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Targeted breath analysis: exogenous volatile
organic compounds (EVOC) as targeted metabolic
probes in Breath Biopsy
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Breath Biopsy® - Reshaping healthcare in the 215t Century (e
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OUR MISSION:
TO SAVE 100,000 LIVES & 1.5B IN HEALTHCARE COSTS.

OUR VISION:
THE GLOBAL LEADER IN BREATH BIOPSY
FOR EARLY DETECTION AND PRECISION MEDICINE.

TARGETING BILLION DOLLAR MARKETS
IN LUNG CANCER, COLON CANCER
AND RESPIRATORY DISEASE
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What are VOCs? Endogenous and Exogenous (Srazene

7MEI:III:AL

ENDOGENOUS VOC SOURCES

gene mRNA protein metabolites
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Breath Biopsy: Whole Body Metabolome Sampling (huazene
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Collect and pre-concentrate
VOCs in Breath Biopsy Cartridges
1 min | 10 mins
s Sample Capture even low level
A “ whole body VOC biomarkers
N
Rapid transfer of e Collects VOCs originating from airways tissues and
VOCs from blood | - hi | . .
to breath blood - providing both local and systemic disease

information

e Unparalleled sensitivity for the detection of disease
biomarkers in breath
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Where are wein “Breathomics”? (e
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/ '.-ﬁ » Modern breath testing commenced in 1971, with the work of Nobel
A e Prize winner Linus Pauling.

» Hundreds of scientific papers published suggesting the presence

> of VOC biomarkers across a range of diseases.

SOME PUZZLING QUESTIONS

'I Why is there very little agreement 2 Why is breath testing
in identified blomarkers within a @ not used routinely in G
disease? ... : e clinical setting? e A0S e
SOME HISTORICAL CHALLENGES
e Maturity of breath sampling e Study design and size - small
Q 1 hardware and protocols for patient numbers in pilot studies
robust, repeatable sampling. anddlack of blinded validation
studies.

e High end, expensive spectrometer
vs low performance enose.

o Different analytical techniques
required in biomarker discovery
and clinical translation.

WITHOUT SOLVING THESE YOU CAN'T HAVE
CONFIDENCE IN INITIAL BIOMARKER
DISCOVERY AND VALIDATION
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Breath Biopsy Enabling Technologies (Srazene
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Collect samples anywhere and analyze
in central lab or near patient

e ReCIVA Breath Sampler for

reproducible collection of \1_

specific breath fractions g
e Breath Biopsy Cartridge - -

captures every VOC from breath '5 1 l.’;

and can be shipped without 1

special handling \

e Rapid, sensitive and selective
VOC analysis based on proven
FAIMS sensor technology

e Analysis in central lab or at point
of care

NHS k&Y esk A

CLINIC




In development Breath Biopsy hardware - ReCIVA Breath Sampler, CASPER Air '\1

Supply, Breath Biopsy kits, mobile sample collection station (ﬁ’ MEDICAL
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Breath Biopsy Products and Services (Srazene
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Lease ReCIVA Breath
Sampler and purchase
Breath Biopsy Kits to
collect breath samples

Send Breath Biopsy Analyze Breath Biopsy

Cartridges for analysis
using Owlstone Medical’s
Breath Biopsy Services

Cartridges in your own
lab with the Lonestar
VOC Analyzer
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Breath Biopsy Discovery Methodology (Srazene
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Volcano Plot: significant features and fold change e

B . ; Features ranked by p-value
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A Volcano plot enables quick visual identification of those features that display large-magnitude fold changes =~ rvrisz | IEESN 10ss-0s
between classes, that are also statistically significant. There are two regions of interest in the volcano plot: those RMF21 _ 2.91E-06
points that are found in the top-left or top-right areas of the plot represent features that display large magnitude RMF31 m 2.95E-06
fold changes as well as high statistical significance (log,, p-value based on Wilcoxon rank sum). Statistical RMFI58 _ 310E-06
significance can be determined using either Benjamini-Hochberg, or by the calculated Bonferroni correction RMF126 m 5.01E-06
(0.05 divided by the number of features, in this case 0.05 / 475 = 0.000105). Both cut-offs are shown as T _ Tenn
horizontal lines in the volcano plot. Features that with a negative fold change between the classes (reduced in -
c e - rvriss  [EEEE  ne-os
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- RIRpE m e
smokers compared to Smokers), and significant p-values above the Benjamini-Hochberg cut-off. The number of _ BMF43 EE o 4eos

features
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Box Plot: Feature RMF58 (et
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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, log, 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
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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, log, 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).

~.

(§

WLSTONE
7M =DICAL



~.

Box Plots: Top 25 Features Ranked by P-value
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Repeatable Molecular Feature

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

Rate

True Positive

0.2 4
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w== ROC curve of class 1 (area = 0.97)

0.4
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False Positive Rate

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.
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Random Forest: Model Evaluation (Spazeoe

Breath Test (Predicted Label) [ | Performance of the Classifier

Non-smoker Sensitivity
True Smoker 14 True Negatives 3 False Positives 17 98%
label Non-smoker 1False Negatives 55 True Positives 56 Specificity
Total 15 58 73 82%
Positive Predictive Value 95%
Negative Predictive Value 93%
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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 (Wh%{.%@&

Application Patlent Numbers Sens./Spec.

Cancer
Colorectal cancer N=133; 88/60
83 colon
Asthma and COPD | EB.*_“ e J—— Pelvic radiation 50 controls
: 2zl Pelvic radiation disease ~ N=23 90/90
. L ; Inflammatlon
Eosinophlic airway | ; :
inflammation S (TERCET | Colorectal cancer ‘ Inflammatory N=62; 74/88
1 g Bowel 48 with IBD
P Disease (IBD) 14 controls 74/75
Tub losis | o Crohn’s di Inflammatory N=76;
e F el (e Bowel 54 with IBD and 22 healthy controls
Disease (IBD) N = 47, 85/85
Coeliac 27 with histological confirmation of
‘ Lung Cancer } m = | Bile acid diarrhoea ‘ coeliac disease
: 20 controls with irritable bowel
i syndrome
Hepatic . N, | Coeliac disease ‘ Bile acid diarrhoea N=110 85/90
encephalopathy | 7 23 with bile acid diarrhoea
42 with ulcerative colitis and
45 symptomatic controls
i Inflammatory . -
P . Eosinophilic airway N=52; Accuracy:
C. Difficile } ----------------- bowel disease : :
‘ inflammation 27 with eosinophilia 85%
Asthma/COPD N=78 Mo reported
‘ Ulcerative Colitis } s =EEEy
Infectlon
Clostridium difficile N=213 92/86
=71 with C. diff positive by
microbiclogical analysis
Hepatic encephalopathy N=42; 88/68
(HE) 22 with HE and 20 healthy controls

>100 peer reviewed papers and scientific posters - link 16


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

Measurement of liver enzymatic activity using 1C- ol
labelled substrate (e

e 13C labelled substrate is administered (e.g.
orally, intravenously) and metabolised by the
liver

e Leads to production of 13CO, secreted through
the lungs via breath

17



13C-labelled substrate Breath Biopsy tests for ~
measuring liver function
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Breath tests determine the rate of labeled carbon dioxide to estimate enzyme activity,

Mitochondrial:

e 1-13C-Methionine

o Exclusively  metabolised by
hepatic mitochondria

o Concentration of 3CO, exhaled
correlates with liver disease
severity, traces appear within 20
mins.

e Sodium 1-13C-octanoate

o Undergoes liver mitochondrial
beta-oxidation

o Impairment of mitochondrial beta-
oxidation has been reported with
several liver diseases such as
nonalcoholic steatohepatitis
(NASH)

organ function or presence of disease.

e |L-[1-13C]phenylalanine
o Quantitatively monitors the rate
of hepatic phenylalanine
metabolism

o Abnormal elevation of the
plasma concentrations of the
aromatic amino acids,
phenylalanine and tyrosine are
seen in the liver disease

CYP450:

e 13C-Methacetin
o Completed within 60 minutes
o Undergoes extensive liver first pass
clearance
o Cytochrome P450 I[A2 converts
methacetin cia O-dealkylation to
acetaminophen and 1-13CO,

e [13C]Caffeine
o Highly specific for P4501A2
isoenzyme activity

o Samples collected over 60 mins
ratio of 13CO, to 2CO, indicates
enzyme activity



Breath Biopsy tests for measuring liver function: ~

13C-Methacetin Breath Test (MBT)

Almeet Pharmacol Ther 2005: 21: 175185

dok 101111 4.1 365 2036 00502317

13 methacetin breath test as liver function test in patients with

chronic hepatitis C virus infection

E.BRADEN, D). FAUST, U. SARRAZIN, 8. ZEUZEM, C. F. DIETRICH, W. F. CASPARY & C. SARRAZIN
Malical Departient I, Usiversity Hospital Frankfert/ Main, Germariy

Acospted for publication 21 (ricker 2004

SUMMARY

Background: The ' *C-methagetin breath test enables the
of the Ty P450-
dependent liver function.
Al To find out whether this breath test b sersitive in
noncirchotic patients also with chronie hepatitis C in
early stages of fibross.
Mehods: Sivty-one healthy controls and B1 patients
with ehronie hepatitis ¢ underwent a ** C-methacetin
bresth test. In all patients, a liver blopsy was performed.
The liver histology was clamified according to the
histalogy activity index—Enodell scare.
Results: Delta over haseline values of the patients at
15min significantly diffred from control (192 £
2%, ve 241 £ 5.7 P <0003 The comulative
recovery after 30 min in patients was 11.4 + 48%
and in healthy contras 13.8 £ 28% (P < 0002

However, patients with early fibrosis (histdogy activity
index TVE) did not differ in delta over baseline values of
the patients at 15 min (232 £ 7.9%, va 226 £ 7.2
P =0.61) or cumulative recovery (13.6 % 3.7% vi.
1524 38% P=045) fom patents with mare
advanced filross (hsblogy activity index TVC)
Patiente with cdinically nomsymptomatic cirrhods (his-
wlogy activity index VDX Child A) metabolized "*¢-
methacetin to a dgnificantly lsser extent (delta over
haseline values of the patients at 15 min: £3 £ 499
P <0005 and comulative recovery after 30 min:
5.6 £ 32% P <0003 The “C-methacetin breath
test Mentified eirrhotic patients with 95.0% sendtivity
and 6. 7% specificity.

Concligior Th invasive **C-meth Ireath
reliably distinguishes between eardy cimrhotic (Child A)
and noneirhotic patients, but faik to detect early stages
of fibrosks in patients with chronie hepatitis C.

INTRODUCTION
Several **C hreath tests are sed for the invasiv

P450 1A2) Ink acetaminaphen and "C0, by asingle
dealkylation. The increass of "0, in breath samples
can he fied by isotope ratio mass ar

assament of hepatocellular function. The "C-meth-
acetin breath test (MBET) enables the gquanfitative
" of the " P4 50 dependent lver

nondkpersive Batope-selective infrared spectroscopy.
Like the "C.aminopyrine breath test and the mono-
thylgly dide (MEGX) test, the C-MET is a

function, ' whereas the results of the **C-MBT show a
good correlation to the severity of liver circhosks
according to the Chill-Pugh score. "*C-methacetin &
rapidy metabalied by healthy liver cells (eyiochrome

Corvapondece tox Dr B Brafw, Maficdl Depostwint I, Theador
SernKal 7, D-605900 Franhfust Mus, Germany
Bl B, sk fert

@ 2005 Blackwell Publihing Lad

mierosamal liver funetion test.

To determing the degree of fibrods in patients with
chranie Bver disease, Wver Mopsy Is still considerad as
the gold standard. Non-invasive serom tests to cdassily
patients as having mild or advanced liver fibrsks allow
correct determination in approximately 40-70% of
the cates only.™" Most Iver function tests, Inchiding
the M breath tests, together with the clinical judge-

179

(hemens
]
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.

0.8

%)

¢
L

0.6

0.4

SENSITIVITY

0.2

o] 50 100
1- SPECIFICITY (%)



Measurement of liver enzymatic activity using 1C- ol
labelled substrate (e

e 13C labelled substrate is administered (e.g.
orally, intravenously) and metabolised by the
liver

e Leads to production of 13CO, secreted through
the lungs via breath

+  Powerful strategy for assessing metabolic
phenotypes / organ function

- Testis 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

20
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ENDOGENOUS VOC SOURCES

gene mRNA protein metabolites




Dietary sources-of Trimethylamine (TMA) and acute ~
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alcoholic hepatitis

Hepatic flavin monooxygenase (FMOQO) ;
Dietary sources

family of enzymes, FMO3 convert 100 7 o

trimethylamine (TMA), a volatile Tz = sl :

organic compound which smells like ¢ Saltwater fisn p <0.001

rotting fish, into trimethylamine Choline, leathin, carnitine

N-oxide (TMAQ), an odorless stable E:‘j 7s

oxidation product which contributes to + Soybeans

the atherosclerosis in humans. Subjects + Liver and kindney

with chronic liver disease, in general, ; =

have impaired capacity to convert TMA E i '3:

into TMAO. Furthermore, alcohol Ll bl < 57

consumption in patients with alcoholic : ) =

liver disease induces bacterial v ntestine =

overgrowth and increases gut . Trimethylamine v
. . (excreted in body fluids) '

permeability and the translocation of 25 -

bacteria-derived lipopolysaccharides S
from the gut to the liver. It therefore :

may be desirable to determine whether  |jyer 4 .., = - S

the amounts or concentration of { - Trimethylaminuria ; B : ,
volatile compounds in a biological o~
! L] T T T T 1
Samp|e, fOI‘ eXamp|e, a breath Sample ¥ Healthy Healthy Chronlc Chronlc Acute Acute
g g R R { i L= non-alcohollc  alcohollc non-alcoholic  alcohollc  non-alcohelic  alcoholic
correlate Wlth the dlagnOSIS Of Ilver o Trlrgii?i{zrgl;;euﬁlﬂ;de controls controls  liver disease liver disease  hepatltls hepatltls
disease.

22



High Concentration of Exogenous VOC Limonene -
Associated with Liver disease

EBioMedicine 2 { 2015) 1243-1250

Contents lists available at ScienceDirect
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Research Paper

Volatile Biomarkers in Breath Associated With Liver Cirrhosis —
Comparisons of Pre- and Post-liver Transplant Breath Samples

W) o

R. Fernindez del Rio , M.E. O'Hara **, A. Holt ", P. Pemberton ¢, T. Shah ®, T. Whitehouse ¢, C.A. Mayhew *

# School of Physics and University of Birmir B15 2T, UK

® Department of Hepatology, University Hospital Birmi NHS Trust. Birmi B15 2TH, UK

€ Critical Care and i1, University Hospital Birmi NHS Trust, Birmi B152TH, UK

ARTICLE INFO ABSTRACT

Aticle history: Background: The burden of liver disease in the UK has risen dramatically and there is a need for improved diagnostics.
Received 9 June 2015 Aims: To determine which breath volatiles are assodated with the cirrhotic liver and hence diagnostically useful
Received in revised form 17 fuly 2015 Methods: A two-stage biomarker discovery procedure was used. Alvealar breath samples of 31 patients with cirrhosis
Accepted 20 July 2015 and 30 healthy contmols were mass spectrometrically analysed and compared (stage 1). 12 of these patients had their
Aviilzble ontine 26 Jly 2015 breath analysed after liver transplant (stage 2). Five patients were falowed longirudinally as in-patients in the post-
e N transplant period.

Brel ath an-alysis Results Seven volatiles were elwa:ed in the breath of pt:nuvcnus controks. Ofthese, five showed statistically signif-
Girthasis icant decrease post-t methanal, 2-p and carbon disulfide. On an individual

Diagnosis limonene
Liver transplant

Iasis imonene has the hutdngnustl: capability  the amaundera receiver operating characteristic curve (AUROC) is
0.91), but this is imp ining methanal, 2-p and i (AUROC arrve 0.95). Following trans-

FTR-MS plant, imnnene shows \nmh-m.t characteristics.

Volatile organic compounds Congly L and 2 are breath markers for a cirrhotic liver. This study raises the poten-
tial to investigate these volatiles as nmlershea:yemplmrdmw i the wash-out of li fol-
lowing transplant, graft liver function can be non-invasively assessed.

@ 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
[ httpe/fcreativecommaons.org,/lice nses by -nc-nd/ 4.0/ ).
1. Introduction for 83% of deaths (Davies, 2012). It is the third biggest cause of prema-

The publication of the 2014 Lancet Commission on liver disease has
highlighted how the burden of liver disease in the UK has risen sharply
over the past few decades and that it poses a major public health issue

ture mortality, with three quarters of liver deaths due to alcohol
(Williams et al,, 2014). Liver disease has a widespread effect not only
to the patient, encompassing physical and psychological morbidity
and mortality, but also incurring significant societal costs. One of the

)
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 Patients suffering from liver cirrhosis have raised
levels of limonene in their breath due to the liver
failing to produce enzymes for metabolism.

« After liver transplant, limonene levels in exhaled
breath returned to normal as the metabolism
resumed

» Shows VOCs in breath can be used to monitor a
patient’s response to therapeutic intervention.
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4588000/pdf/main.pdf
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Administer Exogenous VOC (EVOC) Probes (Spame
e S

processes

O_/\) = W@f
) ) Valuable, specific,
o/ Exogenous
= ’ VOCs and volatile sen » quantlflal?le_
D — metabolic products characterl?tlc
metabolic }
/—5 ) information
N A== L 07
/—h __“-\ -
e Exogenous VOC (EVOC) probes need a priori understanding
of disease molecular mechanisms.

'@

e Targeted approach allows more rigorous method
development allowing high performance of a target analyte.

e EVOC probes allow optimisation of all aspects from sampling
to data analysis

e Ensure trends in data attributable to biology rather than
technical variability.

e Already proven to enable the construction of highly accurate
tests.



Breath Biopsy EVOC Probes to Determine Metabolizer Phenotype:
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Matching the Right Patient to the Right Drug and Dose (&’“f,’h%?:.%}{f

The majority of small molecule
drugs are metabolized by a class
of enzymes called CYP450'

These drugs include anticoagulants,
antidepressants, pain medication, statins
and oncology drugs with a combined

total of billions of prescriptions per year

Main Therapeutic Prescriptions
m (o T A

Lipitor Cardiovascular 3A4/5 92.9
Zoloft Mental Health 2DE, 2C9, 2B6, 2C19, 3A4/5 389
Prozac Mental Health 2D6 283

Tramadol Pain 2B6, 2D6, 3A4/5 24.9
Crestor Cardiovascular 2C9 227 o

Warfarin Cardicvascular 1A2, 2A4/5 208 7 0 /o
Nexium Gastrointestinal 3A4/5,2C9 13.2

Spiriva Handihaler  Respiratory 2A4/5, 2D6 94 of drugs are metabolised

Januvia Diabetes 2A4/5 2.9 by On'y four enzymes
Eliquis Cardiovascular 3IA4/5,2C19 33

Tamoxifen Oncology 2D6, 3A4/5 22

http:ffelincale.comy Drug Stats,Dnugs,”

hr.nlm.nih.gov/primer/gensfamily/cytochromep450;
ww.sciencedirect.com,/science/article/pii/S0163725813000065

CONCENTRATION

Pharmacogenomic tests can determine
metaboliser genotype, but actual phenotype
can be changed by a number of factors
including other drugs and diet

Changes in metaboliser phenotype can
lead to drug toxicity or inefficacy

Therapeutic
Range

Duration
of action

max

3

Onset  t,
time TIME

max

B Rapid metabolising of the prodrug [l Rapid metabolising of the active
to the active form leads to toxicity drug leads to lack of efficacy

In 2018, over 2.2 million Adverse Drug
Reactions? and more than 230 thousand
deaths are expected in the United States alone
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Breath Biopsy EVOC Probes to Determine Metabolizer Phenotype:

Matching the Right Patient to the Right Drug and Dose (E’“f,’h%?:.%}{f

d Concentration of EVOC probe compounds
eed I measured with Breath Biopsy platform

1.0

=

.' ") 2

Exogenous VOC (EVOC) probes, comprised
of GRAS (generally recognised as safe)
compounds, are metabolised by the same
CYP450 enzymes as drugs. By measuring
the kinetics of a mix of EVOC probe substrates
and metabolites on breath, we can determine
metaboliser phenotype.

/
CTRL CTRL 05 1.0 15 20 25 3.0 3.5 4.0 4.5 5.0 55 6.5 6.5 70 75 a0
Example EVOC probe CYP450 TIME AFTER INGESTION OF EVOC PROBE (HOURS)

—#— a-Pinene
B-Pinena

—¥— Limonene

—+— Eucalyptol

—4— p-Methan-3-one

—#— Acetone

PEAK AREA FOLD CHANGE vs. CONTROL

Limonene 2C9,2C19
Eucalyptol 3A4

Over $1.1b global pharmacogenomics diagnostics market' by 2021,
Linalool 2C19,2D6

growing at >20%

¥ Companion Diagnostics: Technologies and Markets, BCC Research Report code BIOO77C March 2017
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Terpene EVOC probe washout curve experiment (Bpaze

VOCs

v

IWQ

L>

[

TIME
2 pre- Repeated breath collects from one individual Four replicate VOC sample tubes
ingestion over 8 hour time period (16 timepoints) collected and analyzed at each timepoint

controls
27
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Terpene EVOC probe washout curve - fold change vs control (@ﬁm\f
- it
L _ S e Concentration of EVOC
400 ; EEER: probe in breath rises
350 4 —4— aPinene rapidly after
. E:'Z:;‘z:e administration.
0 Eucalyptol
—4— p-Methan-3-one e Rate of decrease of probe

concentration in breath as it
is metabolized relates
directly to metabolizer
phenotype

20.0 J

15.0 J

PEAK AREA FOLD CHANGE vs. CONTROL
o

0.0

CTRL CTRL 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 75 8.0

TIME AFTER INGESTION OF PEPPERMINT CAPSULE (HOURS)

28
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Repeat sampling over 5 weeks

4 5 weeks

|/ I N A R R

Washout experiment repeated 9 times on the same individual
over 5 weeks

VOCs

IWQ

Pre- Peak Plateau Two replicate VOC sample tubes
ingestion (45 mins) (3 hours) analyzed at each timepoint
30

control



Baseline, peak and post 3nr EVOC probe

concentrations

FOLD CHANGE vs. BASELINE

10.0 +

7.5 4

5.0 4

2.5 4

Acetone

0.0 4

BASELINE PEAK 3 HOURS

TYPE

Isoprene
10.0 +
7.5 4
5.0 4
n.s
2.5 4 ,_|_|
0.0

BASELINE PEAK 3 HOURS

TYPE

30 4

20 o

10 S

a-pinene
% %

S

I T I
BASELINE PEAK 3 HOURS

TYPE

40

30 o

20

10 4

~.

Y
(El WLSTONE
7M =DICAL

B-pinene
L

—

-

=

I T I
BASELINE PEAK 3 HOURS

TYPE

Sill



Baseline, peak and post 3hr EVOC probe 5

-
. (DWLEETDNE
concentrations \7”‘“":’“
Limonene Eucalyptol Menthol p-Menthan-3-one—2-
* * %
12.5 - == o
10.0 A *_ ok % 10.0 4 80 4
Ll .
Z 10.0 4
-
l(-})J oy 7.5 4 n.s. 60 -
< —
m . ?‘5 1
A
>
w 5.04 5.0 40 -
U]
pd 5.0 4
<
I
O 254 2.5 4 20 4
a 2.5
- — | 8 .
8 —— L] — i —
0.0 0.0 0.0 S 04 ——
| ] | I 1 | 1 | | ] ] 1
BASELINE PEAK 3 HOURS" BASELINE PEAK 3 HOURS BASELINE PEAK 3 HOURS BASELINE PEAK 3 HOURS

TYPE TYPE TYPE TYPE



Limonene breath -concentration after EVOC ~
administration (et

0.8 4 .

0
Q
2 I e Background level of EVOC probe compound
S L limonene measured in 136 people (blue circles).
= e After administration of EVOC probe breath
E concentration of limonene (orange circles)
§ 0.4 increased sharply.
S ks
0.2 -

Limonene

33



Volunteer A - Eucalyptol washout before ~
and after GFJ CYP3A4 inhibitor (et

o
o

o
n

= Grapefruit Juice (GFJ) inhibition

On-Column Mass ng/ul
o o
(2] £

o
Y

o

T T T T T T
0.00 0.50 1.00 150 2.00 2.50 3.00
Time / hr



Advantages of EVOC Probes

EVOC probe

EVOC probe
EVOC product(s)

EVOC
product(s)

h.‘

Y
(E.‘l WLSTONE
7MED|‘:AL

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

&5



NAFLD and NASH sz

7MEI:III:AL

25% over 3y
44% over 6y

5% -18%
(rapid progression)

T mmmmmmm—ap

NAFLD

« Diabetes Risk factors for Progression: diabetes, weight gain,
>~ Age hypertension, menopause, genetic polymorphisms

| « Obesity

NAFLD
related
cirrhosis

pibb bbbl @l NASH with fibrosis  [uiaiialaialeleiatal <

20-30% over 3y

42% over 6y Up to 38%

2.4% -12.8%
3.2-7.2y

Unknown

Adapted from
Bertot & Adams, 2016
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Global Prevalence of NAFLD (et

10.0-19.9%
<10%

Data not available

37
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Economic Burden / Cost. of Disease (Spazeoe

Direct Medical Cost
* Over 64 million people projected to have NAFLD Annual hospitalisation costs for
+ Estimated annual direct medical costs of $103bn ($1,613 per NAFLD (without cirrhosis), applied to
pat.lent) ) all non-cirrhosis states
» Estimated annual societal costs of $189bn ($2,947 per
patient) Societal Costs
» Totalling $292bn per year ($4,560 per patient) Monetary value assigned to QALYs
lost due to NAFLD
) o ) * Highest total costs in patients age
* Approximately 52 million people with NAFLD 45-65 due to increased prevalence
» Estimated annual direct medical costs of approx. €35bn in this group
(from €354 to €4,421 per patient) Highest individual patient costs in
» Estimated annual societal costs of approx. €200bn (from group aged 65+, reflecting
~€2,500 to €4,421 per patient) individual in more advance state of
* Totalling ~€235bn per year (from ~€2,975 to €5,460 per disease
patient) This is likely to increase as the
incidence of NAFLD rises

38



CYP3A4 Activity and Expression in Nonalcoholic &

Y
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Fatty Liver Disease- Woolsey et al

A 0.4 - #ok 4
1

[02]
o
)
O
@
o
)

80 7 - P = 0059

[42]
o
1

60

o
w
L

100 4

-9
o
1

40 +

Midazolam (ng/mL)
o
8]

50 - T

=]
o
1

20 4

o
1

1 B

T

T T L]
Control No Fibrosis
Fobrosis

1

4B3-hydroxycholesterol (ng/mL) vy)
L 1]

4B3-hydroxycholesterol (ng/mL) 0

Hepatic CYP3A4 mRNA Level

7
F

0.0

Control SS NASH

T

L]
Control SS NASH

T

T L]
Control SS NASH

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
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Opportunities for Breath Biopsy Test (Sizzene

7MEDICAL

Each green star represents an
opportunity for a reliable and
frequent non-invasive test to be
conducted, reducing the
likelihood of progression

Proposed use of Owlstone Breath Biopsy® is to monitor patients in
the NASH stage of disease progression. Administered once every 24
months (in line with NICE guidance for use of the ELF test)

T S False nega tive by ELF test 1 i TTTTTTTTTTmTmmmmmmpmmmmmmTEmmtet
Although costs would increase at FiRe neatE by BT e

each of these timepoints, cost
burden could be reduced

Diagnosed ;
by ELF test ;

Cirrhosis
undetected

through: Suspected NASH ! Repeat

. e B . Infrequent patient ! monitoring
Earlier intervention monitoring

. : Cirrhosis detected
Lfess progression to severe L T ikely by biopsy)
disease individual j

» Less need for transplant
* Less death from disease Patient
with

» Less survivors with poor QoL . .
cirrhosis

Success
£ with potential
poor QoL

Patient
needing
transplant

*It should be noted that these
opportunities are related to the
development of an effective treatment,
but the pipeline in this area is rich.

* Missed diagnosis due to infrequent monitoring
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Designing EVOCprobes (et

1.0ptimise 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,
Understand mechanisms p can finally lead to an optimised match between EVOC probe and enzyme of interest.

of pathology 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.

|dentify suitable 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.

substrates

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
Validation 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
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Owlstone Medical Cancer Clinical Trials (pzens

Oesophageal

Pancreatic

Kidney

Bladder

|
|
|
Prostate ‘
|
|

Stomach

FETE UNIVERSITY OF

&% CAMBRIDGE

o CANCER
R RESEARCH
by UK
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LuCID: Lung Cancer Indicator Detection

FUNDED BY THE [[/[7/&

LARGEST BREATH BIOMARKER TRIAL EVER
UNDERTAKEN IN THE WORLD RECRUITING
UP TO 4,000 PATIENTS

EVALUATING UTILITY OF BREATH BIOMARKER
DETECTION IN DETECTION OF LUNG CANCER

2
----------- o CHIEF INVESTIGATOR ('~ e b
- DR ROBERT RINTOUL, - 4
PAPWORTH HOSPITAL NHS i y
FOUNDATION TRUST CANCER (
RESEARCH UK CAMBRIDGE INSTITUTE A
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Understanding of endogenous VOC pathways (Spame

o LIPID PEROXIDATION o MEVALONATE PATHWAY o KETONES
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Exogenous probes-are the basis of PET scans (ezene
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Aldo-keto reductases (AKRs) control lipid o
peroxidation in-lung cancer (Wk,gmf

Ferroptosis AKR1B10 and AKR1B15
B expressed significantly more
- Lipid in lung cancer patients
Detoxification AKRs pia
perOXIdatlon Lung Adenocarcinoma (LUAD) vs. normal
Glucose . S
l go_ genes
Glycolysis 28
Pyruvate P 0 o
y : Fe : § .
1 7

TTx T -
J 0 5 © 5 20
AC'COA\‘ Respiratory log2 fold change
OAA chain Lung Squamous Carcinoma (LUSC) vs. normal
. N::s §- * Top 2% most
Citrate = o H significant
TCA ; ATP é’ a1 genes
gycle 7 &
aKG —+——» Glu GSH |[#—— Cysteine 23l =
2 |
4 B4
j=]
3 L ]
g5

o

Mitochondria

-5 o 5 0 15 20 25
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AKR1B10-B15 are not normally expressed in the lungs (e
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AKR1B10 RNA expression (TPM) Protein expression (score)

Liver & l
Galbladder | I I

R I
Track |

Bone Marrow & l I _
Immune System ‘

AKR1B15

Female l
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Administration of EVOC probe in lung cancer (e
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Assessing presence of cancer through altered metabolic ACTIVITY

HEALTHY PATIENT LUNG CANCER PATIENT

Substrate Substrate

—

6\5\9
2
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