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From CGRP to CMO
via PML




Plan

0 New MS treatments:- when can we give them?
What are the up and downsides?

O What is a CMO? What does it mean in the
current dynamic system?

O What is new in Migraine therapeutics and why
do we inject heads?






Old Pharmac funding critena

= CDME - 3t least 2 relapses

= Relapsing MS

- E055 0 - 4.0 e able to walk at least 500m
without assistance/aid

« 1 relapse in last 1212 or 2 in last 2412

= Active MR within last 2 years - enhancing
lesion/new lesiontesion causing relapse in
last 2y T2 halo lesion

. Stop if EDSS > 4.0

Mew < since 1/.7/22

New (since 1/3/21)

« As pldertena, but 0SS 0 - 6.0 (able to walk 100m

with or without wnilateral or bilstersl aid/assistance)

« Apply via SA site.
= Aryene who has ever been approved can resums

treatment @ ECSS <=5.0 {wiz waiwver process)

» Switching does not require you to contact Phamnac

or MIOH - same 5& number

» People who already had approval numbers before

1/3/21 wall haws a bridging number tog - yvou can look
this up - this is the number you need if switching Fx.

* Patients with a.zingle clinical episode who

fulfill McDonald 2047 diagnostic criteria®
are eligible for funding of DMT.

* Must be within 12/12 of the clinical
episode, 50 not historic cases.

* #FTade eligible must have midure of
ephancing/not enhancing MR lesions, or
newlesion on repeat scan, or typical MR
lesions + OCB+ve.
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Renard D et al. Neurology 2010;75:e74-e74



Relapsing Remitting

Teriflunomide

Fingolimod

The drugs

Dimethyl Fumarate (DMF)

Natalizumab
Ocrelizumab
ABC

TOWER trial 2011 Teriflunomide vs Placebo

TOWER tnal 2011 Tenflunomide vs Placebo
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Infection Screening dictates choice

« JCV - also monitor every 6/12+ on Natalizumab

* Hep B - consider vaccination if not immune

* VZV - vaccinate if not immune (esp Gilenya and
Natalizumab)

« Hep C and HIV

« ? Quantiferon Gold (TB)

« MMR - consider vaccination if not.immune



If JCV negative:- Natalizumab

Sentinel trial

Patients with at least one relapse in 12/12
on avonex randomised to have avonex

plus natalizumab or avonex plus placebo
(Rudick et al 2006).

54% reduction in ARR
24% reduction in EDSS progression

83% and 89% reduction in T2 and Gad
MRI activity.
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E P<0.001
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Weeks
No. at Risk

Placebo

315 296 283 264 248 240 229 216 208 200 199

Natalzumab 627 601 582 567 546 515 517 503 490 478 473

Figure 2. Kaplan—Meier Plots of the Time to Sustained Progression of Dis-
ability among Patients Receiving Natalzumab, as Compared with Placebo.

Natalizumab reduced the risk of sustained progression of disability by 42

percent over two

years (hazard ratio, 0.58; 95 percent confidence interval,

0.43 to 0.77). The cumulative probability of progression was 17 percent in
the natalizumab group and 29 percent in the placebo group.

N ENGL) MED 354,90 WWW.NEJM.ORG MARCH 2, 2006



But...

PML risk
Overall risk 3 per 1000 patients

Risk higher with >24 months treat
prior immunosuppressive use anc
virus positive.

All 3 risk factors: 1/100 risk

In practice - MedSafe algorithm

Anti-JCV Antibody Status

Treatment duration < 2 Treatment duration > 2
years years

Prior

No prior
immunosuppressant use

immunosuppressant use

Low index*

- Yearly - Yearly - Yearly brain MRI - Yearly brain MRI and
brain MRI brain MRI - Periodic anti-JCV antibody -Consider more frequent
- Anti-JCV testing with index (for MRI monitoring (such
antibody example every 6 months as every 3-6 months)
testing
every 6
months

Increased risk of PML

N

*Index values =0.9 are associated with a PML incidence <1/1,000. PML risk increases
substantially at index values above 1.5. Refer to Figure 2 of the DS for more comprehensive
information.
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If JCV positive:- Medium efficacy 40-50%

B
304
B
£ Placebo A = R
& o azard ratio vs. placebo (95% CI)
Sa - = god  Twicedaily BG-12: 0.62 (0.44-0.87); P=0.005
gum— ail =12 L48=0.92); P=0.1
! 2 20— 4 Finghl"l’lOd. 0 s m E- 80— Eszzmgfﬁmgﬂnlgmmgzg atdyr
- g .o mg Twice-daily BG-12: 16%
? é k v ; 70 Thrineda;tg%nc-lz-. 18%
eSS 154 £ 60+ :
£3 E
= ¥
:EE 10- - -
B T Twice-daily BG-12 RN Trcegaty e L
o 5 - £ 20 B
Thrice-daily BG-12 i 10 Twice-daily BG-12
0 T T T T T o T T T T T T T 1
0 9 180 270 360 450 0 12 24 36 48 60 72 B4 9% 0 12 24 36 4 6 72 34 9%
- " Weeks on Study Waaks on Study
No. at Risk Tieto kiee :o'.mn“k :M:om 408 375 345 319 291 265 242 224 129
Fingolimod, 125 mg 429 401 373 356 344 332 322 e g T Twicedaly8G12 409 359 333 325 304 2% 278 267 167
Fingollmod. osmg 425 416 388 370 354 340 332 3 Thrice-daily BG-12 416 346 322 301 286 270 251 244 166 Thrice-daily BG-12 416 360 346 325 314 291 276 266 168
Placebo

418 391 371 341 320 308 290 279

N ENGL) MED 362;5 NEJM. FEBRU ’



If JCV positive:- High efficacy 50-70% RR

Ocrelizumab

Anti-CD20 monoclonal antibody

Reduces B-cell populations and hence
antibody production

May be higher infection risks with longer
treatment and in older more disabled
patients

Reduces vaccine efficacy
May reactivate Hep B

OPERA 2017 Relapse data

Table 2. Clinical and MRI End Points during the 96-Week Trials.*
End Point OPERA | Trial OPERA |l Trial
Ocrelizumab Interferon P Interferon P
(N=410) Beta-la Value Ocrelizumab Beta-la Value

(N=411) (N=417) (N=418)

Primary end point

Annualized relapse rate at 96 wk 0.16 0.29 0.16 0.29

(95% CI) (01210 0.20)  (0.24t0 0.36) (0.1210020)  (0.23 to 0.36)

Rate ratio (95% Cl) 0.54 (0.40 t0 0.72) <0.001 0.53 (0.40 t0 0.71) <0.001



Significant efficacy differences

Annualised relapse rate
Alemtuzumab -
Matalizumab -

RR (95% Q1)
0.31 (0.26-0.36)
0.31 (0.27-0.36)

Fingolimod - 0.47 {0.41-0.53)
Dimethy fumarate - 0.50 (0.43-0.59)
peg-IFN B-1a 125mcg e 064 {0.51-0.80)
Glatiramer acetate 20mg - 065 (0.59-0.71)
Glatiramer acetate 40mg —— 0.65 (0.55-0.78)
IFN B-1a 44mcg SC - 0.674(0.60-0.74)
IFN B-1b 250mcg SC - 067 {060-0.75)
Teriflunomide - 067 (0.59-0.75)
IFN B-1a 22mcg SC —-— 0.72 {0.63-0.82)
IFN B-1a 30mcg IM - 0.85(0.98-0.93)
020 a7 120
a) favours treatment favours placebo

Progression (3-month)

Alemtuzumab EE
Natalizumab e —
Dimethy fumarate e
peg-IFN f-la 125mcg ———
IFN f-3a 44mcg SC —
Teriflunomide ——
Fingolimod —t—
IFN f-1a 30mcg IM —R—
Glatiramer acetate 20mg —a8—
IFN f-1a 22meg SC B
IFN (-1b 250mcg SC —_—

HR (85% C1)
0.32 (0.17-0.59)
0.55 (0.42-0.73)
0.62 (0.49-0.78)
0.62 (0.41-0.93)
0.72 (0.53-0.97)
0.73 (0.59-0.92)
0.75 (0.62-0.90)
0.81 (0.62-1.06)
0.81 (0.63-1.03)

— 0.81 (0.57-1.13)

0.83 (0.62-1.12)

0.2

o7

b) favours treatment

Fogarty et al. MS & Related Disorders 2016(9):23-30

1.2

favours placebo




Ocrelizumab vs Rebif; Opera 2017

A OPERA I Trial

0.6

0.5

0.4

0.3

0.2

Mean No. of Lesions per Patient
per MRI S5can

0.14

No. of Patients

B OPERA Il Trial
Interferon beta-1a Ocrelizumab
(N=411) (N=410)
0.6
Mean no. ‘é
through 96 wk, 0.29 5
1 e
5.
=
P<0.001 LE
55
-
z
Mean no. §
through 96 wk, 0.02 =
]
24 48 96 24 48 96
Week
72 357 335 g2 377 359 Mo. of Patients
MRI data

Interferon beta-1a Ocrelizumab
(N=418) (N=417)

Mean no.
through 96 wk, 0.42

=

P<0.001

Mean no.
through 96 wk, 0.02

| —
24 43 9% 24 48 96
Week
372 334 311 385 3713 359

OPERA disability data

B Disability Progression Confirmed at 24 Wk

Hazard ratio, 0.60 (95% CI, 0.43-0.84)
P=0.003

- S

,_;:f‘;;‘— Ocrelizumab

100+
z 90
a 80—
'g 70 29
_— 7} 16
E %- 60— 12
= 2
€2 504
S8 ol &
= 4 = 0 T
£ 0
Sa 30
£ 20
2
E 10
0 f
0 12
No. at Risk

Interferon beta-la 829 785
Ocrelizumab 827 7197

Week

747 705 677 644 622 600 466
772 748 731 717 704 688 540
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COVID-19

 Risks of serious outcome with COVID-19 higherin-non-ambulant MS
patients.

* Ocrelizumab and Fingolimod associated with slightly worse outcomes from
COVID-19

 Vaccine responses reduced with-Ocrelizumab (B-cell response) and
Gilenya (B and T-cell responses).

 Patients on Ocrelizumab or kFingolimod are eligible for evusheld protective
treatment and should also be offered Paxlovid/molnupiravir/remdesivir if
they contract COVID-19.



Siponimod vs Placebo in
SPMS; EXPAND trial2018

B
50 ——Placebo (N=546)
— Siponimod (N=1099)
& 40-
o
o
]
=
O
S 20-
2
=
a
& 10+
HR 0-74 (95% Cl 0-60-0-92)
RR 26%; p=0-0058
0 T T T T T T I
0 6 12 18 24 30 36 42

Time (months)

1099 960 811 525 306 106
546 473 361 230 128 37 1 0
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What is the
& national
. picture?
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f How are we
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Local structure

VY

Clinical Directors

Credentialling Coordinator

y- - N
Chief Medical Officer |
David Gow
T eputy CMO Southland
! Tim Mackay
i
i
r-——--——------——--——--——------'|---——--——------——--——--——----—r——--——-l‘——------m--'—--——--""r.;'——--——--——------——--——--——---1--——--——--——------——--——--——|
i i ! v i
o -._1 .;,.- - _\‘l __L\"
Medical Director Medical Directors Medical Directors
Mental Health, Dunedin Surgical Services edical Director Planning, Funding and
Addictions & Intellectual & Radiology outhland Hospital Population/PublicHealth
Disability Philip Davis and Adam Mcleay Jo Mitchell
Evan Mason Mark Thompson-Fawcett |
-__\. _,/’I. .,f '_\‘
i i i i
I_?rofessiunal Re_pnrﬁing {  ProfessionalReporting i :  ProfessionalReporting
ur_1£ for all Medicalstaff ! Line for all Medical staff | Professional Reporting | Line for all Medical staff
'”_thf? Mental Health i inthe Dunedin Surgical i Line for all Medicalstaff i inthe Planning, Funding
SOICE St . Services & Radiology | onthe Southland site. . &Population/Public
Disability Directorate. ; Directorate. i ! Health Division.

Coordinator to the Chief
Medical Officer & Deputy
Chief Medical Officer
Robyn Garry

Cat Manera (Secondment)

Director
Prevocational
Education
Kathryn Forwood

Professional Reporting
Line for pre-vocational
SUpervisors.




What
statutory
areas do the

CMO and
MLT work
in?




Trainees
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Migraine
preventers

Sensory gensithities,

<0 ineluding photaphabia
and phonophobia; mood
and attentional change;
fatigue; and alterations in
cognition, memary, and
amation

Vasculalurf

/

Processing of sensory
Input; iInvalved in

| production of symptoms
including pain, allodynia,
and photophobia

| Alrered slesp-wake cycle,
yawning, food cravings,
thirst, palyuria, neck

Hypothal
ypothalamus discomfart, and nausea

1 Meck discomfort |

Altered arousal, changes
infeeding habits, and
sleep-wake slterations

A vital area for migraine
that mediates nack
discomfort, hesad pain,
and cranial autonomic

BYMpLHms
I y
|

L [cranial autonomic |
Cervical Inputs Eymptoms

FIGURE 2-1

Pathophysiology of migraine in relation to its clinical manifestations. Trigeminal afferents
arise fram the trigeminal ganglion (TG) and innervate cranial structures, vasculature, and
the dura. These sensory afferents converge with cervical afferents from the upper cervical
dorsal root ganglion (CG) in the trigeminocervical complex (TCC) in the brainstem and upper
cervical spine. Second-order neurons from the TCC project to the thalamus, from which
thalamocortical neurons relay sensory information to multiple cortical areas. Several
structures, such as the rostroventral medulla (RVM), locus coeruleus (LC), periagqueductal
gray (PAG), and hypothalamic nuclei, have been implicated in trigeminovascular sensory
medulation. The parasympathetic pathway medates cranial autonomic symptoms through
the superior salivatory nucleus (SuS) and the sphenopalatine ganglion (SPG). The boxes
summarize the clinical manifestations of migraine attributed to each relevant anatomic area.
All = diencephalic All area.

Reprinted with permission from Karsan N, Goadsby P, Nat Rewv Neurol.® & 2018 Springer Mature Limited.

KEY POINTS

@ It is widely accepted that
migraine is an inherited
disorder of sensory
processing, but many
aspects of the underlying
basis of this disorder still
remain unknown.

® Migraine attacks are often
preceded by alterations in
homeostasis, supporting the
role of the hypothalamus in
the prodromal phase.

® Neurcimaging studies
have found hypothalamic
activation and altered
connectivity with other brain
and brainstem regions that
could explain the polyuria,
yawning, food cravings, and
changes in appetite
reported in the prodromal
phase.



When?

Two severe or disabling or four less disabling migraine attacks per month
Acute migraine treatment is ineffective or contraindicated
Medication-overuse headache is present

Highly disabling migraine attacks (eg, hemiplegic migraine or migraine with brainstem aura)

89

* 4+ 4 ¢

Patient preference

@ 2021 American Academy
of Neurology.



What?

TABLE 4-1 Classes of Treatments Used for Preventive Treatfient of Migraine

Antiepileptic drugs Divalproex sodium,” topiramate,\ gabapenti
Antidepressant drugs Amitriptyline and othef trigyclic antidepressants, venlafaxine and other serotonin

norepinephrine reuptakednhibitors (SNRIs)

Beta-blockers Propranolal?® oietaprolol, timolo?

Other antihypertensive drugs Verapamiil, lisinepril, candesartan

Neurotoxins Onabétulinumtoxina?®

Calcitonin gene-related peptide Erenumab,” fremanezumab,® galcanezumab,” eptinezumab®

monoclonal antibodies

Other Memantine, cyproheptadine
Herbal and nutritional supplements Magnesium, vitamin B, (riboflavin), feverfew, coenzyme Q10, melatonin
# US Food and Drug Administration{FDA)-approved for prevention of either episodic or chronic migraine. @ 2021 American Academy

of Neurology.



ich?

TABLE 4-3 Preventive Medication Choices Based on Side Effects, Contraindications,
and Comorbidities

Area of concem Consider Avoid
Side effects”
General Verapamil and memantine well tolerate o] Valproate, topiramate, amitriptyline
lisinopril and candesartan i normal blood
pressure
Weight gain Topiramate, venlafaxine Valproate, amitriptyline, cyproheptading
Fatigue/exercise intolerance  Topiramate, venlafaxine Beta-blockers, amitriptyline, verapamil
Cognitive symptoms Verapamil, lisinopril, candesartan, Antiepileptic drugs
venlataxine Memanting
Contraindications
Yypotension Antihypertensive drugs
Nephrolithiasis Topiramate, zonisamide
2ossibility of pregnancy Prgpranclel first line; amitriptyline, Valproate, topiramate, lisinopril,
verapamil, coenzyme Q10 second line candesartan, feverew
Glavcoma Topiramate (narrow-angle glavcoma),
amitriptyline
Comorbidities
"RLSCMmnia Amitriptyline, melatonin Memantine
& i B Bata-blockers Topiramate
Jepression Venlafaxine Beta-blockers
Hypertension Antihypertensive drugs Erenumab, venlafaxine, duloxetine
Jdbesity Topiramate Valproate, amitriptyline
Frequent migraine aura Verapamil, valproate, Mone identified

magnesium, topiramate

* Herbal and nutritional supplements and behavioral treatments are good choices for patients with side effect concems.



New stuff

Emgality

Antibodies to Calcitonin Gene-Related Peptide or Its Receptor® T}AE 4-4

Targ
Subc
Prod

Dose

Time
maxi
l:TF'I"Iﬂ)
Half-

MNotes

Very effective in real world setting

don
EaUsi i Tas (e5T SUggEEsLs THENET Tisk Ul IealLIUNTs LHiiglt TUT 2erelr Ul iaily; SIE Teacuons than for
ongset of &fficacy constipation than with quarterly dosing may be erenumab

other monoclonal convenient for some patients

antibodies

W= intravenous.

® Data from Do TP, et al, ] Headache Pain.”



ther stuff VT b

Procedure Treatment type Injection frequency Evidence highlights
OnabotulinumtoxinA Preventive 12-week intervals Randomized controlled trials for chronic
migraine””

Randomized controlled trial for sleep-related
bruxism™

©bservational studies for new daily persistent
headache,” chronic posttraumatic headache,'
nummular headache,'” trigeminal neuralgia'®

Peripheral nerve blocks  Acute, short-term Single or repeated at Randomized controlled trials for migraine
preventive 2-week of longerintervals  (short-term prevention)®™"
as needed

Randomized controlled trials for migraine in
emergency department'®'?

Randomized controlled trials for cluster
headache (short-term prevention)*~

Observational studies in pediatric,®®
pregnant,? and geriatric®? populations

Trigger point injections Acute, short-term Single or repeated at Randomized controlled trials for tension-type
preventive 2-week or longer intervals headache™"
as needed
Sphenopalatine #cute, short-term Single or repeated twice Randomized controlled trial for acute and
ganglion blocks preventive weekly or longer intervals  preventive treatment of chronic migraine24
as needed

Randomized controlled trial for acute
headache in emergency department?®



Botox:- not Public!

A Midpupillary Limbus B
line ling Orbital rim Midhelix

Tragus Tragus
line

Qccipital
protuberance
Upper Hairline
1/3of :
forehead Frontalis
— Supracrbital Hellx
Orbital rim —§ ok i
Lateral
canthus Corrugatar
Limbus —
i uchal
Medial Procerus fidge
canthus
Mastoid
process
Inion

FIGURE 10-1

Injection paradigm for onabotulinumtoxinA in the treatment of chronic migraine. Injection
site locations for onabotulinumtoxinA in the treatment of migraine include the following
muscles: corrugator (A, purple dots), procerus (A, red dot), frontalis (A, orange dots),
occipitalis (B, purple dots), cervical paraspinal muscles (B, orange dots), trapezius

(B, red dots), and temporalis (C, purple dots).

Modified with permission from Blumenfeld A, et al, Headache.** ® 2017 Allergan plc.



erve blocks

A Third
occipital
Greater
ar

occipital

[ =

.

Lesser

TN Very effective.iniwell selected patients

A\

e

neagacne arsoraers. Commnmon periprnerat nerve DlocK INJection Site tocatons ncwae the
greater and lesser occipital nerves (A), the supraorbital and supratrochlear nerves (B, C),

and the auriculotemporal nerves (B, C).
Reprinted with permission from Blumenfeld A, et al, Headache . ® 2013 American Headache Society.



Acute therapies NN

TABLE 3-2 Select Summary of American and Canadian Headache Societies
Guidelines for Acute Migraine Treatment

Amuerican Headacha
Medication Society® Canadian Headache Society”

Acetaminophen 1000 mg for nonincapacitating attacks® Strong evidence (Level A) Strong evidence

Aspirin 500 mg, diclofenac 50 mg or 100 mg, ibuprofen Strong evidence (Level A) Strong evidence
200 mg or 400 mg, naproxen 500 mgor 550 mg

Triptans Strong evidence (Level A) Strong evidence

Dihydroergotamine nasal spray Strong evidence (Lavel A) Weak evidence but may be first line
In SOMmMe Cases

Dihydroargotaming [V /IM fsubcutaneous Medium evidence (Level B) Weak evidence but may be first line
in SoMe Ccases

Acetaminophen/ aspirin/caffeine Strong evidence (Lavel A) Mot addressed

Butorphanobnasal spray Strong evidence (Level A) Weak evidence, should not use

Codeine Medium to weak evidence Weak evidence, should not use

[Level BSC)
Tramadol Medium evidence (Level B)  Weak evidence, should not use

M4 = intramuscular; [V = intravenous.



TABLE 3-3 Side Effects of Acute Migraine Medications®

Medication Most common adverse events and warnings

Acetaminophen MNausea, vomiting, headache, and inscomnia
Monsteraidal NSAIDs hawve a US Food and Drug Administration (FOW) bioeed warning\regarding
anti-inflammatory cardiowvascular and gastrointestinal risk; discuss medication -owveruse headac he with patients

drugs (NSAIDs)
Common side effects of NSAIDs include nausea, vomiting, constipation, diarrhea, reduced

appetite, headache, dizziness, rash, and drowsiness

Other possible adverse events include edema, renal failure, Iverfailure, allergic reaction
causing anaphylaxis, and bleeding

MNSAIDs (except aspirin) may increase the risk of myosardial infarction or stroke with
increased duration of use and when used igEhose withyunder yving risk factors for
cardicvascular disease

Triptans Triptans hawve an FDA boxed warning r@garding cemebrovascular or cardiovascular disease
and risk of serotonin syndrome when used with other serctonin drugs; discuss
medication-overuse headache with ' patie nrs

Triptans are contraindicated in [patieptswith a history of cardiovascular or cerebrovascular
disease, including those with un'eontrolled Rypertension, peripheral vascular disease, or
cardiac amrhythmias; patieissith ischemic bowel diseasa; and those with hemiplagic migraine.

Common side efifectsycan include navsea, dizziness, somnolence, paresthesia, dry mout h,
dyspepsia, feelifg hot oF cold, chgst pain/tightness, flushing, throat/neck symptoms,
heaviness sensation

Ergotamines FDA boxed Wwarnings for erggtamines include risk of life-threatening peripheral ischemia with
coadminiSEratign with pote nt cytochrome P450 344 isozyme [CYP344) inhibitors

Common side effectsof diydroergotamine include rhinitis, nausea, altered sense of taste,
dizzingss, vomiting, flushing

Ditans wWarning for medication -overuse headache and driving restriction for 8 hours after use;
Schedule Vv contrelled substance

Common side effects include dizziness, fatigue, paresthesia, and sedation

Gepants Use with cauticon in medications that use the CYP3A4 system and breast cancer resistance
procéin or P-glycoprotein-only inhibitors

Common side effects include navsea and somnolence

2 Data fram Cooper W, et al, Pastgrad med 1F



Acute neuro-modulation
treatments

Neuromodulation Dosing and Side Effects TABLE 3-4
Device Dosing Side effects

External trigeminal 1 hour during migraine attack Paresthesia

stimulation

Single-pulse transcranial Three pulseés uplta 3 timesper attack as needed Lightheaded, tingling, tinnitus
magnetic stimulation

Noninvasive vagus nerve Bilateral I20seconds toright and left of neck within 20 minutes  Application site discomfort,
stimulation of onsebof attack; repeat once after 15 minuwes nasopharyngitis

Remote electrical To upper arm for 45 minutes within 1 hour of onset; increase Tramnsient warmth, redness, or

neuromodulation stimulation until perceptible but nonpainful tingling sensation into the arm
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Questions?
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