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A journey through innovations in analytical science........
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Lets start by thinking b I g

and In the lab



Let’s start with mass spectrometry

« Which is a powerful technique used in analytical science that is used to:
» elucidate the structure and chemical properties of molecules
 quantify trace levels of compounds in large amounts of other materials

(a complex matrix) - as low as one part in 1012

 Detection of compounds can be accomplished with very minute quantities
of sample

» A mass spectrometer measures the mass-to-charge ratio (m/z) of the
ions formed from the molecules (or elements)



Principles of a type of mass spectrometer - Time of Flight
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What does a
mass spectrum tell you?
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Identity — a molecular fingerprint
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Fun example of MS — Mobile Environmental Analysis
Rack Mounted in Front Seat

« Constant Flow sampling
from front of vehicle

« Multiple inlets at different
heights

. Courtesy of Guido Verbeck — University of North Texas, US



Deep Well Injection - Benzene
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How can mass spectrometry
be used in disease diagnosis
and disease understanding?



Real-time cancer diagnostics by
Mass Spectrometry

Warning
The Blood and Guts Bit

Courtesy of Zoltan Takats — Imperial College
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A mass spectrometer in the operating theatre in combination
with Electrosurgery




The Tissue Fingerprint — a mass spectrum
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A mass spectrometer in the
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Breath-taking research... literally

Prof. Paul S. Monks

Dr Michael Wilde, Dr Rebecca Cordell
and Luke Bryant,

)
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Diagnostic Development Unit - DDU
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WMJ1

Breathomics

Sulfanated
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The study of breath as a potential
new molecular pathology

UNIVERSITY OF
@ LEICESTER




Slide 21

Breath is a wealth of chemical information, it's more than just air (comprised of N2, O2 and CO2). It contains hundreds of chemicals, referred to

WMJ1
as volatile organic compounds (VOCs) from within the body. It's this wealth of chemical information that makes a potentially powerful new

molecular pathology.
Wilde, Michael J., 02/05/2018



WMJ1

Breath contains hundreds of volatile organic compounds coming from
the chemical processes taking place inside your body
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Slide 22

WMJ1 Breath contains hundreds to thousands of volatile organic compounds coming from the chemical processes taking place inside your body.
Cellular metabolism and reactions release metabolites/VOCs into the bloodstream. When the bloods passes via the lungs to exchange respiratory
gases across the alveolar membrane, the VOCs are also exchanged. The VOCs are then exhaled in breath. Therefore, some of the exhaled VOCs

represent the processes occuring inside the body.
The air we breathe in also contains exogenous VOCs.

This figure shows the input and output of VOCs in breath, showing why breath contains such a complex mixture of VOCs.
Wilde, Michael J., 02/05/2018



WMJ3

Molecular Pathology

Seeks to describe and understand the origins and mechanisms of disease using patient
samples (Molecular Pathology Review 2013)
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Slide 23

WMJ3 Molecular pathology seeks to describe and understand the origins and mechanisms of disease using patient samples.
We are exploting almost every bodily fluid and cell culture the human body has to offer.
However, most traditional molecular pathologies such as blood are invasive, irreproducible (limited in volume, can't continuously take blood or

urine), are biohazardous and require storage.
Wilde, Michael J., 02/05/2018



M Molecular Pathology

Seeks to describe and understand the origins and mechanisms of disease using patient

Sam ples (Molecular Pathology Review 2013)

Suitable for people of

Non-invasive procedure all ages and conditions

No risk allowing for Quick to perform
repeated use | /immediate results

- A

Advantages of breath
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WMJ3 Advantages of breath compared to other molecular pathology techngiues
Wilde, Michael J., 02/05/2018



WMJ3

Advances in technology are advancing science
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WMJ3 Analytical technologies are advancing
Wilde, Michael J., 02/05/2018



WMJ3

Analytical technologies

Range of analytical technologies being developed
for various phases of research and applications

Handheld
collection device

Real-time mass spectrometers /4

Bedside
Somewhere sampling
in-between

Advanced
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Laboratory/
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Laboratory only
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Slide 26

WMJ3 Technologies for analysing breath range from offline laboraotry techniques such as GC-MS and GCxGC-MS, real-time chemical ioinsation mass
spectrometry such as PTR-MS and APCI-MS, online ion mobility spectrometers and handheld sampling devices for rapid collection of samples

which allow bedside sampling in clinic but provide samples for more offline analysis in a laboratory.
Wilde, Michael J., 02/05/2018



WMJ3

Challenges

Breath is transient
- Breath cycle
- Patient variability
Breath is moist
Breath composition is
inhomogeneous
- Alveolar air is target
Breath comes through the oral
(and nasal) cavity
- Potential for contamination
(e.g. toothpaste, oral bacteria)
Breath VOCs are at trace levels
- pptV to ppbV

- there are wide variety of
compounds
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WMJ3 Despite wealth of information and availability of analytical technologies, breaht analysis is challenging.
Wilde, Michael J., 02/05/2018



Real-time analysis

Real-time monitoring of VOCs in clinic

Uses a technology called proton transfer reaction-time of flight-mass

spectrometry (PTR-TOF-MS)

Rapid analysis (< 1 min)

Exhaled VOCs as function of time, not just total VOCs

Individual profiles e.g. ‘breath fingerprinting’ for precision medicine
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Real-time analysis LEICESTER

Real-time monitoring of VOCs in clinic
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Into the clinic
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WMJ4 Example of real-time analysis of breath in a hospital, couple of different examples of chemicals markers in different groups of patients
Wilde, Michael J., 02/05/2018



Specific Applications:
Breath Detection of Chewing Gum
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Chromatographic separation
Offline analysis of VOCs

Uses a technology called gas chromatography-mass spectrometry (GC-MS)
and two-dimensional gas chromatography (GCxGC)

Long analysis time (40+ min)
Separation of individual biomarkers

Chromatographic profile e.g. ‘breath fingerprinting’ for precision medicine

UNIVERSITY OF
LEICESTER




WMJ9

Chromatographic separationjs ISt

Offline analysis of VOCs — samples collected at patient bedside
and sent to laboratory
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WMJ9 Samples for offline analysis are collected in clinic.
Wilde, Michael J., 02/05/2018



WMJ10

Into the clinic

. Even after 10 hours, mouth contamination has disappeared
Effects of SmOkmg (after eating, brushing teeth and sleeping), but additional
compounds still present, coming from the body
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WMJ10 Graphical portayal of the effects of smoking on the body. After 10 hours, increased complexity due to smoking is still observed, these

compounds are in the blood and lungs and still being exhaled from the body.
Wilde, Michael J., 02/05/2018
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Bacteria headspace analysis L%

normalised counts

normalised counts
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Bacteria release different metabolites and we can differentiate based on this profile

4.0E+04

3.5E+04 -

3.0E+04 -

2.5E+04 -

2.0E+04 -

1.5E+04

1.0E+04 -

5.0E+03 -

0.0E+00 -

4.0E+04 -

3.5E+04 -

3.0E+04

2.5E+04

2.0E+04 -

1.5E+04

1.0E+04 1

5.0E+03 -

0.0E+00 +

Haemophilus influenzae

15 20 25 30 35

15 20 25 30 35

PC 2 (23.04%)

0.2 T T | T T
|
|
015+ | 4
+mz79 |
+mMz95 |
01 "4 & mzaaurpﬁjﬂzﬁa | *mz33 i
' Fy ‘A‘ | H. !:!fl_}:lf._renzae
005 l : r%}jﬁpmg % o
P. aeruginosa : .mZ??zAﬁ’ 3 /_,."';
| | Y S SRS S S T S AT S Lo o = mzo9e emz57
| <1 +mzB89
+mz18 | <] emz39
+mz36 [
-0.05} S. pneumoniae B
*+mz46 I
- omzaz . |
: vsgzmg :
L Ve 5 | emz71
-0.15F ¥t | .
5. aureus |
|
_02 1 1 1 | 1 1 1
-0.2 -0.15 0.1 -0.05 0 0.05 0.1 0.15

40 45 50 55 60
miz

Streptococcus pneumoniae

65 70

75 80 85 90 95

PC 1 (59.44%)

0.0E+00 WWM%M

0.2

TR e

65 70 75 80 85 90 95

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

miz




Slide 35

WMJ5 These are four common bacterial infections in the lungs. Analysis of the VOCs they release allows different bacteria to be characterised.
Wilde, Michael J., 02/05/2018
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Cystic fibrosis

Use this to detect infection in patients
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WMJe6 Following on the last slides, as it's possible to differentiate different bacteria, it was possible to differentiate patients suffering cystic fibrosis

which had also a lung infection from their breath
Wilde, Michael J., 02/05/2018
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wWMJ7 Analysis of different biopsy samples showed it was possible to differentiate cancer cells and healthy cells, if these chemical differences can be

detected in breath then it would be a valuable diagnostic tool for clincians.
Wilde, Michael J., 02/05/2018



Future outcomes

1) Clinicians- with improved diagnostics and biomarkers

2) Patients- by improved clinical decision making with near-patient, non-invasive
technologies that are widely applicable

3) Health care providers- decision making for optimising allocation of resources

4) Pharmaceutical industry- 'breathomics' as an outcome in early phase
development, stratification, companion diagnostic in the clinic

5) Platform technology industries- improvements in the development of
novel devices with clinical applications and the embedding this new
molecular pathology in health care.
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What have Uni Leicester looked art ...

Security — Chemical Warfare Agents

Food analysis — Is a single malt better?
Automotive emissions — H,S quantification
Medical diagnostic or prognostic

%, Breath analysis

Process monitoring — engine emissions
Consumer Product testing — ‘Watching Paint Dry’
Environmental monitoring or measurement

% Atmospheric Composition, Isobaric
Compounds, Secondary Organic Aerosol

Forensic Science
@8 University of

% Arson, Bodily fluids, Dead Bodies, DoA



AstraZeneca =2

Sampling the patient remotely
for disease diagnosis



Early detection for cancer diagnosis

s

Early Detection "Our Greatest Opportunity™
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Courtesy of Owlstone Ltd
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® £1.1M NHS contract

e [ argest breath biomarker trial ever
undertaken in the world

e Multi-centre across UK, Europe.

e Initial target recruitment 600; ~300
lung cancer patients and 300
controls. Extended to 2,500 to 3,000
for early stage detection.

e NIHR portfolio approved (UKCRN
ID: 19914)

e Chief Investigator: Dr Robert Rintoul

LUNG CANCER INDICATOR DETECTION

¥

Courtesy of Owlstone Ltd
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Biomarker Discovery Phase
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Patient breath sample is 2 Breath biomarkers are
collected in doctor’s surgery. stored on a ‘sorbent tube’
and sent for analysis.

L >
The breath samples are 4 The results are sent back to
analyzed by Owlstone Medical’s the doctor. If biomarkers of
proprietary FAIMS technology. disease are present the patient

is referred for further testing.

Courtesy of Owlstone Ltd
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LUNG CANCER INDICATOR DETECTION

IMPROVED SENSITIVITY AND SPECIFICITY
ACROSS THE DIAGNOSTIC CHAIN

POSITIVE
BREATH TEST

ddds

REFERRED
FOR IMAGING

CT SCAN FOR POSITIVE TEST

Courtesy of Owlstone Ltd
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Analytical science and Parkinson’s diagnosis

The woman who can smell Parkinson's disease

By Elizabeth Quigley
BBC Scotland news

@® 22 October 2015 f

Joy Milne was tested by researchers o see if she could detect people with Parkinson's through a tell-iale odour

Copyright @ 2018 BBC

® v [ <« shae

Dr Tilo Kunath, a Parkinson's UK fellow at Edinburgh
University, was one of the first scientists Joy spoke to.

Early study - tested Joy with six people with Parkinson's and
six without.

- Each wore a t-shirt for a day, then the t-shirts retrieved,

bagged and coded.
"Her accuracy was 11 out of 12. We were quite impressed."

Joy identified six Parkinson’s and was adamant one of the

~ 'control' subjects had Parkinson’s.

Eight months later the control individual informed the
research team that he had been diagnosed with Parkinson’s.

Joy wasn't correct for 11 out of 12, she was actually 12 out of
12.

Inspired a much bigger study



Analytical science and Parkinson’s diagnosis

* Professor Perdita Barran’s research group at the University of Manchester are

collaborating with Joy to characterise the specific chemical odours associated with
Parkinson’s

« Testing t-shirt samples from patients
* Applying Gas Chromatography-Mass Spectrometry to characterise the many
components of the odours captured on the t-shirts

— Laboratory based analytical science for fundamental understanding

« Overall goal is to create a clinical test for the early diagnosis of the disease
— Simple test and/or device
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/" Sample \ Data N / Statistical R
collection / collection analysis

Volatile Analysis : TD-GC-MS

1 —_— b Volatile l |
QI compounds f AT
Sebum N
on gauze .

Disease: 43 participants

Independent discovery and
validation data-set analysis

: e Discovery cohort (n=30)
— PLS-DA modelling
(17 features selected)

Detection

Control: 21 participants E E .
£ 2 » -
z b "I_'_}g'fl.In‘,l.ln;_,._ulr"',l Ll Validation cohort (n=31)
2_5 Time at odar port Retention time ROC -_an_a'l VSiS.
reau st Olfactogram Chromatogram Wilcoxan-Mann-Whitney test

clinics N Fold change calculations

s 4 features selected
Combining MS = Olfactory ,( : ' e/l__
\ and smell E regions of . s ; .:| /}’/’ﬁ/
e \ analysis L i interest / W |:;;,,-{J,-' e
\ = l / \‘\_ g A o YR T s e
\a _/ \\\."‘"—-.__’_ _.—-"j/, \\ — /

Reference: Barran et al, ACS Cent. Sci. 2019, 5, 599-606

Copyright @ 2019 American Chemical Society
Comprehensive analysis of sebum from patients raises the possibility that individuals
s« can be screened noninvasively based on targeted analysis of volatile biomarkers
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The universal analytical scientist
to a home near you soon?

AstraZeneca &

----- COming



Examples of the roving analytical scientist

B e G
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- C 5 o
et Pregrant Peegrant

References: http://www.drinkdriving.orqg, https://skinvision.com, http://uk.clearblue.com
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Ceracor Ember

Non-invasive Hemoglobin monitoring sports training

What is Ember?

Ember is the world's first non-invasive hemoglobin tracker for athletes.

It non-invasively, easily and quickly measures hemoglobin (Hgb) and pulse rate as often and wherever
an athlete desires to provide the data needed to make informed training decisions. Using an advanced,
8 LED sensor, a device paired with your smartphone, Ember measures your hemoglobin and pulse
rate in as fast as 30 seconds. No blood, No labs. No delay,

o
&y corcocor

Values are

| Sensor shines '
Calculated 152 =3

light through Slacdis ! Measurement 4
the finger e communicated
Vit . via BT 4.0
Sensor Ember Phone

Reference: http://www.cercacor.com/#what-is-ember <‘2
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The Science of Hemoglobin Measurement

The principle of pulse oximetry is based on the red and infrared light absorption charactenstics of oxygenated
and deoxygenated hemoglobin. Oxygenated hemoglobin absorbs more infrared light and allows more red light
to pass through. Deoxygenated (or reduced) hemoglobin absorbs more red light and allows more infrared light
to pass through. Red light is in the 800-750 nm wavelength light band, Infrared light is in the 850-1000 nm
wavelength light band.

10 (RED) {INFRARED)
B60nm &10nm
-,
\ y "

[
\H.,

n.t I L 1 i

00 700 &00 00 1000  WAVELENGTH (nm)

Pulse oximetry uses a light emitter with red and infrared LEDs that shines through a reasonably translucent

IR
v

Conventional Emitter/Datector i

b o

Photodetector

Pulse oximetry is a noninvasive
method for monitoring a person's
oxygen saturation (SO,).

A blood-oxygen monitor displays
the percentage of blood that is
loaded with oxygen.

More specifically, it measures
what percentage of hemoglobin,
the protein in blood that carries
oxygen, is loaded

Reference: http://www.oximetry.org/pulseox/principles.htm



Sensors — an evolving area providing new opportunities
Real world example of advances in patient home monitoring
Glucose and Diabetes

GOX(FAD) + glucose—* GO«(FADH2) + glucolactone (1)

Courtesy of Abbott Diabetes Care



Abbott Freestyle Libre

THE FREESTYLE
LIBRE SYSTEM

'J, : The FreeStyle Libre reader

Your cumrent

. . lucose readin
How it works The FreeStyle Libre sensor g L
Atrend arrow

Knaw the dirction your dicoss
i hearding &0 you can make Mo
informed chrices™

Up to 8 hours }
ofglucosahistery 7\
- —

3

# Small and discreet, maasuring

35 mm x & rmm (similar to the - — . .
GET READING aize of a £2/€2 coln) . “ ; ; m n

plus B-hour history J ﬁ ® ‘You can wear It for up to 14 days " » .
3‘1 t{ﬂﬂ#_arr’w _\\ S + Dasigned to be water-resistant Skin ——— —l The sensor mament IS
b;‘:;gguzgﬁ" and worn while bathing, showering, J M
& st swinming and s 3ol folei0) I FZINT R less than 0.4 millimetres
= No finger prick requirad for calibration. Geﬂs [ [} | = i § 3 ;
A ———— ©J e/ ™ ® thick and is inserted
867 % of patants ELrveyed [i=30) agread Tt iha FrasStie LI systan reducas than | e v ’ . N
*A haer prick test using 4 blac! glucoee mekar 5 raguired dring tmaa of rapidly chengir ﬂterst rt| al ﬂU 1(] = - ) = [ {' . HTE
y FAfiFet bl IR et AT TE MR ARMIR AF IMTnFe) ivmnahrsairis s nare : o ¢ " f E— J : |': 5 m” [Imetres Uﬂ der the
(8] = o

] s @ skin surface

Courtesy of Abbott &' D C'OE),
Glucose ——@ | © e o - SR 6 i

Diabetes Care :

Capillary —
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Abbott Freestyle Libre

Dally Patterns

[ Dally Patierns ﬁ B0% of glucose

[(mmolsL) | readings fall
1 within the
i - | . 10th and 90th

percentiles

| Median glucose

leval
12 12
= M| Target glucose
‘ Last 14 Days range

Shows the variability of glucosa kevels
onvar multiple days to ghve a quick
snapzhot of glycaamic control,

61

Time In Target

Time In Target ﬁ
Aove | 75%

in Targer [ 17%
Below ([ 10%

Target Rangs
5.6-T.8 rerenlfL

4 Last14Days [

Shows the parcantage of time glucoss readings
wiera above, below and within the tanget
glucosa rangs, helping mothata patients to gat
mcre of thelr readings within the target range.

Low Glucose Events

Lanalease Gl

Evenis
Tenal Bvents: 5

12 [ 12 & £z
am T pm o pmooam

4] Last 14 Days =

Shows the total numbber of low glucoss events
at 4 different times of day. Low glucoss events
are recordsd when glucosa readings ans lower
than 2.2mmolL for longar than 15 minutss,

Courtesy of Abbott Diabetes Care (‘2



Abbott Freestvle Libre
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Glucose Pattern Insights
December 6, 2014 - Decamber 20, 2014 (14 day)
LOWGLUTIOEE ALLOWRHNCE SETTiNG: Medium

WEDWNGOAL BETTING: 369 mgfdL (ASC: 7.5%, or 55 mmolimel)

Estimated A1c 8.2%, or 66 mmol/mol

E ?mm1mmmmmnqm
Gucose 380
g
m_ ‘

FreeStyleLibrer. 8’

pm  13am  Zam
| o

* ® » l v
. | | | e ©
e O ‘ © ‘ @ | © o
o O © | © o
VEARIABILITY BELOW MEDIAN 15

HIGH!
Tl makes: it diTicUit io achieve e madian ghucoss goal withoot incressing the Skeilhood Of iow giucoss:

Fartors fhat could confribube o varatily below median
[ Emafic: et

[] mecamect or missed mecicaion
[ Alcohod corsumgption
©LOW (O MOERATE (D) Hgn g MEAL iy BETTIVE

[ vanations in achty level
[ liness

Courtesy of Abbott Diabetes Care
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60 m i I I iO n real-world glucose tests reviewed

DIABETES RESEARCH AND CLINICAL FRAETICE

Contents available at SciencsDirect

Diabetes Research
and Clinical Practice

journal homepage: www.elsevier.com/locate/diabres

International
Diabetes
Federation

Real-world flash glucose monitoring patterns and | &

G |

associations between self-monitoring frequency m—
and glycaemic measures: A European analysis of
over 60 million glucose tests

Timothy C. Dunn ®, Yongjin Xu®, Gary Hayter?, Ramzi A. Ajjan®

* Abbott Diabetes Care, 1360 South Loop Road, Alameda, CA, USA
®The LIGHT Laboratories, Leeds Institute of Cardiovascular and Metabolic Medicine, University of Leeds, Leeds LS2 9IT, UK
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Keywards

Flash glucose monitoring

Blood glucose monitoring frequency
Real-world data

Clycaemic measures

63

Aims: Randomised controlled trials demonstrate that using flash glucose monitoring
improves glycaemic control but it is unclear whether this applies outside trial conditions.
We investigated glucose testing patterns in users worldwide under real life settings to
establish testing frequency and association with glycaemic parameters,
Methads: Glucose results were de-identified and uploaded onto a dedicated database once
readers were connected to an internet-ready computer. Data between September 2014 and
May 2016, comprising 50,831 readers and 279,446 sensors worldwide, were analysed. Sean
rate per reader was determined and each reader was sorted intotwenty equally -sized rank-
ordered groups, categorised by scan frequency. Glucose parameters were caleulated for
each group, induding estimated HbAs., time above, below and within range identified as
3.9-10.0 mmol/L.
Results, Users performed a mean of 16.3 scansfday [median (IQR): 14 (10-20)] with 86.4
million hours of readings and 63.8 million scans. Estimated HbA, - gradually reduced from
8.0% to 6.7% (64 to 50 mmol/mol) as scan mate increased from lowest to highest scan groups
(44 and 481 scans/day, respectively; p<.001). Simultanecusly, time below 3.9, 3.1and 2.5
mmol/L decreased by 15%, 40% and 49%, respectively (all p < .001), Time above 10.0 mmol/L
decreased from 10.4 to 5.7 h/day (44%, p < .001) while time in range increased from 12.0 to
16.8 h/day (40%, p < 001). These patterns were consistent across different countries.
Conclusions In real-world conditions, flash glueose monitoring allows frequent glucose
checks with higher rates of scanning linked to improved glycaemic markers, including
increased time in range and reduced time in hyper and hypoglycaemia,
© 2017 Abbott Diabetes Care. Published by Elsevier Ireland Ltd. This is an open accessarticle
under the CC BY-NC-ND license (hitp//ceativecommoi Micenses/by-ne-nd/40),

Copyright @ 2017 Abbott Diabetes Care.
Published by Elsevier Ireland Ltd
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Innovations and a vision of the future

Science fiction
becoming science fact




Portable analytical instruments for detection
of drugs and explosives — Have you been tested?

Copyright @ 2018 Smiths Detection Inc



From lab based analysis to remote continuous monitoring

Today
L '

Key drivers:

* Individual choice and
ownership of data

 Decentralization
 Personalized Medicine
* Mobility !

-\
- O S S S S B e S G e e S S - .-

Central lab Doctor’s office Home Full mobility Continous monitoring

R TRV Courtesy of ACREO g = o



The miniaturised integrated platform

Glucose/Lactate (in-house)

Micro-control
Printed Display

Printed battery

N
Ethanol (SPECSensors)

INTEGRATED
SENSOR
PLATFORM

Printed antenna

Starting button

T

Potentiostat NFC data
‘ transmissio

—
-——

1
’,) ) % n module—.
Rty i‘ :;‘n

| |

Iow s, Courtesy of ACREO g = o
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Targets for detection, our know-how portfolio

Parameter

M

(5

Lactate both

oiucoss [

Creatinine yes

Conductivity** both

e B
Phenylalanine y
B- y!
hydroxybutyrate

Amylase |8

o
Affinity based yes

es
es
es

sensors

Body fluids(blood or
Interstitial fluids)

Sweat or body fluids (blood
or interstitial fluids)

Sweat or body fluids (blood
or interstitial fluids)

Body fluids (blood or
interstitial fluids)

Sweat or body fluids (blood
or interstitial fluids)

Body fluids

Body fluids (blood or
interstitial fluids

Body fluids (blood or
interstitial fluids) or skin
(non-invasive)

Body fluids (blood or
interstitial fluids

blood

blood

saliva
Blood, interstitial fluids,
saliva

Invasive | Where to measure Important for

General assessment of
hospitalised patient conditions
Patient hydration and maybe
wound healing

Patient hydration and other
diseases

Patient hydration and other
diseases

Diabetes or physical activity or
poor oxigenation

Diabetes

Renal function

Evaluation of stress or patient
hydration.

Renal and liver function
Phenylketonuria in newborn

diabetes

Stress

Courtesy of ACREO

Acreo have a proprietary technology
for microneedle sampling

Minimally invasive sampling




More analytical chemistry laboratories you wear
Getting a sweaton...............

*Smart wristband’ [lamee [ AggCi H e | [(Romprmre | [Vomn | [Vor | [ Voot |
\ &“ﬁmhl | I MB} |m’ | m |
N [Cmereri) | [ imeterm) :|wum||m1 |m|

= |

EA

Reference: Nature, Volume 529, January 2016. <\
70 Gao et al, University Of California, Berkeley 2




The analytical chemistry laboratory in your mobile phone
Environmental analysis

A
Reference: Sensors and Actuators B 209 (2015) 677-685. X. Wang et al, University Of lllinois—



There is big challenge for the technology
development

« Specificity

 Validation of measurement

» Cost for end user

» Cost for health service

» Cost/health benefits

* Time to develop

» Ease of use

» Ease of understanding and interpretation

* Very few examples available commercially when you consider the thousands
of publications in the area
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Al is also transforming healthcare....

Al early diagnosis could save heart and 3 -
cancer patients npj | Digital Medicine

www.nature.com/npjdigitalmed
ARTICLE N

Scalable and accurate deep learning with electronic health
records

Alvin Rajkomar:

"2, Eyal Oren', Kai Chen’, Andrew M. Dai, Nissan Hajaj', Michaela Hardt", Peter J. Liu', Xiaobing Liu', Jake Marcus',
Mimi Sun’, Patrik Sundberg’, Hector Yee', Kun Zhang', Yi Zhang", Gerardo Flores', Gavin E. Duggan', Jamie Irvine, Quoc Le",
Kurt Litsch”, Alexander Mossin', Justin Tansuwan', De Wang', James Wexler', Jimbo Wilson', Dana Ludwig?, Samuel L. Volchenbourn®,
Katherine Chou’, Michael Pearson’, Srinivasan Madabushi', Nigam H. Shah', Atul J. Butte?, Michael D. Howell', Claire Cui',

Greg S. Corrado’ and Jeffrey Dean’'

THE ORUG-MAKER'SGUIDETO THEGALAXY

+

ARTICLES nature

hitps: rg/1011038/541551-018-0195-0 biOn1Cd iC'dl (& ﬂgiﬂ(feri ng

Deep learning for

i Stk biology
PredICtlon Of CardlovaSCUIal’ nSk faCtOI’S from How machine learning and big artificial-intelligence method
retinal fundus photographs via deep |earning data are helping chemists provides a powerful tool for
search the vast chemical surveying and classifying
Ryan Poplin'#, Avinash V. Varadarajan'#, Katy Blumer', Yun Liu', Michael V. McConnell??, universe for better medicines. biological data.
Greg S. Corrado’, Lily Peng'#* and Dale R. Webster'* 26 Sep 2017 20 Feb 2018

...diagnosis and prediction of disease progression... and now R&D

74

Copyright @ 2018 BBC & 2018 Springer Nature Limited
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If you can record the mass spectrum of a comet
anything is possible.......

A bit more fun with analytical science in space

A

211
R
Ny



Courtesy of Professor lan Wright



Courtesy of Professor lan Wright



Date and Time
(uTC)

12 - Nov

Ptolemy
measurement

MS sniff

Results

6 Mass spectra

Comments

9 minutes after landing. Water and rich in

15:43:46 (13 minutes) organics

13 - Nov MS sniff 6 Mass spectra  comet day. Mainly water, very low organics
06:35:15 (10 minutes)

13 - Nov MS sniff 6 Mass spectra  comet dusk. Philae in shadow

08:37:18 (10 minutes)

13 - Nov MS sniff 6 Mass spectra comet night

10:39:20 (10 minutes)

13 - Nov MS sniff 6 Mass spectra  comet night.

12:41:21 (10 minutes)

14 - Nov MS sniff 6 Mass spectra comet late night

02:54:36 (2 minutes)

14 - Nov MS sniff 6 Mass spectra  comet early night. Mainly water, very low
12:36:52 (2 minutes) organics

14 - Nov HTO/CASE 275 Mass Attempt to analyse material collected in
22:38:19 (40 minutes) spectra CASE oven during landing and any

concentrated coma.
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ETTAMPS FOR OSIRIS TEAMINAVCAM

Stuck in a ditch: The evidence is unequivocal




wh

Exomars
How long did it take to get there? 7 months




iraparelli separated from TGO
It floated to Mars
It was meant to land

Sh

But crashed!




The home analytical scientist and implications for the future

 Earlier disease diagnosis

Better disease control and medicine compliance
— Less interventions and doctor/hospital visits
— Prediction and understanding of disease exacerbations

Longer term disease understanding (after a medicine is on the market)
— Future design of new medicines

Demonstration of the long term effectiveness of a medicine
Real world data

Potential to save money and resources for the NHS and other health care
providers around the world

— effectiveness of a medicine demonstrated

— pay on performance

» Data transferred to doctor/hospital/pharmaceutical companies
— Remote intervention and advice

83



The big BUT

« Big Data evaluation and interpretation

« Misuse or misunderstanding of the data
— may encourages episodic treatment
— only taking medicine when the device says there is a problem

— qguaranteeing the data is simply presented, easily interpreted and correctly
understood
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So finally........

What are your thoughts on
this vision of the future?
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