkers

Global brain atrophy:

Local brain atrophy:

FLAIR white matter hyper-intensities

Whole brain volume and atrophy
Grey matter volume and atrophy
White matter volume and atrophy

Hippocampus

Deep grey matter
Cortical grey matter
Frontal cortex
Parietal cortex
Temporal cortex

(vascular)
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icobrain dm

icobrain dm

q icometrix

YEAR OF BIRTH MRI DATES

NAME

Frontal lobe volume

Parietal lobe volume

2
S A 2015-09-29 .
=z icometrix dm ICO-ID 1941 2017-08-07 Volume signature |
300 180
— Hippocampi
ol | STATUS REMARKS | 215 s
(] 250
Approved No remarks. 99 perc. 140
— 225
50 perc.
200 10 pere, 120
2 175 1 perc.
3 150 o -
n 40 50 60 70 80 40 50 60 70 80 'g °
w - 5
© Temporal lobe volume Hippocampal volume = o
- —
< ° =
= 180 14 = =]
(2} [ -3
> 160 12 o Ld
99 perc.
S — 140
S 50 perc.
I Frontal cortex Parietal cortex Temporal cortex Hippocampi l 120 iopggtrc. 8
Volume 206 ml* 12m° 138 ml* 64m*
Normal range 176 - 241 mi* 107 - 144 ml* 17-149 mi* 83-12.3mi* bty d
Normative percentile 386 6.3 71.0 <1 40 50 60 70 80 40 50 60 70 80 Temporal lobes
i h ; 1. -1.89 ¢ -2 i
LihiENzas ke oS L2Ls 1% k) 209% Normal annualized volume change -0.31% -0.36 % -0.40 % -0.95 %
(7] Notmel anwuskzed volume 031% 036% 040 % -0.95%
w change
= Frontal cortex volume Parietal cortex volume
3 bt I Volume signature l
O o
s 20 Hippocampi
0 99 pen 99 pec
Z| - e
180 1 perc o
14
o SRS manT 40 45 50 55 60 65 7075 80
Temporal cortex volume Hippocampal volume 2
o
g 3
s 3 g
o s a
. g £ 3
; toperc. & %
Lpert
045 %0 35 60 65 70 75 80 4045 50 % 60 65 10 75 8
e ge Age
I White matter hyperintensities l
©x
:( Volume 1.23ml
3 Temporal cortex
e Volume change 0.02ml
* Displayed brain volumes are corrected for head size. The correction factor for this patient is 0.70
This report is approved for clinical use in the US, EU, AU, BR, CAand IN.
SAMPLE Please visit www.icometrix.com or contact info@icometrix.com for more information.

ix NV, Kolonel B Itlaan 1b/ 12, 3012 Leuven, Belgium.

icobrain 3.x.x Manufactured by
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Dementia signhatures

‘ HEALTHY SUBJECTS

Hippocampi

Parietal lobe
2qO0| |ejuou4d

Temporal lobe
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Dementia signhatures

Hippocampi

HEALTHY SUBJECTS

‘ MILD COGNITIVE IMPAIRMENT

Parietal lobe
9do]| 1ejuoJa4d

Temporal lobe
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Dementia signhatures

‘ HEALTHY SUBJECTS

(©
‘ MILD COGNITIVE IMPAIRMENT e
1.
‘ ALZHEIMER'S DISEASE 2
(©
0.

Hippocampi

99 perg
sefperc.
~ fperd

2qo] |ejuoa

Temporal lobe
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Assessment of individual patients

PATIENTS CONTROLS
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Disease assessment

gmoo- g a o -
3 12001 aagme.
REMEMBER — A Belgian multi-center MRI g
biomarker study 1000 . .
Slow decliners Fast decliners
WB and GM volumes extracted by icometrix B 1000-
could be used to define the clinical spectrum of 5 o .
AD accurately and along with CGM, they are T === e
able to predict cognitive impairmentbased on g rh
(decline in) MMSE scores.[1] g &
¢ Early dlag nOS|S 0 Slowd;cliners Fast d;cliners
 Clinical spectrum K o
« Disease prognosis
= 800 — - -
é —_—
[1] Niemantsverdriet et al. Journal of Alzheimer’s § w0 —~— By
dis 2018 1 5

Slow decliners Fast decliners



MRI vs. CSF markers

T-tau P-tau

MCI

Fig: Correlation between CSF markers T-tau and P-tau and
the callosal thickness profile. Significant streamlines are
shown for p<0.05.

[1] Van Schependom et al., 2018
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A clinical case

37-year-old with history of multiple sclerosis. Extremity weakness. Increasing loss of balance
over 2 weeks.
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A clinical case

Neuroradiologist 1 (EU)

Regression in size of several (about 10) lesions
in both frontal lobes, of one occipital lesion
and of all right cerebellar lesions and
disappearance of one left frontolateral lesion.

Stability of the lesions in other locations.
Impression of progression of cortical atrophy.

CONCLUSION:

Favorable evolution with disappearance of
one and regression of several other lesions.

Impression of slight cortical atrophy compared
to the previous examination.

Neuroradiologist 2 (US)

1. New focus of punctate enhancement in the
posterior right temporal lobe adjacent to the
ventricular atrium. Diminished enhancement
in previously seen right frontoparietal lesion.

2. New focus of T2 abnormality without
enhancement right frontal lobe. Slight
increase in size of left frontal T2 abnormality.

3. Multiple white matter lesions which are
otherwise stable in the interval consistent
with patient's clinical history of multiple
sclerosis.
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A clinical case

% ) icometrix

. .
icobrain
NAME D DATE OF BIRTH MRI DATES
- ’ 2016-08-09
icometrix 4147205 1979-03-29 2017-03-27
| STATUS REMARKS
Approved No remarks.

| e |

VISUAL RESULTS

WHITE MATTER ABNORMALITIES

Not for clinical use.

FLAIR hyperintensities

T1 hypointensities

Volume 17.01 ml 12.57 mi
Volume change 0.32 ml -0.36 ml
New 0.16 ml 0.14 ml
Enlarging 0.90 mi 0.66 ml
Shrinking 0.74 ml 1.16 ml
6
1 Graph legend
L1 T = Total
£y - N = New
g€ E = Enlarging
g3 10 M T1565ml M ro3iml M To06ml Il 1098ml 5= sprinking
§§ & B no.oomi B noo3mi B noooml I No0.13ml A= volume change
%g M cosaml M coooml M eooiml Il £0.05ml tl=2016-08-09
2 6 50.65 ml 50.03 ml 50.00 ml 50.05m| t2=2017-03-27
2% 4
=33
3% 2
0 n -— .
e A a2 A 2 A e a

Periventricular Juxtacortical

Infratentorial

Deep white matter

L) icometrix

. .
icobrain
NAME ID DATE OF BIRTH MRI DATES
g ¢ 2016-08-09
icometrix 4147205 1979-03-29 2017-03-27
2
=}
=2
[72]
]
o
-
<
=
@
>
Whole brain Gray matter
Volume 1552 ml* 903 ml*
Normal range 1449 - 1613 ml* 830 - 963 ml*
Normative percentile 63.7 65.3
Annual volume 0 5
change -1.20 % -1.13 %
Normal volume 5 o P o
tlﬁ change 0.16 % 0.34 %
=
3 - Whole brain volume - Gray matter volume
Z 1600 1000
<
g 80 99 perc.
99 perc,
50 perc.
10 perc. 50 perc.
o 10 perc.
i 1perc.
5 0 45 5
Age Age
* Displayed brain volumes are normalized for head size. The normalization factor for this patient equals 0.72.

%

*
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A clinical case

Neuroradiologist 1 (EU) Neuroradiologist 2 (US)

Regression in size of several locionc in bo+h 1 _Now facuce of nuinctate enhancement in the
frontal lobes, of one occirg . lobe adjacent to the
right cerebellar lesions, ‘'shed enhancement in
volume loss of 0.74ml. :oparietal lesion.

Both radiologists changed their conclusion

Enlargement of severa Both radiologists felt more confident in R/T2 hyperintensity

volume of 0.90 ml. Twc their reading with the icobrain report ‘rontal, right parietal,
and parietal) for a total v Numbers are added to the report irgement left frontal

i1l abnormality.
Progression of cortical Reports were more accurate

JERVCINInN YWY 5. Reports were more consistent F FLAIR hyper
gray matter volume loss : - 17.0 mL, increased by
both higher than the ex| Reading time decreased from around srval.
within that age categor 15 minutes to 5 minutes
0,
0.34%). red at 1522 mL, in the

Pdle, with an interval
CONCLUSION: decrease ot 1.2%. Gray matter volume has

Progression of lesion load with two new decreased 1.1%.
lesions. Slight progression of global and

cortical atrophy. 5. Please see included MSmetrix report for
c

e
‘r‘pletevoiwetﬁtﬁnauym
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Conclusion

« Objective information

 More information available

- Global brain atrophy - tissue classes‘w
- Local brain atrophy - anatomical structure

- Population graphs

« High accuracy, sensitivity and reproducibility

» Early diagnosis & improved assessment and patient follow-up
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Co-financiering

* Dit project is mede mogelijk gemaakt door co-
financiering van:
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