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A Pacific Northwest Legacy

1970’s First use of weekly use of methotrexate in rheumatoid arthritis (Harborview)

1980’s Inverted pyramid treatment strategy (Virginia Mason)

1990’s Enbrel® First biologic treatment for rheumatoid arthritis (Immunex)

2000's Dopamine theory for fibromyalgia (Inmedix)
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Scientific data showed STRESS
is strongly linked to immune

regulation & treatment
response

STRESS
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The Autonomic Nervous System (ANS)

Parasympathetic
Sympathetic

'|

Functions: temperature,
sleep, digestion, heart rate e ¢ S
and blood pressure, R R
breathing, pupillary, urinary, J
immune, fight-or-flight

survival.

TR S SR ;::'-\_‘:‘.'t_ e
E«"*%Tj‘{‘lird** s A Snforia




BIOCHEMISTRY OF STRESS

o sk
L sk CNS Cytokines * s

e Stress exists to enhance
survival

LH/FSH

l.wl..
a,‘.c,"

e Stress is controlled
within the brain by an
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THE ANS AND IMMUNE RESPONSES ARE HARD-WIRED
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Tracey KJ. The inflammatory reflex. Nature 2002;420:853-59

The discovery that cholinergic neurons
inhibit acute inflammation has
expanded our understanding of how
the autonomic nervous system (ANS)
modulates immune responses.
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Modulating the cholinergic anti-inflammatory pathway in RA: Direct
electrical stimulation of the efferent vagus nerve by an external device
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Van Maanen MA, Vervoordeldonk MJ, Tak PP. Nature Rev Rheumatol 2009:5:229-232
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Standard Commercially Available Cyberonics VNS
Devices Were Used In The Study

Pulse Generator Implantation
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PLANETARY SCIENCE TECHNOLOGY

Oceans from A World
the Skies without Secrets

Electric"\Cures

Bioelectronic medicine ‘colild create
an “off switch” for artﬁrltls,
dlabete:s, even ca
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WHAT IS RHEUMATOLOGY?

Common diseases:

Rheumatoid Psoriatic Systemic lupus

i Igia (FM
Arthr|t|s (RA) arthritis (PsA) erythematosus (SLE) Fibromyalgia (FM)

Treatments: Issues:

« Pain medications « Poor control (25%) and cost ($30-60K)
 Steroids « Toxic medications (liver, kidney, bone marrow)
« Weekly methotrexate (MTX) « Opportunistic infections

 Biologics « Treatments cause birth defects

AMGEN obbvie @ QMERK oo @Q %X% Bristol-Myers Squibb -
J_LuJ.lULLLA 10



PROBLEM: STRESS WEAKENS THE EFFECT OF INFLAMMATION TREATMENTS

Autoimmune Disease Autoimmune Disease

Low Stress IMMUNO-AUTONOMICS High Stress

Higher stress levels increase
inflammation making it harder for drugs
to be effective.

In addition to a deficient immune
system, drugs must fight even harder
against extra inflammation due to
stress.

Therefore, drugs are less effective for

people with autoimmune disease with
@h stress levels. /

Taylor PC, Holman AJ. Rheumatoid arthritis and the emergence of immuno-autonomics -
[editorial]. Rheumatology (Oxford). 2019 Jun 9. pii: kez216. doi: 10.1093/rheumatology/kez216. Inmedix 11




Mean change in DAS28-CRP through day 84
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OUR SOLUTION:

Leverage immuno-
autonomics knowledge to
define and mitigate ‘stress’

We target and measure the
biochemistry of stress to predict
therapy response

and

enhance treatment effectiveness in
reducing disease activity over time

Inrnedgi 13
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How to measure stress?

Current weakness of
HRV

What’s coming?
Next-generation HRV

Heart Rate Variability

-

70BPM | 76 BPM ’*‘ 83 BPM
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- 2.5 seconds of heart beat data -

2 ‘ .859 sec. .793 sec. .726 sec.

m Volts
—

Raw data noise, poor
reproducibility, no measure of
‘'sympathetic’ fight-or-flight stress

Proprietary algorithm for ‘fight-or-flight/,
precision ECG measurement, advanced filtering

of raw data, clinical validation, cloud platform
Inrnedgi 16



BEAT-TO-BEAT ANALYSIS REQUIRES PRECISION

Average heartbeat takes 2 second

A-Fib apps need accuracy to 0.1 sec.

Next-gen HRV measurement is
accurate to 1/1000 second

Medical grade ECG is 255-333 Hz
Q S-T
P-R interval
L[l LB Next-gen HRV ECG sampling is
perab—— 8000 Hz



A cardiovascular test (ECQG)

to measure a brain function (ANS stress state)

to solve an iImmunology problem (autoimmune diseases)
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T CAUTION - Investigational device. Limited by Federal
[T (or united states)law to investigational use

Holma n, Andrew HRV Analysis - Numeric

Inmedix Inc Sun 15 Sep 2019 09:56

Parameter Norm range Time and frequency parameters

Parasympathetic activity (s) 0.16-0.41 SDNN (ms) 6 HF (ms?)
Sympathetic activity (%) 5 15-55 SDSD (ms) 2 HF n.u. (n.u.)
Level of tension (r.u.) 43 15-180 RMSSD (ms) LF (ms?)
Aperiodic influences (s) 1.25-3.05 Total power (ms?) LF n.u. (n.u.)

Aspirate waves (r.u.) ).014 0.018 - 0.054 LF/HF

Autonomic function Functional state

PSNS

Add comment

—
[ Cardiac

ANS Neuroscan™

Precision measurement of physiological stress can inform
therapeutic selection to achieve effective disease management

>
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Replacing blood with ECG math
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PREDICT THERAPY OUTCOMES FOR INFLAMMATORY ARTHRITIS

PREDICT THERAPY
RESPONSE AT BASELINE*

Parasympathetic

measured at day 0
by Inmedix next-
gen HRV predicts
52-wk biologics
treatment
outcome’

" Data on both biologics
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Percart ag e

ACR 20/50/70 for lowest parasympathetic
quartile (<0.09)

Bad ANS profile

2 4 g g 10

months

ACR 20/50/70 for highest parasympathetic
quartile (=0.19)

Good ANS profile

2 4 i g 10

ENABLE
PHYSICIANS TO
ADD
MEDICATIONS TO
IMPROVE ANS
PROFILE OF
PREDICTED POOR
RESPONDERS
AND IMPROVE
TYR REMISSION
RATE BY 200%

ACRZ20: = 20% improvement
ACR50: = 50% improvement

12
and conventional DMARDs months = Disease remission
ACR 20 ACR 50 ACR 7D »
1. Holman AJ, Ng E. Heart rate variability predicts anti-tumor necrosis factor therapy response for inflammatory arthritis. Autonomic Neurosci Basic Il’]IIlele

Clinical 2008 Dec 5;143(1-2):58-67.



IMPROVE RA TREATMENT OUTCOME

® The only test that can PREDICT
52-week rheumatoid arthritis
treatment outcome at baseline!
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Inmedjgx

® Prescribing concomitant drug
therapy to mitigate stress can
TRIPLE remission rate?
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® Health Economics study
projected $35 BILLION reduction
in_cost for rheumatoid arthritis
over 10 years3

1. Holman AJ, Ng E. Heart rate variability predicts anti-tumor necrosis factor therapy response for inflammatory arthritis. Autonomic Neurosci Basic Clinical 2008 Dec
5;143(1-2):58-67.

2. Holman AJ, Ng E. Use of adjunctive neuroregulatory medication to improve etanercept treatment response for patients with inflammatory arthritis a pilot study
[abstract]. Arthritis Rheumatol. 2015;67 (suppl 10) #422.

3. Zimmermann M, Vodicka E, Holman AJ, Garrison LP. Heart rate variability testing: could it change spending for rheumatoid arthritis patients in the United States?
An exploratory economic analysis. J Med Econ. 2018 Jul;21(7):712-720. 2
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sophistication

NEXT FRONTIER FOR IMMUNO-AUTONOMICS:
ONCOLOGY

Mass detection
Surgical removal
Precision surgery
Chemotherapy, radiation
Immuno-oncology

- block cancer defenses with check-point inhibitors

- Merck Keytruda $14B 2020 sales
- make tumors 'hot’ with oncolytic viruses

- immuno-autonomics

23



Probability of survival

Advanced Pancreatic Cancer (n=272)
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Fig. 1. The relationship between HRV and overall survival.

MD Couch et al/ Cancer Epidemiology 40 (2016):47-51
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Mixed cohort with solid and hematologic cancers (n=520)
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Lung or breast cancer brain metastasis (n=40)
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Fiegurg 2: Overall survival of all patients stratified by SDNN <10 ms
or SDINN =10 ms.

Wang YM et al. BioMed Research International 2013 Article ID 509412
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Heart Rate Variability and Mortality 903

1.0 €
£
1997 Zutphen Study g 09
(n=2356) Z
Am J Epidemiology 0.8
1997;145:899-908
0.7 1
0.6 -
0.5 -
0.4
0.3 . | |
1980 1870 1980 1990

time

FIGURE 1. Kaplan-Meier sunsival curves of total mortality in categories of heart rate variability in middie-aged men: <20 milliseconds {meeac)
{lever, 00, 20-389 meec (intermeadiate, ), and =40 msec (high, C, tha Zutphen Study, 1960-1990.
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YOU CANNOT
. MANAGE...

WHAT YOU
DO NOT
MEASURE.
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