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Thank You to the Parkinson and Movement Disorder Alliance!
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Agenda
* Introduction to Focused Ultrasound
Brief discussion of the Focused Ultrasound Foundation
Research update
Bobby Krause
Questions
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https://www.pmdalliance.org/

Early stage
MRI 40 years ago

= Unknown
= Revolutionized diagnoses

Focused ultrasound today
= Unknown; "Medicine's Best Kept Secret”
= Revolutionize therapy

Multi-billion dollar industry
Infancy, real today



The principle

Multiple intersecting beams of
ultrasound

= Focused accurately (submillimeter)

= Target in body

= Individual beams pass harmlessly
through adjacent tissue

= Profound effect at point of

convergence



Essential tremor
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Before Procedure

After Procedure
Awake, no anesthesia
No incisions
No burr holes
No electrodes
No infection
No blood clots
No brain damage




Noninvasive therapeutic technology

Outpatient
No incisions, less pain
Decreased complications: infection, hemorrhage, tissue damage

Rapid recovery

Improved outcomes, lower cost



Adjacent tissue Sparing

Liver




Biomechanisms
Tissue Destruction

Thermal ablation
coagulative cell death

Histotripsy
mechanical cell disruption

Microvascular occlusion
ischemic cell death

Sonodynamic therapy activation
of cytotoxic drugs, apoptotic cell death

Gene therapy

activation of apoptotic cell
death

Radiation Sensitization

Hyperthermic tumor
preconditioning

Increased tumor oxygenation
oxygen microbubbles

vasodilation

Therapeutic Delivery

Carrier mediated
nanoparticles, liposomes,
microbubbles, stem cells

Increased vascular permeability
blood-brain barrier opening

Increased cell membrane
permeability
sonoporation

Increased blood flow
vasodilation

Increased drug diffusion tumor

stroma disruption

Neuromodulation
Stimulation and inhibition

Peripheral and central nervous
system

Immunomodulation

Cell disruption
exposure of tumor antigens
release of cytokines

Immune cell trafficking

Enhanced immunotherapeutic
delivery and activation

Hyperthermia
release of tumor necrosis molecules

Other

Clot lysis

Chemosensitization
Vasoconstriction and vasodilation
Vascular occlusion

Cancer biomarker enhancement
Stem cell homing

Tumor boundary delineation



Global development landscape
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Indications 9 FDA Approvals
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Focused ultrasound devices




* Introduction to Focused Ultrasound
 FUS Foundation
e Review of the current research status

* Bobby Krause
* Questions
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Impact

Urgent need: widespread availability of focused ultrasound
= Saving time = Saving lives

Delay results in unnecessary death, disability and suffering
= Countless individuals



Awareness: patients and physicians

Robust evidence; safety, efficacy, cost

Regulatory approvals

Insurance reimbursement

Inertia: physicians resistance to change

Turf battles: medical specialists, manufacturers

Cultural Issues: patient centricity, urgency, collaboration

Purchasing value proposition
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The solution: overcome impediments

Obscure: No model, example or formula

Obligated to invent




Unique medical research, education, advocacy organization

Founded 2006, tax exempt

Entrepreneurial, high impact, market driven, action and results oriented
Charlottesville, VA based: global influence

Top 10 Medical Research Organization

Social entrepreneurship model
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Accelerate development and adoption of focused ultrasound

Global standard of care
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Annual Budget: $15 million, >60% research

Committed donors

If any of you want to contribute, see our website https://www.fusfoundation.org/

-donations can be directed to only Parkinson’s disease research
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* Introduction to Focused Ultrasound
 FUS Foundation
* Review of the current research status

* Bobby Krause
* Questions
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« A Randomized Trial of Focused Ultrasound Thalamotomy for Essential Tremor. eiias W), Lipsman N, Ondo

WG, Ghanouni P, Kim YG, Lee W, Schwartz M, Hynynen K, Lozano AM, Shah BB, Huss D, Dallapiazza RF, Gwinn R, Witt J, Ro S, Eisenberg HM, Fishman PS, Gandhi D,
Halpern CH, Chuang R, Butts Pauly K, Tierney TS, Hayes MT, Cosgrove GR, Yamaguchi T, Abe K, Taira T, Chang JW. N Engl J Med. 2016 Aug 25;375(8):730-9. doi:
10.1056/NEJMoa1600159. PMID: 27557301

+ 76 patients
« Randomized, blinded evaluators. 3:1 Sham, crossover at 3 months
* Evaluated on Clinical Rating Score for Tremor (32 point scale, higher = worse)

* Results
* 8.3 reduction in tremor score vs sham (47% improvement, p<.0001) at 3 months
* This was preserved at 12 months, 7.2 improvement (40% improvement, p<.0001 ).
* QOL and Disability Measurement also improved (p<.0001 for both)

* Adverse Effects
* Gaitdisturbance in 36% at 3 months, went to 9% at 12 months
* (ataxia, subjective weakness)

* Paresthesias/numbnessin 38% at 3 months, went to 14% at 12 months
e (Face, hand orfingers)

* Medicare approval for all 50 states

e Staged (9 month) Bilateral treatment is also approved
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https://pubmed.ncbi.nlm.nih.gov/27557301/

Tremor Dominant Parkinson’s Disease

« Target = VIM (Ventral intermediate nucleus), same as for essential tremor

« Bond et al. Safety and Efficacy of Focused Ultrasound Thalamotomy for Patients
With Medication-Refractory, Tremor-Dominant Parkinson Disease: A Randomized
Clinical Trial. JAMA Neurol. 2017 Dec 1;74(12):1412-1418.
doi:10.1001/jamaneurol.2017.3098.PMID: 29084313

* 62% improvement in tremor scores at 3 months (27 patients)

* Persistent side effects (1 year)
 Orofacial paresthesia (4)
* Finger paresthesia (1)
 Ataxia (clumsy voluntary movements)(1)

* Medicare reimbursement (unilateral) in AK, AL, AZ, CA, CT, GA, Hl, IA, ID, IL, IN, KS, KY, MA, ME, MI,
MN, MO, MT, NC, ND, NE, NH, NV, NY, OH, OR, RI, SC, SD, TN, UT, VA, VT, WA, WI, WV, WY (38 states)
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Safety of magnetic resonance-guided focused ultrasound thalamotomy for essential tremor: real-world experience
Gilat Schiff', Amit Sokolov', Neha Dhawan?, Giulia Frazzetta®, Katie Gant®

Treatment Interventions Affairs, Insightec; Tirat Carmel, Israel. *Treatment Intervemtons Affairs, Insightec, Michigan, USA. "Treatment

Bac kground

= foousad utrascund (MRgFLIS) is a precsa, incisonlkass
rnﬂﬂ'ud ﬁorﬁmrr:’aﬂﬁbun of targats in tha brain. fLD?_:Irbnnﬁ a 24 -charmel phasad-
array transducar and MR imaging in aclhsedoon procedure. Steowise energy thration
with real-time thermal and chrecal feadback allows for precisa control and adjusimeant
befora definithva treatment. In the Ursbad Statas, MAEgFUS thalamotomy is asmently
indicated for treatmont of cssental tramor unilricral and staged, bilmoral), and Tomor-
domimant Parkinson's disease junilateral procadura). Liniateral MEgFUS palkdotomy is
indicated formetor complications of Padonson's [1] Additicnal indicabons ara approwad
in athar regions. The number of MRgFUS procadures aach year has bean
growang sircs its introduction in 2006 } In tha US, MRgFUS has supassed DBS
o= o breatment option for funchional imarsanbon of assetial ramaor | 3
Ir & pavotal, randomized clinical tnal (RCT) inwolang paticnts with assenbal tremors,
unilateral MRGFUS thalamotomy producad immediate and sgnificant tramor ralief [2]
and improvamant was sustained for at lkeast S yaars [3,4] The procadura was genarally
wll tolerated. Adversa events (AEs) were mainly transient and mild. Howervar, safaty
findings from RCTs. which adhara to sirict patient monitoring procedurnes, may not be
reprasantative of real-waordd dinical practice.
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Objective
To aszass the safety of MRgFUS thalamotomy in patients with esscrtial tramor inoraal-
world direcal praccbioa.

Design/Methods

Safaty findings from realaworld scurcas [published litaratura, post-markabng
sunwaillance data, customar sunvey data, rege dizta) wera collatad and compared
with safoty indings from the preatal trial of MFgFUS thalamotomy in patients with
essantial remos

Results

Pivotal trial

Tha pavotal trial enrolad patants with modaerae-to savere assental tremor that was
redfraciony to at least wo nals of medical thamapy [Z]

Pabents wera randomized 31 to recerre MRgFUS thalamotomy (n= 5E) or a sham
pracedure [n= 304 Aftar 2 months, patiants. intha sham procedura oFoUp could cross
awer to active tmatrnnrrL

Mean aga was 7LD + B.3 years and maan disaase durabon was 95.8 4 12.3 yoars.

A2 3 months, the mean remonmotor score for tha reated hand, measured by the
composite dinical rating scale for remonr [CRST) Part &+8, was reduced by 47% in the
MRgFUS thalamotomy groun versus 014% in tha sham procedure groap (o< 00004).

intraprocadural sansabons and ovamts wore bricf and reschead by tha and of the
procedurs | 3

Appraximatedy one-third of patams in aach group had transiem symotoms
attributablie to placement of the MRgFUS fame | }-

Literature review
A litorature scarch was conductad using tha saarch terms: ‘Insightec OR Exablata’,
“focused ulrascund AMDthalamotoeny ', and Yocusod uitrascund AND cszomtial tremar’
o identify ralevant artickes of MRgFUS thalamotomy for essential tremor to compana
with tha peeotal BCT.

Indumon coritena pear reviewed arbvdes. from 209 onwands with & cobort of = %0
pabants.

Exclusion oiteriac artiches with no safoty results; expart opireon artides; artickes with
salactive data

& tonzl of 248 artickes ware idemtiflad: 152 ware scraoned and 7 met tha scloction
oritaria [5-11]

Main challengas in comparing data with the pivotal RCT were differant metrics:
fiollow-up durabion, SyYmMPIDM NaMme, SYMPIDM Saverty

Tha optimal tima point for comparizon [most available dota) was 3 months post-
procedure

Similar io the preotal RCT, comparabla studias mdicabad mild transitony procedure-

— wlated AEs{e.g . haadache. nauseafvomiting. ficating sensatonjand mild-to-modarata
able 1. Treatment-relafied ovants at the tma of M! US procedura in 3 pivoial randomiced b = v
controlled hnldpmnmmﬂwﬁm 1 ‘gait disturbances and parasthesias/numbnass | 3
Afvarse ovant MAGFUE thalsmalomy Sham
in = 56j [ Table 3. Adwerss cveris repoicad with MRgFUS thalamosomy i phvotal randomized comboled
Intapocediral soreatons and owants 'rﬂruil in comparablo cinical stuckes @fcrabune rewicaw) [5-11] and duning post-marketing
Saloty sunveilance:
thadg:ls:: ) ﬁ Advorsc avemt Frootaistudy | L roview Fost. =urszlancg
Mausoa 20% o = SEp n = 35445 AOTT-F0 0232
‘Womiang a% n - 6380 in = 3730
Scalp angling = =X = — procoduses) | procaderos: |
Hack pain o B Al oS OOET
Armichy EX R {Gai disturbance e 3%
PIN-sRc pain, oooma, of biusEng Urbaianced i O4% [k
atiribuiable o phoement of o MRgFLS IR 35X Farestho =N 3% OLER OURL
Fama Cry 3 =3 <OTR B
Coysartiria 4% IE [ales DuOER
Tha most frogquantiy roportad non- m‘“ﬁ ?2 hnurs malaml.omy-rdmn-d AE= Coysgoma Ty =3 arE oOEE
:\:n-nr-n D«I!'-nslh aszirumbnoss and gait distur dimnishad ower tme Tr—— e % DA% TR
Mo now AEs related o or probably relmed to MRgFUS ﬂmlarnclbclmy developsd — (ooalache 2= = EEea =
during kong-btarm follow.-up from 12 months bo & yaars | e - - oo =
Tablke 2. Non-ransont (> 72 hours MRgFUS thalamoiomyroiaiod S0werse ovets n 2 peaotal Face sweling = = [aE+{= 2,3
ranoomizod conroliad tnal and dunng long-Serm 1Dlre-up of pabents Wi Ortheers - 009K 223
romot[2-4] - Pcunlo‘ocmgms:nms!mmﬂu post-procodure.
Advarse evant” Tweek |3 months | 1 year Syears | Syaars
Forsiies o s, ey Tk %ﬁ—% r“? I ;IS,:“ m:.:orx.:] Safety events reported during post-marketing surveillance
\Zak dishrbance | Amia EL . 4% o = Ml zaferty cwants raparted with realworl d MRgFUS thalamotormy procedures parformad
Unbaisroed ! 7% 5% glocbally from 2007-2021 and 2022 were imvestigatad and summanzed.
ncto ey M e = a = Main challengas in companng datn wath tha pivotal RCT were that AEs wera
[T —— =X e T % e categorizad subjectivaly by the physican [saverity and duration not standardized)
= AEs wara reporied in 2 2% of 6380 real-warkd procaduras performad im 200720021,
Cwysmatria. §mb =X o% 4% IE 1)
'WE:":IEH A% T3 7= e =3 and n 0LG% of 3720 real-world procedures parformed in 2022 3
p— — A% T o 7% o AFEs were mainty gt disturbances and paresthasasinumbnass | k
Headacns TE 2 o = ] Customer survey data
Fatigua EX i3 3 3
Customers of the MRpFUS sysiem (Exdblata Meurd) recerwe an armual suneey
" PuSieria mumy e bad mom thae | advemn meesl. 5 .
/i v cmifiect Iox v iresirmens e in - 36) aed cromoves e =~ 1 which incissded 19 sham requasting feadbadk on tha company’s {insightec) suspan. product usability, safaty,
ard s - = repaat and raliability.
:Lﬁﬁh-m::::mm:ﬂmmammu;wh L|-|=5yn-'|r 0| Iolicwr-wp, nolzn = mucstion 6 azke = you & ricrod sny uncspoct S
* Hioind cbje<tivwaly on maminebon during or aftar tha treatmant? YesMo. H yas, please claborata”.
oy b 01 e I surveys conducted in 2018.2072, responding customars ratad the safoty of

Al thalamatormy-nalated AE= recornded dunng & years of follow-up wara classflad
by study imvestigators as mild (F1%) or modarate (29%); none wos deemed serious.

MRgFUS thalamotomy 2= good Fair 0533 or very goodiescel lemt (571005 [ )
Al AE= ancountered with MAgFLUS thalamotomry | J were within tha known
safaty profile [1).

Table 4. Custmer sunsoy Bsodback on MRgPS
Z0nE i) roa) 2033
Sont N umars = e 40
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Registry study
By 3015, 248 pabents wera ennollad into a Global Regising- Exfblate Nouro MR Guidad
Foousod Ulrasound (MRgPUS) of Mourological Disordors [MCTOZ100474].

Tha ragstry collects only sarious AEs

Mo sanous AF< worna raporied.

Conclusions

Urslataral MRgFUS thalamotoery for @ssantal tramor in tha real-world satbing s safe
and wall tolerated.

Incidanca rates of thalamotomy-related AEs during routing dinical usa ara not
higher than in tha pivotal RCT.

Ac theo rumbor of MRgFUS thalamotomy procadurcs parformed aach yoar
mcraases, Nno new safety signals hawe emerg

Evidanca supports the use of MRgFUS thalamotomy in patiants with assantial
tramar in evaryday dircal practice.
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PD: Motor Fluctuations and Dyskinesia (also includes rigidity and
bradykinesia)

. Target = GPi (Internal portion of the Globus Pallidus)

Krishna V, Fishman PS, Eisenberg HM, Kaplitt M, Baltuch G, Chang JW, Chang WC, Martinez Fernandez R, Del Alamo M, Halpern CH, Ghanouni
P, Eleopra R, Cosgrove R, Guridi J, Gwmn R, Khemam P, Lozano AM, McDannold N, Fasano A, Constantinescu M, Schlesmgerl DaIV|A Elias
WJ. Trial of Globus Pallidus Focused Ultrasound Ablation in Parkinson’s Disease. N Engl J Med. 2023 Feb 23;388(8):683—693. doi:

10.1056/NEJM0a2202721.

* 69% had a response at 3 months (94 patients)
* Response =drop PD assessment by 3 points

 Pallidotomy related side effects at 3 months
e Dysarthria (trouble speaking due to weak muscles, 1 moderate)
 Visual disturbance (1 moderate)
* Facial weakness (1 moderate)

* Medicare insurance coverage is in process (unilateral)

« Anthem BC/CS coverage in US: CA, CO, CT, DC, GA, GA, IA, IN, KY, LA, ME, MI, MO, NH, NJ, NV, OH,
\'4 ULTR/\ngN-!;X VA WA Wi
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https://pubmed.ncbi.nlm.nih.gov/36812432/

N/

FOCUSED
ULTRASOUND
FOUNDATION

:

Dt ior Fmb ! Ventral

B+ nal cansule Lateral

. itern pS A\

' \ Thalamus
'f'halamlc

\ Fasmculus\

\\\ H1

e -

Ansa lenticulans

533x417

“?-' 8| Howard Eisenberg,
8 UMD who shared

this slide 28



 Target PTT (Pallido-thalamic tractotomy)

* 571 consecutive patient experience (Switzerland study)
* Gallay MN, Moser D, Rossi F, Magara AE, Strasser M, Buhler R, Kowalski M, Pourtehrani P, Dragalina C, Federau C and

Jeanmonod D (2020) MRgFUS Pallidothalamic Tractotomy for Chronic Therapy-Resistant Parkinson’s Disease in 51
Consecutive Patients: Single Center Experience. Front. Surg. 6:76. doi: 10.3389/fsurg.2019.00076

« Pop: tremor dominant PD (9), Akineto-rigid (5), mixed (37)
* Results
« UPDRS-III improved 54% from baseline and was preserved at 12 months (p<.001)
» Adverse events at 12 months
 Speech difficulties (6)
* Hypophonia (3)
* Bilateral Parkinson’s disease treatments (NCT04728295) {Mostly US
study}
« PTT, 50 patients, enrollment complete, no publication yet, no FDA action
* 6 month interval between sides

FOCUSED
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mailto:https://www.frontiersin.org/articles/10.3389/fsurg.2019.00076/full
mailto:https://www.frontiersin.org/articles/10.3389/fsurg.2019.00076/full

 Couple of things to note
* The symptoms did not completely resolve
« What happens with the ongoing progression of disease?

FOCUSED
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* Bilateral treatment
* |s same technique for both sides safe?
« What staging is needed, if at all?

* What size lesion is optimal?
* Decrease risks effectiveness, but less side effects

* What is the optimal targeting technique
* Traditional coordinates
* MRI Tractography
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FUSF article about 2 major releases https:.//www.fusfoundation.org/press-

releases/two-landmark-studies-advance-focused-ultrasound-treatment-for-parkinson-s-disease

*  Dr. Obeso's group in Spain
*  Dr Lipsman’s group in Canada

FOCUSED
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https://www.fusfoundation.org/press-releases/two-landmark-studies-advance-focused-ultrasound-treatment-for-parkinson-s-disease
https://www.fusfoundation.org/press-releases/two-landmark-studies-advance-focused-ultrasound-treatment-for-parkinson-s-disease

Not a question of right vs wrong, but more of a decision for you to
make

* DBS

» This is an invasive procedure: this involves surgical incisions into the brain
 Attractive for those who are very conservative
» Patients who want to be able to reverse it all. You can have surgery to remove it all.
* Both sides can be done at once
* Not as good for those who do not want multiple MD visits or surgeries/interventions

* Focused Ultrasound

» This is a non-invasive procedure: this does not involve surgical incisions into the brain
» Well-suited for patient who wants it treated and you “get back to life”
» Trade off is that this is not reversible. If bad result, you live with that too.
» For bilateral disease, it takes two treatments, separated by 9 months,
* Good in that it does not have multiple MD visits or surgeries/interventions
FOCUSED

VA UL TRASOUND
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Remember: no issue in learning what is available
« Even if you decide it is not for you

If your movement disorder is predominantly tremor
* Get evaluated by a FUS MD, to see what they can offer for you
» https://insightec.com/treatment-centers/
* Insurance Coverage
* Medicare Coverage (ET): Covered in all 50 states (Medicare Advantage, need to check)

* Medicare Coverage (PD): AK, AL, AZ, CA, CT, GA, HI, IA, ID, IL, IN, KS, KY, MA, ME, M|, MN, MO, MT, NC, ND, NE, NH,
NV, NY, OH, OR, RI, SC, SD, TN, UT, VA, VT, WA, WI, WV, WY (38 states)

If you have motor fluctuations, dyskinesia, bradykinesia or rigidity
* If you have the capacity to cash pay, contact a treatment center (dyskinesia group)
 Subscribe to the newsletter, and wait for Medicare payment to happen

There is still a lot happening in this area, so the free newsletter is a good idea.
* This can be found at the bottom left of our website (or https://www.fusfoundation.org/newsletter-signup).
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* John Dutton is a FUS PD patient who had FUS done for tremor and made a
film about it.

* Worth the time to watch
* https://www.youtube.com/watch?v=-WfDH94XQrk
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