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Incidence of ARDS

* 7% ICU admissions and 20% patients requiring
mechanical ventilation

* Mortality ranges 25 — 65%
— Greater than asthma, breast cancer and HIV

« 15,000 cases of ALI and 4,000-5,000 deaths per
year in UK and lreland
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Presentation of ARDS




ARDS clinical definition

Table 3. The Berlin Definition of Acute Respiratory Distress Syndrome

Acute Respiratory Distress Syndrome

Timing Within 1 week of a known clinical insult or new or worsening respiratory
symptoms

Chest imaging? Bilateral opacities—not fully explained by effusions, lobar/lung collapse, or
nodules

Origin of edema Respiratory failure not fully explained by cardiac failure or fluid overload

Need objective assessment (eg, echocardiography) to exclude hydrostatic
edema if no risk factor present

Oxygenation®
Mild 200 mm Hg < Pao./Fio, = 300 mm Hg with PEEP or CPAP =5 cm H,O°
Moderate 100 mm Hg < Pa0,/Fl10, = 200 mm Hg with PEEP =5 cm H,O
Severe Pa0./FI0, = 100 mm Hg with PEEP =5 cm H,O

Abbreviations: CPAP, continuous positive airway pressure; FIO,, fraction of inspired oxygen; Pao,, partial pressure of
arterial oxygen; PEEP, positive end-expiratory pressure.

aChest radiograph or computed tomography scan.
If altitude is higher than 1000 m, the correction factor should be calculated as follows: [Pa0./FIO, X (barometric pressure/
760)].

CThis may be delivered noninvasively in the mild acute respiratory distress syndrome group.

ARDS Taskforce, JAMA. 2012;307(23):2526-2533



Aetiology of ARDS

e Direct lung injury

Pneumonia (also ‘flu)
Aspiration

Inhalation

Contusion

Fat/amniotic fluid embolism
Near drowning
Reperfusion/re-expansion
injury

Transfusion related injury
Ventilator associated injury

ARDS Taskforce, JAMA. 2012;307(23):2526-2533

* Indirect lung injury

Systemic sepsis

Trauma

Shock

Pancreatitis
Cardiopulmonary bypass
Reperfusion

Drug overdose

Blood products

O



Pathophysiology of ARDS

Normal Alveolus Injured Alveolus during the Acute Phase
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Pathophysiology summary
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50+ years of ARDS research

THE LANCET
Respiratory Medicine

No pharmacological therapy

- Protective ventilation

- Neuromuscular blockade?

- Prone positioning

- Conservative fluid
management



In vivo vs clinical studies in ARDS




Translating animal data to man

© Mike Baldwin / Cornered

Vort werry,
| Wad Yle same

=+, hg anQ they

First clue that the latest medical
breakthrough isn’t quite there yet. Q



In vivo research

JAMA Network

Highly cited animal
5 Letter studies of a therapeutic

(f)  October 2006 iIntervention
sz Translation of Research Evidence

voev  From Animals to Humans - 37% replicated effect in

Daniel G. Hackam, MD; Donald A. Redelmeier, MD, MSHSR

Article Information CI i n ical tri al

JAMA. 2006;296(14):1727-1732. doi:10.1001/jama.296.14.1731

To the Editor: Most medical therapies in use today were initially developed and 1 8 0/0 O p pOS ite fi n d i n g S

tested in animals,! yet animal experiments often fail to replicate when tested in

rigorous human trials.23 We conducted a systematic review to determine how ' P '
in clinical trial

often highly cited animal studies translate into successful human research.

—7.\ ).\ Journals v  Enter Search Term

Methods

The 7 leading scientific journals by citation impact factor (Journal Citation Re- :
Remainder ?untested

ports, Thomson Scientific, Philadelphia, Pa, 2004) that regularly publish original
animal studies were searched: Science, Nature, Cell, Nature Medicine, Nature Ge-
netics, Nature Immunology, and Nature Biotechnology. Articles with more than

500 citations were retrieved under the assumbtion that such nrominent findinas



Why mice are easy to study/cure

Genetically very * |dentical insult

similar (nature/magnitude &
Animals same age timing)

Often same gender * Usually no co-morbidity
Bred in pathogen- * Infrequently multiple
free environment medications

Same diet

O



e Not human....

Examples from ARDS and sepsis

 Different molecules regulate fundamental
innate Immune responses e.g. IL-8 Is
absent in mice

* Profound species variation in response to
simple insult (LPS)



Response to LPS in mice and

humans

Genomic responses in mouse models poorly mimic
human inflammatory diseases

Junhee Seok®’, H. Shaw Warren®’, Alex G. Cuenca“', Michael N. Mindrinos®, Henry V. Baker¢, Weihong Xu?,

Daniel R. Richards®, Grace P. McDonald-Smith®, Hong Gao?®, Laura Hennessy’, Celeste C. Finnerty?, Cecilia M. Lopez°,
Shari Honari', Ernest E. Moore", Joseph P. Minei', Joseph Cuschieril, Paul E. Bankey¥, Jeffrey L. Johnson", Jason Sperry',
Avery B. Nathens™, Timothy R. Billiar', Michael A. West", Marc G. Jeschke®, Matthew B. Kleinl, Richard L. Gamelli®,
Nicole S. Gibran!, Bernard H. Brownstein®, Carol Miller-Graziano¥, Steve E. Calvano", Philip H. Mason®, J. Perren Cobb®,
Laurence G. Rahme", Stephen F. Lowry™?, Ronald V. Maier, Lyle L. Moldawer<, David N. Herndon?, Ronald W. Davis®>,
Wenzhong Xiao®*3, Ronald G. Tompkins“3, and the Inflammation and Host Response to Injury, Large Scale Collaborative
Research Program*

PNAS 2013 110(9) pp 3507-12



Response to LPS in mice and

humans

1104 ‘\Il, WMIITWUUT e VI TIWI TN W T 0 ISl Ny WY JITWYY LITUILy AT LD lvuul T A% L.

inflammatory stresses from different etiologies result in highly
similar genomic responses in humans, the responses in correspond-
ing mouse models correlate poorly with the human conditions and
also, one another. Among genes changed significantly in humans,
the murine orthologs are close to random in matching their human
counterparts (e.g., R* between 0.0 and 0.1). In addition to improve-

O



Response to LPS in mice and

humans
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inflammatory stresses from different etiologies result in highly
similar genomic responses in humans, the responses in correspond-
ing mouse models correlate poorly with the human conditions and

also nother. Among genes changed significantiy-in-humans,
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Can we improve pre-clinical models?




In vivo human basic research

 Human challenge models e.g. LPS inhalation
or administration i.v.

* Blood, urine and bronchoalveolar lavage (BAL)
sampling

» Study cellular, inflammatory and
immunological responses to injury



Healthy volunteer inhaled LPS model




Healthy volunteer inhaled LPS model

FEV1

Bronchoscopy & BAL

Pre-treat

|

Plasma

\

FEV1
Plasma

\

| 6 hours

18 hours

t

T=0
FEVA1
Plasma
LPS inhalation using a
breath activated

nebulizer
50mcg LPS



Healthy volunteer inhaled LPS model

FEV1 k; i
Bronchoscopy & BAL FEV1 : S .
Plasma -
Pre-treat Plasma - P
} } }
| 6 hours 18 hours
T=0
FEV1
Plasma

LPS inhalation using a
breath activated
nebulizer
50mcg LPS

Queen’s University
Belfast



Inhaled LPS induces inflammatory

cytokines in pulmonary compartment

150, . 100, * 600-
T J Normal
75 * = LPS
BaL 100, BAL BAL 400
TNF IL18 50 IL8
(pg/ml) /ml /ml
501 (pg/ml) (pg/ml) o
25
o o — 0L ———
p = 0.0006, unpaired t test p = 0.0056, unpaired t test p <0.0001, unpaired t test
Also drives

- neutrophil recruitment to alveolar space

- protease activity
- alveolar epithelial and endothelial injury



Basic human /n vivo research

Proof of concept that an
intervention may work
in whole human

Predict effect size in
human study

May give PK/PD data

Mechanistic data from
biological samples

Limited severity of insult

Often biological rather
than physiological
response

Limited sampling (blood,
urine, airway)

Repeat injury/ sampling

limited



Ex vivo human research




Human ex vivo lung perfusion

Computer-based data
acquisition system

Pressure transducers ﬂ * Mass

transducer
Ventilator C |
Peristaltic =
BUMD / =
Lung
Sealed inner 5 _
container = —— assive
e @/——- pulmonary
. venous
s drainage
Perfusate
Reservoir
37°C water bath

Proudfoot AG et al. Disease Models & Mechanisms 2011 4: 145-153



Human ex vivo lung perfusion

Surgical preparation of lung

Begin perfusion without blood  Intervention
AFC and BAL in RUL AFC and BAL in RML
or LUL (Control) or LLL (Endotoxin)
}
1 hr 1 hr 4 hrs

- Lung temp 36° C
- Apply CPAP

Add 100 ml fresh whole blood to
perfusate

Instill 0.1 mg/kg of endotoxin into the
airspaces of the RML or LLL



Histological evidence of ARDS

Control LPS
Lung Lobe Lung Lobe

Absolute Neutrophil Counts

916x1(§3 cells 25125x1(§5 cells




Impaired alveolar fluid clearance

Alveolar fluid 15 |
clearance (%/h)

Control No Blood Blood

+ LPS

O



Cytokine response in ex vivo lung

consistent with ALI

5000- 15000- 90000, *
E 4000 = x ~
> S 10000 £ 60000]
£ 3000 . 2 S
2 3 >
2 i LL i
= 2000 Z 50001 = 30000
1000-
0+—— : 0- 0-
Control LPS Control LPS Control LPS
(0.1 mg/kg) (0.1 mg/kg) (0.1 mg/kg)
Similar to LPS inhalation But also
- Neutrophil recruitment - Pulmonary edema

- Protease activity - Permeability markers Q



Other advantages of ex vivo lung injury

model

» Can use live bacterial infection/ other
injuries

* Physiological parameters

* Whole lung tissue environment

* Proof of concept an intervention can
have an effect in human tissue



Limitations of ex vivo lung injury model

» |solated perfused lung — no haematopoietic/
reticuloendothelial system, no liver or kidney

» Short-lived

* Organs usually impaired at baseline —
variability

* Noisy system — age, smoking, gender, race,
co-morbidity, medication

» Variable cold-ischaemic time Q



Using the models for pre-clinical testing of

therapeutics
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KGF in vivo
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KGF in healthy volunteer model of ARDS

Randomized
(n=39)
Allocated to placebo (n=20) Allocated to KGF (n=19)

l

Proceeded to LPS inhalation and
bronchoalveolar lavage (n=16)

Proceeded to LPS inhalation and Did not proceed to LPS inhalation
bronchoalveolar lavage (n=20) and lavage (n=3)

-abnormal baseline LFTS (n=1)

-upper respiratory tract — LPS
inhalation and bronchoscopy
contraindicated (n=1)

-facial itch and tongue swelling:
withdrew from study (n=1)

| l

Analysed (n=20) Analysed (n= 16)

AJRCCM 2014; 189(12) pp 1520-29

Queen’s University
Belfast



KGF in healthy volunteer model of ARDS

1500+

BAL SP-D
(ng/m|) 1000+

500+

Placebo

BAL GM-CSF
(pg/ml) 397

Placebo

AJRCCM 2014; 189(12) pp 1520-29

Palifermin

Palifermin
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" z
20
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Anti-GM-CSF-R -

Queen’s University
Belfast
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KGF Iin the ex vivo perfused lung model of

ARDS
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PNAS 2009 22;106(38):16357—-16362.



KGF

>0y M Keratinocyte growth factor for the treatment of the acute
~ respiratory distress syndrome (KARE): a randomised,
double-blind, placebo-controlled phase 2 trial

Daniel F McAuley, L Mark Cross, Umar Hamid, Evie Gardner, | Stuart Elborn, Kathy M Cullen, Ahilanandan Dushianthan, Michael PW Grocott,
Michael A Matthay, Cecilia M O’Kane

Summary

9}{!5@’5 University
Lancet Respiratory Medicine 2017; 5(6) pp 484-91



KGF

>0y M Keratinocyte growth factor for the treatment of the acute
~ respiratory distress syndrome (KARE): a randomised,
double-blind, placebo-controlled phase 2 trial

Daniel F McAuley, L Mark Cross, Umar Hamid, Evie Gardner, | Stuart Elborn, Kathy M Cullen, Ahilanandan Dushianthan, Michael PW Grocott,
Michael A Matthay, Cecilia M O’Kane

Summary 368 assessed for eligibility

308 excluded

213 did not meet eligibility criteria
—p 43 did not give consent
52 other reasons

A 4
60 randomised

v v

29 allocated to KGF 31 allocated to placebo
29 included inthe 31included inthe

intention-to-treat analysis intention-to-treat analysis e T——
Lueens university
Belfast »
Lancet Respiratory Medicine 2017; 5(6) pp 484-91 Q



KGF

>@ "y W Keratinocyte growth factor for the treatment of the acute
~ respiratory distress syndrome (KARE): a randomised,
double-blind, placebo-controlled phase 2 trial

Daniel F McAuley, L) Mark Cross, Umar Hamid, Evie Gardner, | Stuart Elborn, Kathy M Cullen, Ahilanandan Dushianthan, Michael PW Grocott,

Michael A Matthay, Cecilia M O’Kane

Summary
KGF group Placebo group Mean difference p value
(95%C1)
Oxygenation index
Last available OI* -
Day 3 669 (55-0;n=29)  60-1(454;n=31) 6.8 (-192t032:8) 0.60
Day 7 (primary outcome) 62-3(57-8;n=29) 431(33:5;n=31) 192 (-5-6t044-0) 013
Day 14 59-4 (58-4;n=29) 30-1(24-2;n=31) 293 (5-6t053-:0) 0-02
Measured OIf
Day 3 628 (50-1;n=26) 609 (45:9;n=30) 1.8 (-23-9t027-6) 0-89
Day 7 454 (321;n=23) 486 (386;n=21) -32(-248t0183) 076
Day 14 52:9(35-2;n=11) 433 (37-2;n=5) 96 (31-8to51:0)  0-63
Respiratory compliance
Day3 486 (16-4;n=16)  53.5(28-8;n=20) -4-8(-213t011:6) 055
Day7 511(252;n=14)  651(154;n=7) -14-0(-35-9t07:9) 020
Day14 45-0 (10-4;n=6)  77:5% (n=1)
Pa0,/F10, ratiot
Day3 231(91;n=26) 203 (6-0;n=31) 2.8 (-1-4t07-1) 018
Day7 27:6 (10-4;n=23) 246 (7-6;n=21) 3.0 (-2:6t0 8:6) 029
Day 14 272 (12:0;n=11) 213 (9:0;n=7) 59(53t0o172) 028

Lancet Respiratory Medicine 2017; 5(6) pp 484-91

Queen’s University
Belfast



KGF

> @ % W Keratinocyte growth factor for the treatment of the acute

CrossMark

KGF group

respiratory distress syndrome (KARE): a randomised,
double-blind, placebo-controlled phase 2 trial

Daniel F McAuley, L Mark Cross, Umar Hamid, Evie Gardner, | Stuart Elborn, Kathy M Cullen, Ahilanandan Dushianthan, Michael PW Grocott,
Michael A Matthay, Cecilia M O’Kane

Summary

Placebo group

Mean difference
(95% Cl)

p value

Oxygenation index
Last available OI*
Day 3
Day 7 (primary outcome)
Day 14
Measured Ol
Day 3
Day7
Day 14
Respiratory compliance
Day3
Day7
Day 14
Pa0,/F10, ratiot
Day3
Day7
Day 14

669 (55-0; n=29)
623 (57-8; n=29)
59-4 (58-4; n=29)

62-8 (50-1; n=26)
45-4 (32-1; n=23)
52:9 (35-2; n=11)

486 (16-4; n=16)
511 (25:2; n=14)
450 (10-4; n=6)

231(9:1; n=26)
27-6 (10-4; n=23)
272 (12:0; n=11)

60-1(45-4; n=31)
431(33-5; n=31)
301 (24-2; n=31)

60-9 (45-9; n=30)
486 (386, n=21)
433 (37-2; n=5)

535 (28-8; n=20)
651 (15-4; n=7)
7755 (n=1)

203 (6:0; n=31)
24-6 (7-6;n=21)
21:3(9:0;n=7)

68 (-19-2t032-8)
19:2 (-5-6 to 44-0)
293 (5-6t053-0)

1.8 (-23-9t0 27-6)
-32(-24-8t0183)
9-6 (31-8t0 51-0)

-4-8 (213t011.6)
-14.0(-359t07-9)

2.8 (-1-4t071)
3.0 (-2:6t0 8-6)
59 (-53t017-2)

Lancet Respiratory Medicine 2017; 5(6) pp 484-91

0-60
013
0-02

0-89
0-76
0-63

0-55
0-20

0-18
029
0-28

KGFgroup  Placebo Median difference or risk ratio
(n=29) group (n=31) (95%l)
Ventilator-free days to day 28 1(0-17) 20(13-22) -8 (-17to-2)
Duration of ventilation, days* 16 (13-30)  11(8-16) 6 (2to14)
ICU stay (days)* 22(14-32) 12 (10-19) 9(3to17)
Hospital length of stay (days)* 39 (30-67) 23(18-33) 17 (7to33)
28-day mortality 9 (31%) 3(10%) 32 (1-0t0107)
90-day mortality 13 (45%) 5(16%) 2-8(1-1t0 6-8)
ICU mortality 12 (41%) 2 (7%) 6-4(1-6t026-2)
Hospital mortality 14 (48%) 4(13%) 3-7(1-4t0101)
1-year mortality 15 (52%) 8 (26%) 2:0(1-0t0 4-0)
Queen’s University
B¢




Aspirin

Queen’s University
Belfast



Aspirin improves outcome in a

murine model of ARDS
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Effect of Aspirin on REducing iNflammation in an

in vivo model of Acute lung injury - ARENA

Day 1-7 FEV1

Oral aspirin Bronchoscopy & BAL PII:EW
or placebo Plasma asma
| 6 hours | 18 hours

t

Day 7
FEVA
Plasma
LPS inhalation using a
breath activated
nebulizer



ARENA

Inclusion Exclusion
« 18yrs or over * Pregnancy/breastfeeding
* Healthy volunteers * h/o asthma
* No regular medication * h/o aspirin/NSAID sensitivity
* Aspirin/NSAID use in past
4/52

* h/o peptic ulcer
« Platelets <150x108/ml



Healthy volunteer (ARENA) study

Healthy volunteers
assessed for eligibility (n = 60)

| 25 excluded due to
> failure to meet the
»1/ inclusion criteria

Randomised
n=35

Randomized to placebo (n=14) Randomized to aspirin (n=21)
> excluded S withdrew

(n=1) (n=1)

\4 \4
Received placebo, and completed study Received aspirin, and completed study
(n=13) (n=20)

Queen’s University
Belfast



Aspirin in human EVLP model

Surgical preparation

of lung
BAL BAL
(Baseline) (LPS)
1 hr 4 hrs
Re-warm Add 100 ml fresh whole blood
CPAP Randomised to aspirin or placebo
Instill 6mg LPS




Aspirin reduces BAL neutrophilia

LPS inhalation in HVs

B_
*
- —_—
BAL
neutrophils 4 _
x10%/ml

o I
— | —

i il
Placebo Aspirin

p=0.03

Thorax 2017, 72 (11):971-80

BAL

neutrophils 204

x105/ml

EVLP model
404
304
%
10
0
Placebo Aspirin
p=0.02

Queen’s University
Belfast



Aspirin reduces histological injury

Placebo Aspirin

Lung injury 31
severity score

Placebo Aspirin

*p<0.05

Scale bar 100

Queen’s University

Thorax 2017, 72 (11):971-80 Belfast



Aspirin reduces BAL inflammatory cytokines

400+ 2500+
* 20004
300 *
BAL paL 19004
TNFo 2007 IL-6
(pg/ml) (pg/ml) 1000+
Mo —— 5004 —T—
0 . — 0 . .
Placebo Aspirin Placebo Aspirin
p=0.04 p=0.03

Trend towards reduction in IL-13 (p=0.07), IL-8 (p=0.15), but underpowered

Queen’s University
Thorax 2017, 72 (11):971-80 Belfast



STAR (aSpirin as a Treatment for ARDS)

Daily screening of mechanical ventilated patients:
Does the patient have a diagnosis of ARDS?
Onset < 7 days and PaO, /FiO, ratio <40kPa on PEEP >5 cmH,0
and
bilateral infiltrates on chest x-ray and not due to cardiac disease

Excluded
Assessment .
of patients a) failure to fulfil
with ARDS inclusion criteria
for eligibility or b) meets
exclusion criteria

Consent sought from Excluded
the Per LR or Prof LR consent declined

Randomised (N=60) }

(
(

[ Placebo (N=30) } [ Aspirin (N=30) ]

Data collection:
Pulmonary and non-pulmonary organ function
ICU and hospital outcomes ) ) y
Safety Queen’s University
BAL, blood and urine samples Belfast




Simvastatin




Simvastatin /in vivo
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Simvastatin in healthy volunteer model

Day 1-3 Day 4
Simvastatin (n=20)  Simvastatin or placebo
or placeba (n=10) under supervision

l 1 hr 6 hr 18hr
—
I I II I I i *
Pilasma FEWYW1 FEW1 FEW1
LPS inhalation BalL Plasma

Queen’s University
Belfast



Simvastatin in healthy volunteer model

A 150+ A 200 - B 20000 +
N *
15000 - i i
MPO 100+ * TNF(I {r\:]t]dfi’-lg
(ng/ml) (pg/ml) 100 10000 i
50 :
— T 5000 -
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20
0

(é)u{een’s University
elfast
AJRCCM 2009 179(12) 1107-1114



Simvastatin in healthy volunteer model
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HARP (HMGCo-A Reductase inhibition to

Prevent ALlI)

Assessed for eligibility (n=177)

Excluded (n=117)

20.1% Elevated transaminases
20% Statin pre-treatment

18% Elevated CK level
—* | 12% Consent declined

6% Severe liver disease

6% Age <18years

6% In a clinical trial

3% No Nasogastric tube

3% Not receiving enteral feed

6% Miscellaneous

Randomisation (n=60)

/\.

Allocated to control group (n=30) Allocated to intervention {(n=30)
Lost to follow up (n=0) Lost to follow up (n=0)
Analysed (n=30) Analysed (n=30)
Queen’s University
Lost to follow up (n=0) Lost to follow up (n=0} Belfast

AJRCCM 2011 183(5)



HARP (HMGCo-A Reductase inhibition to

Prevent ALlI)

A I Simvastatin
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HARP-2

5926 Patients were assessed for eligibility

5386 Were excluded
9 Were <16 yr of age
312 Were not intubated and ventilated
719 Were assessed >48 hr after onset of ARDS
15 Were known to be pregnant
194 Had an elevated creatine kinase level
342 Had an elevated aminotransferase level
340 Had an interaction with concomitant drug
235 Had severe renal impairment and were not
- receiving renal-replacement therapy
223 Had severe liver disease
1803 Had received statins within the previous 2 wk
75 Required a statin for a proven indication
117 Had a contraindication to enteral drug
administration
103 Were enrolled in another drug trial
309 Were having treatment imminently withdrawn
197 Declined consent
836 Had other reasons

540 Underwent randomization

l l

259 Were assigned to receive simvastatin 281 Were assigned to receive placebo
254 Received simvastatin 278 Received placebo
5 Did not receive simvastatin 3 Did not receive placebo

2 Were receiving a statin 1 Had elevated creatine kinase level

1 Had elevated aminotransferase 1 Withdrew consent
level 1 Had other reason

2 Were unable to have nasogastric
tube inserted

1 Was lost to follow-up -] — 2 Withdrew consent

J '

Belfast

258 Were included in primary analysis 279 Were included in primary analysis ‘ Queen’s University

NEJM 2014 371:1695-1703



HARP-2

A Unassisted Breathing B Survival
1.0+ 1.0
0.9 Simvastatin 0.9
2 Simvastatin
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5 _
5 0.7 Placebo ‘g 0.7+ Placebo
b o] 2
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2 (7]
g s
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- ] -~ =
%S 0.4+ E 0.4-
2 = o
;; 0.3 — a 0.3
'§ 0.2 i Hazard ratio, 0.84 (95% Cl, 0.68-1.03) 0.2 Hazard ratio, 1.25 (95% Cl, 0.88-1.76)
o - P=0.09 P=0.20
0.1 0.1
-
0.0—-== T T T 1 0.0 T T T 1
0 7 14 21 28 0 7 14 21 28
Days Days
No. at Risk No. at Risk
Simvastatin 258 166 87 43 19 Simvastatin 259 238 217 208 202
Placebo 279 178 102 60 33 Placebo 280 250 231 220 205

NEJM 2014 371:1695-1703

Queen’s University
Belfast



HARP-2 — health economic analysis

£6.000 Simvastatin more costly Simvastatin more costly

and less effective than and more effective than
placebo placebo
£4. 000 . WTP threshold
£20,000/QALY
*
£2,000 .
2]
m EO r T T - 1
°]
0 /
o -£2,000
e
o
£ -£4,000
Q
-
§ -£6,000 0
-£8,000
-£10,000  simvastatinless costly T O o Simvastatin less costly
and less effective than and more effective than
£12.000 placebo ] placebo
-0.15 -0.10 -0.05 - 0.05 0.10 0.15 0.20 0.25

Incremental QALYs

Queen’s University
Belfast

Crit Care 2017 21(1):108



S0 why do the trials show no significant

difference?




S0 why do the trials show no significant

difference?

Drug toxic but
beneficial

I
{}ﬁﬁ /Same diagnosis, %
same prescription %

Drug NOT toxic and D HUT t
NOT beneficial ar:;’g bamﬁcul?f

Drug toxic but
NOT beneficial

”' \Patlantgmup / "




Patients with ARDS are not all the same

Lancet Respir Med. Author manuscript; available in PMC 2015 Aug 1. PMCID: PMC4154544
Published in final edited form as: NIHMSID: NIHMS618882
Lancet Respir Med. 2014 Aug; 2(8): 611-620. PMID: 24853585

Published online 2014 May 19. doi: 10.1016/S2213-2600(14)70097-9

Latent Class Analysis of ARDS Subphenotypes: Analysis of Data
From Two Randomized Controlled Trials

Carolyn S. Calfee, M.D., MAS,1 Kevin Delucchi, PhD.,2 Polly E. Parsons, M.D.,3 B. Taylor Thompson,
M.D.,*5 Lorraine B. Ware, M.D.,® Michael A. Matthay, M.D.,"7 and the NHLBI ARDS Network

“‘Hypoinflammatory” “‘Hyperinflammatory”
ARDS ARDS
Class 1 Class 2
90d Mortality 19% 51%
Ventilator Free
Days 18.4 8.3
Organ Failure 16.5 8.4

Free Days

p-value

<0.001

<0.001

<0.001

Queen’s University
Belfast



Subphenotypes in ARDS

Class 1 (n=354) Class 2 (n=186)
28 Day Mortality, n (%) 59 (17%) 73 (39%)
90 Day Mortality, n (%) 78 (22%) 87 (46%)
Ventilator-Free Days, 18 (0-23) 2 (0-17)
median (25-75%)
Non-pulmonary organ 27 (21-28) 15 (0-25)
failure-free days, median
(25-75%)

Class 1 subphenotype — non-hyperinflammed
Class 2 subphenotype - hyperinflammed

p-value
<0.0001
<0.0001
<0.0001

<0.0001



Simvastatin treatment is associated with

shorter duration of ventilation in class 2

Time To Unassisted Breathing
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Simvastatin is associated with increased

survival in class 2

1.0 4

0.8

0.6 -

vival Probability

0.4 -

Sur
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* Post hoc analysis

* Full latent class analysis dependent on a
wide range of biomarkers and clinical data

« Can it be simplified?

« Can it be used to prospectively define a

hyperinflammed and non-hyperinflammed
cohort in ARDS?



Simplification

@ _ ';’; : :
= Parsimonious 4
e[ variable model
2 ' - STNFR1
53! - IL-6
g - I = HCO3_
I —— 3-variable model (AUC 0.94) - vasopressor use
o || ~= 4-variable model (AUC 0.95)
< I I I I ! I
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Queen’s University
Belfast
Pratik et al. Lancet Resp. Med. 2019 (in press) Q ,



Prospective identification”?

. HCO,-
* VAasSopressor use
. sTNFR1

. IL-6



Prospective identification”?

¢ HCO3_

. Ssor use
* STNFR1
« |L-6




Prospective identification”?

¢ HCO3_

* SSOr use
« STNFR1
 |L-6
\ Currently measured by

Immunoassay




ELISA

Direct Sandwich ELISA

Substrate Addition,
Immobilised Addition of Conjugated Signal Detection, &
Capturing Antibody Antigen Detecton Antibody Quantification

Issues

- Time (overnight incubation and 8 hours)
- Accuracy / what it measures

- Costs (1 plate = 40 samples)

- Laboratory trained personnel

Queen’s University
Belfast



Faster solutions

- Automated and faster results

- Designed for multiple samples
- Laboratory grade environment
- Skilled personnel

- Costs




Faster solutions

- Automated and faster results

- Designed for multiple samples
- Laboratory grade environment
- Skilled personnel

- Costs

STUDY

IND

Phenotypes IN ARDS




PHIND

Collaboration with Randox

Develop point of care (POC) assay to measure |IL-6 and
sTNFR1 in plasma

2.1 System Components
The Evidence MultiSTAT system comprises of six main components:
e Touch Screen User Interface e Robotics (internal)

¢ Reagent Cartridge Loading Bay ® Incubator (internal)
e Computer (internal) e CCD Imaging Unit (internal)

Touch Scr
o — Ventilation

Waste / Tip
Cartridge
Drawer
Power Button
2 x USB Ports
Door /
Front Panel

Reagent Cartridge Drawer

Figure 2.1 Evidence MultiSTAT Analyser (B‘Jeu{qutns University
Alf3




PHIND

« Multi-centre, prospective cohort study (n=480)

« Use assay, along with serum HCO; and requirement for
vasopressors, to assign subphenotype

« Assess clinical outcomes in prospectively defined sub-
phenotypes (28 day mortality)

« End of study compare assignation using POC assay
against traditional lab ELISAs

@ STUDY
‘ Phenotypes IN ARDS r\‘:‘f ‘ﬁ?’:; UJ ﬂ.]\."';t'/fv]:}'



PHIND — expected outcomes

* Prospectively confirm existence of the subphenotypes in
ARDS

« Confirm if prospective identification is possible using POC
assay and parsimonious model

* Proceed to Stratified-HARP: randomize patients in the
hyperinflammed group to simvastatin vs placebo

« Explore potential for other precision studies in both
phenotypes

Further mechanistic work to understand endotypes

(]
> ‘;i:,,y{r;:;‘::,a:';; Jniversity
4 Q |



PHIND — progress

« Completing final validation of POC assay on existing
samples

 Installation of POC analysers in 20 ICUs beginning

S
4



Can subphenotypes help us identify
treatable traits?




Can subphenotypes help us identify

treatable traits?

Phenotypes

Enrich
clinical trials
with
population
most likely to
benefit from
specific
Interventio

Queen’s University
Belfast

Endotypes

TreatableTraits




An accepted strategy in other disciplines

PHATOGENESYs
AlT-Allergen immunoTheropy
Omalizumab
AntiL TRs Quilizumab
ocs Mepolizumab

Lebrikizumab

Chromones TH, HIGH = i " Reslizumab
Benralizumab

< . Tralokinumahb
: Y . . Anrukizumab
Pitrakinre
0
' Brodalumab
TH, LOW o TSLP (AMG 157)
a CRTH,
Macrolides

Bagnasco et al. Exp.Rev.Resp.Med. 2016

PREDICTIVE
BIOMARKERS

of RESPONSE

M Queen’s University
Belfast



An accepted strategy in multiple disciplines

Hyperlipidaemia

" Breast sy - HEV
,,,,, g

cancer




Challenges

Defining pre-clinical models and human models
which reflect subphenotypes in ARDS

Determining if models more useful in testing novel
therapeutic agents in specific subphenotypes

Mechanistic studies to understand biology of
given endotypes to predict targets for intervention

O
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