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Breath Biopsy in Early Detection and 

Precision Medicine 
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Sources of VOCs in Breath
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Where Are We in Breathomics?
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ReCIVA® Breath Sampler for Collection of VOCs
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● Non-invasive, reliable and reproducible way to capture VOC 

biomarkers in breath samples

● Custom software learns individual breath profile to enable 

flexible breath collection. In-built CO2 and pressure sensors 

facilitate selection of different volumes and fractions of breath 

through software (upper or lower airways or whole breath)

● Designed for ease of use with high patient safety and comfort 

● No special handling or shipping requirements for breath 

samples 

● CE marked and in use in over 100 clinics and academic 

settings
RECIVA SPEC SHEET

https://www.owlstonemedical.com/media/uploads/files/ReCIVA_flyer_v2.0_Screen.pdf


Components of Collection Station



Breath Biopsy Kits
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Breath Biopsy 

Discovery VOC Kits

● Single use, 

conditioned mask

● Cartridge to store 

and ship VOC 

sample



eCRF Questionnaire



Breath Collection Parameters

Select your desired breath 

collection parameters

Using the straightforward software 

interface, breath collection parameters 

can be selected:

● Breath volume

● Breath fractions

● Flow rate

Replicate breath samples and/or 

different breath fractions can be 

obtained in a single collection event.
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Breath Biopsy: Whole Body VOC Sampling
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● Local and systemic disease information 

by collecting VOCs originating from 

tissues and blood throughout the body

● Unparalleled sensitivity for the detection 

of biomarkers in breath



ReCIVA® Breath Sampler  
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http://drive.google.com/file/d/1rsmrr3pCry1wr7LDpCV4KmLq13Y-pkMv/view


TD-GC-MS (Orbitrap) - the Gold 

Standard for biomarker discovery. 

● Optimised to enable identification of VOC 

biomarkers from breath linking to biology

● Maximized potential for VOC detection with 

high resolution for separation of complex 

VOC mixtures

● Detect low abundance biomarkers in the 

parts per billion to parts per trillion range

Breath Analysis Using TD-GC-MS 

SERVICES INFO

https://www.owlstonemedical.com/services/
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Comprehensive Support to Integrate 

Breath Biopsy into your Clinical Trials 



Breath Biopsy Services Workflow
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Breath Biopsy Laboratory

http://drive.google.com/file/d/18UcsMis-fYXvI39On7bK-9I79wHolZ-j/view


Targeted Analysis of VOCs on Breath

● Once promising biomarkers have been 

identified, a targeted analysis is possible

● The option to add a known compound or 

multiple compounds and analyse on breath with 

absolute quantitation

● Exogenous VOC (EVOC) probes can be used 

to amplify signal from specific enzyme systems 

and assess organ function
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State-of-the-Art Breath Analysis Workflows



Measurement of Enzymatic Activity and 

Organ Function using EVOC Probes
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● It’s possible to assess metabolic function in vivo

using exogenous VOC (EVOC) probes

● The probe and any volatile metabolic products are 

rapidly secreted in breath

● Assess enzymatic activity by monitoring clearance 

of the EVOC probe from the system and the 

secretion of metabolic product(s) generated

+ Completely non-invasive

+ Can administer cocktail of probes - test multiple 

targets

+ No regulatory approval required 

+ Low cost EVOC probe substrates



FAIMS Next Generation Detection 

Compatible with Near Patient Testing

● Platform technology - program target VOC biomarkers in software, hardware always

remains the same

● High throughput - simultaneous detection of multiple VOC biomarkers in seconds

● Part per billion (ppb) sensitivity and high selectivity

● Small size - suitable for point of care (POC) or central lab

The company has developed a proprietary microchip chemical sensor called Field Asymmetric Ion

Mobility Spectrometry (FAIMS). The FAIMS chip can be programmed in software to detect targeted

disease VOCs with high sensitivity and selectivity. Firstly, the VOCs are ionized, meaning that the

gaseous molecules become charged ions, allowing their path to be altered by electric fields. The

second stage of the process takes advantage of this by applying an alternating voltage across the

channels of the FAIMS chip that the ions are travelling through. This creates an alternating electric

field that separates the ions depending on their mobility, which is different for each type of molecule.

Finally, to detect the presence of a specific disease biomarker, a ‘compensation voltage’ is applied

that steers the molecules of interest to the detector, where they are counted. Download Paper

https://www.owlstonemedical.com/media/uploads/files/Characterization-miniature-ultra-high-field-ion-mobility-spectrometer.pdf


Breath Biopsy Clinical Trials
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Breath Biopsy clinical trials currently in progress or in discussion.
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Breath VOC Biomarkers 

in Respiratory Diseases



Breath Biopsy and VOC Biomarkers for 

Respiratory Disease
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Breath VOC Biomarkers in Asthma and COPD
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Limitations of Existing Diagnostic Tests
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VOCs Biomarkers Highlighted for Asthma
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Precision Medicine for Asthma and COPD



Using Breath VOCs to Stratify Asthma Patients
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Four VOCs can distinguish between eosinophilic and 

neutrophilic asthma with reliability comparable to existing 

tests.

● VOCs: nonanal, 1-propanol, hexane and 2-hexanone

● Samples collected from over 500 patients in Liege, Belgium 

(276 discovery, 245 validation)

● VOC testing for eosinophilic asthma prediction has 

equivalent accuracy to results from existing FeNO testing 

and combining techniques gives even stronger results

● Detection of neutrophilic asthma with 76% accuracy. No 

current reliable non-invasive tests for this form of asthma

● Signal not confounded by age, smoking status, or treatments

Schleich et al., Am J Respir Crit Care Med (2019)

https://www.atsjournals.org/doi/abs/10.1164/rccm.201811-2210OC
https://www.atsjournals.org/doi/abs/10.1164/rccm.201811-2210OC
https://www.atsjournals.org/doi/abs/10.1164/rccm.201811-2210OC


Suppression of EIA VOCs by steroid use

● Octanal and Dodecane/Tetradecane 

VOC levels appear to be indicative of 

Exercise Induced Asthma (EIA) in 

steroid naïve subjects

● Changes are suppressed by steroid 

treatment suggesting VOCs could be 

used to monitor response to 

treatment in EIA subjects

● The ability to measure steroid 

response provides a proxy for 

eosinophil detection

Owlstone project conducted with Jean 

Driessen et al at MST, Enschede, NL



VOCs Related to Oxidative Stress

● Oxidative stress is the imbalance of reactive 

oxygen species and antioxidants in cells 

● An excess of reactive oxygen species can 

damage nucleic acids, amino acids and proteins  

● The most damaging effect is believed to be the 

induction of lipid peroxidation

● Cell membranes, lipid mediators such as 

arachidonic acid and prostaglandins are 

composed of poly-unsaturated fatty acids and are 

a primary target for reactive oxygen attack  

● The VOC by-products of this attack include 

aldehydes, alcohols, ketones and alkanes
Alkanes Aldehydes Alkenes
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Breath VOC Biomarkers 

in Liver Diseases



● NASH affects 9-15 million people in 

US alone

● Asymptomatic until later stages that 

lead to permanent liver damage

● Only means of diagnosing NASH is 

by liver biopsy (invasive, expensive, 

painful, inaccurate)

● Drug development hampered by 

lack of reliable non-invasive 

biomarkers

● To properly treat patients and 

develop effective new therapies new 

non-invasive measures of liver 

health must be developed

Unmet Need for Non-Invasive Biomarkers of Liver Disease
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Steatosis is the initial NAFLD stage characterised by fat accumulation. Subsequent 

inflammation accelerates progression to NASH following by liver cirrhosis which may leads 

to HCC. Both steatosis and NASH are reversible.

Population %: 15-40% 5-15% 1-2%



VOCs in Exhaled Air as Potential 

Biomarkers for Cirrhosis - Study Design

● Breath samples collected from

○ 87 patients with chronic liver disease (CLD)

○ 34 with compensated cirrhosis (CIR)

○ 31 healthy volunteers

● Patients recruited from a hepatology outpatient clinic

● GI diseases, chronic lung diseases and/or RA excluded

● Diagnosis based on liver histology and/or clinical, laboratory and/or 

endoscopic findings

● Cirrhosis severity assessed according to Child-Pugh classification 

and Model for End Stage Liver Disease (MELD) score

● Air exhaled into 5 litre Tedlar® gas sampling bags, with VOCs 

measured by TD-GC-MS 

33Pijls et al. Nature (2016)

https://www.nature.com/articles/srep19903.pdf
https://www.nature.com/articles/srep19903.pdf
https://www.nature.com/articles/srep19903.pdf


VOCs in Exhaled Air as Potential 

Biomarkers for Cirrhosis - Results

Subsets of VOC 

compounds were able to 

differentiate CLD and CIR 

patients from the control 

group with AUC of 100% 

and 93.75% respectively 

(Data not shown)
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Validation of PLS-DA classification model for CLD vs CIR

*GGT, ALT, bilirubin, albumin, and thrombocytes

11 discriminatory VOCs, AUC: 

0.90 (95% confidence interval 

0.86-0.96)

5 selected serological markers* 

AUC: 0.81 (95% confidence 

interval 0.77-0.91)



VOCs in Exhaled Air as Potential 

Biomarkers for Cirrhosis - Results

● Profile of 11 VOCs predict presence of cirrhosis with 

sensitivity of 0.83 a specificity of 0.87 

● Hydrocarbons related to oxidative stress and/or impaired 

metabolism by cytochrome P450 enzymes in the liver
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Nr. Chemical Identity Change

1 3-methylbutanal ( - )

2 Propanoic Acid ( + )

3 Octane ( + )

4 Terpene (C10H16) ( + )

5 Terpenoid: ∝-pinene ( + )

6 3-carene ( + )

7 Unknown ( + )

8 Branched C16H34 ( + )

9 1-hexadecanol ( - )

10 Branched C16H34 ( - )

11 Dimethyl disulfide ( + )

PLS-DA score plot of the final classification model



Limonene Normalisation after Transplantation
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Fernández del Río R et al., EBioMedicine (2015); 2(9); 1243–1250

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4588000/pdf/main.pdf


Breath Limonene Targeted Assay Preliminary Results



Combining targeted and non-targeted approaches
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● Owlstone will be refining and validating VOC biomarker panels and 

associated EVOC probes for respiratory, liver and other major 

diseases building on the work done by other groups and our own 

studies

● Possibility to access these fully quantitative targeted panels for 

RUO in combination with our non-targeted Breath Biopsy 

discovery offering on our new platform

● Open to discussions with academic and biopharma partners who 

would like to participate in these and other disease areas or 

incorporate Breath Biopsy in upcoming clinical trials

● End goal is to develop breath tests that can be deployed in clinical 

routine



Thank you 
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