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Breath Biopsy® - Reshaping healthcare in the 21st Century
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What are VOCs? Endogenous and Exogenous



Breath Biopsy: Whole Body Metabolome Sampling
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● Collects VOCs originating from airways tissues and 

blood - providing both local and systemic disease 

information

● Unparalleled sensitivity for the detection of disease 

biomarkers in breath



Where are we in “Breathomics”?
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Breath Biopsy Enabling Technologies 

Collect samples anywhere and analyze 

in central lab or near patient 

● ReCIVA Breath Sampler for 

reproducible collection of 

specific breath fractions 

● Breath Biopsy Cartridge 

captures every VOC from breath 

and can be shipped without 

special handling 

● Rapid, sensitive and selective 

VOC analysis based on proven 

FAIMS sensor technology

● Analysis in central lab or at point 

of care
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In development Breath Biopsy hardware - ReCIVA Breath Sampler, CASPER Air 

Supply, Breath Biopsy kits, mobile sample collection station  
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Breath Biopsy Products and Services
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Breath Biopsy Discovery Methodology
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Volcano Plot: significant features and fold change 

A Volcano plot enables quick visual identification of those features that display large-magnitude fold changes

between classes, that are also statistically significant. There are two regions of interest in the volcano plot: those

points that are found in the top-left or top-right areas of the plot represent features that display large magnitude

fold changes as well as high statistical significance (log10 p-value based on Wilcoxon rank sum). Statistical

significance can be determined using either Benjamini-Hochberg, or by the calculated Bonferroni correction

(0.05 divided by the number of features, in this case 0.05 / 475 = 0.000105). Both cut-offs are shown as

horizontal lines in the volcano plot. Features that with a negative fold change between the classes (reduced in

Non-smokers compared to Smokers), and significant p-values above the Benjamini-Hochberg cut-off are shown

in green. Green dots are features that with a positive fold change between the classes (increased in Non-

smokers compared to Smokers), and significant p-values above the Benjamini-Hochberg cut-off. The number of

features

Features ranked by p-value



Box Plot: Feature RMF58

On the volcano plot (left), red dots are features that with a negative fold change between the classes (reduced in Non-smokers compared to Smokers),

and significant p-values above the Benjamini-Hochberg cut-off. Green dots are features that with a positive fold change between the classes (increased

in Non-smokers compared to Smokers), and significant p-values above the Benjamini-Hochberg cut-off. See here for an explanation of the volcano plot.

The red dot with black outline represents feature RMF58.

The box plot (upper right) shows the distribution of peak area measured for feature RMF58 in non-smokers vs. smokers. See here for an explanation of

the box plot.

The table shows p-value, log2 fold change between classes (non-smokers vs. smokers) and Tentative ID for feature RMF58. Negative fold changes are

highlighted in red, positive fold changes in green. Statistically significant p-values below the Benjamini-Hochberg cut-off are shown in yellow. Measured

spectra are compared against the NIST unit mass spectral library in order to assign a tentative ID to each feature. Please note the tentative ID is likely to

be inaccurate, so additional structural elucidation is required to confirm compound identity (available, subject to additional fee).



Box Plot: Feature RMF57

On the volcano plot (left), red dots are features that with a negative fold change between the classes (reduced in Non-smokers compared to Smokers),

and significant p-values above the Benjamini-Hochberg cut-off. Green dots are features that with a positive fold change between the classes (increased

in Non-smokers compared to Smokers), and significant p-values above the Benjamini-Hochberg cut-off. See here for an explanation of the volcano plot.

The red dot with black outline represents feature RMF57.

The box plot (upper right) shows the distribution of peak area measured for feature RMF57 in non-smokers vs. smokers. See here for an explanation of

the box plot.

The table shows p-value, log2 fold change between classes (non-smokers vs. smokers) and Tentative ID for feature RMF57. Negative fold changes are

highlighted in red, positive fold changes in green. Statistically significant p-values below the Benjamini-Hochberg cut-off are shown in yellow. Measured

spectra are compared against the NIST unit mass spectral library in order to assign a tentative ID to each feature. Please note the tentative ID is likely to

be inaccurate, so additional structural elucidation is required to confirm compound identity (available, subject to additional fee).



Box Plots: Top 25 Features Ranked by P-value  

The box plots above visualize the distribution of the peak area of the top 25 features. The top 25 features were selected based on the p-value

of the fold change between classes, non-smokers vs. smokers. The horizontal line within the box represents the median peak area of the

feature. The box displays the upper and lower quartiles of the data, while the error bars represent the maximum and minimum peak areas

(excluding outliers). Outliers are represented by dots.



Random Forest: ROC Curve k Fold Validation  

Random Forest is a non-supervised machine learning algorithm used for classifier building. k fold validation is a method of cross-validation used to test

the model’s ability to predict new data that was not used in estimating it, in order to flag problems like overfitting or selection bias, and to give an insight

on how the model will generalize to an independent dataset. Multiple rounds of cross-validation are performed using different partitions, and the

validation results are combined over the folds to give an estimate of the model’s predictive performance.

The ROC curve shows the trade-off between sensitivity (or True Positive Rate, TPR) and specificity (1 – False Positive Rate, FPR). Classifiers that give

curves closer to the top-left corner indicate a better performance. As a baseline, a random classifier is expected to give points lying along the diagonal

(FPR = TPR). The closer the curve comes to the 45-degree diagonal of the ROC space, the less accurate the test.



Random Forest: Model Evaluation

Performance of the Classifier

Sensitivity

98%

Specificity

82%

Positive Predictive Value 95%

Negative Predictive Value 93%

Confusion matrix describing the performance of the Random Forest Classification Model to classify the samples (top). The figures describe the prediction

probabilities of individual samples (bottom left), and box plots of each class (bottom right). Dashed line represents the Non-smoker threshold (0.5).



Enabling a broad range of applications across cancer, 

inflammatory and infectious disease

>100 peer reviewed papers and scientific posters - link 16

https://www.owlstonemedical.com/resources/


Measurement of liver enzymatic activity using 13C-

labelled substrate
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● 13C labelled substrate is administered (e.g. 

orally, intravenously) and metabolised by the 

liver

● Leads to production of 13CO2 secreted through 

the lungs via breath



13C-labelled substrate Breath Biopsy tests for 

measuring liver function 

● 1-13C-Methionine

○ Exclusively metabolised by

hepatic mitochondria

○ Concentration of 13CO2 exhaled

correlates with liver disease

severity, traces appear within 20

mins.

● Sodium 1-13C-octanoate

○ Undergoes liver mitochondrial

beta-oxidation

○ Impairment of mitochondrial beta-

oxidation has been reported with

several liver diseases such as

nonalcoholic steatohepatitis

(NASH)

● L-[1-13C]phenylalanine

○ Quantitatively monitors the rate

of hepatic phenylalanine

metabolism

○ Abnormal elevation of the

plasma concentrations of the

aromatic amino acids,

phenylalanine and tyrosine are

seen in the liver disease

● [13C]Caffeine

○ Highly specific for P4501A2

isoenzyme activity

○ Samples collected over 60 mins

ratio of 13CO2 to 12CO2 indicates

enzyme activity

● 13C-Methacetin

○ Completed within 60 minutes

○ Undergoes extensive liver first pass

clearance

○ Cytochrome P450 IA2 converts

methacetin cia O-dealkylation to

acetaminophen and 1-13CO2

Breath tests determine the rate of labeled carbon dioxide to estimate enzyme activity, 

organ function or presence of disease.



Breath Biopsy tests for measuring liver function:
13C-Methacetin Breath Test (MBT)  

● Safe, simple and accurate test for diagnosing chronic liver 

disease in patients. 

● Enables differentiation between different stages of chronic liver 

diseases.

● MBT can reliably distinguish between early cirrhotic and non-

cirrhotic patients with 95% sensitivity and 97% specificity.



Measurement of liver enzymatic activity using 13C-

labelled substrate
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● 13C labelled substrate is administered (e.g. 

orally, intravenously) and metabolised by the 

liver

● Leads to production of 13CO2 secreted through 

the lungs via breath

+ Powerful strategy for assessing metabolic 

phenotypes / organ function 

- Test is invasive if intravenous administration 

required, and needs to take place in clinic

- Cannot administer multiple probes - only 

one enzyme can be assessed at a time

- Labelled isotope probes require regulatory 

approval

- Labelled isotope is very expensive 



Exogenous VOCs on breath 



Dietary sources of Trimethylamine (TMA) and acute 

alcoholic hepatitis 
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High Concentration of Exogenous VOC Limonene 

Associated with Liver disease
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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


Administer Exogenous VOC (EVOC) Probes

● Exogenous VOC (EVOC) probes need a priori understanding 

of disease molecular mechanisms.

● Targeted approach allows more rigorous method 

development allowing high performance of a target analyte.

● EVOC probes allow optimisation of all aspects from sampling 

to data analysis

● Ensure trends in data attributable to biology rather than 

technical variability.

● Already proven to enable the construction of highly accurate 

tests.



Breath Biopsy EVOC Probes to Determine Metabolizer Phenotype: 

Matching the Right Patient to the Right Drug and Dose



Breath Biopsy EVOC Probes to Determine Metabolizer Phenotype: 

Matching the Right Patient to the Right Drug and Dose



Terpene EVOC probe washout curve experiment 
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2 pre-

ingestion 

controls

Repeated breath collects from one individual    

over 8 hour time period (16 timepoints)

Four replicate VOC sample tubes 

collected and analyzed at each timepoint



Terpene EVOC probe washout curve - fold change vs control
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● Concentration of EVOC 

probe in breath rises 

rapidly after 

administration.

● Rate of decrease of probe 

concentration in breath as it 

is metabolized relates 

directly  to metabolizer 

phenotype



EVOC probe fold change for multiple substrates 
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Repeat sampling over 5 weeks 

3030

Pre-

ingestion 

control

Washout experiment repeated 9 times on the same individual 

over 5 weeks

Peak    

(45 mins) 

Two replicate VOC sample tubes 

analyzed at each timepoint
Plateau   

(3 hours) 

0 1 2 3 4 5 weeks



Baseline, peak and post 3hr EVOC probe 

concentrations 
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Baseline, peak and post 3hr EVOC probe 

concentrations 



Limonene breath concentration after EVOC 

administration
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● Background level of EVOC probe compound 

limonene measured in 136 people (blue circles).

● After administration of EVOC probe breath 

concentration of limonene (orange circles) 

increased sharply.



Volunteer A - Eucalyptol washout before 

and after GFJ CYP3A4 inhibitor 



Advantages of EVOC Probes
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● Exogenous VOCs can also be used to assess 

metabolic function in vivo

● 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

+ Safe probes simplify regulatory requirements 

+ EVOC probe substrates are very low cost 



NAFLD and NASH 

36



Global Prevalence of NAFLD
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Economic Burden / Cost of Disease 
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CYP3A4 Activity and Expression in Nonalcoholic 

Fatty Liver Disease- Woolsey et al 
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CYP3A4 activity and expression in NAFLD. (A) Plasma MDZ concentrations 3 hours after oral MDZ microdose (100 mg) in healthy control (n = 20) and biopsy proven NAFLD

subjects (SS, n = 1; NASH, n = 9). Shown as Tukey box plots with median (line), 25 to 75 percentiles (box), and minimum/maximum values (whiskers). Statistical analysis by

two-tailed t test (control versus NASH). (B) Fasting, plasma 4b-OHC concentrations in control (n = 20) and NAFLD subjects (SS, n = 7; NASH, n = 23). Statistical analysis by

one-way ANOVA followed by the Dunnett test. (C) Plasma 4b-OHC concentrations in healthy controls (n = 20) and NAFLD subjects according to histologic assessment of

fibrosis (no fibrosis, n = 6; fibrosis, n = 24). Statistical analysis by one-way ANOVA followed by the Dunnett test. (D) CYP3A4 mRNA expression in archived normal liver tissue

(n = 9) and NAFLD liver biopsy samples (SS, n = 3; NASH, n = 14) compared using one-way ANOVA followed by the Dunnett test. Bars represent means with S.E.M. Gene

expression was normalized to a commercial normal pooled human liver RNA sample. **P , 0.001; ***P , 0.0001. ANOVA, analysis of variance



Opportunities for Breath Biopsy Test
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Designing EVOC probes
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1.Optimise pairing of substrate to enzyme(s): different enzymes have different substrate-specificity, and this might also be

affected by disease conditions. Moreover, it is unlikely that an EVOC probe is metabolised by a single enzyme, as usually

multiple enzymes contribute to metabolism of exogenous compounds. While this aspect can be harnessed for the development

of multiplex approaches aimed at assessing multiple enzyme activities at once, this is a critical issue when building assays for

specific enzymes. Screening of different EVOC probes, and analysis of the specificity of different enzymes for the same probe,

can finally lead to an optimised match between EVOC probe and enzyme of interest.

2. Identify viable route of administration: several routes of administration (oral, intravenous, sublingual, inhalation,

transdermal, etc) can be envisioned based on the enzyme activity of interest. Organ/tissue distribution of the target enzyme will

dictate the choice of the route of administration. For instance, if the target enzyme is present in the gastrointestinal tract, oral

administration is preferable, while in case of hepatic expression either oral or intravenous administration could constitute viable

options. Of note, the route of administration can drastically affect assay kinetics, with oral administration usually being slower

than intravenous injection due to first-pass metabolism.

3. Distribution kinetics: distribution of different compounds in the body is affected by route of administration, metabolism

kinetics, as well as by physicochemical properties of the EVOC probe itself. For instance, lipophilic compounds will be retained in

fat deposits, and excreted via breath, for longer time than hydrophilic compounds. These considerations have to be taken into

account when selecting EVOC probes.

4. Likelihood of secretion in breath: this aspect will depend on the EVOC probes, or derived metabolites, and is based on

volatility of the compounds of interest. This depends on physical properties of the compounds, such as boiling point and water/air

partition coefficient. Selection of EVOC probes that, not only are metabolised by the enzyme of interest, but also are secreted in

breath at high proportions, is fundamental for the development of EVOC probe strategies.

5. Dosage of EVOC probes: the amounts of EVOC probe that reach the enzyme of interest will determine the ability of the

assay to reveal differences in enzymatic activity. Indeed, evaluation of enzymatic activity is usually measured as a function of

substrate concentration [85]. Defined ranges of substrate concentrations are needed to assess differences in enzyme Vmax (the

maximal catalytic rate with saturating concentrations of substrate) or Km (enzyme affinity for the substrate). Appropriate dosage

of EVOC probe will change according to the enzyme of interest.

6. Kinetics of metabolism and breath excretion of the EVOC probe itself, and/or of product metabolites, in healthy subjects

have to be determined in order to measure intra- and inter-individual variability, as well as to assess contribution of potential

confounding factors such as diet, lifestyle, age, gender, current medication, etc. Breath values from healthy subjects can



Owlstone Medical Cancer Clinical Trials
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LuCID: Lung Cancer Indicator Detection



Understanding of endogenous VOC pathways 
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Exogenous probes are the basis of PET scans
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Aldo-keto reductases (AKRs) control lipid 
peroxidation in lung cancer
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AKR1B10-B15 are not normally expressed in the lungs



Assessing presence of cancer through altered metabolic ACTIVITY

Administration of EVOC probe in lung cancer
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