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Recent Clinical Trials for Amyotrophic Lateral Sclerosis: An

Uupdate for Therapeutic Trials

Ki-Wook Oh, MD, Seong-il Oh, MD?, Seung Hyun Kim, MD, PhD

Department of Neurology, College of Medicine, Hanyang University, Seoul, Korea, Department of Neurology®, Busan Paik Hospital, Inje

University College of Medicine, Busan, Korea

Amyotrophic lateral sclerosis (ALS) is the most frequently occurring of the neuromuscular degenerative disorders, with a median sur-
vival time of 3-5 years. The underlying pathophysiological mechanisms of the disease remain unclear and complex, and there is no
curative treatment in spite of many efforts using various neuroprotective agents until now. Numerous new strategies have been de-
veloped for the treatment of ALS. Pathophysiological insights have suggested novel therapeutic approaches, including stem cell and
genetics-based strategies, providing hope for feasible treatment of ALS. We discuss the recent therapeutic trials for practical

purposes.

Key Words: Amyotrophic lateral sclerosis (ALS); Clinical trials; Stem cell therapy; Therapy; Motor neuron disease

52174 9 (motor neuron disease)-S $-5A173 A o]
w4 wsbh 47 24 40k 8 A%e Uosle sk
g} ~3EH(disease spectrum) &2 A5 A S (Upper
motor neuron sign)¥} &} -5 YT (lower motor neu-
ron sing)”} EAloll YEh = S9EAd&274 315 (amyotrophic
lateral sclerosis, ALS, Lou Gehrig's disease, 5= Charcot
disease)o] 714 &3t &F9&E AN YEh= PMA
(progressive muscular atrophy), SMA (spinal muscular dyst-
rophy), Spinobulbar muscular atrophy (Kennedy’s disease)
53 22 lower motor neuron syndrome3} 7% 44
Sk LR )s= PLS (primary lateral sclerosis)@} HSP (hereditary
spastic paralysis), 7-7H] SRt 94 0 &2 vEhs= pro-
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1. 2=E LA

1) Lithiun

2 20079 SEREE TG ol Alxnd dTE
53l A7EE2A(autophagy)? AHHE AFEE ARG S
o] BFal A et HIAAH9l ALAleh vl 8-S A7
3l olWAE 22 oA, 18]a AAME Ealol Fels}
Aoz dgA gt FAAC A ATE ulg oz
NS AR o H, 4498 AR AR O 12
Mt 1574 o] el Fojg At BAHYL rilu-
zole T 150) 1|3 2)E riluzole B3 1204 2
o] e WS UL 22t o)F el PH Y
ABorE ZFE Bl 5 ¢t 200990 Hegsk of
TR PIARS o7 B 7IRke] A WA 3 A ol
2] Aol B} WARR] kol QFA| o] ZthE]7)
= stelch. " ek el g3 AR 3 1073 BlE T
ofrd 2499e] A iz vl AF-(phase 1)
20120l ¥ 669 2l Folwdt 6718 ekl
2 A o)E71e AR (phase IIb)oAE &2} ¢l
ek H e 20139 Aoz 10750 Folrat
10778 9] 2T S (phase TollA] A&l Xfol7} LiE}

|

1:12 rlr

U] eggket.

2) Dexpramipexole

Pramipexole®] R(+) ©]*d&A|(enantiomer) 2 AFEA] ]
2-gate] AsRRlNEl 85 SVMIFCEN AFES &
7= 71A 2 Qe soD1 rRe-2 mElloA] dexpramipex-
oleg AEAZLE APATIL 2FV1ee BESG”
2011 5 53l 3 PIAIES B3l ALSEAllA kA
(safety)?} W] (tolerability) 2 EHe1E w7l glck. ' 2011
W B E phase I T2, olaw7H dAIE oA
= 2 AR FdE0] 102782 $xK(part D)o} 9218<] A}
(part IelA AAERAIL, Part [oX= &5 o]EH o= 7]
S (ALSFRS-R) 727} 2H) Yelt o) Part oM =
joint rank ¥-4S 53} ALSFRS-R <=9} APdEol A f-2l3k
o7} Jglar, wEwolr o ExbHo|lek” o]F phase
I A3 (EMPOWER)Z} 28 =9l o) 20131 kg ol 4
£ 4747 9] FT(300 mg/d)T 4687 9] T (9]eh) oA
127497 ALSFRSR 5] Wshs} AEAIRbe] ZHol7} 9}
}\)\q—.ls

3) Talampanel-AMPA receptor antagonists:
anti-inflammatory effects

Ho}et Glutamate T2 Q13F SE=EJL ALSS] HE]7Y]

A F F.3 HRoln o]e} HEEo] AMPA F&A 0l T
Sk ZAgA|7F G93-SOD1 vk RdlofA] of& o] 5 A3 A

Supplement 1. Phases of Clinical Research (http:/en.wikipedia.org/wiki/Phases_of_clinical_research)

Phase Primary goal Dose

Typical number Notes

Preclinical Testing of drug in non-human subjects, to
gather efficacy,
toxicity and pharmacokinetic information

unrestricted

in vitro and /n vivo only

Phase 0  Pharmacodynamics and Pharmacokinetics particul very small, subtherapeutic 10 people often skipped for phase |
arly oral bioavailability and half-life of the
drug
Phase | Testing of drug on healthy volunteers for often subtherapeutic, but  20-100 determines whether drug is
dose-ranging with ascending doses safe to check for efficacy
Phase Il Testing of drug on patients to assess efficacy therapeutic dose 100-300 determines whether drug
and safety can have any efficacy
Phase Il Testing of drug on patients to assess efficacy therapeutic dose 1000-2000 determines a drug's
and safety therapeutic effect

Phase IV Postmarketing surveillance-watching drug use
in public

Phase V  translational research

therapeutic dose

no dosing

anyone seeking treatment watch drug's long term
from their physician effects

all reported use research on data collected
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Impaired Astrocyte

glutamate Microglia

uptake

(EAAT-2

transporter) Secretion Release of
of toxic inflammatory
factors mediators

Glutamate

excitotoxicity

Presynaptic
neuron

Dysfunction of axonal
Pump transport systems

dysfunction

Neurofilament

Mitochondrial :
accumulation

dysfunction

Increased oxidative stress

SOD-1 aggregates

Mutant SOD-1

TDP-43/FUS
Mutations in

c9orf72, TDP-43 (TARDBP),

FUS, and SOD-1 (SOD1) genes

Supplement 2. Pathophysiology of amyotrophic lateral sclerosis (ALS). The pathophysiological mechanisms underlying neurodegeneration
in ALS appear to be multifactorial with evidence of a complex interplay between molecular and genetic pathways. Dysfunction of the
astrocytic excitatory amino acid transporter 2 (EAAT2) results in reduced uptake of glutamate from the synaptic cleft and thereby gluta-
mate excitotoxicity. Glutamate-induced excitotoxicity results in increased influx of Na+ and Ca2+ ions and ultimately neurodegeneration
through activation of Ca2+-dependent enzymatic pathways. In addition, glutamate excitotoxicity results in the generation of free radi-
cals which in turn contribute to neurodegeneration. Mutations in c9orf72, TDP-43 (TARDBP) and FUS result in dysregulated RNA me-
tabolism that ultimately leads to the formation of intracellular aggregates which are harmful to neurons. Of further relevance, mutant
SOD-1 enzymes increase oxidative stress, induce mitochondrial dysfunction, form intracellular aggregates, and adversely affect neuro-
filament and axonal transport processes. Activation of microglia results in secretion of proinflammatory cytokines, producing further
toxicity. Abbreviations: c9orf72, chromosome 9 open reading frame 72; FUS, fused in sarcoma; SOD-1, superoxide dismutase 1 (SOD1);
TDP-43, TAR DNA-binding protein 43 (TARDBP) (Vucic, 2014, Trends in neurosciences).

22 IR A7 HEHAT” AMPA 84|
A FolM Talapanel= F49, 95 2go= 7 Ceftriaxone-& Glutamate SE-54S A0 2H &
EAE O GAY ) A7d ool 2U545 sagnme wesie Aoz Qe Ueh? Go3soD
Adsk5 oAM= Phase 11 5989] $AkE tho= 4079 a2 oA ceftriaxone FoJTolA FAAN T
Fo7d 1999 thzd ATl 283 ALSFRS H<-9] 228 AT, 2ES GREY, RS ZIINZ
Za7b =EAL sholat 2= ¢)gl ok AbRET FehgolA 1.3 olgfsl A npgro g 3)7]Hel MO & phase I,
APk gigiek.” elefet Ag vigow fEA IS A g o) qugalge ol WAL 1RANE 667
3| Phase I P3AIg o] FP=E o}, A 2dHI7} FH o] ALS BHAbollA] Ik, 2 g/d, 4 g/de] ceftriaxone® & F
of A or AW} gle AR dHA . ofabr] |AT} ¥25 0] FESH pharmacokinetics)S 2

=TT

4) Ceftriaxone-reducing glutamate excitotoxicity
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?lé‘}_ﬂ, 2 7AoM = A&EH R AS5E FAskE 7kl

T Fo] A] oFAAT UekAde delstglon 1919} 2
D]’ﬁloﬂ/ﬂ ceftriaxone®] °Fzst 2l v 2% 8|3 0
A 4 g 7 5 AT RS el S Q3]
wZol] 3dAlX = 4 go = RS AAskaL 5147 9] ALS
BA}ol|A| phase I ATE st 2=y 20128 5
2 54§ Fokes) giase] wmelr] AEE 7ol
A BFeA] atolg HolA| gfol FHESI

1) NPOOT

*?a

2 M| E(macrophage)®] 243t 2dee= =4=,

AL991 e 717<4°ﬂf‘1 ekl "J EH*—W]E 243t

Aﬂi— 7 7]*—§ ﬂi’\]ﬁ —fr’:%’d@/‘ﬂ_‘%ﬂ =%
A 5 rkal 71gskIrh” 13682 Phase 11 F2Holu),
oz H ARl HE FEHUOH, o} FHEIL
= fIA9F 20131 AAN Annual meeting®} ALS/MND sym-
posiumol| A st ulof] wp=H kst YekAdo] £o
™, Ayl AYS =eiA sz AF13-19%)0] AT
A el et 22y AR 37 (post hoc analy-
sis)oll oJabd s EEor(2mg/kg) oA thzre} Bt
of o7fegte] AW Xlgo] FHEEHIJL FAHCEE {9
3l A2 =23 4 9} o] A= ulelo 2 Neuraltus
oM 2014 30) Phase IS A&t ot

2) Arimoclomol in SOD1

Hydroxylamine =4 (derivative) 2 1]=2] CytRx A}ol]
Al AT Edolth AlEe] ZEHZFEANE heat
shock response (MEHZS 7|9 co-inducerx]d 2F-8-3+
©h uheha] ALssh o] A7} AFEE w) heat shock pro-
A AgEds shae Aew dpdet”
SOD1 G93A whe-aRdoX 25753 AEF7HE Ho
Z99ch.” Phase T A1 A](100 mg three t.i.d) FA
e gk TEIE00 mg ti.d)olAe] QAR (Clini-
CalTrials, gov NCT00561366)2 AZIA AP} ks Zol &

H Aefo|t}. 200 mg t.i.d, oA 2] phase II/IIT YA S
(NCT 00706147)-> SOD1 ¥o|7} E1H 7153 ALS$AE
e s AlRE X Folal 2016 T oot

teine-
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3) Mexiletine

Sodium channel blocker®2 AR-AW3} X AAE=S

o|A] FDASS! BEE FAJo|t}, SOD1 G93A PR-2~H dlof| A
SEANRAE] AEE Foln AES AT Ba”

o]& Phase 1T Y3A1% o|(ClinicalTrials, gov NCT01849770)
718 Fo|aL ALSERAoA] ™ X 5ol theh I AlEx
(ClinicalTrials, gov NCT01811355) 18] Zolt},

4) Neurite outgrowth inhibitor (Nogo-A)

Nogo-Ax 2SS v Tl A g SsOD1 vhe- el

oA WElo] ST} Hal APEY ALSEAteM = W S
7h 5715 st 5w dvte] ltkal A
o}’ Nogo-A A7} AAE ALSHRS-2~ Rdoa] 25
o] &I Fhaet A PEE v R FERE
M= AY2=0]F Y Z=(postsynaptic shrinkage) I} AlY2~0]
A AAZE ] =(presynaptic motor ending retraction)
o] gl EJrh” o] A A3 B3l Nogo-ae] W
A7} ALS FA}e] 2894 motor nerve terminal-g 9H4
AlZ1aL F2ke] “dying back™S TolE A& 7|diEknh.

GSKollA 7iH8 Ozanezumab-2 Nogo-A Tl @S Bx e

3= T2 ALSSAlO|A] AZe] £RE = RS

SHE phase 1 NS E3) 769S tiaro 2 ekada)
SIEADN
=

SFAXE EHelska 2015 Y4B E X E Phase 1T
= ?ﬂﬂ % o]tK(Clinicaltrials. gov NCT01753076).

5) Fingolimod (brand name Gilenya, Novartis
Pharmaceuticals)

Fingolimods= A'#-¢ksihE2d thdAd 7 815 (relapsing-
remitting multiple sclerosis) o4l FDA %218 724 0]
t}. fingolimod-phosphate2 thAFE ] sphingosine 1-phos-
phate receptore] ZH-g3te] 23] Uupr|dol HZFE Ay
A7) wzdole] YEiE AP AL el o
Tl MegAe] Srkshs Bavt Sal slth sOD1
GO3A vhe-2R X ZdstE MM 27} 2Z417 ] 3
frato] EsalBMEe] EEd B F e A7t
% macrophage colony stimulating factor7} Q3 o}3}A|
7Ich= o:].‘TLE37 gt =4 Gl DA Ha] 2
2 EA5E e A3 ABHOIS)T miroRNAE: o]
83t0] A5 WITE Aeleha ALS nReolN A7)
Zho] oldeh A7) 9ok olel e Wiz /17
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w2 Fingolimode] 217K 5 &7} oit=]o] A Phase
Ma A o] F8 Zo[tKClinicaltrials, gov NCT 01786174),

6) Rasagiline
monoamine-oxide inhibitor2 FF1<EH oA SAX 5 A4
2 FDASRIS Wk okAjo|t}, AgdA|ol| 2-g-3te] 51834
3 TR OAE SIS (multiple system atrophy),”
a83 ALS FERDANY AFES Zgo] e Aow
H31 ]t} SOD1 G93A PR9-220]|A] rasagiline TS5 Hoi= ri-
luzoles} g Fol A thzol vl 2571 A A
E711e) e Btk olzhlel N FAE At <
AAE A riluzoled} H-E FoJA| riluzole THE5o] HTH
ALSFRS-R9] 7+A7} At} 802 iAo 2 3= Phase I
XA glo] R&) Fo|tH(Clinicaltrials, gov NCT01786603).

7) Antisense oligonucleotide against SOD1 (ASOs SOD1)

SOD1 -FAAEdHolE= 7154 ALSIA 83 At
% 3hfo] antisense oligonucleotides (ASO) 2 2 H]AA¢
SOD1 thilZe] F=5 £9lo 24 sOD1e| 5458 g5
(toxic gain of function)S Z&g Ao 2 7| Hr} ASO=

2 34 Sato g 54 E3 mRNASH AF5ke] RNase &
29| 438 3l mRNAZE BB Lo et
SOD1 sEEdoA =4 Y2 ASOE F¢ Aldl SOD1 &
o] 74w, sk 24e] mRNA A7} 22w, A
E&o] /1=t 20130 W3R Phase T 4%
FRAAARRN 57 U2 £ A A
027 SOD1 A= o) E 7FAaL Q&= 22 9]
J ALS 3HAbe] F7) Y12 ASO AA|(SIS 3336115
S92 1, ool Fx Azt RAEE B2l ol
@A) phase 1 QFAIF o] AlE Foll glth. 18IS 33361115
7kgh 18IS} Biogen o] $-2] 7}5Ad ALS $kate] QHE]
Al 2~(antisense) AgF|A] SOD1 FAAEIH|E 7111 8¢
=] A v el thgk AmE FRLE v &
B BATNN FAT RS Arssrd 2L Fa
AT,

Transactive-region DNA-binding protein gene (TARBDP),
fused-in-sarcoma (FUS), ubiquilin-2 gene (UBQLN2), 2011
d A E COORF72 F-AA= RNA-processing®l] £ 23F &
e ohe A0 Qold A ol Be e fa
A4 AEE b
& 02 wol} opAlollol s COORFT2 §4F o] o]

e
HAE

]__i_

2 antisense oligonucleotideZ ©]-8-3F -f
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8) Stem-cell therapy

7| E3H(differentiation) F) 2| ¢F-e A FEZA]
2(proliferation) ¥ 1L, #3}=]o] o|H 54 &0} 7]
FRAY F U TEES 7R AEE ek S71A1A
ALSEER oA AdAFelaHgrowth factor) #1], HzH
(immunomodulation), W|Alo}nLM|ES] HE 2R =
T4 M) giA o ) e Aew HiE
ot} 2 A ZVE KB He] e ==

REE ;m

= 5 S Ao Z Vel Y vl ALISKEAR 25
S ¥ glth
27 AZe g Az g 5 Qe B

A7 27141 ¥E (neural stem cells), ZFAZE7 1M E(mesenchymal
stem cells, MSCs), Ho} A A4 E(astrocyte precursor
=7]M|E(induced pluripotent stem cells,
iPS), Bjo}=7] M E(embryonic stem cell) o] ¢t} Hio}
Z7|HAEE AR (pluripotency) & 7HAY EE A o]
Bl FeA EA7E Qlof ofF 74A] Abgrella] ARGl Algh
o] B vhH AAIZFT|HEE ol B2 EAIFIAM FY
gzt AReksol oA Wil Atk ipse o}
7 Ee} vz Aistes 7AW iPS AlZE Al viral
vectors ARRSF WS RS It 13 A=
AR ©do] flo] AR el= Alghe] AAINE 2014
d oY MAIFERE dEM <14 3hHH A (age-related
He tdo s kA At
AEZE o]2ste] ko g ALSo|xe] A go] 7|t Hrt. 12
U of27kAIE ofH Fre] 7 IAIEY} Y bdskaL a9t
VA= FF A7 dasit

thE dghellxe} r AR ALSelA o] E71A
o}zl IdAlolH, E7ME7t LEABAEE thA|shk=
Zlo] o FAolA|uh, & Ao o] FT|EA TS| FAL
AR SAES S5 Aeo s =F+= Aol =
ATRE B3l ALS BAE o R oA freEsh St
A=THEE F2l, A9 wdste] Hed W2 Fdshs
Phase I/IT A3 (clinicaltrials, gov NCT01363401) £+
F3kaL 2014 79 AoRAollx] AokAlRS 7S Wttt
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