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| Exhaled breath: statistical proceslure

Data collection Data transformation Data visualization

Data Integration Data analysis




 Exhaled breath: statistical procedure

splitting

If possible validation
in independent (new)

individuals

Healthy Controls1&2

Optimize a statistical method
(selection of important
compounds)

v

validate a statistical method (are
my compounds real?)

Healthy Controls 1&2

20% samples




| Exhalead breath: statistical procedlure

Compounds Selection

Repetition
Comp.1 Comp. 2 Rﬁﬁﬁﬁﬁﬁ@n
12 1
0 1
0 1 Discriminatory between
0 1 cases and controls
4 0.95
0 0.99
Biomarkers candidates
. Different machine learning algorithms:
We want to get this part Discriminant Analysis
through compounds selection PLS-DA
Random Forest, Gradient boosting
‘ ANOVA-PCA ¢




 Exhaled breath: cxamPLes

Lungs malfunctions

Gut/Bowel malfunctions
Gl track
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| Exhaled breath for asthma in children

QO asthma . 6@ ‘lammatory processes
dthe most commb;eQ ‘lIness in childhood
v Vv . . O/‘
. § ;(/f ddiagnosis made at age v 6\9{
{;:'Elwheezing or true asthma in prc\blb ‘Idren needed

) 4

| | prediction of asthma in preschool chu. ) ;ghreath
' ’ B

o

L J
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Exhaled breath for asthma in children

1 252 children participated in the study

. [ exhaled breath collection: preschool children 2-6 years old

+ | |Q each child sampled 3-7 times =1074 samples

10 3 groups; healthy, wheezeing, asthma (defined at age 6)
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| Exhaled breath for asthwma in children

Splitting: training and
validation

Optimizing: selecting
significant compounds

Validation: are the
compounds real

Visualization: are there
groups?

12




Asthma tn children: =Results

L Each point is a breath-o-gram (breath sample)
J 17 volatile metabolites selected by Random Forest classifier

] Important: 1074 samples from 252 children included

score 3

Score plot

® healthy

® transient wheezing

T rren

score 1

1,-5-.-‘ Smolinska at al. Plos one, 2014, 9(8) e105447

-------

---------

score 2
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O Each point is a breath-o-gram: (wheezing and asthma at age 2)

] Differences based on 17 volatile metabolites

Asthma in preschool children: results

O Important: prediction of asthma in preschool children (age 2) 2 76% correct!!

LV 2

3

Score plot

transient wheezing
B as

1
N

052

-1
False posgjtive rate (1-specificity)

£54 0

| |
556 1 38

2

1

Validation

samples
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 Exhaled breath: examples
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Lungs malfunctions

Bowel malfunctions
Gl track
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| Exhaled breath: Crohn’s disease

comspiseae | ] Crohn’s disease (CD) = Inflammatory
Bowel Disease

[ Chronic & relapsing (active and remission)

Abdominal pain, vomiting, diarrhea, bleeding, severe internal
cramps, muscle spasms in the region of the pelvis

'~ |4 lleocolonscopy = gold standard
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Exhaled breath: Crohn’s disease

Can exhaled breath analysis discriminate active from
inactive stage of CD

. | Faeces for Calprotectin, blood for CRP, Harvey Bradshaw Index

(Clinical activity indices) & exhaled air

b + 4Q Evaluation of disease activity: Harvey Bradshaw Index (HBI) CRP

and FC:
1 active disease: FC> 250 pg/g
1 remission disease: HBI <4 & CRP <5 mg/| & FC <100 pg/g

] Data:
(J 140 real CD active
(J 135 real CD remission 17



| Exhaled breath: Crohn’s disease

Splitting: training and
validation

Optimizing: selecting
significant compounds

Validation: are the
compounds real

Visualization: how the
compounds change in

groups?
18




ensitivity:82%
Specificity: 809

tive r.

i 1 .
True posi

decanal
1-hydroxy-2-propanone
unknown

unknown
hexadecan

2,4,4-trimethylhexane

0.4 0.6 0.8 1

False positive rate (1-specificity)

validation samples

&l )

remission group

| unknown '
2,2,4,4-tetramethyloctane

AUC: 0.88 unknown -

acetic acid methyl ester

| Exhaled breath: Crohn’s disease

[ 10 volatile metabolites selected via Random Forests analysis

active group

N

remission group active group

high

Smolinska at al. IBD, 2015, 21(8), 177(15985



| Exhaled breath: examples

Gut/Bowel malfunctions

Gl track

[ =
| -
=1

)

Lungs malfunctions

20



breath: examples

Gl track



{3 2 formulas milk: active and control

| Exhaled breath: infant formula

DANONE
-

29 males (cross-over, double blinded)

o o a g
Nutrilon®

Lira,

‘-i:- v
L |

i
M g
-"._
(}v
A,
e

L

10 6 time points (0, 30, 60, 120, 180 & 240)

/

Large phospholipid coating

\

Commercial milk: Nutricia

Is there difference?
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' Exhaled breath: infant formula

Active product Active product

Ty
o -~
~
- <
~
- ~
Control product - ~ Control duct
ontrol produc
k Day -1 Day 1 Day -1 Day 1

HII | ] pmm—m——- HI |

0 3060 120 180 240 5 days wash-out 0 3060 120 180 240
Week 1 Week 2

Active vs. Control at each time point

23



Splitting: training and
validation

Optimizing: selecting
significant compounds

Validation: are the
differences real

Visualization: are there
groups?



PC2-->18.3%

Exhaled breath: infant formula

O significant differences only at T240 - 8 compounds selected (p-value<0.0001)

] 2-metwl1hiophene ¢ Active T240 |
S O  Control T240
Y
[ Yo . ’ O i
i " ~ _ isoprene C5H?COO|—| 2-methyl-proplanoic acid
1 ,2,4fethylbenzeng O . \ .:‘2_4-d|méfh ylhexahe

I O o~ - ‘.'.'- = _

© o0 960 B ~ .‘ LD f
] e abranchecﬁ' s ¢ % o o

@)
_ ° .4 K 00 _
e ¢
degalactong 4 4
n o -
: ¢ -
O
| [ I 1 ] 1
6 4 2 0 4 6 8
PC1--30.2% 25

J Smolinska at al. Scientific Reports (submitted for revision)



 Exhaled breath: examples

% Animal model




Exhaled breath: chorioamunionitis

Chorioamnionitis

INFECTIONS

BACTERIA ASCENDING

2L e ‘ THROUGH CERVIX TO
i THE AMNIOTIC FLUID
: . . .-_.._._‘. 9

AMNIOTIC FLUID -

27
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| Exhaled breath: chorioammnionitis

Inhaling

[ Breath at baseline and daily for 6-7 days

[ 4 animals in January 2017 and 4 animals in July 2017

| !

‘ Discovery set External validation set 28




' Exhaled breath: chorioamunionitic

Splitting: training and
validation

Optimizing: selecting
significant compounds

Validation: are the
compounds real

Visualization: are there
groups?
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| Exhaled breath: chorioamnionitis

L 19 volatiles selected as the most discriminatory between no infection and
— DISCOVERY SET

L, Score p!ot

‘r * % * dayO&dayl
; 15 * day5&T6
_ 10}
i - *
Vi, *
ok
51 *
%*
e 15 10 5 0 : 10 5 20
PC1 (52%)
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| Exhaled breath for chorioamnionitis
validation

ED | I I | 1 ] |
* * dayO&dayl
151 % * day5&T6
— 10F
8\‘:
a *
0k
5| *
*
-10 %lé' ' ' ! ' : '
=20 -15 -10 -5 1] ] 10 15 20

PC1 (52%)

O differences based on 19 volatiles selected as the most discriminatory

between no infection and -
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| Exhaled breath: chorioamnionitis
validation

Validated on the second set of sheep (measured in July)

ROC CURVE

1

09 L

08 |-
07 L
AUC: 0.928

| Independent validation!

06 [
| Sensitivity: 83.3
2 09 r Specificity: 71.4%
@ 04 L
03 L
0.2 |
0.1 L
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
1-specificity

Smolinska at al. in preparation
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. Exhaled breath: chorioamunionitis

visualization

O All sheep > Discover & Validation

[ 19 volatiles used between no infection and infection

PC3

Score plot

20

~

Day 5&6

PC2

-20 -40
33



Summarg

(J Exhaled breath goes beyond lungs

(J Exhaled breath related to various
malfunctions

J Application in several large real life
cohorts plus animal model

(J Breath Data are complex thus special
care with data analysis 34
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" - | Kidney diseases

| Respiratory and airway diseases

@ Liver diseases

Gl track diseases

Exhaled brca’ch appl,watwws




Exhaled breath applications

Dolphins

| e S

Mice and rats iy AL
Calves and bo

vine

Horses
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