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NEJM 2012

‘In recent decades, biomarkers have become
essential in diagnosing disease and assessing
response to therapy. The increasing quantitative
rigor and efficiency of these tests have led to the

possibility of ‘personalized medicine’. Despite
such progress, the way in which a physician uses
biomarkers recapitulates an enduring practice of
medicine: measure the patient, think about the
result and make a decision’

Aaron S. Kesselheim, M.D., J.D., M.P.H., and Jason Karlawish, M.D.




BIOMARKER

e |Indicator of either
—a normal or pathogenic processes
—a response to therapeutic interventions

e Objectively measured and evaluated

e Generally a substance or molecule

National Institute of Health
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ADVANCED PHYSIOLOGICAL BIOMARKER

e |Indicator of either
—a normal or pathogenic processes
—a response to therapeutic interventions

e Objectively measured and evaluated

e -Generally-asubstance-ormoiecuie—
National Institute of Health




ADVANCED PHYSIOLOGICAL BIOMARKER

Diagnostic marker
Marker of disease severity

Marker of disease progression

Marker of treatment effect




ADVANCED PHYSIOLOGICAL BIOMARKER

Diagnostic marker
Marker of disease severity

Marker of disease progression
Marker of treatment}b@ failure







MYOTRACE PROGRAMME:

Advanced Respiratory Physiological Monitoring

e Breathlessness is a subjective condition
reported by the patient (SYMPTOM)

e Dyspnoea is an objective condition reported by
the clinician (SIGN)




MYOTRACE PROGRAMME:

Advanced Respiratory Physiological Monitoring

e Breathlessness is a subjective condition
reported by the patient (SYMPTOM)

e Dyspnoea is an objective condition reported by
the clinician (SIGN)

How do we integrate these subjective and objective
measurements?

How do we translate these measurements into clinical
practice?







US data has shown that AECOPD account for
— 1.5 million ED attendances

— 726,000 hospitalisations

— 119,000 deaths

Direct costs have been estimated at $29.5 billion with
indirect costs of $20.4 billion

UK data has shown that AECOPD has 20% hospital
readmission rate within 28 days and up to a third of
patients readmitted within 3 months

UK & US incentivised performance by the introduction
of financial penalties for patients who are readmitted
to acute hospitals within 28 days

Mannino DM et al: Chronic obstructive pulmonary disease surveillance--United States, 1971-2000. MMWR National COPD Resources and Outcomes Project (NCROP) http://wwwbrit-
Surveill Summ 2002, 51(6):1-16 thoracicorguk/Portals/0/Clinical%20Information/COPD/NCROP/NCROPClinicalAuditpdf

U.S. Department of Health and Human Services NloH, National Heart Lung and Blood Institute.: Morbidity ~ Report of the 2003 National COPD Audit. The Royal College of Physicians and the British Thoracic Society
and Mortality: Chartbook on Cardiovascular, Lung and Blood Diseases. 2009 2004

Chronic obstructive pulmonary disease. National clinical guideline on management of chronic obstructive =~ Westert GP et al: An international study of hospital readmissions and related utilization in Europe and the
pulmonary disease in adults in primary and secondary care. Thorax 2004, 59 Suppl 1:1-232 USA. Health Policy 2002, 61(3):269-278







e An acute exacerbation of COPD has detrimental
effects on lung function, HRQL and exercise
capacity

e Patients with >3 exacerbations per year have a
5-year survival rate of only 30%

e Exacerbation-free patients have a 5-year

survival rate of 80%

Connors A et al. Am J Respir Crit Care Med 1996, 154:959-967 Cote CG et al. Chest 2007, 131(3):696-704

Seemungal TA et al. AJRCCM 1998, 157(5 Pt 1):1418-1422 Celli BR et al. AJRCCM 2008, 178(4):332-338

Donaldson GC et al. Thorax 2002, 57(10):847-852 Esteban C et al. Resp Med 2009, 103(8):1201-1208

Almagro P et al. Chest 2002, 121(5):1441-1448 Vestbo J et al. NEJM 2011, 365(13):1184-1192

Groenewegen KH et al. Chest 2003, 124(2):459-467 Halpin DM et al Int J Chron Obstruct Pulmon Dis 2012, 7:653-661
Soler-Cataluna JJ et al. Thorax 2005, 60(11):925-931 Steer J et al. Thorax 2012, 67(2):117-121

Donaldson GC et al. Chest 2005, 128(4):1995-2004




Treatment Success

INCREASED NEURAL

DRIVE

INCREASED RESPIRATORY

REDUCED MUSCLE

AECOPD represent an acute shift in the load-capacity-drive relationship



Myotrace - A Non-Invasive Technique

e 2" |ntercostal
Parasternal muscles

— Obligate muscles of
inspiration

— Amenable to surface
EMG

Hudson AL, Butler JE, Gandevia SC, et al. J
Neurophysiol 2010; 103:1622-1629
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Neural respiratory drive as a physiological biomarker
to monitor change during acute exacerbations

Of C O PD Thorax 2011:66:602—608. doi:10.1136/thx.2010.151332

Patrick B Murphy,' Atul Kumar,” Charles Reilly," Caroline Jolley,'
., 2 - ~ L _3 . o ., ) - R
Stephan Walterspacher,” Fiammetta Fedele,” Nicholas S Hopkinson,”

William D-C Man,* Michael | Polkey,* John Moxham,' Nicholas Hart®

Table 3 Difference between admission and discharge of measured physiological variables in 30 patients either readmitted (n=9) or not readmitted
(n=21) within 14 days of hospital discharge

AMEWS* AFEV, 1 Previous admissions* AEMG,;; s 8max ANRDI

Readmitted 0(-1-2) 0.09+0.15 4 (0-14) 1.98+4.36 16134

Not readmitted 0(-3-2) 0.08+0.10 3 (0-10) -4.05+10.30 -127+305
Mean difference (95% Cl| 0.1{0.14 t0 0.11) 6.03 (11.5 to 0.54) 203 (39 to 366)
p Value 0.5 08 0.1 0.03 0.02




MYOTRACE 1 - Pilot study

Murphy et al Thorax 2011

= Limitations
= Small selected cohort
= Readmission endpoint was not a priori
= Subjective assessment of clinical change

= Small number of data pairs for comparison
(37 pairs among 30 patients)



MYOTRACE 2 Hypothesis

Neural respiratory drive predicts early readmission
following hospitalisation for acute exacerbation of COPD



ORIGINAL ARTICLE
Neural respiratory drive predicts clinical deterioration
and safe discharge in exacerbations of COPD

OPEN ACCESS

Eui-Sik Suh,'# Swapna Mandal, " Rachel Harding,' Michelle Ramsay, 2

Meera Kamalanathan,' Katherine Henderson,? Kevin 0'Kane,* Abdel Douiri,”
Nicholas S Hopkinson,® Michael | Polkey,® Gerrard Rafferty, Patrick B Murphy, '+
John Moxham,? Nicholas Hart'+?

= 120 patients _
. . 412 patients
completed admission- screened
i 220 ineligible
to-discharge EMG | 220 imelgie
studies, daily IC, y

131 patients

Spirometry consented

11 patients
withdrew
before

= >600 individual studies ! discharge

120 patient

in 122 patients studied until

discharge




Age (years) 70 (9)
Male (%) 58 (48-3)
BMI (kg/m?) 25-3 (7-2)
Current smokers (%) 47 (39-2)
Exacerbation frequency (/12 months) 3 (1-5)
Hospital admission frequency (/12 months) 1 (0-2)
Duration of symptoms (days) 4 (2-7)
Systemic steroids prior to admission (%) 26 (21:7)
Antibiotics prior to admission (%) 30 (25-0)
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GOLD stage 2 (%)* 4 (4)
GOLD stage 3 (%)* 36 (36)
GOLD stage 4 (%)* 60 (60)
MRC dyspnoea grade 4 (4-5)
Length of hospital stay (days) 3 (2-6)
Deaths within 28 days (%) 1 (0-8)
Readmission at 28 days (%) 26 (21-7)
Deaths within 14 days (%) 1 (0-8)

Readmission at 14 days (%)

15 (12-5)
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MYOTRACE i

Readmission Prediction

« e « o 28 Day Readmission nder
Readmission Prediction ) AEMG

para%max

Whole group
AEMG :OR 1-127, 95% Cl 1-034 to 1-228, p=0-007

para%max ®



PREDICTING SAFE DISCHARGE:

14-Day Readmission

] =— AEMG,

— ara%max
------ -, . OR 1-127, 95% Cl 1-034 to 1-228, p=0-007
08 e p=0.03 )
e ‘The failure of AEMG,,,,;5m.y to fall by

more than 3-1% between admission
and discharge had a sensitivity of
93-:8% and a specificity of 41-3% to
detect 14-day readmission or death.

- The positive predictive value (PPV) was
- z::xzp: > 21 19-7% with a negative predictive value

(NPV) of 97-7%’

T T T T T
0 10 20 30 40

0.6

0.4+

Cumulative readmission avoidance

Time to readmission (days)

Time-to-readmission Kaplan-Meier plots for patients whose EMGpara%max fell by more than 3.1% between

admission and discharge (solid line), and those whose EMGpara%max fell by less than 3.1% (dotted line).

Abbreviations: EMGparm%max= 1-minute mean magnitude of rectified inspiratory parasternal EMG activity

normalised to @ maximal manoeuvre SUh et al ThOraX 2015



Under Review
Thorax R1

Survival according to EMGpara%max at discharge

— EMGpara%max < 15% at discharge

- EMGpara%max = 15% at discharge
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Figure 1: Survival according to EMGpara%max at discharge (continuous line: patients with EMGpara%max
< 15% at discharge, dot: patients with EMGpara%max = 15% at discharge) (p:0.008, log-rank)
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Figure 1: Survival according to EMGpara%max at discharge (continuous line: patients with EMGpara%max
< 15% at discharge, dot: patients with EMGpara%max = 15% at discharge) (p:0.008, log-rank)

Increase Mortality

* NRD(HR 2.1495% Cl 1.29 — 3.54; p =0.003)

e Age (HR2.0395% Cl 1.23 —3.34; p =0.006)

 PaC0O2 at admission (HR 1.83 95% Cl 1.06 — 3.06; p =0.02)
e LTOT use (HR 2.9895% Cl 1.47 — 6.03; p =0.002)
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Increase Mortality
NRD (HR 2.14 95% Cl 1.29 — 3.54; p =0.003) MODIFIABLE FACTOR
Age (HR 2.0395% Cl 1.23 —3.34; p =0.006)
PaCO?2 at admission (HR 1.83 95% CI 1.06 — 3.06; p =0.02)
LTOT use (HR 2.98 95% Cl 1.47 — 6.03; p =0.002)
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Development of the Automated Algorithm
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Development of the Automated Algorithm
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Development of the Automated Algorithm
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Signal processing algorithm

Input signals

EMGpara

Nasal
pressure

41 April 2014

RMS EMGpara
calculation

ECG contamination
removal

Inhalation phase
detection

Artefact segmentation

NRD calculation

Output time
series

Respiratory Rate

Quality indicator for
respiratory signal

Spot-check NRD
calculation

NRD
series

Continuous NRD
calculation

The index of NRD we compute is the peak
RMS EMGpara activity for each inspiration
averaged over 1 minute of tidal breathing

NRD

NRDs

1I1LIPS
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Development of the Automated Algorithm

= |n collaboration with
Philips Research

= Automated
algorithm

* Remove ECG
= Artefact detection
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WHAT HAVE WE LEARNT?

e Advanced respiratory physiological biomarker to
risk stratify AECOPD patients to enhance safe
discharge

e Neural respiratory drive is a clinical useful,
biomarker that can predict safe discharge in
patients following an admission with AECOPD

e Reduction in neural respiratory drive could be
used as a therapeutic target

e Translational physiological science is required to
design future clinical trials




WHAT HAVE WE LEARNT?
e TARGET POPULATION

— AECOPD patients who do not have a fall in neural respiratory
drive of 3.1% between admission and discharge are the high
risk group

e INTERVENTION

— New molecules and targeted drug delivery directed to reduce
neural respiratory drive to prevent readmission to hospital

e CORE OUTCOME MEASURES

— Mechanistic e.g. Neural respiratory drive

— Patient-Centred e.g. quality of life, functional capacity,
physical activity

— Healthcare utilisation e.g. cost utility, cost effectiveness




PROMOTING SAFE DISCHARGE & PREVENTING
READMISSION IN SEVERE COPD PATIENTS
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PROMOTING SAFE DISCHARGE & PREVENTING

READMISSION IN SEVERE COPD PATIENTS

THERAPEUTIC TARGET
e.g. NRD

risk group

e INTERVENTION

— New molecules and targeted drug delivery directed to reduce
neural respiratory drive to prevent readmission to hospital
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— Mechanistic e.g. Neural respiratory drive
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PROMOTING SAFE DISCHARGE & PREVENTING

READMISSION IN SEVERE COPD PATIENTS
P Ty N T € 7 v

THERAPEUTIC TARGET
e.g. NRD
TARGET POPULATION

e.g. severe COPD Patients

neural respiratory drive to prevent readmission to hospital

e CORE OUTCOME MEASURES

— Mechanistic e.g. Neural respiratory drive

— Patient-Centred e.g. quality of life, functional capacity,
physical activity

— Healthcare utilisation e.g. cost utility, cost effectiveness




PROMOTING SAFE DISCHARGE & PREVENTING

READMISSION IN SEVERE COPD PATIENTS
P Ty N T € 7 v

THERAPEUTIC TARGET
e.g. NRD
TARGET POPULATION

e.g. severe COPD Patients

THERAPEUTIC INTERVENTION
e.g. pharmacological & non-pharmacological

— Patient-Centred e.g. quality of life, functional capacity,
physical activity

— Healthcare utilisation e.g. cost utility, cost effectiveness




PROMOTING SAFE DISCHARGE & PREVENTING

READMISSION IN SEVERE COPD PATIENTS
T aprrp~oiLaoi o

THERAPEUTIC TARGET

e.g. NRD
TARGET POPULATION

e.g. severe COPD Patients

THERAPEUTIC INTERVENTION
e.g. pharmacological & non-pharmacological

CORE OUTCOME SET
e.g. admission free survival, cost effectiveness
|




PROMOTING SAFE DISCHARGE & PREVENTING
READMISSION IN SEVERE COPD PATIENTS

THERAPEUTIC TARGET

e.g. NRD

COST & CLINICAL
EFFECTIVENESS

CORE OUTCOME SET
e.g. admission free survival, cost effectiveness




CONCLUSION

e Make the measurements

e Interpret the data

e Use the measurements to design the
future clinical trials
— TARGET POPULATION
— INTERVENTION
— CORE OUTCOME










JAMA | Original Investigation

Effect of Home Noninvasive Ventilation With Oxygen Therapy
vs Oxygen Therapy Alone on Hospital Readmission or Death
After an Acute COPD Exacerbation

A Randomized Clinical Trial 0o
vy

June 6, 2017, Vol 317, No. 21, Pages 2149-2248
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Lee Dowson, MD; Nicholas Duffy, MD; G. John Gibson, MD; Philip D. Hughes, MD; John R. Hurst, PhD; Keir E. Lewis, MD; Rahul Mukherjee, MD;
Annabel Nickol, PhD; Nicholas Oscroft, MD; Maxime Patout, MD; Justin Pepperell, MD; lan Smith, MD; John R. Stradling, PhD;

Jadwiga A. Wedzicha, PhD; Michael |. Polkey, PhD; Mark W. Elliott, MD; Nicholas Hart, PhD

American Thoracic Society 2017

JAMA & NEJM Session: Discussions on the Edge
Dr Jeff Drazen and Dr George O’Connor

22" May 2017

Original Investigation

Effect of Home Noninvasive Ventilation With Oxygen
Therapy vs Oxygen Therapy Alone on Hospital Read-
mission or Death After an Acute COPD Exacerbation: A Ran-
domized Clinical Trial

we Veatiation to Reduce Readuiissions for Ohromc Obstruc
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BEST CLINICAL PRACTICE:

NIV in acute hypercapnic respiratory failure is best practice

e Acute NIV Clinical Evidence
Reduced mortality (NNT 8)

Reduced intubation rate
(NNT 5)

Reduced hospital stay
>45% mortality at 12m

Survival Time (M onths)

Figwe 1 Kaphn—Masr curve showing cumuative survwe over 27 menths n patients whe racenes
MOHmEEVE yetiston [t @ Pypercannic exacedaton of thranis cbatructve mimanary dssase,

Brochard et al 1995; Kramer et al 1995; Martin et al 2000; Bott et al 1993; Plant et al, 2000;
Lightowler et al 2003; Murray et al 2011: Connors et al 1996; Costello et al 1997




BEST CLINICAL PRACTICE:

NIV in acute hypercapnic respiratory failure is best practice
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Brochard et al 1995; Kramer et al 1995; Martin et al 2000; Bott et al 1993; Plant et al, 2000;
Lightowler et al 2003; Murray et al 2011: Connors et al 1996; Costello et al 1997
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Lightowler et al 2003; Murray et al 2011: Connors et al 1996; Costello et al 1997



HYPOTHESIS

NIV titrated to treat nocturnal hypoventilation and improve

admission free survival following an acute life threatening
exacerbation of COPD in patients with persisting hypercapnia
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Effect of Home Noninvasive Ventilation With Oxygen Therapy
vs Oxygen Therapy Alone on Hospital Readmission or Death
After an Acute COPD Exacerbation Murphy et al 2017

PaC02>52mmHg 2-4 weeks post acute
hypercapnic exacerbation of COPD

requiring acute NIV




66.4 (10.2)

21.5(18.8 to 24.5)

40 (70%)

30 (53%)

29 (51%)

42.0 (30.5 to 60.0)

0.6 (0.2)
24.0 (8.6)
1.8(0.8)
57.4 (19.7)
0.3(0.1)
6.4 (1.2)
7.9 (0.9)

5 (9%)

74.7 (63.7 to 81.7)

45.8 (15.0)

5.0 (4.0 to 5.0)

67.1(9.0)

22.2 (17.9 to 26.9)

40 (68%)

31 (53%)

32 (54%)

45.0 (31.0 to 55.0)

0.6 (0.2)
22.9 (8.6)
1.5(0.6)
49.3 (20.4)
0.4(0.1)
6.4 (1.1)
7.9 (0.9)

2 (3%)

71.0 (62.6 to 78.6)

46.9 (15.6)

5.0 (4.0 to 5.0)

66.7 (9.6)

21.6 (18.2 to 26.1)

80

61

61

44.0 (31.0 to 60.0)

0.6 (0.2)
23.4 (8.6)
1.7 (0.7)
53.2 (20.4)
0.4 (0.1)
6.4 (1.1)
7.9 (0.9)

7 (6%)

73.8 (63.3 t0 80.3)

46.4 (15.2)

5.0 (4.0 to 5.0)




66.4 (10.2) 67.1(9.0) 66.7 (9.6)

21.5 (18.8 to 24.5) 22.2 (17.9 to 26.9) 21.6 (18.2 to 26.1)

40 (70%) 40 (68%) 80

30 (53%) 31 (53%) 61

29 (51%) 32 (54%) 61

Severe COPD

Following a life threatening exacerbation of COPD requiring acute NIV

Chronic hypercapnic respiratory failure (PaCO, > 52mmHg) 2-4 weeks post AECOPD
Without other significant cause of sleep disordered breathing / respiratory failure
Intervention administered in the recovery phase
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vs Oxygen Therapy Alone on Hospital Readmission or Death
After an Acute COPD Exacerbation Murphy et al 2017

PaC02>52mmHg 2-4 weeks post acute
hypercapnic exacerbation of COPD

requiring acute NIV

Standard COPD

Treatment & home NIV
& HOT
n=59




Number of
patients included
in analvses

Mean (95% CI)

Treatment effect within each group
(mean difference from baseline

(9590CT))

Treatment
effect (Mean
between group
difference from
baseline (95%
CI))

Treatment effect
(Mean between
group difference
from baseline
(95% CI))

Home Home

Oxygen Oxyge
Therapy | n

and therap
Home v

NIV

Home NIV
& home
oxygen
therapy
(mmHg)

Home
oxygen
therapy
(mmHg)

Home NIV &
home oxygen
therapy
(mmHg)

Home oxygen
therapy
(mmHg)

Adjusted for
baseline effect”
(95% CT)

Adjusted effect”
(95% CI)

Mean tcCO,

C

e
(pre-
treatme
nt)

57

65
(62 to 67)

65
(63 to 67)

Day 1
(on
treatme
nt)

65
(62 10 67)

8.9
(-11.7 t0 -6.2)

0.8
(-0.510 0.7)

8.9
(-11.4 10 -6.5)

9.1
(-11.6 t0 -6.6)

6
months

53
(48 to 58)

56
(50 to 62)

-14.3
(-19.7 to -8.9)

8.6
(-15.2 t0 -1.9)

2.0
(-8.8 t0 4.7)

4.7
(-11.6 t0 2.3)

12
months

50
(44 to 55)

61
(56 10 66)

-16.6
(-21.5t0 -
11.6)

44
(-10.1 to 1.4)

-10.8
(-16.8 10 -4.9)

-10.7
(-16.4 10 -5.1)

12 months: 11mmHg difference between HOT-HMV and HOT treatment (17% reduction)
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Effect of Home Noninvasive Ventilation With Oxygen Therapy
vs Oxygen Therapy Alone on Hospital Readmission or Death
After an Acute COPD Exacerbation Murphy et al 2017

@ PaC02>52mmHg 2-4 weeks post acute @ Primary Outcome:
hypercapnic exacerbation of COPD Time to readmission or death
requiring acute NIV

Standard COPD
Treatment & home NIV
& HOT

n=59

4.3 months (IQR 1.3-13.8)

Adjusted hazard ratio of 0.49
(95% Cl, 0.31-0.77; p = 0.002)

Standard COPD
Treatment & HOT

n=57 1.4 months (IQR 0.5-3.9)




HOT-HMV
increased time to
readmission or

death by 90 days

HOT-HMV reduced
the likelihood of
readmission or
death by over 50%

PRIMARY OUTCOME

Admission-free survival by treatment arm

AdjHR' 049 (0.31 t0 0.77); P=0.002

Unadj HR 0.54 (0.34 to 0.84); P=0.007

Number at risk Time (months)

Home oxygen I 10
Home NIV 28 26

Home oxygen Home NIV

12-month risk of readmission or death

HOT-HMV Group 63.4%

HOT Group 80.4%

Absolute risk reduction of 17.0% (95%Cl, 0.1%-34.0%)

38 (64%)

4
(7%)

38

(67%) 42 (71%)
0

4.3 1.4

0.54 (0.34 to 0.84);
P=0.007

0.49(0.31t0 0.77);
P=0.002

6

Adjusted for Age, BMI,
Current LTOT use, Frequency
of COPD admission
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Admission-free survival by treatment arm
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increased time to
readmission or e

(58%)
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«(36‘6 12-month risk of readmission or death A;lcl!fr'l::;etogngAui? ?__Ir\zguency
HOT-HMV Group 63.4% of COPD admission

HOT Group 80.4%

o
o
) $ Absolute risk reduction of 17.0% (95%Cl, 0.1%-34.0%)




Admission-free survival of patients randomised
to HOT or HOT-HMV divided by persistent
hypercapnia at 6 weeks

HOT-HMV Time to Readmission
increased time tc HOT PaCO2 < 7kpa = HOT-HMV PaCO2 > 7kPa
.. HOT-HMV PaCO2 > 7 kPa > HOT PaCO2 > 7 kPa
readmission or I

(58%)
death by 90 days

5 4
(9%) (7%)

bssHOT-HMV < 7kPa
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(67%) 42 (71%)
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o
o
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. . . PD admission
Time to readmission:

Persistent hypercapnia treated with HOT-HMV vs. persistent hypercapnia treated with HOT
302d v 38d, HR 0.44, 95%CI 0.22 to 0.88, p=0.008
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Patient-Level Medical Resource Utilization

e Equipment (oxygen concentrators and home NIV devices,
including maintenance and support)

Physician contacts and hospital admissions due to
exacerbations

Patient reported medications
Additional primary and secondary care contacts

Costs calculated at the patient level by multiplying observed
MRU by standard unit costs (£2017) from a National Health
Service

OUTCOME

e Quality adjusted life years (QALYs) estimated based on
EuroQOL-5D data




12-month Costs by Treatment

Intervention Group (n=57) Control Group (n=59) Difference

Total device costs

NIV device

Diagnostic tests

Titration

Oxygen supply
Total exacerbation costs

Admission

Physician treatment

Self treatment £4
Total patient reported costs £6,044

Increased steroid inhaler usage £1

Increased reliever inhaler usage £43
£8

£25

Steroid tablets £10
Antibiotics treatment £f43

Adfj|t|onal primary/secondary care £5 947 £8275
visits
Total costs £17,403 £16,885

Total QALYs 0.3600 0.3100




12-month Costs by Treatment

Intervention Group (n=57) Control Group (n=59) Difference

NIV device
Diagnostic tests
Titration
Oxygen supply
Total exacerbation costs
Admission
Physician treatment
Self treatment £4

Total patient reported costs £6,044

Increased steroid inhaler usage £1

Increased reliever inhaler usage £43

Steroid tablets £10 £8

Antibiotics treatment £43 £25

cicsjiciistional primary/secondary care £5 947 £8275
Total costs £17,403 £16,885

Total QALYs 0.3600 0.3100

FAVOURABLE: Exacerbation Costs
FAVOURABLE: Patient Reported Costs




12-month Costs by Treatment

Intervention Group (n=57) Control Group (n=59) Difference

Total device costs
NIV device
Diagnostic tests
Titration
Oxygen supply

Total exacerbation costs
Admission
Physician treatment
Self treatment

Total patient reported costs

Increased steroid inhaler usage
Increased reliever inhaler usage
Steroid tablets

Antibiotics treatment

Additional primary/secondary care
visits

Total QALYs

FAVOURABLE: QALYs (0.05)
FAVOURABLE: Cost per QALY £10,360




12-month Costs by Treatment

Intervention Group (n=57) Control Group (n=59)

Total device costs
NIV device
Diagnostic tests
Titration
Oxygen supply

Total exacerbation costs
Admission
Physician treatment
Self treatment

Total patient reported costs
Increased steroid inhaler usage
Increased reliever inhaler usage
Steroid tablets

Antibiotics treatment

FAVOURABLE: QALYs (0.05)
FAVOURABLE: Cost per QALY £10,360




Figure 1a Cost-effectiveness plane for home non-invasive ventilation with home oxygen therapy
vs. home oxygen therapy alone (UK intention to treat analysis)

Cost-effectiveness plane
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US 12-month Costs by Treatment

Total device costs

NIV device $2,867 $673 $2,194
Diagnostic tests $172 $172 $0.00
Titration $463 $136 $327
Oxygen supply $795 $602 $194
Admission $8,495 $10,638 -$2,144
Physician treatment S36 S19 S16

Self treatment

Total patient reported costs $11,563 $16,121 -$4,558

Increased steroid inhaler $438 $947
usage

Increased reliever inhaler $88 $137 $208
usage

Steroid tablets S558 S465 $692
Antibiotics treatment S56 S47 S77
Additional primary/secondary $10,805 $15,033 $18,389
care visits ! ! !




Total device costs

NIV device $2,867 $673 $2,194
Diagnostic tests $172 $172 $0.00
Titration $463 $136 $327
Oxygen supply $795 $602 $194

Total exacerbation costs $10,683
Admission $8,495 $10,638 -$2,144
Physician treatment S36 $19 S16
Self treatment S67 $26 $42

Total patient reported costs

Increased steroid inhaler

$11,563

$16,121

usage $56 $438 $947
Increased reliever inhaler $88 $137 $208
usage

Steroid tablets $558 $465 $692
Antibiotics treatment S56 S47 S77
Additional primary/secondary $10,805 415,033 $18,389

care visits

Total costs

Total QALYs

$24,458

0.49

$28,386
0.41




Total device costs

Increased steroid inhaler

NIV device $2,867 $673 $2,194
Diagnostic tests $172 $172 $0.00
Titration $463 $136 $327
Oxygen supply $795 $602 $194

care visits

Total costs

Total QALYs

$24,458
0.49

$28,386
0.41

usage 356 $438 $947
Increased reliever inhaler $88 $137 $208
usage

Steroid tablets $558 $465 $692
Antibiotics treatment S56 S47 S77
Additional primary/secondary $10,805 415,033 $18,389




US 12-month Costs by Treatment

Intervention Group (n=57) Control Group (n=59)

Total device costs Figure 3b Cost-effectiveness plane for home non-invasive ventilation with home oxygen therapy

vs. home oxygen therapy alone (US intention to treat analysis)

NIV device 57 984
7’
Diagnostic tests Cost-effectiveness plane $0.00
E Quadrant 1
. . Quadrant 2 .
Titration . Probability mean . Prob.abllilty $327
0 ens | o intervention is T ;o Interveht|on Ids more
Xyg upply E more expensive . expfinsu./e ?26 r;w;re $194
Total exacerbation ¢ © o effective e
g 10.8%
Admission = -$2,144
c
Physician treatmer [ S16
Self treatment 3 S42
=
. @
Total patient reportf & " -$4,558
= Quadrant 3 & . o . Quadrant 4
Increased steroid i1 e Probability S '- " Probability $947
usage §  intervention s less  -525,00 . intervention is less
expensive and less expensive and more
: : ; 0 -530,000 :
Increased reliever i effective: 8.5% : effective: 33.8%
usage QALY differences (intervention - contral) $208

Abbreviation: QALY=quality adjusted life year

Steroid tablets $692
Antibiotics treatment >50 >4/ S77
Additional primary/secondary $10,805 $15,033 $18,389
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Does home NIV improve outcome in
hypercapnic COPD patients post exacerbation?

e HOT-HMV data supports the initiation of NIV in COPD patients who
remain persistently hypercapnic 2-4 weeks after cessation of acute
NIV

e Ifthe PaCO2 is > 52 mmHg and the Pa0O2 < 55 mmHg at 2-4 weeks

after cessation of acute NIV this should prompt the clinician to
consider initiating HMV in addition to HOT

e HOT-HMV is a cost-effective treatment in the UK and more effective
and less costly compared to oxygen therapy alone in the US
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remain persistently hyper oks after cessation of acute
NIV

e Ifthe PaCO2 is > 52 mmHg antre=e?a02 < 55 mmHg at 2-4 weeks

after cessation of acute NIV this should prompt the clinician to
consider initiating HMV in addition to HOT

e HOT-HMV is a cost-effective treatment in the UK and more effective
and less costly compared to oxygen therapy alone in the US




GOLD COPD

NICE COPD

Table 3.10. Oxygen therapy and ventilatory support in stable COPD

Oxygen therapy
The long-term administration of oxygen increases survival in patients with severe chronic resting arterial hypoxemia
(Evidence A).

In patients with stable COPD and moderate resting or exercise-induced arterial desaturation, prescription of long-term

oxygen does not lengthen time to death or first hospitalization or provide sustained benefit in health status, lung function
and 6-minute walk distance (Evidence A).

Resting oxygenation at sea level does not exclude the development of severe hypoxemia when traveling by air (Evidence C).
Ventilatory support
® NPPV may improve hospitalization-free survival in selected patients after recent hospitalization, particularly in those with
pronounced daytime persistent hypercapnia (PaCO, > 52 mmHg) (Evidence B).







e Detailed PICO evaluation ensures the right patient
receives right treatment at the right time in the right
environment

e HOT-HMV treatment has been shown to be clinically
effective to improve outcome and cost effective in COPD

patients with persistent hypercapnia post life-
threatening exacerbation

e GOLD 2018 and NICE 2018 has systematically and
comprehensively graded providing support for the use of

HOT-HMV post life-threatening acute exacerbation of
COPD




COPD Post Acute
NIV pathway

Guy's and St Thomas' NHS

NHS Foundation Trust

. 1. Diagnosis of COPD

1

Acute exacer.b?t'on of COPD a. Established diagnosis of COPD (FEV1/FVC <0.7) OR
requiring NIV b. Suspected clinical diagnosis of COPD (>10 pack year history,

(pH<7.35, PaCO2>6kPa) progressive dyspnoea, cough, sputum, recurrent LRTI)
2. Features of chronic persistent hypercapnia

a. Admission cBE >2 / cHCO; >28 mmol/L
b. PaCO, > 7kPa 2 weeks post resolution of respiratory acidosis

Patient able to tolerate NIV Google ‘Lane Fox Unit’/SPECIALITIES TAB

with clinical improvement
(pH>7.35)

e-Referral for HOT

Clinical stability off NIV review within 2-4

weeks
Suspected chronic
hypercapnia? with no
evidence of obesity or OSA3
For consideration of
©2017 GUY’S AND ST THOMAS' NHS NIV t
FOUNDATION TRUST Unable to wean from or Setup pre-

ALL RIGHTS RESERVED e - discharee
LANE FOX RESPIRATORY SERVICE clinical instability off NIV g




CONCLUSION

Admission prevention in COPD is a priority for patients, clinicians and
healthcare

Measuring neural respiratory drive may be useful to risk stratify

COPD in terms of promoting safe discharge and reducing readmission

If the PaCO2 is > 52 mmHg and the Pa02 < 55 mmHg at 2-4 weeks
after cessation of acute NIV this should prompt the clinician to
consider initiating HMV in addition to HOT

HOT-HMV is a cost-effective treatment in the UK and more effective
and less costly compared to oxygen therapy alone in the US




CONCLUSION

e Admission prevention in COPD is a priority for patients, clinicians and
healthcar

. Measuring RIGHT PATIENT® ratify

COPDint RIGHT TIME 0 admission

e |f the PaC weeks

after cessy RIGHT TREATMENT @ n to
consider \ RIGHT ENVIRONMENT ©

e HOT-HM effective
and less costly compared to oxygen therapy alone in the US
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