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Learning Objectives

= Describe the mechanism of painful diabetic neuropathy
= Cite accepted protocol for treatment
= Compare emerging studies for novel treatment
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Classification of Diabetic Neuropathies (75%))

= DSPN
— Primarily small-fiber neuropathy
— Primarily large-fiber neuropathy
— Mixed small- and large-fiber neuropathy (most common)

= Autonomic
— Cardiovascular
— Reduced HRV
— Resting tachycardia
— Orthostatic hypotension
— Sudden death (malignant arrhythmia)
= Gastrointestinal
— Diabetic gastroparesis (gastropathy)
— Diabetic enteropathy (diarrhea)
— Colonic hypomotility (constipation)
= Urogenital
— Diabetic cystopathy (neurogenic bladder)
— Erectile dysfunction
— Female sexual dysfunction
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Classification of Diabetic Neuropathies (cont)

= Sudomotor dysfunction
— Distal hypohydrosis/anhidrosis,
— Gustatory sweating
= Hypoglycemia unawareness
= Abnormal pupillary function
= Mononeuropathy (mononeuritis multiplex) (atypical forms)
— Isolated cranial or peripheral nerve (e.g., CN Ill, ulnar, median, femoral, peroneal)
— Mononeuritis multiplex (if confluent may resemble polyneuropathy)
= C. Radiculopathy or polyradiculopathy (atypical forms)
— Radiculoplexus neuropathy (a.k.a. lumbosacral polyradiculopathy, proximal motor amyotrophy)
— Thoracic radiculopathy
= Nondiabetic neuropathies common in diabetes
— Pressure palsies
— Chronic inflammatory demyelinating polyneuropathy
— Radiculoplexus neuropathy
— Acute painful small-fiber neuropathies (treatment-induced)

° ADA position statement on diabetic neuropathy, Pop-Busui et al. Diabetes Care 2017
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Definition of DSPN

Table 2—Symptoms and signs of DS5PN

Large myelinated nerve fibers Small myelinated nerve fibers

Function 5 Nociception, protective sensation
Symptoms§ Numbness, tingling, poor balance Pain: burming, electric shocks, stabbing
Examination Ankle reflexes: reduced/absent Thermal (cold/hot) discrimination: reduced/absent**
(clinically diagnostic)®* Vibration perception: reduced/absent Pinprick sensation: reduced/absent®*
10-g monofilament: reduced/absent
Proprioception: reduced/absent

§To document the presence of symptoms for diagnosis; * *Documented in symmetrical, distal to proximal pattern.

= Diagnosis of exclusion

" Present in at least 20% of people with DM-1 after 20 years of disease duration

*= May be present in at least 10%—15% of newly diagnosed patients with DM-2,
and up to 50% after 10 years of disease duration

° ADA position statement on diabetic neuropathy, Pop-Busui et al. Diabetes Care 2017
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Disease Prevalence & Cost

Diabetes is a Painful Diabetic Neuropathy is Common
National Epidemic  20% to 26% of those with diabetes have PDN

* 34.2 million people with diabetes
= 10.5% of the population

* Another 88 million people
with prediabetes (more than
1 in 3 adults)

» Costs: $327 billion
» Direct medical costs = $237 billion
* Indirect costs = $90 billion

MILLION

Patients With PDN

CDC National Diabetes Statistics Report, 2020; Davies M et al. Diabetes Care 2006; Schmader KE. Clin ] Pain
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Mechanisms of Diabetic Neuropathy
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Symptomatology

= Symptoms vary according to the class of
sensory fibers involved

= The most common early symptoms are
induced by the involvement of small fibers
and include pain and dysesthesias
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Small fibers (A8 and C)'2

Pain amplification and “
hyperalgesia (first)

Loss of sensitivity (later on)

Autonomic symptoms

Predisposes to diabetic
foot disease

Electrophysiology may not
detect nerve damage

Al el al. In: Diabetes and Carbohydrate Met
002. Avallable at: Mip www.e

2. Tavee J, Zhou L. Cleve Ciin J Med 2

Large fibers (Aa/B)'?

Sensory and/or motor nerves
Feet usually affected first

Loss of vibration perception
and proprioception !

Deep-seated gnawing and
aching pain

Muscle wasting (hammer toes

Abnormalities readily detected
by electromyography

. [E-

PDN, painful diabetic

3. Pittenger G, Vink A. Experimental D¥ab Res 2003:4:271-285




Risk Factors

= Distal symmetric polyneuropathy (DSPN) has been associated with:
—Glycemia
—Height
—Smoking
—Blood pressure
—Weight
—Lipids
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Impact of Neuropathic Pain

* |t may lead to interference with daily activities, disability, psychosocial
impairment, and reduced health-related quality of life

* The direct and indirect economic burden associated with neuropathic pain is
substantial
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Positive symptoms Negative symptoms
(due to excessive activity)'? (due to deficit of function)'?

Spontaneous pain | | Hypoesthesia
Allodynia Anesthesia
Hyperalgesia Hypoalgesia
Dysesthesia Analgesia
Paresthesia

Sensory abnormalities and pain paradoxically co-exist 2
Each patient may have a combination of symptoms
that may change over time (even within a single etiology)

SaonR ot d. Lancet Newrd 20109 807-819

IS . atal Euwr JPMamucol 2001429011
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P Pain may significantly interfere with a patient’s ability to
exercise or walk’

» Walking has been shown to improve HbA, in patients with diabetes
regardless of change in body mass=?

» Pain often intensifies at night and may significantly interfere
with sleep?

» Sleep debt has been shown to have a negative impact on metabolic
and endocrine control>’

» Pain is significantly correlated with depression in diabetic
patients?®

PDN, painful diabetic neuropathy; HbA, ., glycated hemoglobin

1. Novak P etal JRehabd Mot 2004: 36248252 5. ZemanDC. ot 3. QinJ Pan 2006 22 681-685
2. BouleNG. ot o JAMA 2000 28612181227 6. Spoga K. ot o Lancef 1999354 .14835-1339

3. American Dishetes Assooton Diabefes Care 201134 Swppl 1) 511-861. 7. Akerstad! T, Nilszon PM. J (otem Med ."U@ﬂék
4. Quatrin C.etal Dabeles Metab Res Rev 2003:19.52.58 8. Raval A et al. indan J Med Res 2010132195200
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Therapies

» Pathogenetic therapies: “There is a lack of treatment options that effectively
target the natural history of DSPN.”

= Glucose control: “No compelling evidence exists in support of glycemic control
or lifestyle management as therapies for neuropathic pain in diabetes or
prediabetes, which leaves only pharmaceutical interventions.”
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Therapies

Pain management:

= Consider either pregabalin or duloxetine as the initial approach

» Gabapentin may also be used as an effective initial approach, taking into

account patients’ socioeconomic status, comorbidities, and potential drug
interactions

= Tricyclic antidepressants should be used with caution given the higher risk of
serious side effects

= The use of opioids, including tapentadol or tramadol, is not recommended as
first- or second-line agents

PaiN\/\/eEK.
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Level of Action of Commonly Used Treatments

(a) Amitriptyline, capsaicin and
lignocaine

(b) Pregabalin and gabapentin

(¢) Defectof ™

(c) Duloxetine, amitriptyline and opiates |G EEIIIEY
(+GABA, Glycine)

(a) Neuronal
hyperexcitability
(+Substance P, BDNF)

(b) Central sensitisation (NMDA mediation)

PaiMNeeK Coppini et al. Diabetic Medicine 2016



Algorithm for Management of Distal Symmetric
Polyneuropathy (DSPN)

Is pain due to DSPN confirmed? —_— No/not sure
J' Refer to

Yes neurology/pain
Assess comorbidities, potential for AEs, clinic

(Table 4), drug interactions, costs to select
/ initial therapy from the 3 choices below \

*Voltage gated a2-5 ligand **Serotonin-norepinephrine  #Secondary amine tricyclic
(pregabalin, gabapentin) reuptake inhibitor antidepressant (nortriptyline

(duloxetine, venlafaxine) desipramine)
Titrate dose as shown in Titrate dose as shown in Titrate dose as shown in
Table 4 Table 4 Table 4

No clinically meaningful effect
!

a. Switch to another agent b. Try combining agents c. May add tramadol or
from above — from above —_—> tapentadol

/ if a and b fail

No clinically meaningful effect/ Refer to pain clinic

not tolerated

PaiN\/\/EK.
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Recommendations from the Neuropathic Pain Special
Interest Group (NeuPSIG)

Recommendations

STRONG ' ( g TID First-line
\ s First-line

halin E 500 me ) Furst-line

5 duloxetine venlafaxine First-line

. 1
First-line -

WEAK FOR Capsaicin 8% patches - 0 min 4 line (PNP) 2
; a, - econd-line (FNF)

Thixx
) (PNP)
)0 nnits to the pamnful area every 3 3
months Third line
Individual titration

INCONCLUSIVE

Lamotngine
WMDA anta
SSRI antideps s Tapentadol
Topiramate
Zonisamide

WEARK AGAINST

STRONG AGAINST Levetuacetam
Mexiletine
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Meta-analysis: Gabapentin
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Meta-analysis: Pregabalin

Pregabalin NNT meta-analysis forest plot (fixed effects)

NNT: 7.7
NNH: 13.9
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Meta-analysis: SNRIs

SNRIs NNT meta-analysis forest plot (fixed effects)

Pain concition Drug Doses Kelérénce

PPM Venlafaxine 225 mg Sindrup &t ;
PPH Venlakaane 150, 225 mg Rowbotham at 2
PPN Duloxating 80,120 mg Goldsiai
PPN Duloxetine 60, 120 mg Raskin al 2
PPN Duloxoting 80, 120 mg W
PPN Duloxeting 120 mg G
FPMN Duloxeting 40, 60 mg Yasuda et al. 2011
PPN Duloxating S0 mo Rowb
MS Dulcxating &0 mg NCTOD
PPN Desvenlafaxine S0-400 mg NCTOO283842

Combined (finad effects
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Meta-analysis: TCAs

TCAs NNT meta-analysis forest plot (fixed effects)
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CURRENT TREATMENTS FOR PDN

Antidepressants
amitriptyline, duloxetine,
nortriptyline, venlafaxine,
desipramine

Anticonvulsd
gabapentin & pre}

oxycodone,
orphine

opical Agents
lidocaine, capsaicin

PaiN\/\/EK.
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CURRENT TREATMENTS FOR PDN
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Time to Event (days)
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# Discontinued and no switching Discontinued and switched

I Most patients D/C medications 6-12 months from initiating due to inefficacy and/or side effects

1 Most patients do not switch to a different medication

o
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Unmet Needs for PDN Patients

= Current treatment options leave many PDN patients with insufficient pain relief
» Medications for neuropathic pain can have significant side effects

= Spinal cord stimulation may result in better pain relief
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VM 202-DPN

» Gene therapy, VM202 is a plasmid product that encodes for the human
hepatocyte growth factor (HGF).

= Due to its dual neurotrophic and angiogenic properties, the drug is believed to
alleviate pain caused by diabetic neuropathy.

= Pain relieving and regenerative properties hypothesized
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VM202-DPN Studies

= |nitial Phase 3 clinical trial (DPN 3-1,

N=500 subjects, 9 months) did not meet
its primary efficacy endpoint

= Double-blind placebo-controlled 3-month
extension study (DPN 3-1B, a subset of
N=101 subjects) met its primary endpoint
(12 months long-term safety) and key

secondary endpoint (analgesic efficacy at
Day 365).

PaiN\/\/eEK.



Spinal Cord Stimulation

= Safe, effective treatment for chronic pain
In use 50 years

= Minimally invasive, reversible procedure
= Traditional low frequency SCS:
—Pulse rate ~40-60 Hz

—Requires induction of paresthesias
overlapping painful area

= High frequency SCS at 10 kHz
—Pulse rate 10,000 Hz
—Paresthesia-independent

—Superior to LF-SCS for back and leg
pain based on 2 yr RCT data1

PaiN\/\/eeK Ikapural et al. Neurosurgery 2016




Spinal Cord Stimulation for PDN

——8— Weighted Mean Pain Scores
—e— de Vos 2014 n=4a0
Covert 2015 n=1
Abdul El-Sayed 2016 n =1
Kinfe 2016 n=1

van Dongen 2016 n=1
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Muntaneu 2018 n =80
Tesfaye 1996/Daousi 2005 n=5
De Vos 2009/2015n=¢

—¥— van Beek 2018 n= 40

——4—  Slangen 2014 n=19
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Methods

e Painful diabetic neuropathy (PDN) in patients with symptoms refractory to conservative treatments

e Spinal cord stimulation (SCS): established, non-pharmacological, reversible therapy for pain that
delivers energy to the spinal cord through small wires in the back

e HbAlc<10%, BMI< 45
e 18 US centers randomized 216 subjects 1:1

e [ndependent Medical Monitors reviewed all subjects

e Treatments: Conventional medical management (CMM) alone
VS.

10 kHz SCS (Senza SCS System) + CMM

e 3-month follow-up assessing
- Pain
- Quality of life

- Neurological function

e Including diabetic foot exam w/ Semmes-Weinstein
10g monofilament and 40g pinprick tests

Mekhail et al. Trials 2020



Baseline Characteristics

10 kHz SCS + CMM
n=113

Age in years, mean (SD) 60.8 (9.9) 60.7 (11.4)
Male, n (%) 66 (64%) 70 (62%)
Race

Black or African American, n (%) 13 (12.6%) 18 (15.9%)

Other, n (%) 5(4.9%) 8 (7.1%)
Diabetes

Type 1, n (%) 3 (3%) 8 (7%)

Type 2, n (%) 100 (97%) 105 (93%)
Duration in years

Diabetes, mean (SD) 12.2 (8.5) 12.9 (8.5)

Peripheral neuropathy, mean (SD) 7.1 (5.1) 7.4 (5.7)
HbAlc, mean (SD) 7.4% (1.2%) 7.3% (1.1%)

<7.0%, n (%) 40 (39%) 46 (41%)

>7.0%, n (%) 63 (61%) 67 (59%)
BMI, mean (SD) 33.9 (5.2) 33.6 (5.4)




Safety

Study-Related Adverse Events -

Total, n (# of subjects, %)

Rated as Serious*

None reported

10 kHz SCS + CMM

n=113

16 (14, 12.4%)

1(1, 0.9%)

By type of event:

Wound dehiscence

2(2,1.8%)

Infection

2(2,1.8%)

Incision or IPG discomfort
Irritation from surgical dressings
Impaired healing

Lead migration

Radiculopathy

Uncomfortable stimulation
Gastroesophageal reflux
Myalgia
Arthralgia
Hyporeflexia

*Outcome of 1

the SAE: Infection resulted

2 (2, 1.8%)
2 (2, 1.8%)
1 (1, 0.9%)
1 (1, 0.9%)
1 (1, 0.9%)
1 (1, 0.9%)
1 (1, 0.9%)
1 (1, 0.9%)
1 (1, 0.9%)

n devicg ?’_[F,"B’E% )

Reported SCS infection rates:

* 2.45%
e 2.5%
* 3.4%
e 45%
e 45%
* 8.9%

(Hoelzer et al. 2017)

(PDN RCT, de Vos et al. 2014)

(Kumar et al. 2006)

(Mekhail et al. 2011)

(PDN RCT, Slangen et al. 2014)
(Diabetes cohort, Mekhail et al. 2011)



Primary Endpoint Analysis & Pain Relief

Primary Endpoint: compare responders at 3 months

(= 50% pain relief) without a worsening

neurological deficit from baseline in the intent-

to-treat population

[y
o

Lower limb pain VAS (cm)
o - N w Es v (o)) ~ oo {{s]

Baseline

10 kHz SCS +
CMM CMM
n=94 n=95
Met primary endpoint, n (%) 5(5.3%) 75 (78.9%) p <0.001

Pain Scores Over Time

1 Month

3 Month

—o—CMM
(n=96)

10 kHz SCS +
cvim

(n=88)



Individual Pain Relief at 3 Months

CMM
7% responders (n = 7/96)
5%

average
pain relief

Individual Subjects

-160% -140% -120% -100% -80% -60% -40% -20% 0% 20% 40% 60% 80% 100%

Change from baseline pain VAS

10 kHz SCS + CMM

89% responders (n = 78/88)

77%

average
pain relief

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

Change from baseline pain VAS



Sensory Assessments at 3 Months

Investigator assessed sensory changes compared to baseline Numbness diagrams drawn by SCS patients

I Caselne 3 Month
(n=287) Front Back Front Back

80%

60%

} 40%
20%

0%

Deficit Improvement

Deficit

Improvement
1%

72%

No change
26%

No change
83%




Quality of Life Improvements: Sleep & Activity

Awakened at night by pain Awakened in morning by pain

Trouble falling asleep due to pain

Always 10
8
cCMM
=, 2 2
10 kHz SCS
2 + CMM
(n=88)
Never 0

Baseline 1 Month 3 Month Baseline 1 Month 3 Month Baseline 1 Month 3 Month

CEEINTE
CMM
- (n=93)
6-Minute Walk Test +49 m 10 kHz SCS + CMM
17% increase (n = 86)

0 100 200 300 400
Average distance walked (meters)



Quality of Life Improvements: Impression of Change

Proportion of Subjects

Patient Global Impression of Change Clinician Global Impression of Change
100% 100%
90% 90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%
30% 30%
pA pA
10% 10%
0% 0%
CMM 10 kHz SCS + CMM CMM 10 kHz SCS + CMM
(n=96) (n=288) (n =96) (n =88)
. No change, Almost the same . No change, Almost the same . No change, Almost the same . No change, Almost the same
. Little, Somewhat, Moderately better . Little, Somewhat, Moderately better . Little, Somewhat, Moderately better . Little, Somewhat, Moderately better

Better, A great deal better Better, great deal better Better, A great deal better Better, great deal better



Conclusions

SENZA-PDN Investigators

7

e Study primary endpoint met - A large proportion of

SUbjeCtS beneﬁted from 10 kHZ SCS Kas Amirdelfan  Matthew Bennett  Rick Bundschu Gassan Chaiban Paul Chang Heejung Choi
e 10 kHz SCS is a safe and effective treatment for PDN ' o=
patients with symptoms refractory to CMM 8 '

Vincent Galan Gennady Gekht  Johnathan Goree

e Sensory improvements observed in many patients with
10 kHz SCS ] |
4
° |mprovements seenin function & quallty Of I|fe Maged Guirguis Natha Harrison Nandan Lad Neel Mehta Ali Nairizi
measures g
 Study follow-up will continue for 24 months total with

Christopher Paul  Dawood Sayed Jim Scowcroft Khalid Sethi Shawn Sills Thomas Stauss

v

Kostandinos Tsoulfas Judith White Tyson Wickboldt Paul Wu

evaluation of health economics and pain medication
usage
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