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1. AMENDMENHISTORY

Amendment | Protocol Date Author(s) of changeg Details of Changes made
No. Version issued
No.
3 1/1117 Dr Neil Greening
Prof Salman Siddiqu
Dr Wadah Ibrahim
SA#02 4 1/04/18 Dr Wadah Ibrahim | Clarifications, Typos, Additional Author

Amisha Singapuri

Follow up duration extended to 6
months from 816 weeks.
Inclusion Criteria (i) amended to sa
that all patients need to be able to
give consent not just the acute
patients

The number of visits the Healthy
Volunteers will have is 2 instead of
3.

ACQ quetionnaire in the table
schedule was supposed to have
been the AQLQ questionnaire,
however this typo was missed at th
last amendment. ACQ amended to
AQLQ

Added the NASA Task Load index.
CRP & FBC blood tests have been
removed from the pneumonia V1b
visit.

Quadriceps Ultrasound removed in
Heart failure patients

4 Meter Gait in Heart failure
subjects remeed from Visit V1a ang

added ta This test has been
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completely removed from Healthy
Volunteers.

- Physical exam removed from Visit
in Healthy Volunteers

- Review of AE & SAE at Visit 1a
removed for Paediatric patients

- Lung function clarification given thg
spirometry is both Pre and Post
bronchodilator to match the patient
information sheets

- Removd the questionnaire from

the appendix of the protocol
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2. SYNOPSIS

Study Title Exhaled Breath Metabolomic Biomarkers in the Acutely Breathless Patient
Internal ref. no. Sponsor Reference 0569

Trial Design t NPaLISOGADGS ! OdziS /I NB WwSlt [ATFS
Trial Participants Patients with acutdreathlessness in the followingdstacutepathway

confirmed) strata

(i) Acute Heart failure characterised by a clinician diagnosisd a protatypical
response to treatment.

(i) Community acquired pneumoniadefined as new radiologicabnsolidation
responsive to treatment according to the British Thoracic Society (BTS)
community acquired pneumonia guidelines.

(iii) Adult exacerbations of asthma and COPdefined as a clinician diagnosig
with objective confirmatoryevidence of diseasealsed upon historical or
prospective measurementsequiring an acute change in treatment (e.g.
antibiotics, oral corticosteroids or increased bronchodilatarapy)

(iv) Paediatric exacerbations of acute childhoadheezeand or confirmed
asthma

(v) Ageand/or Homeenvironment matchedAdult/ Sibling/Parent/Spousal
healthy volunteers who have no prior history of asthma, COPD, heart failu
and have not been admitted to hospital with community acquired pneumor
within 6 weeks of the baseline study vigkdditonal healthy volunteers will als
be recruited from local databses.

(vi) Stable state aged matched participantgith a confirmed diagnosis of
asthma, COPD or heart failure , that have not had and exacerbation of the|
disease within the precedingyweeks.

Planned Sample Size An interim analysis was conducted in September 2017 to determine the sg

size of the ember acute studuided by literature search,manel of 10 pre
specified aldehyde biomarkers derived from GCMS analysis were supplieq
biomarkers were normalised to a common standard and were not backgro

subtracted.

A closed formula from Hsiedt al, Statis med 1998, was utilised to calculate
sample sizes from logistic regression models of the 10 aldehydes with acu
breathlessness as the outcome measure. The sample size estimates are g

relevant to acute class compsons vs. the sum of other acute classes.

Based upon the samples size estiegtve would have an 80% power at the
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% significance level to detect an odds ratio of association of 1.2 for a giver

disease class with minimum of 55 patients per disease class.

Discovery Phase (years2): Acute Heart failure ('55-100), Community

acqured pneumonia (n§5-100), adult exacerbations of

asthma and COPD (h+0-200), paediatric exacerbations atute
childhoodvheeze anébr confirmed asthmgn=50-100),

Age/Home environment matched Adult/Sibling/Parent/Spousal healthy

volunteers(n=55-150adults/50 children)

Replication Phase (years®: Acute Heart failure (rs5-100),Community
acquired pneumonia (r65-100), adult exacerbations of asthma and COPD
(n=110-200), paediatric exacerbations of acute childhood

wheeze antbr confirmed asthma(n=25-50), Age/Home

environment matched Adult/Sibling/Parent/Spousal healthy
volunteers(n=55-75 adult/25 children)

Additional paients with stable COPD/Asthma/Heart failune200
Total Sample Size 550-1250patients.

Follow-up duration

Acute care participants will hawg to 2 visits whilst an inpatient followed by
Wt 2A&ufe EvenRecovergat aminimum of 6 weekpost dischargandup to
6 months

Stable state participants and healthy volunteers will hawgsits over 16
weeks.

All participants will have mtcomedata 2 years postecruitment.

Planned Trial Period

3years

Primary Objective

To evaluate the sensitivity, specificity, positive and negative predictive valy
metabolomicbiomarkers in exhaled breath samples to identify acute
breathlessnessdefined as one or more of (i) patient deéthacute
breathlessness and/or @) 1 unit increase ifextended Medical Research
Councibreathlessness scoreNIRG.

SecondanObjectives

1) To replicate selected metabolomic breath biomarker panélacute
breathlessnesssing a combination of both (i) discovery technologie
(includingGGMS)and (ii) point of care auto tuned breath sensing
devicesificludinglinear IMS CMSPTRMS).

2) To evaluatehe primary endpoint strafied by breathlessnesss
follows (i) change in eMRC by 1 unit, (ii) patient defined breathless
and (iii) 100 mm visual analogue score for breathlessness

To discoveand replicatemetabolomic breath lwmarkers that differentiatei)
Acute Heart failure, (i) Community acquired pneumonia, (i) Adult
exacerbations of asthma and COPD
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To quantify the level of clinical uncertainty in the primary diagnosis using &
mm visual analogue scadad independentlinical adjudication ofase notes
blinded to the following blood biomarker§ CRP (ii) blood eosinophils (iii) BN
(iv) Troponirl but not clinical historyand chest Xay.

To identify and discovenetabolomic breath biomarkersf acute childhod
wheeze and or confimed asthma.

To clinically validate metabolomic breath biomarkers generated above usi
combination of existing pathology markers e.g. BNP,, BRBd eosinophils
and tropanin-l and other clinical relevant prognostic scoring toelgDECAF,
CURBS65 and Heart failure risk calculator http://www.hésiltrerisk.org/*%

Exploratory Objectives 1) To evaluate the dynamic profile of breath biomarkers during (i) the

acute state(ii) in therecoverystate post exacerbation.

2) To evaluate theelationship between breatimetabolomicbiomarkers
and health statusfunctional measures

- Health status measures

- Physical performance

3) To evaluate the relationship between metabolomic brebibmarkers
and clinical outcomes including (i) hospital readmission at time poi
up to 2 years (ii) response to standard clinical therapy and (iii) deaf

4) To explore and develop breath metabolomic biomarkarsulti-
morbidity

5) To evaluate the relationship between diet, lifestyle and environmen
uponbreath metabolomic biomarkers

6) To generate a biobank of DNA, RNA, urplasma serum and sputum
samples for future breathomie y R 2 i KrolduldrsatolGgy
studies(includng proteomic, transcriptomic, genomic and
metabalomic studies).

Investigational Medicinal| None: Patients will follow their standard acute care pathways
Products

Pagel0 of 46

Protocol:Exhaled Breath Metabolomic Biomarkers in the Acutely Breathless Pétieat.\ersion4, 1-April 18



3. ABBREVIATIONS
AE
AR
BNP
BRC
BRC
BTS
CAU
Cbu
Cl
CMS
COPD
CRF
CRP
CTA
DDU
DMS
DSMC
eMRC
e-CRF
ECG
EC
ECHO
EPSRC
FEV1
FeNO
GCIMS
GGFAIMS
GCMS
GCP
GP
GTAC
ICF
ICH
ISF
IMP
LV
MAARA

Adverse event

Adverse reaction

B-type natiuretic peptide

Biomedical Research Centre

Biomedical Researdbentre

British Thoracic Society

Childrens Assessment Unit

Clinical Decisions Unit

Chief Investigator

Compact Mass Spectrometer

Chronic Obstructive Pulmonary Disease

Case Repoiftorm

GReactive Protein

Clinical Trials Authorisation

Diagnostics Development Unit

Differential Mobility Spectrometry

Data Safety Monitoring Committee

Extended Medical Research Council Score

Electronic Case Report o

Electrocardiogram

Ethics Committee (see REC)

Echocardiography

Engineering and Physical Sciences Research Council

Forced Expiratory Volume in 1 second

Fraction Exhaled Nitric Oxide

Gas Chromatography Mobili§pectrometry

Gas Chromatography Field Asymmetric Mobility Spectrometry
Gas Chromatography and Mass Spectroscopy

Good Clinical Practice

General Practitioner

Gene Therapy Advisory Committee

InformedConsent Form

International Conference of Harmonisation

Investigator Site File

Investigational Medicinal Product

Left Ventricular

Midlands Asthma and Allergy Association
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MHRA Medicines and Healthcare products Regulatory Agency

MRC Medical Research Council

MRCEMBER MRC East Midlands Breathomics Molecular Pathway Node

NHS National Health Service

NIHR National Institute for Health Reseach

NRES National Research Ethics Service

PI Principal Investigator

PIL/S Participant/ Patientnformation Leaflet/Sheet

PTRMS Proton transfer mass spectroscopy device

PTRToFMS Real time breath monitoring using protocon transfer reaction time of
flight mass spectrometry

R&D NHS Trust R&D Department

REC Research Ethics Committee

RV Right Ventricudr

SAE Serious Adverse Event

SAR Serious Adverse Reaction

SOP Standard Operating Procedure

SUSAR Suspected Unexpected Serious Adverse Reactions

TMF Trial Master File

UHL University Hospitals of Leicester NHS Trust

VAS Visual Analogue Score

VOCs Volatile Oganic Compounds
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4. BACKGROUND AND RATIONALE

Patients presenting with acute undifferentiated breathlessness are commonly encountered in

admissions units &mergency departments across the United Kingdom. The primary mechanisms that
underpin acute breathless are driven by diseases within the cardio respiratory systems. Cardiorespiratory
disease account®r approximately70 % of acute hospital admissions ahdrefore is a major health

priority in the National Health Service (NHS).

The differential diagnosis of undifferentiated breathlessness includes heart failure, community acquired
pneumonia, exacerbations of chronic obstructive pulmonary disease (C&fIasthma. The diagnosis of
these common conditions is based on a combination of clinical history and emergency diagnostics.
Importantly, acutely ill patients with multnorbidity can present and accurate diagnosis remains
challenging. It is well recogrgd that when clinicians remain uncertain of the cause of breathlessness,
patients have a longer hospital stay as well as increased morbidity and mdttality

Currently, blood biomarkers together with clinical, physiological and imaging parameterseatéai
stratify patients with acute breathlessness. Common examples of blood pathology markers utilised in
routine clinical practice include brain derived natriuretic peptide [BNP] in heart failgly€ reactive
protein [CRP] and serum procalcitoninirifiective bronchitis and pneumorifaand blood eosinophils in a
proportion of exacerbations of asthma and CO®D

These blood biomarkers have clinical utility primarily in patients with single pathologies, but have poor
discriminatory power in patieis with multi factorial presentations of acute breathlessness. For example
the American College of Emergency Physician recommends addition of a single BNP measurement to
improve the diagnostic accuracy compared with standard clinical judgment alonatilyabreathless
patients. BNP levels of <100 and >500 ng/ml can reliably ‘rule out' and 'ralelit¢heart failure
respectively?3, but there remain a large number of patients with intermediate values betweersD00
where there is often significamtiagnostic uncertainty.

It is therefore likely that a variety of clinical, radiologieglturesand biomarkers are required to accurately
identify the cause of acute breathlessness. For example the addition of CRP to conventional clinical rule
based ajorithms modestly improved the positive likelihood ratio of identifying community acquired
pneumonia at a low, intermediate or high risk itaegeeuropeanpopulation study®.

Therefore better biomarkers are required to identify the causermefathlessness in acutely unwell patients.
Ideally these biomarkers would have the following properties (i) they would originate from the target organ
of interest, (ii) they would significantly add value to conventional risk scoring and diagnostic ahgairith

acute breathlessness e.g. the DECAF score in @®®RiDerbations or the CUFRES scoring tool in

community acquired pneumonfd, (iii) they would be minimally invasive and suitable for rapid point of

care diagnosis in emergency rooms and on aaabaissions units and (iv) they would be have diagnostic
value in patients with multi factorial acute breathlessness.

Breath Analysis and Disease

Exhaled breath analysis of volatile chemicals offers the potential to develop more effective biomarkers in
acutely breathless patients. The use of breath analysis for disease diagnostics dates back to ancient Greeks
where physicians used exhaled breath to diagnose different diseBsssth odours allow correct

associations to certain diseases. For examplestheet smell of diabetic ketoacidosis, the fishy smell of
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breath associated to liver illness, the urililee odour of kidney disease and the smell of the breath of
patients with lung abscesses, caused by the proliferation of anaerobic baéfglia

More recently, exhaled breath analysis has demonstrated early proof of concept in the diagnosis of acute
heart failure™, ventilator associated pneumonfd! and stable state airways dised$2. The validity of

breath analysis has also been demonstraitethreathless childreR®. This population is likely to prefer
breath-based testsas these are minimally invasidenportantly, a variety of point of care sensors are now
available to evaluate potential exhaled breath biomarkers in emergency caregeetti

The proposed program of research will identify and evaluate the diagnostic and prognostic value of exhaled
breath metabolomic biomarkers iacute cardio respiratory breathlessness acommon indicator

diagnoses associated with acutardio respiratoy breathlessness. Specific indicator conditions have been
selected according to their (i) relatively high prevalence, (ii) high unmet need, mortality and morbidity and
(iii) need to develop better diagnostic and prognostic algorithms in acute care pashway

The focus of the research program will be to phenotype usiB®aY 6 Ay A2y 2F WRAAO02OSNEQ | yR
near-patient care breath sampling technologi@sacutdy breathlesgpatients attendingwo acute

admissionaunits within Leicestershire. The indicator diagnostmterest are (i) acute heart

failure, (ii) exacerbations of adult asthma and COWIpcommunity acquired

pneumoniaand (iv)paediatric exacerbations of acute childhood wheeze eanfirmed asthmaOther

disorders that are associated with acute breathlessness including exacerbations and acute presentations of

pulmonary fibrosis, acute pulmonary embolism will not be studied within the program due to low

prevalence lack of standardised definitisrand likely smalsample size (pulmonary fibrosis) and adequate

acute companion diagnostics (pulmonary embolism).

The program will be divided into two phas&hasel, a discovery phase to identify putative breath
biomarker panels anghase 2 a validatiorphase to replicate and validate selected biomarkers within
phase 1 using point of care breath sensing devices.

Patient level clinippathological and outcome data (spanning the entire acute pathway) will be collected in
parallel to breath sampling. In adidin, breath samples will be acquired during the recovery from the acute
state and in the stable state post exacerbation to better understand the kinetics of breath analytes
associated with these diseases.

A parallel cohort of aglhome environmenmatchedAdult/ parent/sibling/spousl healthy volunteers will
also be recruited and evaluated at selected matching time points with breath analysis and a range of
guestionnaires to evaluate factors that are knote influence the metabolome including didifestyle and
the environmen. Additonally patients with stable asthma, COPD and heart failure will be recruited from
primary and secondary care as disease control populations.

5. OBJECTIVES

5.1 Primary Objective

To evaluate the sensitivity, specificipgsitive and negative predictive value of metabolomic biomarkers in
exhaled breath samples to identify acute breathlessneidined as one or more of (i) patient defiend acute
breathlessness and/or a (ii) 1 unit increase in Extended Medical Reseantil®oeathlessness score
(eMRC)
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- Recruitment in to the acute breathlessness group will be according to the folldefingdprimary
diagnosesn the discovery phases defined by the treating physician

(i) Acute Heart failure (r'55-100), (i) Communitgcquired pneumonia (r55-100), (iii) Adult
exacerbations of asthma and COPD1({3200) and(iv) paediatric exacerbations of acute
childhood wheeze arfdr confirmed asthmgn=50-100).Additionally age/home environment
matched adult/spouse/sibling/pardrcontrol subjects (n55-150 adults/50 children)

5.2 Secondary Objectives

1 To replicate selected metabolomticeath biomarker panels of acute breathlessness using a
combination of both (i) discovery technologies (includingd&)} and (ii) point of care auto tuned
breath sensing devices (including linear IMS, CMSME)R

1 To evaluate the primary endpoint stified by breathlessnesasfollows (i) change in eMRC by 1
unit, (i) patient defined breathlessseand (iii) 100 mm visual analogue score for breathlessness

1 To discover and replicate metabolomic breath biomarkers that differentiate (i) Acute Hearéfailu
(i) Community acquired pneumonia, (iii) Adult exacerbations of asthma and COPD

1 To quantify the level of clinical uncertainty in the primary diagnosis using a 100 mm visual analogue

scale and independent clinical adjudication of case notes blindétktéollowing blood biomarkers
(i) CRP (ii) blood eosinophils (iii) BNP (iv) Tropldmith not clinical history and chestray.

1 Toidentify and discover metabolomic breath biomarkers of acute childhood wheeze and or
confimed asthma.

To clinically idate metabolomic breath biomarkers generated above using a combination of existing
pathology markers e.g. BNP, CRP, blood eosinophils and trepanith other clinical relevant prognostic
scoring tools e.g DECAF, CURB65 and Heart failure risk calbtt@ibrww.heartfailurerisk.orgi*®
- Replication of acute breathlessness biomarkers will be according to the following pregeiimacy/
diagnosesn thereplication phase

(i) Acute Heart failure (n=%100),(ii) Community acquiregneumonia (n=5-100), (iii) adult
exacerbations of asthma and COPD (3-200),(iv) paediatric exacerbations of acute childhood
wheeze anctonfirmed asthmgn=25-100),(v)age/home environment matched
adult/spouse/sibling/parent control subjects (8575 adults/25 children)

5.3 Exploratory End Pois{where applicable)

1) To evaluate the dynamic profile of breath biomarkers during (i) the acute state, (ii) in the
recovery state post exacerbation.
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2) To evaluate the relationship between breath metaboloimismarkers and health status/
functional measures:

- Health status measures
- Physical performance

3) To evaluate the relationship between metabolomic breath biomarkers and clinical outcomes
including (i) hospital readmission at time points up to 2 yearse@panse to standard clinical
therapy and (iii) death.

4) To explore and develop breath metabolomic biomarkers of mmtirbidity

5) To evaluate the relationship between diet, lifestyle and environment upon breath metabolomic
biomarkers.

To generate diobank of DNA, RNA, urine, plasma, serum and sputum samples for future breathomic and
2Z0KSNI W2YAO Y2t S0dzf F NJ LI (1K2f 238 &iGdzRASE oAy OfdzZRAY3I LINRPGIS2YAOZ GNIyaold

studies).

STUDYDESIGN
6.1 Summary of Trial Design

The clinical study will be a prospective observational study atnasacute clinical sites that routinely
assess and treat cardiespiratory admissions due to breathlessness within Leicester.

(i) Glenfield Hospital GGH)Adult cardierespiratory pregntationsto Glenfield Hospital (includin@linical

Decisions Unit (CDW)inpatient wards), outpatient clini@ndNIHR LeicestdBiomedical Researdbentre

(BRC)

(ii) Leicester Royal Infirmary: Adult and paediatric carépiratory presentations to ASE /| KA f RNBy Qa
Assessment Unit (CAW)jagnostics Development Unit (DD Wpatient wards, outpatient clinics and

Research Space

Follow up and stable state controls will be assessed in the outpatient setting within University Hospitals of
Leicesteiincluding theBRCThe study flow is summarised figurel below.
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Visit 1a Visit 2 Early outcome Late outcome
(within 24hrs (Upto 6 months (30, 60 day re-admission) (Up to 2 year mortality)
of admission) post discharge)

Discharge*

Admission to Outpatient
hospital* follow up*

* Following University Hospitals of Leicester streaming and clinical care pathways

Fig 1: Study flow chart. Figure demonstrates the patient journey from admission through to outcome. Assessments carried out at
each visit are outlined in table 1.

Figure 1: Study Flow chart

Prospective participants witkelf reportedacute breathlessnessither requiring admissiolr a change in
baseline treatmentpresenting withinUHL.The streaming and care pathways at UHL alloaatbulance
admissions to théwo units described above with appropriate clinical care being provided at each site
according tanational guidelines and local protocols / policies.

Patients with confirmedacute airwary exacerbatioor heart failure decompensatioas part of other
research studies at thHIHR Leicester BRayalso be included.

Age and/or home environmentmatchedadult/spousalparent and sibling healthy volunteers will be
recruited where possible on the admissions unit and when not possible iretfearch units across both
sitesat a separate visit. All attempts will be made to sample brestht least two ofthe same time points
as patients withirthesedisease groups, however sampling may occur in a different locatidrat different
serial time pointsAll healthy volunteers will complete a range of questionnaires adapted from generic
cohort studies to characterise their dieifelstyle and environmental exposures stable state control
population will also be recruited to compare with the unstable state. This will consist ofipartis with a
confirmeddiagnosisnatched withthe acute care population butot in theexacerbatiorstate.

Specifically after triage and senior clinical assessment at each of the acute EMBER sites (CDU, DDU, CAU) if a
primaryclinical diagnosis of (i) exacerbation of heart failureigcerbation ohsthma/COPD, (iiipdult

community aquired pneumonia or (iy)aediatric exacerbations of acute childhood wheeze emrfirmed

asthmahas been mademembers of the EMBERsearchteam will evaluate patients using breath diagnosis

and sensing technologiesd additional tools to characteris@pents that areacutelyunwell.

The following step will be employed at all sites
1) Identify patents with acute breathlessness defined as one or more of (i) patientetefin
acute breathlessness and/or a (i) 1 unit increasge2MRC)
2) Completeiorof study diagnosis at the point of senior clinical decision maker review
3) Informed consent
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4) Inselected patientshat have not been captured during their acute admission and have
been discharged prior to EMBER assessments (for example patients that mdekawtischarged
rapidly due to the use of an ambulatory care pathwaggall within 48 hours of dischargeill be
perfomed for EMBER assessments

5) Breath sampling using a standardised CE marked-pialfiorm breath sampling face mask
as well as real timbreath sampling

6) Collection of additional biomarkers for future biomarker discovery campaigns Including a (i)
urine sample, (ii) blood sample (tp 85 mis) (DNA, RNA ,plasma and serum), peripheral blood cell
flow cytometry and (iii) spontaneous sputunmsples (plugs and supernatants). These samples will
be collected at time point 1a/1b and at 2

1) Stable state follow up of all patients will occur following recovery from the acute event. Assessment
will occur at time of clinical follow up, or as a sepanasearch visit.
The expected duration of participants within the study will therefore be equivalent to their length of
hospital stay andip to thestable state follow uisit, with a similar duration for healthy volunteers and
stable state patients.
Readmission to hospital within the protocol defined recovery perid@atients that re admit to hospital
between visits 1 and Zanhave additional 14 1b assessment¥/isit 2 will be taken as recovery following
the subsequent admissioif.a patient is athitted to hospital after visit 2 then they will be eligible to be
recruited as a new study participant.

Definition of Acute Breatlessness

A standard definition for acute breathlessness does not exist. Wesélthe presence of patient reported
acute brathlessness, above their usual baseline breathlessnessinstable state) as a binamariable

We will alsausethe extendedMRC scoreand 100mmvisual analogue score (VAS), as a continuous

variable

The extended MRC score has been validated iomitrdisease populationgncluding in the acute state,

and may be applied to diseases other than COPD where originaly valiégedill define a change in
breathlessness of the eMRSS at least a unit change from stable state. In addition a VAS score will be used
to measurebreathlessness.

Definition of Post ExacerbatiofRecovery

Patient recovery will be defined as
(i) Patient reported recovery fronthe acute exacerbation spedindback to their baseline
extended MRC scom clinician definedecovery from the acute exacerbation spell
and
(ii) At least 6 weekpost exacerbation ever(up to 6 months)

6.2 Summary ofAdditional Assessment arfmteath sampling proceduréslevices

Anumber of analytical devices will be utilised to sample breath in acutely ill patients and based upon the (i)
clinical site, (ii) operational needs and likely patient grouggeyerity of underlyingondition at the point

of admissiopwithin each clinichbsite, (iii) balance of discovery and poaftcare sensing technologies:

breath sensors will be elcated to thetwo EMBER acute admissions units. All devices will be maintained

to a high level of operational readiness by the technicians and deviceaBgescwithin the clinical

operations groupAll devices will be checked for safety by Medical Physics at University Hospitals of
Leicester NHS Trust.

The following devices will be utilised to evaluate breath volatile organic compounds
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1 A portable mass spectroscopy device (Advion Ltd) for discovery based metabolomic breath
sampling. This device is also capable of real time sampling.

1 A proton transfer mass spectroscopy device (PTRMS) for discovery based metabolomic breath

sampling.

A pointof care GE-AIMS Lonestar device (Owlstone Nanotech Ltd)

A point of care linear IMS Bioscout device (Owlstone LteE-&®IS Lonestar analyser)

= =

A CE marked breath sampling dewiexeloped by Owlstone Nanotectdl(AppendixA) will beusedto
sample bredh in the majority of patients onto adsorbent Tenax tulasswell as acquiring online
sampling This effectivelyallowsde coupling of thebreath sampling from the breath sensand

analysis platformi selected patientand allows patients that are naible to be mobilised in a chair to
a real time breath sampling device to be sampled at their bedside. The Owlstone RECIVA sampler
(Figure3) is capable of entraining oxygen and is therefore suitable for patients in respiratory failure
requiring low to modeate flow rates of oxygen to maintain target oxygen saturati@s.marking
approvals are appended to this protocol fppendixB).

Figure2: Owlstone CE Marked Breath Sampler

CO2 and Bacterial 5
pressure  filter
sensor
Clean air
I
supply . =
o Han0
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7 TRIAIPARTICIPANTS
7.1 Overall Description of Trial Participants

Eachsite will recruit patients with acute breathlessness. Final confirmation of the primary indicator
diagnosis is usually available at dischgfgowing visit 1bjndafter further diagnostics at the stable state
follow up cliniq(at visit 2) The final pmary indicator diagnosis and additional comorbidities will be
recorded atinitial senior clinical reviewdischarge and at follow up. The indicator diagnosis will be used to
define the number of patients recruited within each disease stratum.

The study Wl have two distinct phases:
Phase 1: Discovery of novel breath metabolomic biomarkers.
Phase 2Replicatiorand validation of selected biomarkers in Phase 1.

Planned recruitment to meet the primary, secondary and exploratory studpeints is outlinecoelow.

(i) Acute Heart failur¢n=55-100 Phase 1, n£5100 phase 2)

(i) Adult @mmunity acquired pneumonian€55-100 Phase 1, n8810 Phase 2)This condition will be
defined as new radiological consolidation responsive to treatment according to itiehBrhoracic Society
(BTS) community acquired pneumonia guidelines.

(iii) Adult exacerbations of airway diseases asthma and G&¥MD0-200 Phase 1, n4D-200 Phase 2)This
condition will bedefined as a clinician diagnosis with subsequent or historical evidence of objective
diagnostic criteria according to national and international guidelines.

(iv) Paediatric exacerbations of acute childhood wheaad/or confirmedasthma (n=55-100 Phase ,In=25-
50 Phase 2)

This condition will belefined as a clinician diagnosis dod childhood wheeze/asthma subsequet
historical evidence of objective diagnostic criteria according to national and international guidelines.
(v) AgdenvironmentmatchedAdult/spousalparental/ sibling volunteergn=55-150adults/50 children)
discovery phasgn=55-75 adult/25 children)

replication phase) with no evidence or history of the indicator disease being evaluated in their
spouse/siblingchild.

(vi) Stable stateparticipantswith a confirmed diagnosisof asthma, COPDBr heart failurethat have not
had andexacerbatiorof their diseasavithin the preceding weeks(n=200(100 in each phasg)

7.2 Inclusion Criteria

0] Ableto give informed consent fguarticipation in the study.

(i) Male or Female, agedblears or above (adult cohort) andl5 years for paediatric patients
attending theacute care paediatric pathway

(iii) Capable (in the opinion of the EMBER clinical research investigator(s) of providingreatial
samples.

(iv) Diagnosed with acute breathlessness as one of the primary indicator reasons by the clinical
acute care teamThis is not a requirement for healthy subjects or matched controls.

v) One of the indicator provisional diagnoses identified in g&cli.1 following senior revielwy
the clinical acute care tearhis is not a requirement for healthy subjects or matched controls

(vi) Able (in the Investigators opinion) and willing to comply with all study requirements.

(vii)  Willing to allow his or her GenerBtactitioner and consultant, if appropriate, to be notified of
participation in the study.

(viii)  Ability to understand English.

7.3 Exclusion Criteria
The participant may not enter the study if ANY of the following apply:
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(i) Female participants who atenown to bepregnant, lactating or planning pregnancy during the
course of the study.

(ii) Current participation in a clinical trial of an investigative medicinal product or withionths
or 5.5 halflives of the IMP whichever is longer

(iii) Activeor clinically suspectedymonarytuberculosis

(iv) In the opinion of the treating physiciabreath sampling during thacute admissionvould be
Ot AyAOFfte dzyal ¥S 2NJ Ayl LILINRE LINK | (i SExdvgess (0 2
include malignancy or autoimmune disease with anticipated survival of under 1 year, and
chronic renal replacement therapy.

V) Unable or unwilling to give informed consdmy visit 1b

(vi) Any other significant disease or disorder which, in the opiwibthe Investigator, may either
put the participants at risk because of participation in the study, or may influence the result of
GKS adaddzRéxr 2NJ GKS LI NILAOALIYGQa FoAfAGeE G2 LINIAOALIGS Ay GKS
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8 STUDYROCEDURES

A personal legal representative (PeLiR defined as : A person not connected with the conduct of the trial
who is suitable to act as a legal representative by virtue of their relationship with the child and available and
willing to do so.

8.3 Informed Consent

Informed consent in acutely unwedatients (both adults and children) poses a number of potential barriers
to the conduct of research. However the clinical study team have extensive experience (See Ewats TJ

23) in consenting both adults and children during acute care settiging the current study wevill

recruit participants during the acute phase, with full informed consent from the participant or personal legal
representative (PeLR), in the case of paediatrics

The patient/PeLRust personally sign and date the latest approved version of the informed consent form
before any study specific procedures are performiedthe case of paediatric participants they will be asked
to complete an assent form, in addition to the PeLR cohfmm.

Written and verbal versions of the participant information and Informed consent will be presented to the
patient/PeLR detailing no less than: the exact nature of the study; the implications and constraints of the
protocol; the known side effectsnd any risks involved in taking part. It will be clearly stated that the
patient is free to withdraw from the study at any time for any reason without prejudice to future care, and
with no obligation to give the reason for withdrawél.the event that he participant cannot read the
information sheet it will be presented verbally only.

All Informed Consent will be obtained by means of participant dated signature and dated signature of the
person who presented and obtained the informed consent. The pevgwo obtains the consent will be

suitably qualified and experienced, and have been authorised to do so by the Chief/Principal Investigator as
detailed on the Delegation of Authority and Signature log for the study. The original signed form will be
retained at the study site within the Trial Master File (TMF) or Investigator Site File (ISF). A copy of the signed
Informed Consent will be given to participants/parent/legal guardians and a copy retained in the participant
medical notes.
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8.2 Screening andligibility Assessment

Patients(trial participant groups (i), (ii), (iii), (ig)see synopsigyill be identified by dedicamember of
the researchteamworkingacross both hospital sitdellowing confirmation of the suspected acute
diagnosis once thpatient has beerlinicallyreviewed by a senior clinical decision maker.

The researcheamwill be fully ICHGCP competent and trained in obtaining informed consent and assent
according to théhierarchy of consent process outlinedsaction8 of this potocol. The researcteamwill
useavailableclinical information systems to confirm the nature of previous admissions and indicator
diagnoses such as the UHLE systeml AB andhe radiology systersfor pathology andmage viewing
respectivelyClinical IT systemsadto capture clinical meta data are outlined igure5) below.

Potential participants to the study will be identifistiortly after presentation to each of the sitas

Glenfield Hospital, Diagnostics Development WBDU)Children's Assessment Uni(€AURt the Leicester
Royal Infirmary, by members of the healthcare team using the inofusriteria of the study. Once the
decision has been made to admit a patient onto the acute medical unit, potential participants will be
approached by a member of the healthcare team and asked if they would like to consider taking part in the
study. If the patient is willing to consider participating in the trial, they will be approached by a member of
the research team for further informatioand consent. In many occasions, the healthcare team willlsso
members of the research tearbue to the nature of acute research the researeamwill identify

themselves with both the clinical nurse responsible for the patient in question on the sidmssunit and

the clinician(s) responsible so that the consent and screening process can take place in a seamlessness
manner and with minimal disruption alongside the patients usual care pathway.

Environment matchedadult/spouses/siblings/parentsolunteers(trial participants group (W see synopsis)
will be identified and recruited from a number of sources:

- For acute admission the study team will approach theuse, parent or sibling of the index case and
seek informed consent for study assessments. All healthy subjects will undergo at last two
assessments seperated by a duratiorupfto 6 monthgo match the acute (visit 1a) and stable state
(visit 2) time pend elapsed in their index case partner/spouse/sibling/child.

- Additional healthy volunteers will be identified from local recruitment databases and via advertising

Additional patients with chronic asthma, COPD and heart failure (trial participants gipgzée synopsis)
will be identified viacardiology and respiratorgutpatient clinics at Glenfield Hospitagaediatric respiratory
outpatient clinics at the Leicester Royal Infirmdrgm NIHR Leicester Biomedical Research Centre (BRC)
patient researchdatabaseand will undergaip to 2 visitsover aé monthsperiod.In all casepermissionfor
recruitment from outpatients will be sought from the responsible consultant for the patiEm. rationale

for inclusion of this population is to have a stabatstdisease control population that have been
characterised over the same overall reporting peristhfle statefor measurements ané yeas for

outcome data collectionas the acute population.
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Figure5: Clinical informatics organogram
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8.3 StudyAssessments
A summary of both baseline and follow up assessments is outlin&bie 1 (adults) and Table 2 (children)
below. If appropriate consent is in place the subjects may undertake any combination of any of the
investigations listed in the investigation taldeany of these visits.
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Table 1 Summary of adult assessments

Assessments COPD Asthma Pneumonia Heart Failure Healthy
Timepointf la | 1b | 2 | la| 1b| 2 |la|1lb| 2 | la| 1lb| 2 la 2
Written Informed Consent X X X X X
Collection of demographic data (agender, height, weight, X* XN | XA XN XA XN XA X~ X X
ethnicity, smoking status)*
Time of date of admission/discharge# XN | XN XN | XA XN XN XN | XN
Breathless Scores*
Patient defined breathlessneg X~ X | xn X | xn X | x» X X X
Extended MRC dyspnosaore| X* X~ X X | X X | X X X X
New York Heart Association Dyspnoea Score (N XA XA
100 mm visual analogue breathlessness sq X X X X X X | X X X X
Exacerbation history (previous health care utilisation and| X* XA XA XN XA XN XA X~ X X
acute use of medication)*
Quality of breath VOCs questionnaire X X X X X | X X | X | X | X | X | X X X
Structured Clinical History of presenting complaint and pg X* XN XA XN XA XA XA X~ X X

medical history*
Assessment of acute disease severity#*

DECABcore| X*

CURB 65 Sco XN

BTS Asthma Severity Scq XA

Heart failure risk calculato XA
Concurrent medication usage XN XN | XA | XN XN | XA XN | XA XN XM XM XM X X
12 lead ECG* XN XA XN XN
ChestX-ray* XA XN XA XN XA XN XA XN
Health Status Questionnaires*

AsthmaQuiality of Lifequestionnaire (AQQ X XA
COPD assessment tool (C4 X XA
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COPD Asthma Pneumonia Heart Failure Healthy
la|1lb| 2 |la|1b| 2 |la|1b| 2 |la|1b]| 2 la 2
NASA Task Load Index X X X X X X X X X X
Blood tests*
BNP| X* X | X X XA X~ X
Troponinl | X X X XA X
CRP X» XA | X X~ | X XN | XA X~ X X
Full blood count + differential cour] X* XN | X XN | X XN | X X~ X X
DNA and RNA (PAXGEN| X X | X X | X X | X X X X
Plasma and serunf X X X X X X | X X X X
Arterial or capillary blood gag*| X* XN XA XN
Peripheral blood flow cytometry X X X X X X | X X X X
Lung function test
Spirometry* | X* XN XA XA X X
Oscillometry | X X X X X X X X X X
Exhaled nitric oxide (FeN( X XA
Sputum sample (spontaneous” or inducg X* X | X X | X X | xn X X X
Volatile organic compounds (VO(Q X X | X | X X| X | X | X | X | X ]| X ]| X X X
Urine sample* X X X X X X X X X X
Echocardiography* X XN
Quadriceps ultrasound X X X
4 meter gait speed X | X X | X
Review of Adverse Events & Serious Adverse Events X | X X | X X | X X | X X
Physical Exaim x» Xr | X XX XX X X

*Can be performed at time points 1a or Ifor healthy volunteers this can be completed at visit 1 df@. informed consent see protocoljay be @rt of routine
clinical careaccording to UHL Trust Guidelindsterial, capillaryolood gases and blood cultures only done in selected clinical cases, # Acute patieris DN
taken at time point 1a will not be repeated at timepoint 2.
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Table 2Summary of children assessments

Assessments Childhood Wheeze Healthy
/Confirmed Asthma
Time point| 1la 1b 2 la 2
Written Informed Consent X X
Collection of demographic data (age, gender, height, weight, ethnicity, smoking status)* XA Xn X X
Time of date of admission/discharge# XN XA
100 mm visual analogue breathlessnesere* X X X X
Exacerbation history (previous health care utilisation and acute use of medication)* XA XA X X
Quality of breath VOCs questionnaire X X X X X
Structured Clinical History of presenting complaint and past medical history* XA XA X X
Concurrent medication usage XN XN XN X X
Chest Xay* XA Xn
Health Status Questionnaires*
Asthma control questionnaire (AC( X Xn
Asthma quality of life questionnaire (AQL| X* XA
NASA Task Load Index X X X X X
Blood tests*®
CRP X7 XA X X
Full blood count + differential cour; X" XA X X
DNA and RNA (PAXGEl X X X X
Plasma and serunf X X X X
Arterial or capillary blood gas| X*
Blood culture*| X
Lung function test
Spirometry* | X~ XA X X
Exhaled nitric oxide (FeN( X X X X
Sputum sample (spontaneous” or inducg| X" Xn X X
Volatile organic compounds (VO( X X X X X
Urine sample* X X X X
Review of Adverse Events & Serious Adverse Events X X X
Physical Exam X0 xr X X

*Can be performedht time points 1a or 1b. For informed consent see protocol, » Part of routine clinicahsgrart ofthe University Hospitals of Leicestarcute
care clinicalpathway Will be performed in selected clinical cases based on clinical need, # Acutegatign + up to 35 mls maximum per vi$ioptional
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A description ofhe research assessmerissoutlined below

1 Demographics
All standard clinical demographics routinely recorded in acutely unwell patients will be captured using study
specific case report forms (CRFs). These will include the agbeggx, weight, smoking status and
ethnicity of the patient.

1 Medical History
All standard clinical data routinely recorded in acutely unwell patients will be captured using study specific
case report forms (CRFs). This will include co morbidities usually supplied with the GP referral letter and the
use of hospital clinical inforntian systems such as ICE to cross check co morbidities where necessary using
discharge summaries as well as case notes review.

T Concomitant Medication
Current medication will be collected. This will comprise of usual medication, medication in the twe week
prior to visit 1a .In the case of admissi@alditional confirmation will be performed after standard
pharmacy review by the admissions pharmacist allocated to the admissions unit in question.

1 Physical Examination
All standard clinical data routinely recorded in acutely unwell patients will be captured using study specific
electronic case report forms (CRFs). Standard clinical examination findings relevant to the indicator diagnosis
in question will be recording andill include pulse, blood pressure, temperature, respiratory rate, oxygen
saturations andmpairment of cognition

1 Collection and recording of standard clinical care pathdiagnostic
The majority of acute care admissions with undiffeiated breathlesness will undergo various
combinations of the following assessments depemtclipon their admission diagnosis.
- Chest x ray
-12 lead ECG
- Laboratory blood testsnayinclude: Urea and electrolytes, liver function tests, albumin, corrected
calciumphosphate D-Dimer, BNP, Troponih full blood count haematocritand differentialwhite cell count.
- Additional investigation such echocardiogragill be doneduringaaute admissiorbetween time points
1la and 1bh. Echo will measure LV and RV function, LA size, vavular function, LV wall thickness and e/e' on
tissue Doppler.

**The responsibility to act upon and record abnormal investigations withim.dhei A dinicél fodies will
remain with the admitting clinicabam who will have ordered and requested the investigations.

1 Breath sampling procedurdPLEASE REFER TO APPENDIX D: ASSET ALLOCATION APPENDIX FOR A
DETAILED SUMMARY OF THE CORE BREATH DETECTION TECHNOLOGIES)

Breath sampling will be performed using \ear$ combinations of the devices below depentlupon

patient location, level of illness (acuity) and phase of the program (discovery/replication). Breath sampling
will be limited toa durationacceptable to a patient (typically 30 mira)any particular idy visit to

minimise disruption to the patient care pathway and flow.
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Advion CMSDiscovery Phase (Phase 1) Breath Analysis

The Advion Expression compact mass spectrometer (CMS) is a single quadrapekpectrometer that
enables the study of volatiles in breath by adding a simple modification at the front end of the instrument.
The volatiles are drawn into the mass spectrometer ion source directly fromdhei A [SeAth Gsig a

Venturi pump. Thipump creates a Venturi effect sucking the volatiles into the mass spectrometer at a rate
of approximately 300 mL/min. When sampling, patients wear a facemask which is fed with approximately
35 I/min of purified air to which the Venturi pump inlet is coted. The extracted breath samples pass
through a transfer line heated to an optimal temperature to avoid condensation of the volatiles. The
minimum time required to perform a breath sanggs 2 min. After this sampling time the data can be
extracted immedhtely for analysis.

GCIMS (B&S AnalytiksiReplication Phase (Phases 2) Breath Analysis

Gas chromatography ion mobility spectrometry (IMS) enables the detection of VOCs in exhaled breath

of patients in trace gas concentrations (ngity/L range). Sapiing takes place using a Spiroscout

spirometer. The patients exhale through a disposable mouth piece connected to a Teflon tube. A
piezoelectric pressure sensor is used to monitor the breathing profile, this opens the sampling valve at the
appropriate pomt in the breath profile tacollect endtidal breath in a sample loop of 10 mL volume. After
filling this loop, the collected sample air is then transferred to a multicapillary column for a
chromatographic separation, which is achieved in 12 min. The aggghmolecules are then transferred

into the IMS, ionised and then separated according to their mobility in a weak electric field.

GGFAIMS (Owlstone Nanotech Lt®eplication Phase (Phase 2) Breath analysis

Gas chromatography field asymmetric ion nitpispectrometry (GEAIMS) is a gas detection technology
that separates and identifies chemical ions based on their mobility under a varying electric fields at
atmospheric pressure. Samples are collected on adsorbent tubes (Tenax/Carbograph) usingrkeGE m
handheld sampling device. Samples are then extracted from tubes using thermal desorption and then
analysed by GEAIMSThe combination of the high selectivity of GC with the high sensitivity of FAIMS
enables the detection of volatiles in a wide rengf matrices such as aqueous, solid and gaseous. FAIMS is
also known as differential mobility spectrometry (DMS).

Real time breath monitoring using proton transfer reaction time of flight mass spectrometryT&HNRS)

Ly 2NRSNJ G2 &FYLXS F LIGASYy(iQa oNBFGK dzaAy3d GKAA
first device is a Loccioni SOFIA-§She subject is required to exhale a single breath, five times (three if
providing five samples proves too diflt) into a sterile mouthpiece connected to an electrostatic

bacterial/viral filter whilst wearing a nose clip (all CE marked). Flow from the mouthpiece passes into a gas
sampling interface capnograph (Loccioni-S&CE marked) and reéime user feedlck of flow is provided

on screen, allowing the regulation of the breath sampling rate. The gas sampling interface acts to
simultaneously trigger the acquisition of the PT&+MS data and the exhaled breath travels through the
capnograph down a heated sgfe line into the ion source of the PTTRFMS

The second breath sampling device is a ReCIVA breath sampler (Owlstone), as described in Section 6.2, with
one of the adsorbent Tenax tubes replaced with an outlet tube adapted for online sampling. The exhaled
breath is transferred to the PFTROFMS via a heated transfer line connected to the outlet tube,

continuously drawn at a constant flow rate by the PIId®&MS. The online adaptation of the consumable
adsorbent tube does not affect the CE mark of the ReG&vidpling device.
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Once the breath sample reaches the PIIAEMS, via either breath sampler, the breath mixes with

protonated water (HO") inducing proton transfer to the target volatile organic compounds (VOCs) present,

resulting in their ionisation. Sargpions are then guided into the time of flight mass spectrometer and
mass spectra, showing the abundance and mass of the VOCs present, are collected throughout the
exhalation. Following sampling, mouthpieces, filters and nose clips are disposed of @atdeat!
contacted surfaces wiped down wittntiseptic cleaning wipes preparation for the next patient.

1 Sputum collection
Spontaneous or induced sputum samples can be collected. In the case of induced sputum
sample collection all subjects will havéaseline FEMneasured. Sputum collection will be
collected using the principles as defined by the European Respiratory Society Guidelines. All
equipment used for performing the following procedure will beataminated according to
local working inslzOG A 2y & ® ¢KS LINPOSRdAZNB Yl & 065 &4ii2LIISR
drops by greater than 20% of the pesalbutamol FEMbaseline value, (2) the subject feels any
discomfort and does not want to continue with saline inhalation procedure or E)restigator
feels that it is unsafe to continue with the saline inhalatiSputum supernatants will be stored at
the investigative site in dedicate80 C freezers.

T Urine Collection
Urine will be collected from subjects. It will be collected into iafile container and stored at
the investigative site in dedicate80 C freezers.

1 Lung function
Lung function testing will include spirometiyré andpost bronchodilator), FeNO (Fractiexhaled Nitric

Oxide), hand held oscillometry (adu#tsthmapatients only. Peak flow measurements (to be recorded as

part of routine care in asthmatics), and volatile breath analysis. All of these armwasive clinical tests.

1 Research EchocardiograpfCHO)
For patients (excluding healthy volunteers) where there is no clinical indicati®CidiCa researcEECHO

will be performed by a certified technician following written informed consent from the patient any time

point between visit 1a and visit 1b.

1 Bloodsampling
In addition to the routine clinical blooshmpleswill be taken folRNA and DNA, serum and plasma,

peripheral blood cell flow cytometry analygisr visit. This may total up tdb8nls for an adult and 35mls for

a child Samples will be barcodeand storedat the investigative site in dedicatefl0 C freezers. Samples
may be transferred to the NIHR national bio sample centre subject to available furglowd samples will
be taken at the same time point as the clinical samples to minimise wecience to the patient.

1 Health Questionnaires

vdzSaiA2yyl ANBa NBIFNRAY3I GKS adoas0iaq KSHEGK

include measures of health status.

1 NASA Task Load Index

It isa widely usedsubjective, multidimensional assesent tool that rates perceived workload in order to
assess a task, system, or team's effectiveness or other aspects of performasseskesork load on five
7-point scales including mental demand, physical demand, temporal demand, performanceaatfort
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frustration. Increments of high, medium and l@stimates for each point result in 21 gradations on the

scales. This tool will be incorporatedo EMBER to assess the overall performance and feastilitging

ReCIVA mask in breath collection.

il

Physical performance

4 meter gait speed (the time it takes to walk 4 meters) and quadriceps size measured using
ultrasound will be performed to assess physical performanaelected patients. Both are measures of
frailty, norrinvasive, and validated imé¢ acute care setting in chronic respiratory disedfeltrasound
measure is missed at timepoint 1 then it will not be taken at timepoint 2.

8.6 Definition of End of Study

The end of trial is the date of the Igsatient lastvisit (Visit 2)

Eachparticipant will have the right to withdraw from the study at any time. In addition, the investigator
may discontinue a participant from the study at any time if the investigator considers it necessary for any
reason including:

0 [Ineligibility (either arigig during the study or retrospective having been overlooked at
screening)

Pregnancy

Significant protocol deviation

A serious adverse event which requires results in inability to continue to comply with
study procedures

Disease progression which resultsriability to continue to comply with study procedures
Consent withdrawn

Lost to follow up

O« O¢ O«¢

O¢ O«

O«

The reason for withdrawal will be recorded in the CRF.

8.7 Source Data

Inthisstudy LI LISNJ / wC gAff 0SS OrdadudraentSdeiinddanMdblésant2. W NB a S NOK 2y f & w
The electronicCREwill be used as the source document the captured data fields described Table 1

and 2that are part of routine clinical car@ he rationale for this is that datallectionfor routine clincal

care measurewithin MRC EMBER is populated in to the eCRF from existindVidLslstemsHKigure Ze.g.

IMPAX, ilabCODE BREAKBRwell aprospectivelyconfirmed by the research team foelevant study

clinical meta data of interest e.g. smoking status, medication.

9. SAFETREPORTING

9.1 Definitions

9.1.1 Adverse Event (AE)

An AE or adverse experience is:

Any untoward medical occurrence in a patient or clinical investigation participants, whicmdbes
necessarily have to have a causal relationship with this treatment.

An AE can therefore be any unfavourable and unintended sign (including an abnormal laboratory finding),
symptom or disease temporally associated with the the study, whether or noidenes! related to the

study.
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9.1.2 Adverse Reaction (AR)
All untoward and unintended responses related to the study.
All cases judged by either the reporting medically qualified professional or the sponsor as having a
reasonable suspected causal relationship to the study qualify as adverse reactions.

9.1.3 Severe Adverse Events
To ensure no confusion onisunderstanding of the difference between the terms "serious" and "severe",
which are not synonymous, the following note of clarification is provided:
The term "severe" is often used to describe the intensity (severity) of a specific event (as in midédatap
or severe myocardial infarction); the event itself, however, may be of relatively minor medical significance
(such as severe headache). This is not the same as "serious," which is based on patient/event outcome or
action criteria usually associatevith events that pose a threat to a participant's life or functioning.
Seriousness (not severity) serves as a guide for defining regulatory reporting obligations.

9.1.4 Serious Adverse Event or Serious Adverse Reaction

A serious adverse event or reamtiis any untoward medical occurrence that:

1 Results in death,

1 Islifethreatening,
NOTE: The term "lifthreatening” in the definition of "serious"” refers to an event in which the participant
was at risk of death at the time of the event; it does not rafean event which hypothetically might have
caused death if it were more severe.

1 Requires inpatient hospitalisation or prolongation of existing hospitalisation,

1 Results in persistent or significant disability/incapacity, or

1 Is a congenital anomaly/birttiefect.

Other important medical events*

*QOther events that may not result in death, are not life threatening, or do not require hospitalisation, may be
considered a serious adverse event when, based upon appropriate medical judgement, the event may
jeopadise the patient ananay require medical or surgical intervention to prevent one of the outcomes listed
above.

9.1.5 Expected Serious Adverse Events/Reactions
The patient cohort being studied are frail and have a high hospital readmission rate and tnoatali For
example in those with a diagnosis of COPD both national and local data suggest readmission to hospital will
be 20% at one month, 33% at 3 months and 60% at one year. A number of these patients will be
readmitted on more than one occasion (atudy Greening Mt al, BMJ 2014) demonstrated 599
hospitalisations in one year in a similar COPD population of 389. In addition mortality is expected to be 14%
at 3 months and 20% at one year.

Given this is an observational study and the rates thateapected we would reasonably expect that
hospitalisation or death are not routinely reported as SAEs (we would anticipated an excess of 600 SAEs if
not). Therefore expected serious adverse events include (i) clinical deterioration and death of acutely
breathless patients, (ii) adverse drug reactions to pharmacotherapy administered during the patients

clinical care pathway, (iii) readmission to hospital for acute breathlessness due to acute exacerbations of co
morbid conditions during the study period.

However, if any adverse events are experienced during any of the measures performed specifically related
to research proceduredigblel and 9 e.g. breath sampling, administration of questionnaires, then these
will be reported using the approved reportinggmedure.
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9.1.6 Suspected Unexpected Serious Adverse Reactions
A serious adverse reaction, the nature or severity of which is not consistent with the applicable product
information

9.2 Reporting Procedures for All Adverse Events
All AEs occurring during the study observed by the investigator or reported by the participant, whether or
not attributed to study, will be recorded on the CRF.
The following information will be recorded: description, date of onset and end date, seas#gssment of
relatedness tcstudy, other suspect device and action taken. Folgwinformation should be provided as
necessary.
AEs considered related to the study as judged by a medically qualified investigator or the sponsor will be

followed untilresolution or the event is considered stable.f t NXf I §SR ! 9& (KI G NB&dL G

withdrawal from the study or are present at the end of the study, should be followed up until a satisfactory
resolution occurs.

It will be left to the investigath2d Of Ay A OFf 2dzRIYSYyd 6KSGKSNI 2NJ y2i
GKS LI NI A OA LI thelstody ANSBtCiRaat may alSoN@uvitarily withdraw from treatment due

to what he or she perceives as an intolerable AE. If either of thesers, the participant must undergo an

end of study assessment and be given appropriate care under medical supervision until symptoms cease or
the condition becomes stable.

The severity of events will be assessed on the following scale: 1 = mild, Zrateod = severe.

The relationship of AEs to the study will be assessed by a medically qualified investigator.

9.3 Reporting Procedures for Serious Adverse Events
All SAEs, except those expected ones defined in setloh that do not require immediate reporting (see
9.1.5), must be reported to the Sponsor witt4 hoursday of discovery or naotification of the event. The
Sponsor will perform an initial check of the information and ensure that it is reviewed at thé&r8&x
Management meeting. All SAE information must be recorded on an SAE form and sent to the Sponsor
using the appropriate reporting form and the contact details on there. Additional information received for a
case (followup or corrections to the origal case) needs to be detailed on a new SAE form which must be
sent to the Sponsor using the appropriate reporting form and the contact details on there.
The Sponsor will report all SUSARSs to the Research Ethics Committee concerned. Fatateatkiging
SUSARs must be reported within 7 days and all other SUSARs within 15 days. The CI will inform all
investigators concerned of relevant information about SUSARSs that could adversely affect the safety of
participants.
In addition to the expedited reportingbove, the Cl shall submit once a year throughout the study or on
request an Annual Report to the Ethics Committee which lists all SAEs / SUSARs that have occurred during
the preceding 12 months.

10.STATISTICS

10.1 Description of Statistical MethodBetailed statistical anad analytical methods are outlined
in the MREEMBER data analysis plan).

Primary Analysis

For the primary analysis the outcome is a nominal variable with levels (1) Acute breathlessness (2) Recovery
form acute breathlessness. Thalationship between the primary outcome and the metabolomics

biomarkers in exhaled breath sample will be modelled using multinomial logistic regre&sida.
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breathlessness will be defined ase or more of (i) patient defed acute breathlessnessd/or a (ii) 1 unit
increase in Extended Medical Research Council breathlessness score.(gMiR@ition to metabolomics
markers the following independent variables will be included in the model: agestsexiard acute care
pathology markers blood eg®phils, BNP, CRProponinl, canonical VOCs extracted from breath analysis
and where relevanvalidated co morbidity scorgg.g.Charlsorcomorbidityscore.

Adjudication

Allacute/healthyt Rdzf G LI GA Sy G4Q vy 2GS dhest hiftten be Rviev&llantS y G A | £ £ &

independently adjudicated biyvo independent respiratory consultagtblinded to admision bloods and
diagnosis Thepanel willindependantlydecide the primary diagnosis as well as mark their level of certainty
on a 100 mm VAS sealhe panel membewill then beable to review imagingECGsand ABGsut not

blood results Results will be botkvalidatedby separate panel member to ensure agreement using Bland
Altman and Correlationand within rateragreement will be assessed by replicate analysis of at least 20
cases 4 weeks apart

Binary logistic regressions will be utilised to assess associations between VOCs and acutéRfisease.
curves will be produced for individual predictors in the @ignanalysisAdditional techniques for multi
variate analysis including but not limited to cluster analysis, structural equation modelling and topological
data analyses will be applied where relevaFdbles of descriptive statistics will be compileddbikey
variables. All analysis will be performed using SA8t&4/www.sas.comand R 3.2.0ittps://www.r -
project.org/.

Secondarpnalysis

For thesecondananalysigertaining to other definitions of acute breathlessness, visual analogue
breathlessness scores (100marjda 1 unit increase in the extended medical research coaneilysis
outlined above for the primary endpoint will be performed based uptmtification of breathlessness type.

For the secondary analyses pertaining to discovery of breath metabolomics mtr&enstcome is a
nominalvariable with levels (1) Acute Heart failure (2) Community acquired pneumonia 3) Adult
exacerbations of astha/COPOboth in combination and considered individuaky)d (4) &ute

exacerbatios childhood wheeze andonfirmed asthman children.The relationship between the primary
outcome and the metabolomics biomarkers in exhaled breath sample will be modssilegl multinomial
logistic regressioand ROC curvetn addition to metabolomics markers the following independent variables
will be included in the modslwhere necessary (improve model:fape, sex, validated co morbidity scores
such as th&harlson sore, indicator disease risk scores such as the GeBREheumonia score, DECAF
COPD exacerbation scomsd treatments commonly used acutely for the indicator diagnoses.

Subsidiary Analysis

For subsidiary analyses modelling risk of re admission, deathength of stay we will utilise the following
approaches

- Cox proportional hazards model will be fitted and competing risk models will be fitted for
readmission. Logistic regression analysis will be used when looking at risk at particular time points
for readmission.

- The number of exacerbation events will be netidd using Poisson or Negative Binomial regression.

- Relationship between death and breath biomarkers will be evaluated using a logistic regression
model.
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For subsidiary analyses pertainingdynamic profile of breath biomarkers during (i) the acute esatime
points 1a) (i) transition to the stable statéime point 1b)and (iii) in the chronic stat8-12 weeks post
exacerbation(time point 2) a repeated measures model with a random intercept and random effect for
time will be fitted, the random eécts will be fitted for each patient. For the repeated measures mixed
model an unstructured covariance will be assumed.

Other outcomes are exploratory and based around feasibility of an acute care platform for airways disease.
Statistical analyses for tke outcomes will be performed as appropriate for hypotheses derived in this
exploration.

10.2 The Number of Participants
The sample size for the study is based on the requirements of the multinomial logistic regression model for
the primary analysis. Wegimate that if the number of events to number of variables in the motgh the
ratio 20:1 a sufficiently large sampsizewill be obtained”. We regard this study as being exploratory it will
serve as a basis for determining the sample size required for a larger study in the (Appendix D)

10.3 The Level of Statistical Significance
All tests will be performed at the 5% significance level.

10.4 Criteria for the Termination of the Trial.
Lastparticipant last visit

10.5 Procedure for Accounting for Missing, Unused, and Spurious Data.
Describe
A table listing all key variables with percentage of missing data will be reported and whsibkl@dise
reason for missing data will be reported. Missing data will be imputed using PROC Ml in SAS. Spurious data
will be reported and where possible correct values will be inserted, if it is not possible to supply correct
values value will be deleted

10.6 Procedures for Reporting any Deviation(s) from the Original Statistical Plan
An interim sample size calculation will be performed at the end of the discovery phase (Qaear3) of
the project; this calculation will identify the optimal numbefrpatients in each replication phase disease
indicator group based upon the optimal number of metabolomic biomarkers associated with the disease and
the key outcome data from the discovery phasg.risk prediction, 30 / 60 day re admissions, discrirtiora
of disease state from healthy state.

10.7 Inclusion in Analysis
All eligible participants, that have provided informed consent and patrticipated in either discovery or
replication phase studies.

11 DIRECACCESBOSOURCEATA/DOCUMENTS

Direct acceswill be granted to authorised representatives from the sponsor, host institution and the
regulatory authorities to permit triatelated monitoring, audits and inspections.

12. QUALITY CONTROL AND QUALITY ASSURANCE PROCEDURES

The study will be conducted in awdance with the current approved protocol, ICH GCP, relevant
regulations and standard operating procedures.
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Internal monitoringby the research team within thBRGwill be performed according to ICH GCP. Data will
be evaluated for compliance with thegiocol and accuracy in relation to source documents. Following
written standard operating proceduresie will verify that the clinicastudyis conducted and data are
generated, documented and reported in compliance with the protocol, GCP and the appliegblatory
requirements.

The EMBER clinical operations group and clinical stogmgroup (WP4) described in section 15 of this
protocol will meet fortnightly and monthly respectively to discuss overall quality control and assurance of
the clinical sidy. In additiorthe University of Leicester operates a risk based audit programme to which
this study will be subjedb.

13. CODE®FPRACTICANDREGULATIONS

13.1 Ethics
The study will obtain ethical approval from an approved ethics committee and be nexgisia a trial
database.

13.2 Sponsor Standard Operating Procedures
All relevant Sponsor SOPs will be followed to ensure that this study complies with all relevant legislation
and guidelines

13.3 Declaration of Helsinki
The Investigator will ensure th#tis study is conducted in full conformity with the current revision of the
Declaration of Helsinki (last amended October 2000, with additional footnotes added 2002 and 2004).

13.4 ICH Guidelines for Good Clinical Practice
The Investigator will ensure # this study is conducted in full conformity with relevant regulations and with
the ICH Guidelines for Good Clinical Practice (CPMP/ICH/135/95) July 1996.

13.5 Approvals
Once Sponsor authorisation has been confirmed, the protocol, informed consentgarticipant
information sheet and any proposed advertising material will be submitted to an appropriate Research
Ethics Committee (RE&)d host institution(s) for written approval.
Once Sponsor authorisation has been confirmed, the Investigator Wwithisiand, where necessary, obtain
approval from the above parties for all substantial amendments to the original approved documents.

13.6 Participant Confidentiality

¢KS GNRIE adlFTF oAttt SyadNB GKFG Ceigadts wil bNidentdied LI y G & Q

only by initials and a participants ID number on the CRF and any electronic database. All documents will be
stored securely and only accessible by trial staff and authorised personnel. The study will comply with the
Data Protedbn Act which requires data to be anonymised as soon as it is practical to do so.

13.7 Other Ethical Considerations
The key ethical consideration specific to the MR@BER study is the recruitment of acutely unwell patients
that may not be able to prage informed consentA hierarchical consent process will be adopted for the
study with gold standard always being written patient informed consent at time point 1a, whilst accepting
that for some patients and children personal legal representatives magdpéred to give written infirmed
consent pending patient consent. In all cases written consent from the patients or parent in the case of
young children will be obtained prior to time point 1b assessments.
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14.DATA HANDLING AND RECORD KEEPING

EMBER studyumber

The participants in the study will be assigned a EMBER study number. This number will identify the
participant through all stages of data collection and integration.

To reduce errors the EMBER study number will also contain a check digit andlgavile printed as a
barcode whenever appropriate, so it can be scanned into data collection tools.

e-CRF data

The EMBER clinical data platform will be built using a bespoke informatics platform (ClinicLE) used previously
in respiratory research®!,

Several features of this platform will ensure high quality data collection and integration including:

- user access control so users have permissions to enter/view only appropriate data forms

- integration of data from hospital systems including patient derapdics, pathology test results and
respiratory physiology

- data field validation (allowing specific types of data; specific ranges of values; or a specific set of
selectable options)

- appropriate field design (e.g. using Y/N options instead of checkboxa@sstoe the answer is not
ambiguous)

- verification through esignatures and record locking capability

- regular execution of data quality rules to ensure missing/incorrect data is identified quickly

- branching logic so that fields which are not relevantmoedisplayed to the user

- aform design and data entry audit log/history

A formal test plan will be written during the implementation of th&€®&Fs and clarified with other

collaborators. Following the completion of theGRF implementation, the test plavill be executed to

ensure that data collection forms operate within the expected parameters.

A Standard Operating Procedure will be written documenting the use of the EMBER system, specifically for

the purpose of entering and managing#RF data by theMBER research staff.

CKS LINIGAOALIYGEAQ YIEYS yR Fye 20KSNJI ARSY(dATeAy3a RSGIAET AyOftdRAYy3I RI
final exports of eCRF data used for research purposes.

Clinical data

Identifiable clinical data exports will be dentified programmatically by:
- populating the EMBER study number from the recruitment database
- removing hospital numbers, NHS numbers and other patient identifiers
- removing name, address and GP details
- removing or shifting date values
- filtering out free textwhich may contain identifiable information

Experimental data

Data generated in laboratory experiments will be linked to EMBER study participants using the EMBER study
number. No other identifiable data will be present in this data.

Data storage and backu

EMBER clinical data will be stored in an accessrolled database bae&nd located at the University
Hospitals of Leicester. The data will onlyawailablethrough the hospital network, via the EMBER web
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application frontend. The database will be Haed up informally every hour to a UHL shared drive in a
LNREOS&aa YIyF3ISR o0& (GKS KzalLhAidlfoa L¢ RSLINIYSylHo
Experimental data and subsequent analyses will be stored usifgthd 3SNEA G& 2F [ SAOSadSNRa N

storage (R) drive backup system (http://mwwi2ac.uk/offices/itservices/ithelp/services/rfs) will be used to
maintain all raw experimental data and subsequent analyses.

&
QX
w»

Risks

Unauthorised access to datdisers will be given appropriate access to databases/data shares for their role,

based on recommendations by the Pl and other investigatdesitification of research subjectsResearch

subjects will be identified only through their EMBER study numberc@heection between this ID and the

LI 6ASy(iQa RSY23INILKAOA gAft 2Datadomptonlh@dunlikelyevierf G2 | dzi K2 NA &SR
that data becomes corrupted, it will be restored from a backup of the server which is less than 24 hours old.

In the case of the EMBER database this means a small amount of data may be missing, and it will have to be

re-entered. To mitigate this, paper copies of CRFs should be kept for at least a week after entry into the

EMBER clinical data platforirroneous déa entry: Data entered from paper forms will be verified and if

required corrected by a separate person. Data records will then be electronically signed and locked.

EXTERNADATASHARING

Data and samples may be analysed by other investigators/organisatmlaborating with the study
investigators. In such casgmtient confidentiality will be strictly maintained.

15.STUDYGOVERNANCE

15.1 Clinical Steering Committee (TSC)
The clinical study will be managed through the clinical work package (W) dRCEMBER molecular
pathology node. The core clinical grolrdgfessoiSiddiqui, Dr Pandy®r Greeningnd Professor Coates)
all have membership within the EMBER Executive steering group.

The Executive Group comprises the work strand leads and &#yePls. A Scientific Strategy Board
comprising all G®Is and industrial partners will guide the Executive Board. An operations group chaired by
the EMBER's manager will oversee delivery of work. An External Advisory Board with membership derived
from experts in the field,Leicester and Loughborough Universities and NHS Research Directors will also
oversee the clinical delivery and progreshe Sponsor will be sent minutes from the Scientific Strategy
Board and External Advisory Board Meetings.overvéw of the governance procedure within EMBER that
the clinical work package (WP4) contributes towards is outlinédgure6 below.
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Figure6: MRC EMBER program management organogram

Review Board

MRC/EPSRC

Progress reports

Executive Management Board External Advisory Board

Monthly Meetings Annual Meeting

Progress

Chris Brightling Tim Coats o NIHR-DEC Director- George Hanna
Rachel Munton Toru Suzuki European ‘breath’ experts e.g. Jorg
Jacqui Shaw Leong Ng < Advice— | Baumbach (Reutlingen University), Peter
salman Siddiqui Hitesh Pandya Sterk [Amsterdam University)

Paul Monks John Le Quesne RCPath Representative

Paul Thomas Node Manager Patient Groups (Noel Snell BLF) + others

} LU, UoL & NHS Research Directors

Implement Review progress

Review scientific | Cop oo REPOTT  mplement plan

strategy Prograss changes

\ P

Scientific Strategy Board Operations Group
Quarterly meeting 2-Weekly Meetings
Industry Academic Nede manager, clinical teams,

Board Board PDRAs, PhD students

[clclclclelc)

15.2 Data Safety Monitoring Committee (DSMC)

Theoperations group within EMBER will report any unexpected serious adverse events to the core clinical
group ProfessoiSiddiqui, DGaillardDr Greeningnd Professor Coats). All unexpected SAEs will be
discussed by the core clinical group at monthly EM&Rutive board meetings.

16.FINANCIN@GNDINSURANCE

Direct Research Costfirect research costs required to deliver the stated research: including research

staff, technicians, breath sampling, breath analysis and bioinformatics are fully funded by teditiél

Research Cound¢iMRC)and TheEngineering and Physical Sciences Research C{EPSIR@rant number
MR/N005880/1 Additional funding has been received from the Midlands Asthma and Allergy Research
Association (MAARA) and the Leicester National Institute for Health Respiratory (NIHR) Biomedical Researh
Unit, for the EMBER clinical program.

NHS Treatment Costblot applicable for acute research studies as by definition patient care will often
continue after the R&D activity has ceased due to the fact that patients will enter chronic care pathways.

NHS Support Costilone anticipated as the research in question isszavery biomarker campaign.

Insurance will be provided by the University of Leicester.
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17.PUBLICATIOROLICY

Publications will be prepared according to tRCEMBER consortium agreemearid the University of
Leicester publications policin brief allintended publications will be submitted to the EMBER executive
board for review and comments within 60 days of journal submission. Authorship will be according to
contribution and internationally recognised guidance on journal authorship.
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APPENDIX: RECIVAreath sampling device

Breathe Free: open source development of a breath ~,

sampler by a consortium of breath researchers -
m m m>|ﬁI m _ ~ " Simon !ao.l!mlme_‘ mauxnvn Smith’, Jasper Boschmans'. Max Alswortn', Biily Boyle'. Paul Thomas?, Stephen Fowler?, F as—lmlqa NE
Saiman Siddiquid, Marc van der Sches* q-ﬁﬂu_ﬂ)r
“OwREINe LBa. Caminiage. CBA SGD. UR "LOUPRDOOUN LNy "URIVSILEY of MIncResier. “Unmeruty of Lscesssr. UNiversty of Amassiasm
There is emerging evidence for the use of exhaled VOCs in 4. Results
pulmonary disease. A major challenge is the lack of standardised Ereathe Free

capturing of breath VOCs. Breathe Free s an open source
consortium that has developed and validated a standardised breath
collection device
www breathe-free org

1.Introduction

- Votatile Organk: Compounds (VOCS) felect bodily melabolism ang are
theredore polential Diomarkers for Gisease diagnosis, mondonng and
prognesss

= Ewence is mounting for the use of exnaked VOGS n lung disease and
beyond”

« Amagor challenge 10 progressing thes fieid i the lack of standardisation of
DIEG SAMpANG, 35 TECOGNSE Ly 3 FECENt European Respamiory
Society tasklorce.

+ Introduction of 3 widely ACCEptEd aND StANCIrkEd leCANIQUE 10f DIEA
sampiing can ablow pooking of dat from muiliple shudies and greaily
FaciiRate Implementaton in il practice.

2, Objectives
We aim lo develop a Bexibe. stancardised and widely implementabie
device 1or Brealn Samping.

3. Methods

To meet this design chalenge we founded the Breathe Free Consortium
This open 3ccess Gesign coNSOMtum combines e expenence of exhaled
breath analysis experts n the fieids of medicine, chemisiry and engineerng

WITR TS CONEOIAST We USES an Reralive 3pproden 1o designing the

breath sampler.

1. Forum discussions 1o gain Insights into user requirements and technical
demands for the device:

2. The Breathe Free gesign leam icoporaled these Mia 3 prolotype
design

3. ANNCOONS) Prototype Was generated and tested

4. Re-evanation of prolotype within consortum.

The resulting final device (figure 2) wil be produced and valdaled in 2
KAl SENND. AN 0SSIONS fOf e DFeath Sampier will De PUDIShed open
atoess on the Breathe Froe websis o manmise adoption by the feld of
oream reseaicn

et

Further information e e s

K

+ The consorum has gaihered over 100 members who have provided
VAIIEHE INpUL 10 te Gesigh of the Sampler

- Knowledge and research within the consortium cover 3 wide range of
fieids within ine study and analysis of beeath VOCs.

Dasign requirements and approach

1. Flexible breath coflection- Seiection of diflerent volumes and fractions of
Drai (eg. afwenia, BONCAD) Wt (he same Dardware

CO,3Nd pressure SENSOMS prowice real me MONKONNG of Pabents breain,

allowing selection of different breath fracions.

R

s B oy W L w
Figure 1: €, concermuson (bhus prssaure (78] 5 PUrg-Snaiie (1) Taes Bom & fypes

2 Pahent comion and safely - Minimum patient e, simade orealfing
MANDEUVTEE, MO INBCEION NSk

+ Tidal breating procedife Gunng which GO, and pressure sensars
monitor breathing adequacy and frequency

- Disposalble single-use mask and miegral bacterial fiter prevent cross-
contamination. Body & eaty 10 CIean 3nd wipe Sown

3. Repeataniity and repmHOUCINEY - BEMWEEn repesled Sampie CONECUONS
ang differen patients.

~ Sampler can be suppiled with 3 cieaned air supply and 5 construcied
#7Om Inen materials. 1o MINMISE IATOUCHON o EXOGRNOUS VOCS.

+ Fast sensof re59onse improves acouracy of collecied bieath iraction.

+ VOCS are collected and concentraied onlo 3 MAXmum of wo pairs of
sarbent lubes. Each par can be ndependenly gaied to collect diflorent
Breath fracsons during the same collection event

4. Fiexitie VOG-analysis — Sistable for direct analysis or stored on sorbent
iubes

+ Sorbent tubes Contaning Samples can be analysed offing on a variety of
plationms, cuenty 1251ng Wil GC-MS na GC-FAIMS in progress

~ Allematevely. wih modiication the sampler could be drectly connecied
50 anaNEH nstrument
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5. Conclusion

+ AN OpEN-SOUICE CEVEIODMEN: CONSOIUUM Of SCIENUSLS, ENgINeers and

chemists designed @ versatie, reproducible and patient frendly breath
sampler

- The breath sampler is desiged 1o be easy to use yet flexbie to faciate

a broad range of bicmedical applications.

 CHRICAI ShugRS I e CONSOIIIM ArE CUrently IMpIEMEnting the Sampler
« All designs are freety available on waw breathe-free org
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20.APPENDIRB: RECIVEE Marking Authorisation

ol

Medicines & Healthcare products

: MHRA

Fegulating Mecicines and Mesical Devices

Regulatory Agency

Our Ref: CADM4968 MHRA
151 Buckingham Palace Road

Mr Duncan Apthorp London
Owlstone Lid SWiw esz
127 Cambridge Science United Kingdom
Park
Milton Road www.gov.uk/mhra
Cambridge
Cambs
CB4 0GD
United Kingdom
29 July 2015
Dear Mr Duncan Apthorp,

MEDICAL DEVICES REGULATIONS 2002: REGULATION 19
Registration of Persons Placing General Medical Devices on the Market
Thank you for informing the Competent Authority of the company's details and for supplying the medical device

information.

Your regi: ion has been based on your declaration that you have determined that the
device(s) fall within the definition of “medical devn:e" and that you have classified it'them as falling
within Regulation 19 taking into it the i purp {s) and mode(s) of action. In acceptlng
your registration, | should make clear that the C Authority does not ine each indi
notification and therefore cannot and does not ily end these d inati Meither does

this letter represent any form of accreditation, certifcation or approval by the UK Competent Authority.
Your registration is based upon your declaration on the RG2 form and means that:

For Manuf: of Class | medical devi A and Sterilisers

“ou should now be operating under the Medical Devices Directive and the above Regulations for the products
you asked us to register, by fully complying with the essential requirements, CE marking those products or
labelling them as such.

For M. fi of Custo ide devices and Custom Made Active Implantable
“ou should be ready to claim compliance with the Dlreclwe and Regulations and should be manufacturing
cush de devices in d with their requi

If you stop placing devices on the market or if you are not plying with the Reg il you should
inform us so that we can amend our records. You should be aware that it is an offence to place on the
market CE marked devices that do not comply with the regulations.

The i ion you provided has been ded against the reference number shown at the top of this letter,
which we ask you o quote in all future comespondence and communications.

Please inform us of the following chargable changes:

* the company information &.g. name and address
= additional generic groups of devices (not individual products within an existing generic group)

Please also use the Devices Online Registraion Database (DORS) to tell us of the following changes e.q.
removal/dizcontinuation of a device from your registration record, change of contact person, postcode,
telephone number andfor email address, for which payment of our statutory fee does not apply. Though, you
are required to provide these non-chargeable changes in wriing we will not provide an updated letter of

Page42 of 46

Protocol:Exhaled Breath Metabolomic Biomarkers in the Acutely Breathless Pétieat.\ersion4, 1-April 18



Page43 of 46

Protocol:Exhaled Breath Metabolomic Biomarkers in the Acutely Breathless Pétieat.\ersion4, 1-April 18



