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Painful neuropathies

Painful neuropathies

- Diabetic NP « Chronic axonal idiopathic NP
+ Alcoholic NP ]
N Small fiber neuropathy

- Vasculitic NP « Fabry disease
+ GBS, CIDP « Channelopathies
. HIV-Neuropathy - Mononeuropathies
- Amyloidosis (ATTR, AL) « Entrapment

. » Postoperative
- Myeloma, paraneoplastic, _

*  Traumatic
POEMS
. Toxic NP - Plexopathies
— Chemotherapy

— Other toxins (thallium)
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Painful neuropathies: Study Wirzburg (350 pts)
SFN 42 15
CIAP 31 17
DNP 6 7
CIDP 41 48
NSVN 14 9
SVN 7 2
PIAN 10 9
CMT 8 7

Some surprises ?

- Painless SFN

— Pain<3, no need for medication
— Fabry disease without pain

- Painful CMT

CASE REPORT

Myelin protein zero Arg36Gly mutation with very late
onset and rapidly progressive painful neuropathy

Patrizia Dacci’, Franco Taroni?, Eleonora Dalla Bella', Micaela Milani?, Davide
Pareyson®, Michela Morbin®, and Giuseppe Lauria'
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Quantitative sensory testing and IENFD
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Uceyler et al. Pain 2018;159:1867-76.

NP pain treatment: State of the art
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Antidepressants Anticonvulsants
» Tricyclics « Ca-channel drugs
* NSRI * Na-channel drugs

Opioids Local Treatment
» Weak opioids with e Lidocaine
additional

characteristics
- Strong opioids  Botulinum toxin ?

» Capsaicin

NeuPSIG Guideline: Tricyclic antidepressants

Amitriptyline

(PSP, amitriptyline75 mg, Leijon and Boivie (1989) == 17(121030)
SCI, amitriptyline 150 mg, Rintala et al (2007) 44(20t0-17-
PPN, amitriptyline 150 mg, Max et al (1987) ———— 16(12t023)
PPN, desipramine 25 mg, Max et al (1991) — 22(14t051)
PPN, amitriptyline 75 mg, Vrethem et al (1997) R 30(20t063)
PPN, maprotiline 75 mg, Vrethem et al (1997) = 11.0(461t0-28:
PPN, amitriptyline 100 mg, Kieburtz etal (1998) B — 50-0(45t0-56
PPN, imipramine 150 mg, Sindrup et al (2003) —_— 24(1.61048)
PHN, amitriptyline 73 mg, Watson et al (1982) 16(12t024)
PHN, desipramine 250 mg, Kishore-Kumar et al (1990) 19(13t037)
PHN, nortriptyline/desipramine 160 mg, Rajaetal (2002) —_— 40(261089)
PNI, amitriptyline 100 mg, Kalso et al (2006) : 25(1-41t0106
RADIC, nortriptyline 100 mg, Khoromi et al (2007) 1 186(35t0-55
MS, amitriptyline 75 mg, Osterberg and Boivie (2005) 34(17t0-63¢
PPN, amitriptyline 75 mg, PhRMA and FDA 1008-040 (2007) —_— 61(33t0525
Combined (fixed effects) _<>_
T T T T T T 1
=25 5 5 25 167 125 1
T —
NNT (harm) NNT (benefit)

Finnerup et al. Lancet Neurol 2015;14:162-73.
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NeuPSIG Guideline: NSRI

Duloxetine

B [NNTEs%e) ]
PPN, venlafaxine 225 mg, Sindrup etal (2003) : 51(261t068.8)
PPN, venlafaxine 150 mg, 225 mg, Rowbotham et al (2004) = 45(2710135)
PPN, duloxetine 60 mg, 120 mg, Goldstein et al (2005) + 42(29107-2)
PPN, duloxetine 60 mg, 120 mg, Raskin et al (2005) —.':— 7-0(40t027-0)
PPN, duloxetine 60 mg, 120 mg, Wemicke etal (2006) B 48(3-21097)
PPN, duloxetine 120 mg, Gao et al (2010) L 30-2(6-0t0-10-0)
PPN, duloxetine 40 mg, 60 mg, Yasuda et al (2011) — R 52(35t0101)
PPN, duloxetine 60 mg, Rowbotham et al (2012) T 61(29t0-48.5)
MS, duloxetine 60 mg NCT00755807, Vollmer et al (2013) — —.—i— 151 (6-0t0-29.0)
PPN, desvenlafaxine 50-400 mg, NCT00283842 1 —.—é— 10-4(5-0t0-109)
Combined (fixed effects) —d}—
5 o 5 10 5 3 25 2
B —>
NNT (harm) NNT (benefit)

Finnerup et al. Lancet Neurol 2015;14:162-73.

Duloxetine side effects

- Nausea/vomiting in 20%

0.6+

0.2+

(i

~O~ Placebo (n = 368)
~m- Duloxetine (40-120 mg/din = 719)
—0— Paroxetine (20 mg/din = 351)

Nausea: Time course

Mean Change in SSI Item |

* Prevent with antiemetic:

» Metoclopramide 50 mg, sulpirid 5 mg

Greist et al. Clin Ther 2004;26:1446-55.
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NeuPSIG Guideline: Pregabalin

| e |
CPSP, pregabalin 600 mg, Kim etal (2011) 27-0(681013.6)
51, pregabalin 600 mg, Siddall et al (2006) —_— 7039t0372)
50, pregabalin 600 mg, Cardenas etal (2013) — - 7039t0315)
CPSP/SQ, pregabalin 600 mg, Vranken et al (2008) —_— 33(1910143)
PPN, pregabalin 300 mg, Rosenstock et al (2004) - 40(261087)
PPN, pregabalin 300 mg and 600 mg, Lesser et al (2004) —. 34(25t054)
PPN, pregabalin 600 mg, Richter etal (2005) ——— 4227 1094)
PPN, pregabalin 300 mg and 600 mg, Télle et al (2008) - 108 (53t0-2304)
PPN, pregabalin 600 mg, Arezzo et al (2008) L. 3925t086)
PPN, pregabalin 600 mg, Simpson et al (2010) H |V N P—I— — -267 (13510-67)
PPN, pregabalin 300 mg and 600 mg, Satoh etal (2011) - L. 108(481t0-471)
PPN, pregabalin 300 mg, Rauck et al (2012) —a — -126 (207 t0-48)
PPN, pregabalin 300 mg, Smith et al (2013) 202 (56 10-127)
PHN, pregabalin 600 mg, Dworkin etal (2003) —_—— 340Q23t064)
PHN, pregabalin 300 mg, Sabatowski et al (2004) —_—r-— 56(341017:3)
PHN, pregabalin 300 mg and 600 mg, van Seventer et al (2006) —.— 42(311065)
PHN, pregabalin 300 mg and 600 mg, Stacey et al (2008) —a— 40(281069)
PPN/PHN, pregabalin 600 mg, Freynhagen et al (2005) —.—— 39(271074)
PPN/PHN, pregabalin 600 mg, Guan et al (2011) 83(4210287)
PNI, pregabalin 600 mg, van Seventer etal (2010 = 106 (5210-409.8)
Mixed, pregabalin 600 mg, Moon et al (2010)) 85 (4510 68.9)
PPN, pregabalin 600 mg, PhRMA and FDA 1008-040 (2007) 101(41t0-225)
PPN, pregabalin 600 mg, NCT00156078 318(7510-142)
PPN, pregabalin 300 mg and 600 mg, NCT00143156, A0081071 :t 453(8610-138)
PHN, pregabalin 300 mg and 600 mg, NCT00394901 — 56(3-6t012:5)
Combined (fixed effects) <>

r T - T T 1
25 50 50 25 17
«— —
NNT (harm) NNT (benefit)

NeuPSIG Guideline: Gabapentin

-

SC1, gabapentin 3600 mg, Rintala etal (2007) ©(3.-610-3-6)
PHN, gabapentin 3600 mg, Rowbotham et al (1998) —— 3.4(2510 54)
PHN, gabapentin 1800 mg and 2400 mg, Rice and Maton (2001) — 51(3-5t09:3)
PPN/PHN, gabapentin 3200 mg, Gilron et al (2005) —_———— 33(201097)
PNI, gabapentin 3600 mg, Smith et al (2005) 27 (1-6t084)
PNI, gabapentin 2400 mg, Gordh et al (2008) = 245(7-8t0-211)
Mixed, gabapentin 2400 mg, Serpell et al (2002) - —— 141(6-410-733)
PPN, gabapentin 3600 mg, A9451008) —— 7-0(431019.8)
PPN, gabapentin extended release, 3000 mg, Sandercock etal (2012) —_— 45(29t095)
PPN, gabapentin enacarbil 1200 mg 2400 mg and 3600 mg, 41m 125 (55 t0-453)
Rauck et al (2012)
PHN, gabapentin extended release 1800 mg, Irving et al (2009) R P 65(3-61032:0)
PHN, gabapentin extended release 1800 mg, Wallace et al (2010) -, 12.8(5-8 10o-586)
PHN, gabapentin extended release 1800 mg, Sang et al (2012) _._ 9-0(51t0377)
PHN, gabapentin enacarbil 1200 mg and 2400 mg and 3600 mg, B E— 6-0(371015-8)
NCT00619476, Zhang et al (2013) {
Combined (fixed effects) <> [(Z&ET©oT]
72‘5 —IS ‘5 2I5 17I67 1 ‘25
T e
NNT (harm) NNT (benefit)

Finnerup et al. Lancet Neurol 20




01.07.2019

NeuPSIG Guideline: Tramadol

Pain condition Drug Doses Reference

SCI Tramadol 400 mg Norrbrink and Lunderberg 2009 4+~ 7.7 (3.7--139)

PPN Tramadol 400 mg Harati et al. 1998 3.1(2.1-6.3)

PPN Tramadol 400 mg Sindrup et al. 1999 43(24-21.2)

PPN Tramadol 300 mg + acetaminophen 2600 mg Freeman et al. 2007 —— 6.4 (3.9-17.7)

PPN Tramadol 400 mg Sindrup et al. 2012 4.0 (24-11.5)

PHN Tramadol 400 mg Boureau et al. 2003 4.8(2.6-27.0)
Combined (fixed effects) —_—— [FEssn]

10.0 [ 1(;40 5f0 3i3 2i5 1i7 '
NNT (harm) NNT (benefit)

Finnerup et al. Lancet Neurol 20

NeuPSIG Guideline: Opioids
Oxycodone,
Morphin
Pain condition Drug Doses Reference m
PPN Oxycodone 80 mg Watson et al, 2003 _— 26(1.7-6.0)
PPN Oxycodone 80 mg Hanna et al, 2008 R 9.8 (4.9--594)
PHN Oxycodone 60 mg Watson and Babul 1998 —_— 25(1.7-5.1)
PHN Morphine 240 mg/methadone Raja et al. 2002 . 27(2.0-4.2)
PHN/PPN Morphine 230 mg Gilron et al, 2005 — 2.1(1.5-3.3)
PNI Morphine 80 mg Wu et al. 2008 — 6.3 (2.8--27.0)
RADIC Morphine 90 mg Khoromi et al, 2007 13.7 (3.3--6,2)
Combined (fixed effects) ——
25 5 a tl'> 2?5 1,;57 1;25
NNT (harm) NNT (benefit)

nikum ! Finnerup et al. Lancet Neurol 20
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High dose capsaicin (8% patch)

Pain condition Drug Doses Reference

PPN Capsaicin 8% Simpson et al. 2008
PPN Capsaicin 8% Clifford et al. 2012
PHN Capsaicin 8% Backonja et al. 2008
PHN Capsaicin 8% Webster et al. 2010a

PHN Capsaicin 8% VVebster et al. 2010b

[RNTTEE o

L 6.5(3.8-19.7)

14 4 (6.2- -46.0)

112 (5.4--181)

7.0(4.3-18 1)

235 (6.1--6.5)

PHN Capsaicin 8% Irving etal. 2011

Combinad (fixed effocts)

11.0(57-118)

[EETTEE]

NNT (harm)

10

5 33
NNT (benefit)

Qutenza in diabetic neuropathy

Screened
n = T&1)

Screen failure
{n=392)

(n=183)

Discontinued (n = 17)
Capsaicin 8% patch:
Withdrawal (7). lost to follow-up (2)

Placebo patch:
Withdrawal (6), lost o follow-up (1),
due 1o TEAE (1)

Completed study
{n=177)

Completed study
=175

Figure 2. Patient flow.

Responders at 230% leve, %

W Capsaicin 8% palch (1 = 136)

Odds ratio= 1.4
5% 01,001022
P08

Baseline 1
0 L

20

30

Mean change from baseline in average
daily pain score , %

404

= Piaceto patch (a=183)

s raio= 1.5
98%0,1.010 24
D

® Capsaicin 8% patch (n = 186) ® Placebo patch (n=183)

«— __ »
Wecks 2-8 (Primary end point) (95% C, -12.3 0 -.8; P = .025)

Weeks 2-12 (95% C), -129t0-1.2; P=.018)

10
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Botulinum toxin

8+ Placebo
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Figure 2: Effects of botulinum toxin A and placebo on the primary endpoint
Bars are SE. p values are for the difference between botulinum toxin A and 0
’ o T
placebo at each timepoint. *p<0-05. tp<0-01. p<0-001. Responders to botulinum Non-responders to botulinum
toxin A (n=8) toxinA (n=21)

Figure 3: Intra-epidermal nerve fibre density at baseline
Bars are SD.

Attal et al. Lancet Neurol 2016;15:555-65.

NNTSs

Finnerup et al. Lancet Neurol 2015;14:162-73.

11
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Recommendations

Total daily dose and dose regimen Recommendations
Strong recommendations for use
Gapabentin 1200-3600 mg, in three divided doses First line
(Gabapentin extended 1200-3600 mg, intwo divided doses First line
release or enacarbil Flrst Ilne
Pregabalin 300-600 mg, intwo divided doses First line
Serctonin-noradrenaline  60-120 mg, once aday (dulaxetine); First line
reuptake inhibitors 150225 mg, once a day (venlafaxine extended

dulowetine or venlafaxing®  release)

Trigyclic antidepressants 25-150 mg, once a day or in two divided doses First linet

Weak recommendations for use .
Capsaicin 8% patches One to four patches to the painful area for Second line ( peripheral S e C 0 n d | I n e
30-60 min every 3 months newropathic pain)¥
Lidocaine patches One to three patches to the region of painoncea  Second line ( peripheral
day forupto12h neuropathic pain)
Tramadol 200-400 mg, intwo (tramadol extended release)  Second line
orthree divided doses
Botulinum toxin A 50-200 units to the painful area every 3 months ~ Third line; specialist use _ . .
(suboutanecusly) (peripheral neuropathic pain) T h I rd I I n e
Strong opioids Individual titration Third line§

Unihiniim Ule Finnerup et al. Lancet Neurol 2015;14:162-73.

Treatment of the individual patient — how to chose ?

- Licencing status/availability of the drug
- Diagnosis / symptoms

- Side effectprofile

- Interaction profile

- Convenience

- Your own experience

- Patient's preference

12
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Special cases: Trigeminal neuralgia

Percent improved with carbamazepine

100 -
80
o) O
60 .
40 300
°
20 150
0 -
0

0 20 40 60 80 100
Percent improved with placebo

Wiffen et al. Cochrane Database Syst Rev 2014;4:CD005451.

Trigeminal neuralgia

Effects Treatment
Likely to be beneficial

Systematic reviews, randomised controlled trials, or the best Carbamazepine
alternative source of information have shown some effectiveness,
although this has not been fully established; benefits are likely to
be greater than harms Baclofen (in people with multiple sclerosis who develop trigeminal neuralgia)*

Trade off between benefits and harms

Oxcarbazepine*

Clinicians and patients should weigh up beneficial and harmful ~ Microvascular decompression*
effects according to individual circumstances and priorities

Non-percutaneous destructive neurosurgical techniques (stereotactic radiosurgery)*

Percutaneous destructive neurosurgical techniques (radiofrequency thermocoagulation, glycerol
rhizolysis, and balloon compression)*

Unknown effectiveness

Data are currently insufficient or of inadequate quality Lamotrigine

Gabapentin

Clinical practice
 Add low dose of PGB to CBZ, if effect is not sufficient
* Do not wait too long with surgery

Zakrzewskaet al. BMJ 2015;350:h1238.

13
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Opioids in chronic neuropathic pain ?

NEWS & VIEWS
2017

“4 PERIPHERAL NEUROPATHIES who received long-term opioid treatment
was higher than among patients who received
short-term treatment, even after correcting for

LO n g = t e r m O p i O i d t h e ra py i n other influences, such as comorbidities.

One could argue that the patients

th . b f't h ? who received the long-term prescriptions

n e u ro p a y . e n e I O r a r m . were more-severely affected at baseline, with
more-severe pain and more comorbidities.

Claudia Sommer Pain seventy was not documented in the regi-

B e e e - nbnm whick na dencchanle Af tha cbeeder and

who receive Iong term 0p|0|d
prescriptions are worse off ,,

Opioids in chronic neuropathic pain ?

JAMA Neurology | Original Investigation
Association of Long-term Opioid Therapy With Functional
Status, Adverse Outcomes, and Mortality Among Patients
With Polyneuropathy

E. Matthew Hoffman, DO, PhD; James C. Watson, MD; Jennifer St Sauver, PhD; Nathan P. Staff, MD, PhD; Christopher J. Klein, MD

CONCLUSIONS AND RELEVANCE Polyneuropathy increased the likelihood of long-term opioid
therapy. Chronic pain itself cannot be ruled out as a source of worsened functional status
among patients receiving long-term opioid therapy. However, long-term opioid therapy did
not improve functional status but rather was associated with a higher risk of subsequent
opioid dependency and overdose.

14



01.07.2019

Monotherapy or combinations?

Monotherapy first
Stop inefficient drug (exceptions)
Increase dose if moderate effect

If increase is not tolerated:
— Combine with drug with different mode of action

Indications for early combination treatment (GCP)
— Very different pain types

— Low tolerance

— Local and systemic combinations

NP pain treatment: What is new?

15
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Cannabinoids and neuropathic pain

Annals of Intemal Medicine REVIEW

The Effects of Cannabis Among Adults With Chronic Pain and an
Overview of General Harms

A Systematic Review

Shannon M. Nugent, PhD; Benjamin J. Morasco, PhD; Maya E. O'Neil, PhD; Michele Freeman, MPH; Allison Low, BA;
Karli Kondo, PhD; Camille Elven, MD; Bernadette Zakher, MBBS; Makalapua Motu‘apuaka, BA; Robin Paynter, MLIS; and
Devan Kansagara, MD, MCR

gent et al. Ann Intern

Cannabinoids and neuropathic pain

Table 1. Characteristics and Findings of RCTs on Cannabis Extracts for Treating Chronic Pain*

Trial: Author, Year (Reference) Pain Type N Intervention Formulation; Dosage; Duration
Study Design

Abrams et al, 2007 {33) Neuropathic sensory, HV-associated 55 Smoked THC, 4%; 1 cgarette/d (0.9 g) 12d

Berman et al, 2004 (30) Neuropathic brachial plexus avulsion 48 Nabiximols (THC cromucosal spray); 2 wk (no washout)
=48 sprays/d; cossover

Ellis et al, 2009 (31) Neuropathic sensory, HIV-associated 34 Smoked THC, started at 4% and 5 d {2-wk washout)
adjusted as necessary; 4 smoking
sessions/d; crossover

Lynch et al, 2014 (24) Neuropathic chemotherapy-induced 18 Nabiximols: <12 sprays/d 4 wi (2-wk washout)

Notoutt et al, 2004 (43) Mostly neuropathic; 47% MS 34 Sublingual spray delivering 2.5-mg Bwk
THC, 2.5-mg CBD, or 2.5 mg each:
1 to 8 sprays/d

Nurmikko et al, 2007 (35) Neuropathic pain with allodynia 125 Nabiximols; <48 sprays/d 5wk

Selvarajah et al, 2010(26) Neuropathic diabetic peripheral 30 Nabiximols; maximum unclear 12 wk

Serpell et al, 2014 (27) Neu;g)gaﬂ\ic peripheral with 246 Nabiximols; 24 sprays/d 15wk

allodynia

Wallace et al, 2015 (36) Neuropathic diabetic peripheral 16 Vaporized THC, 7%, 4%, or 1%; 4 h 4 h (2-wk washout)
observation at each dose; crossover

Ware et al, 2010(39) Neuropathic, postsurgical or 23 Smoked THC, 2.5%, &%, or 9.4%; 5 d (9-d washout)

posttraumatic crossover

Wilsey et al, 2008 (28) Neuropathic 38 Smoked THC, 3.5% or 7%; 9 puffs; 6h(3-t021d
crossover washout)

Wilsey et al, 2013 (40) Neuropathic, peripheral 39 Vaporized THC, 129% or 3.53%; 4 &h(3-to7-d
puffs at 1 h after baseline, 4t0 8 washout)
puffs at 3 h; crossover

Wilsey et al, 2014 (47) Neuropathic, spinal cord injury 42 Vaporized THC, 2.9% or 6.7%: 400 mg 8h

using Foltin Puff Procedure at 8 to
12 pufs over 240 min, adaptable
_ dose design

Nugent et al. Ann Intern Med 2017;167:319-31.

16
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Cannabinoids and neuropathic pain

* Limited evidence suggests that cannabis may alleviate neuropathic
pain in some patients, but insufficient evidence exists for other
types of chronic pain.

* Among general populations, limited evidence suggests that
cannabis is associated with an increased risk for adverse mental
health effects.

Nugent et al. Ann Intern Med 2017;167:319-31.

Nociceptor-selective Na-channel blockers

Voltage-gated sodium channel

Wau et al. ACS Chem Neurosci 2018;9:187-97

17
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ORIGINAL ARTICLE

Safety and Efficacy of a Topical Sodium Channel Inhibitor
(TV-45070) in Patients With Postherpetic Neuralgia (PHN)

A Randomized, Controlled, Proof-of-Concept, Crossover Study,
With a Subgroup Analysis of the Navl.7 R1150W Genotype

Nicola Price, BSc(hons),* Rostam Namdari, PhD* Judith Neville, PhD,*
Katie J.W. Proctor, MSc* Samer Kaber, MD,1 Jeffery Vest, PhD,
Michael Fetell, MD,} Richard Malamut, MD,} Robin P. Sherrington, PhD,*
Simon N. Pimstone, MB, ChB, PhD,*§ and Yigal P. Goldberg, M B, ChB, PhD*

Topical Navl.7 blockade

——
L * Application of an ointment with TV-45070

e 7,5 ul/cm?, up to 400 cm?
. (60, 120, 180 or 240 mg 2x/day

18
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Nav 1.7 blocker TV-45070

TABLE 5. Proportion of Patients Achieving at Least 30% or 50%

Screeni hout Double-Blind s o Double-Biind M h h -
creening/Was! ;’3’ “Fregtment Pariod i @ E Treatment Period 2 % Pain Improvements—Efficacy Evaluable Population
B g |e 3 0 [%)
2 5 g Placcho  TV-45070
% § £ Timepoint Criteria (N=57) (N=357) P
2 2 Week 1 N =54 N =354
z z Mean improvement from 8 (14.8) 13(24.1)  0.2266
Daily Pain Score Recording hasclline 230%
Study Dru fication Study Dru lication Mean improvement from 5(93) 6 (11.1)  1.0000
baseline =50%
Placebo Tvas070 Week2 N=5 N=35
Mean improvement from 11(20.0) 18(32.7)  0.0923
baseline > 30%
1 Mean improvement from 509.1) 11(20.0)  0.0703
baseline =50%
TV-45070 Placebo Week 3 N =352 N =35
Mean improvement from 12(23.1) 21(404) 0.0636
Day 29 8 1 2 29 3 57 64 baseline >30%
Visit 1 2 3 6 7 8 112 Mean i.mp[ovement from 6(11.5) 15(28.8)  0.0039
(Randomization) hml“}e 250% , )
Week 3 with LOCF N =36 N =56

Mean improvement from 13(23.2) 22(39.3)  0.0784
baseline >30%
Mean improvement from 6 (10.7) 15(26.8)  0.0039
baseline > 50%
Overall N =56 N =36

Overall improvement = 30%  ‘Mmrwgpee oo Bev o P<0.002
Mean improvement from 5(8.9) 9(16.1) 0.2188
baseline =>50%

Price et al. Clin J Pain2017;33:310-8.

Nav 1.7 blocker

TABLE 6. R1150W Mutation Status and Response to TV-45070
No. Patients (n [%])

RI150W Wild Type

Treatment Response Heterozygotes (N =8) (N =137)
TV-45070

=30% reduction in pain 5(62.5) 13 (35.1)

= 50% reduction in pain 3 (37.5) 9 (24.3)
Placcho

> 30% reduction in pain 1 (12.5) 8 (21.6)

= 50% reduction in pain 1(12.5) 3 (8.

* More patients with >30% pain reduction if they have a R1150W
polymorphism than with wild type

» Less placebo response with R1150W polymorphism

Price et al. Clin J Pain2017;33:310-8.
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Nav 1.7 blocker in trigeminal neuralgia

Safety and efficacy of a Nav1.7 selective sodium channel
blocker in patients with trigeminal neuralgia: a double-blind,
placebo-controlled, randomised withdrawal phase 2a trial

* 67 patients

» BIIBO74 3x 150 mg for 28 days

* Open label run-in

» QOutcome: Time to treatment failure

Zakrzewska et al. Lancet Neurol 2017;16:291-300

Nav 1.7 blocker in trigeminal neuralgia

Time to treatment Mean change in
failure number of pain attacks

ber of paroxysms (5)

Meanchange in

7%

: K
E 504 IS
g N : ) \.\ %
3 E \
E o o I

. ?‘\

~ ~ ] _—

~h L

Zakrzewska et al. Lancet Neurol 2017;16:291-300
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Nav 1.7 blocker (BlIIBO74) follow-up trial
Biogen

A Phase 2 Placebo-Controlled. Double-Blind, Randomized
Withdrawal Study to Evaluate the Efficacy and Safety of
BIIB074 in Subjects With Idiopathic Small Fibre Neuropathy or
Diabetes Mellitus with Confirmed Small Fibre Neuropathy

Study is recruiting

Other Nav blockers (Nav 1.8)

Vertex-Pharmaceuticals

A Phase 2, Randomuzed, Double-blind, Placebo-controlled, 6-Week, Parallel-design
Study of the Efficacy and Safety of VX-150 in Treating Subjects With Pain Caused
by Small Fiber Neuropathy

Study is completed

* The study met its primary endpoint and showed
that treatment with VX-150 demonstrated
statistically significant and clinically meaningful
pain reduction
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Nerve growth factor (NGF)
\

Tissue injury

[ Anti-NGF
@)

TrkA Mast cell

Prostaglandin,
histamine, etc.

Dorsal root
ganglion

Dorsal horn

3

Lane et al., Nat Rev Rheumatol 2017;13:76-8

NGF inhibitors

Fulranumab in Patients With Pain Associated With
Postherpetic Neuralgia and Postraumatic Neuropathy

Efficacy, Safety, and Tolerability Results From a Randomized,
Double-blind, Placebo-controlled, Phase-2 Study

Hao Wang, PhD,* Gary Romano, MD, PhD,7 Margaret Fedgchin, PharmD,f
Lucille Russell, MD,7 Panna Sanga, MD,7 Kathleen M. Kelly, MD,}
Mary Ellen Frustaci, MAS, and John Thipphawong, MD f
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Fulranumab

{

Postherpetic Neuralgia
Patients randomized

)

» Low patient number

N=65 .
| * Negative
( | | N - Trials cont
o p p Trials continue
Fulranumab Fulranumab Fulranumab
Pﬁf;go 1mgQ4wk 3mgQdwk 10mgQdwk
- N=13 N=13 N=19
AN AN vy
e N N g
. Completed: 9 | Completed: 14
Cc_)mpleied: 7 Completed: 9 | Withdrawn: 4 | Withdrawn: 5
Withdrawn: 3 "
Withdrawn: 4
Adverse event: 1 | Adverse event: 1
&
3"““55" . Patient choice: 3 | *Sponsor *Sponsor
discontinued: 2 - . y N
Patient choice: 1 Other: 1 | discontinued: 2 | discontinued: 1
atient choice: Patient choice: 1 | Other: 3
AN N\ A

Wang et al. Clin J Pain 2017;33:99-108.

EMA401 in PHN

EMA401, an orally administered highly selective
angiotensin Il type 2 receptor antagonist, as a novel
treatment for postherpetic neuralgia: a randomised,
double-blind, placebo-controlled phase 2 clinical trial

Andrew S C Rice, Robert H Dworkin, Tom D McCarthy, Praveen Anand, Chas Bountra, Philip | McCloud, Julie Hill, Gary Cutter, Geoff Kitson,
Nuket Desem, Milton Raff, for the EMA401-003 study group*

Rice et al. Lancet 2014;383:1637-47.
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How should an ATII-R2 antagonist work like ?

Dorsal Root Ganglion

* Only in the periphery

Extracellular "X emasor  revs NGF * Blocks input of TRPV1-and
AT.R ? TrkA-receptors

e .  Potentially pro-regenerative

DRG sensory neuron

“ Sensitization

\ PKA  PKC
Direct/ E , I

L PLC
Indirect? L{CONE

Intracellular

TT pERK & 11 pp38MAPK

Gene transcription l

Neurite Outgrowth

Smith et al, Pain. 2016 Feb;157 Suppl 1:S33-41

EMA401 in PHN
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Figure 2: Timecourse of mean change in pain intensity from baseline by week
of treatment

Rice et al. Lancet 2014;383:1637-47.
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EMA401

Novartis

A double-blind, placebo-controlled, randomized dose
ranging trial to determine the safety and efficacy of three
dose levels of EMA401 in patients with post-herpetic

neuralgia
EMPADINE Discontinued due to side
Studie fiir Erwachsene effect in a monkey
mit schmerzhafter

diabetischer Neuropathie

NDMA inhibitors

- NYX-2925 is a novel, oral, small-molecule NMDA
receptor modulator in development for the
treatment of chronic pain.

- NYX-2925 is currently being evaluated in multiple
Phase 2 studies in patients with fiboromyalgia and

painful diabetic peripheral neuropathy Oﬁ O§NH2

Apyntix company website

NYX-2925
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NDMA inhibitors

- April 2019, Phase 2 study in patients with painful DPN,
demonstrating robust analgesic activity in patients with
advanced (more chronic) DPN.

June 2019, positive data from a Phase 2 study of NYX-2925
in patients with fiboromyalgia, demonstrating significant effects
on both biomarkers and patient-reported outcomes.

In the second half of 2019, we expect to initiate a larger 12-
week Phase 2 study in patients with fiboromyalgia which will
evaluate patient-reported outcomes as the primary endpoint.

Apyntix company website

L U

Disease modifying drugs

- Aren‘t there any drugs that do not only
alleviate the pain, but make the neuropathy
better?
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Ricolinostat (ACY-1215)

- Ricolinostat (ACY-1215) is an oral, selective inhibitor of the
microtubule modifying enzyme HDACG6 with first-in-class
potential, currently positioned to enter Phase 2 clinical trials.

- Disease-modifying therapy that reverses nerve damage and
reduces pain, numbness, and muscle weakness resulting
from diabetes, chemotherapy, and Charcot—Marie—Tooth

disease.
- Studied in myeloma and other cancers - ,
RESTORIN_G:‘T{RVE " -
FUNCTIONSSE i~ .
to freat diabetic and other péri;}:erd 1

neuropathies

Website Regenacy Pharmaceuticals

Ricolinostat (ACY-1215)

Study Description

Brief Summary:
This is a randomized, double-blind, parallel group clinical study of

Condition or disease @

Diabetic Neuropathic Pain
Goto v

ate the safety and efficacy of ricolinostat for Diabetic Neuropathic Pain (DNP).

Intervention/treatment Phase ©

Drug: ricolinostat Phase 2

Drua: Placebo

Clinicaltrials.gov
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WST-057, a disease modifying drug?

Progressive neuronal growth and b

Drug treatment

g of axonal p

_aay

WST-057

Location 2017 2018

Preclinical Dev’t e :
Topical NCE o |
|

Phase 1 Australia

Canada,

Europe,
Phase 2a China,

us )

AP-325

Small molecule developed for neuropathic pain and acute spinal cord injury.

Belongs to the malononitrilamides (MNAS), originally developed as low molecular
weight immunosuppressants.
Targets receptors in the superficial dorsal horn of the spinal cord and in DRG.

Reversibly inhibits dihydro-orotate dehydrogenase (DHODH), a key cellular
enzyme involved in de novo pyrimidine synthesis.....central role of pyrimidine
nucleotides in immune cell function and inflammation.

Compound

Indication

AP-325

Neuropathic pain

Spinal cord injury

Preclinical Clinical Phase
development I mn
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Something different
In Operating Room: M]Jm(:”lul"iuﬁi‘."m("iu

N,O 50/70%: weak anesthetic e

adjuvant of general anesthesia WA TR S
A, ~/¢ GALLONS OF GAS
Outside Operating Romm G

N,O/O, 50%/50% (EMONO): analgesic, sedative, anxiolytic
Short-term analgesia in painful procedures or condition of mild to
moderate pain in adults and children >1 month

Sedation during dental surgery

Analgesia in obstetrics

Why should N,O work in chronic pain?

N,O is an NMDA-Antagonist
N,O reduces phosphorylation of NR2B and neuroinflammation

Arg Neuropsiquiatr 2015;73(7):578-581

Chronic pain relief after the exposure of
nitrous oxide during dental treatment:
longitudinal retrospective study

Alivio da dor crénica apos exposicao ao 6xido nitroso durante tratamento odontologico:
estudo retrospectivo longitudinal

Francisco Moreira Mattos Junior', Rafael Villanova Mattos’, Manoel Jacobsen Teixeira’, Silvia Regina
Dowgan Tesseroli de Siqueira’, Jose Tadeu Tesseroli de Siqueira®
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N,O work in neuropathic pain

Study Description Goto ~

Brief Summary:
To assess the effect of 3 consecutive days of one-hour administration of Nitrous Oxide/Oxygen 50%/50% (EMONO) versus placebo as Oxygen/Nitrogen 22%/78%
(synthetic medical air), in add-on therapy to chronic analgesic treatments, on average pain intensity in patients with chronic peripheral neuropathic pain. A total of 250
randomised patients to be included in all the participating centres, i.e., 125 randomised patients in each of the 2 study groups treatments

Condition or disease 6 Intervention/treatment @ Phase 6
Neuralgia Drug: Medical Air Phase 2
Drug: EMONO

ClinicalTrials.gov Identifier: NCT02957851

Recruitment Status @ : Completed

Al r qu u |d e First Posted @ : November 8, 2016

Last Update Posted @ : September 21, 2018

N,O work in neuropathic pain

(S I [W————
First Visit e Last Visit

Vo Vi | Vv2*| w34 PhoneCall* va V5 V6 V7
Day-7 Dayl|Day2|Day3| Day4to Day 10 | Dayl1l0 Day 17 Day 24 Day 31

Stratification on Evoked pain
Randomisation

EMONO ‘

Screening }—

Air Liquide —
StUdy Com pleted 3 consecutive days SEEHMEE;N&L?: F:.gsdﬁ:;:l air administration
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Summary Painful neuropathies

- State of the art treatment:
— We have options, but not for everybody
— Molecular phenotyping?

- Novel treatments
— Botulinum toxin in localized neuropathic pain
— Na, 1.7- and Na, 1.8 blockers
— Anti-NGF: still open
- N,/O,
— NMDA-inhibitors
— Ricolinostat




