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Background

Lungs: large surface (100 m2)

Components of exhaled air:
N, O, CQ
Inert gases

water vapour
thousands of volatile and newolatile organic componen(&/OC)

Isoprene (12-580 ppb)
Ethanol (13-1000 ppb)
Methanol (160-2000 pphb)
Acetone (1.2-1880 ppb)
X O

Isoprostanescytokines leukotrienes hydrogernperoxide



Background

purpose (examples) target organ conventional method replacement
Ethanol (forensic) blood venous blood sampling exhaled breath
Helicobacter pylori stomach gastric biopsy exhaled breath (€
COHb lungs venous blood sampling exhaled breath




|dealbiomarker

Sensitive andpecificfor the diganosif the disease

Reflector be averyclearsurrogateof the pathophysiologienechanism
Bestableandonly varywithin eventsknownto relateto diseasgyrogression
Predictearly-stagediseasadevelopment

Predictdiseaseprogression

Be responsivéo interventionsknownto be effective



Sources oéxhaled\itric Oxide

Threedifferent isoenzymes

INOS(NOS 1) expressecdexclusivelyn the respiratoryepitheliumincludingthe squamous
epitheliumof the parnyngeooral tract

endothelial NOS (NOS lIno detectableeNOSNRNAIN lower airwayepithelialcells
Expressedh endothelialcellsin the respiratorytract, involvedin the control
of pulmonarybronchial circulation

neuronal NOS (NOS 1) expressedn postganglionigparasympathetiameuronsin the airways
inhibitory nonadrenergicmoncholinergicneurotransmittermediating
bronchodilatationuponvagalstimulation

High NGconcentrationdn the nasalairwaysin contrastto muchlower levelsin the lower airways(more
denseiNOSexpressionn the epitheliumof the nasalairwayg

Formednon-enzymaticallyffrom nitrite (gastricventricle, oralcavity, facultativeanaerobicbacteriareduce
nitrate to ntirite, vegetableqlettuce, spinach



Relativecontributionof differentairwayNOsources

Anatomical location Biochemical source Contribution to exhaled NO
ppb (%)
Pharyngo-oral tract Salivary nitrite 4 (20)
Epithelial INOS 4 (20)
Hypopharynx, larynx, upper Salivary nitrite/epithelial INOS? 3 (15)
trachea
Lower trachea, bronchi Epithelial INOS 7 (35)
Bronchioli Epithelial INOS 1-2 (5-10)
Alveoli Endothelial NOS 0.5 (2.5)

The exhaled NO concentration at a standard flow rate of 50 mL-s™' is set to 20 parts per billion (ppb) in this
subject. INOS: inducible NO synthase; NOS: NO synthase.

ERS MonograplExhalediomarkers Editedby |. Horvath, J.C. d#ongste September 2010



FeNGn Asthma

Not amarkerspecificallyof eosinophilicairwayinflammation

FeNOobroadermarkerof Th2mediatedallergicinflammation(includesairway
eosinophiliarather than eosinophilianflammationonly)

Healthy

Asthma
NO . ,
_ NO NO nNo Air pollution
T Soluble mediator s\ T / {crxic‘i.a}ive stress) Allergen exposure

Corticosteroid-
resistant mechanism

STATS Mucus AHR |
Corticosteroid- _
sensitive mechanism \ / 3

IL-13

(Homeostatic, source unknown) (Th2 cells, mast cells, eosinophils)
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Factorsaffectingexhaled\NO

Increase Decrease

Airwayinfection Smoking
Allergicrhinitis / IgEsensitisation Exercise

Nitrate-rich diet (spinach letucce * Spirometricmaneuvers
Height ** / agein children(< 12year9 Alcoholconsumption
Bronchodilator Bronchoconstriction
Diurnalvariation (+ 15%afternoon) Cysticfibrosis

Ciliarydyskinesia
Pulmonaryhypertension

* 200 gspinachFeNO+ 150%
** Increasdrom 120to 180 cmassociatedvith a doublingof FeNO

DweikRA,BoggsPB, Erzurum SC, et al. éfficial ATlinicalpractice guideline: interpretation of exhaled nitric oxide levels (FENO) for clinical applicationRe&pirCrit Care Med2011;184:605615.
Taylor DR. Advances in the clinical applications of exhaled nitric oxide measurements. J Breath Res. 2012;6:047102.

MalmbergLP PetaysT,HaahtelaTl, et al Exhalechitric oxidein healthynonatopicschootagechildren determinants and heighadjusted reference valuefediatrPulmonol2006; 41: 63§642



Effectsizeof differentpatientrelatedfactorson FeNO

Factor TRAVERS [230] MALINovscHI [231] OLiN [229] DREesseL [232] TAavLor [233]"

Male sex % 21 (7-39) 15 (1-31) 8 (-6-23) 17 (7-29) 251

Height (per10cm 14 (1-41) 10 (3—-18) 62 (45-86) 11 (5-17) Not significant
increase) %

Current -36 (-45— -25) -40 (-47--32) -56(-63- -50) -39 (-42- -32) 551+
smoking %

Previous -13 (-22- -3) -9 (-18-1) Not Not studied Not studied
smoking % significant

IgE sens. % 15 (0-32) 27 (15-40) 62 (45-86) 50 (37-63)° 41"

Asthma % 17 (6-32) 46 (26-69) 41 (5-86) Not studied 26% '

separately’

ERS MonograplExhalediomarkers Editedby |. Horvath, J.C. d#ongste September 2010



Practicabspectof measuringexhaledNO
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FeNQCandits clinicalimpact IC3esponsiveness

ATS Guidelines 2011
Werecommendhe useof FeNQn determiningthe likelihoodof steroid responsiveness in individuals with
chronic respiratory symptoms possibly due to airway inflammation (strong recommendation, low quality of

evidence).

Use ofcut pointsrather than referencevalues

FENO (pph)

Response to Inhaled Corticosteroids

Consider

< 25
< 20, children

under 12 years

25-50
20-35, children

under 12 years

= 50° 39
= 357, children

under 12 years

36

Unlikely

Possible, Cautious Interpretation

Likely

MNoneosinophilic asthma

VCD

Rhinosinusitis

GERD

Anxiety

Cardiac disease

High levels of allergen exposure
Infection

Atopic asthma
High levels of allergen exposure
Infection

COPD with mixed inflammatory phenotype

Eosinophilic bronchitis

MummadiSR et al. Update dBxhaledNitiric Oxide in Clinical Practic€hest2016;149:13401344

Newreferencevalues
(National Health and Nutrition
Examination Survey)

FeNQinterpretation in
patientswith asthmalike
symptomsnot treated with
ICS



FeNQandits clinicalimpact Asthma Management

Conflictingresultson whehter FeNGguidedmanagementesultsin reducedexacerbatiorrates

Cochrane review 2016=1700age28-54 year9

- asthma exacerbations significantly lower in iFeNOgroup compared to the control gzroup (OR 0.60, 95% CI1 0.43
to 0.84), number needed to treat to benefit over 52 weeks was 12 (95% CI 8 to 32).

- no difference between the groups for exacerbations requihnogpitalisation(OR 0.14, 95% CI 0.01 to 2.67) or
rescue oral corticosteroids (OR 0.86, 95% CI 0.50 to 1.48)

- no significant difference between groups for any of the secondary outcomes (F&\Devels, symptoms
scores, or inhaledorticosteroiddosesat 1‘|naIV|3|t)y

AuthorsCtonclusions

X aK2gSR GKFG GF Af 2NR Y HeNDévélsesmpargdSMRmponmarilyiod ¢fidical Symat&rR) 2 y
decreased the frequency of asthma exacerbations but did not impact ohoddsty clinical symptoms, eraof-study
FeNCOevels, or inhaled corticosteroid dosEaus, the universal use BENQto help guide therapy in adults with

asthma cannot be advocated. As the main benefit shown in the studies in this review was a reduction in asthma
exacerbations, the intervention may be most useful in adults who have frequent exacerb#&tiotiser RCTs
encompassing different asthma severity, ethnic groups in less affluent settings, and taking into account di&dient
cutoffs are required.

PetskyH et al.Exhaledhitric oxidelevelsto guidetreatmentfor adultswith asthma The Cochrane Library September 2016



Summary

FeNQestingis a noninvasiveooint-of-caremethod/ indicatorof Th2mediated
allergicairwayinflammation

FeNQestingcanassistcliniciangan identifyingpatientswith airwayinflammation
responsiveo ICS

IncorporatingFeNQestinginto the managemenbf patientswith asthmamay
resultin reductionsin exacerbatiorrates

FeNQests may have limited utility in patients with asthma phenotypes not
characterized by allergic airway inflammation. IncreasdsiNOevels are also
seen inatopicpatientswithout asthma



Exhaledreathcondensat€EBC)

99%water vaport smallfraction of respiratoryairwayliningfluid droplets
Simple safe noninvasivcheap
Formedby coolingexhaledbreath of patientsin acondenseisystem




Exhaledreathcondensat€ EBC)

Nonvolatilebiomarkersfrom the epithelialliningfluid of the airwayepithelium
Extremlylow concentrationqultasensitivatechnigesrequiredfor analysi$

pH, HO,, &isoprostane, eicosanoids, NO, interleukins, metabolomics, proteomics,
ASYy2YAOa X

Asthma, COPD, bronchiectasis and cystic fibrosis: elevated levels of inflammatory
and oxidative stress biomarkeisydrogenperoxide leukotrienesisoprostanes
hydrogenions prostaglandins, and nitrogen oxides).

Significant difference in EBC matmetalloproteinase® (MMP9) concentrations
betweenNSCL@nd control subjects with transudative pleural effusion. Positive
correlations between MM concentration and pack years smoking history (r=0.8,
P<0.0001) and stage of lung cancer (r=0.6, P<0.01). No correlation with the
histopathologicatype oflungcancer



Volatileorganiccompounds

Oscarthe cat(NEJM 2007:357:32829)
SteereHouse Nursing anBehabiliation




VolatileorganiccompoundgVVOC)

A Gaseous organic molecules, emitted from the fluid phase (highly volatile)
A Released from skin, with feces, urine, and breath
A Derived from many metabolic pathways.

A Rate at which VOCs are exhaled is the net effect of several interacting
(bio)chemicalprocessesintracellularand extracellulardegradation; solubility of
the compound in extracellular fluid, fat, and blood; the affinity with extracellular
matrix andcarrierproteins the concentrationgradient with the alveolar and
bronchial air; the vapor pressure; and alveolar ventilation.



3000 identified VOCs

Individual
fingerprint

(individual,
habits,
contingency)

99%

<30 VOCs

Not common
25%

WVOCs families
and related diseases

Alakanes
Methylalkanes
Aldehydes
Ethane
FH‘IIIF‘F

Only 1% of the exhaled breath
composition is likely to contain
disease specific compounds

Other 99% only certain differences in
compoundabundancesuggest
diseaserelatedinformation

Comorbiditie®

Pennazz& et al. Interpretation oéxhaledvolatile organiccompounds Chapter 8. ERS MonogralpkhaledBiomarkers, September 2010.



VOCsletectedin lungdiseases

Author Disease

Significant VOCs identified

Phillips 2003 (13) Lung Cancer

Machado 2005 (14) Lung Cancer

Poli 2005 (15) Lung Cancer
(NSCLC)
Barker 2006 (16) Cystic Fibrosis

Dragonieri 2007 (17)  Asthma

Chen 2007 (18) Lung cancer

Peng 2010 (19) Lung, breast,
colon, prostate
cancer

Fuchs 2010 (20) Lung cancer

Wang 2012 (21) Lung cancer

butane; 3-methyl tridecane; 7-methyl tridecane; 4-methyl octane; 3-methyl hexane;
heptane; 2-methyl hexane, pentane; 5-methyl decane

iscbutane; methanol; ethanol; acetone; pentane; isoprene; isopropanocl; dimethylsulfide;
carbon disulfide; benzene; toluene

2-methyl pentane; pentane; ethyl benzene; xylenes (total); trimethyl benzene; toluene;
benzene; decane; octane; penta methyl heptane

ethane; propane; pentane*#; methanol®; ethanol; 2-propanol; acetone; isoprene’;
benzene; toluene; dimethyl sulfide®; limonene

4 methyl octane; 2,4-dimethyl heptane; isopropancl; toluene; iscprene; alkane; acetic
acid; acetone; 2,6, | | -trimethyl dodecane; 3,7-dimethyl undecane; 2,3-dimethyl heptane
styrene; decane; isoprene; benzene; undecane; |-hexene; hexanol; propyl benzene;
1,2,4-trimethyl benzene; heptanal; methyl cyclopentane

|6 compounds identified that varied in abundance between healthy groups and cancer
groups- | -methyl-4-(1-methyl)benzene; toluene; dodecane; 3,3-dimethyl pentane;

2,3 4-trimethyl hexane; |,1'-(1-butenylidene) bis benzene; |,3-dimethyl benzene; |-
iodo nonane; (1, | -dimethylethyl thio) acetic acid; 4-(4-propylcyclohexyl)-4'-cyanol[ |, 1'-
biphenyl]4-yl ester benzoic acid; 2 amino-5-isopropyl-8-methyl- | -azulenecarbonitrile;
5-(2-methylpropyl) nonane; 2,3,4-trimethyl decane; 6-ethyl-3-octyl ester 2 trifluromethyl
benzoic acid; p-xylene; and 2,2-dimethyldecane

Aldehydes-butanal; formaldehyde; acetaldehyde; pentanal; hexanal; octanal; nonanal
Adenocarcinoma-2,4,6-trimethyloctane; 2-methyldodecane; 2-tridecanone;
2-pentadecanone; 8-methy lheptadecane; 2-heptadecanone; nonadecane; eicosane;
squamous-methanoic acid; 2-nonanone; 2-pentadecanone; nonadecane; eicosane; SCC-
2-decanone; 2-hendecanone; 2-methylnaphthaline; 2-tridecanone; 2-pentadecanone;

2,6-dimethylnaphthaline; |- heptadecanocl; 2-heptadecanone; nonadecane; eicosane

DentAG et alExhaledoreathanalysidor lungcancer JThoracDis 2013;5:S54850



Sources okxhaled/olatileOrganicCompoundgVvOC)

27 cicuation
systemic

Van derSchedaVIP et al Breathomicsn Lung Diseas€hest2015;147:224231



Concept of Analysis of VOC

91 o 82 o $O

Disease Control
Principal Component 2




Concept ofinalysi®f VOC

Chemical Analyticalechniques
Gas chromatography (GC) coupled to mass
spectrometry (MS)

|dentification of individual chemical
compounds.

Clinical implementation: complex (highly
trained personnel, laborious analysis)

Costly application

Recent developments:

Realtime quantitative analysis of VOCs,
technically less demanding. Miniaturization of
devices may allow lowost, onsite detection
of specificcompounds

Pattern RecognitiorBasedSensors
ElectronicmoseqdeNose$

VOCgompetitivelyinteract with crosgeactive
sensors, allowing multiple VOCs to interact W
the same sensor based on their affinity for bo
the sensor and its substrate.

Does not identify individual compounds,
provides probabilistic recognition, which form
the basis of assessing diagnostic accuracy.

Relatively cheap, easy to use, providessta
results holding promise for its use as a peanft
care tool if properly validated anstandardized

ith
th
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ExhaledreathVOCanalysers

Gaschromatographyand masspectrometry(GCMS)

Portableinexspensivalevices

A lon mobility spectrometry(IMS)
A Electronicnoses Cyranose320
A Colorimetry

A Goldparticlenanosensor

A Canine




Electronicnose(Cyranos&20)

Handheld, portable
32 nanocompositarraysensors
Vaporpassesvereachsensoyinducesa swellingand changen resistance




