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USE OF ANTI-PROMLATENT MYQSTATIN ANTIBODY FOR
TREATING SPINAL MUSCULAR ATROPHY

SEQUENCE LISTING

{60} Tha instant application contains a Sequence Listing which has been submitied elecironically
in ASCH format and is hereby incorporated by reference in ils entirely. Said ASCH copy, created on
Cctober 22, 2021, is named 15004 _0012-00304_SL txt and is 30,325 byles in size.

RELATED APPLICATIONS

{01} This Application claims the benefit of and priority to US Provisional Applications 83/105,850
filed Cotober 26, 2020; 637106,172 filed October 27, 2020; 8§3/200,955 filed April &, 2021, 63/201.157
fled Aprit 15, 2021; 83/202,317 filed June 6, 2021; 631202372 fled June 8, 2021, 63/202,800 filed
June 28, 2021, B3/260,725 filed August 30, 2021, and 63/261,398 filed September 20, 2021 each
anfitled "USE OF ANTI-PROLATENT MYQSTATIN ANTIBODY FOR TREATING SPINAL
MUSCULAR ATROPHY " the contents of which are exprassly incarporated hersin by reference in
their entirety.

FIELD

{02} The present disclosure relates to therapeutic methods, uses, and composilions comprising an

anti-profiatent myostatin antibody 1o treat spinal muscular atrophy (SMA) in human patients.
BACKGROUND

f031  Myostatin, also known as growth differentiation factor 8, ablwevisted GDF-8 or GDFB, is a
regudator of muscle homeostasis. Mutations that cause loss of myostatin, as well as pharmacological
inhibition of myostatin activiies, have shown 0 Increase muscle growth In a number of species,
including human. Over the past 15 years, at lsast 15 different myostatin inhibitor drug candidates,
including small molecules and biclagics, have been evaluated in human patients aimad o treat various
muscle disorders but none to date have succaeded in the clinic (Hanna et al. {2018} Lancet Neural,
18{9):834-844; Rooks et al; (2020} JAMA Netw Open. 3{10):e2020838). While many were able 1o show
efficacy {e.g., increased muscle mass) in preclinical models, none o date have successfully transiated
this to achieve clinfcal benefit for treating muscle disorders in human patients. Furthermore, most of
these inhibitors lacked seleclivity and therefore antagonized other related growth factors such as Activin
A, raising toxicity concerns. Maost of these programs are now discontinued. Thus, in many cases,

satlisfactory preclinical results have not successiully transiated inte a safe and effective drug.

{04]  As the sole target for the treatment of muscle diseases, and for SMA in particular, myostatin
inthibition has beern met with a degree of skeplicism. For example, it has been suggested that myostatin
expression is reduced in SMA patlents, which suggested that myostatin might not be an effective
therapeutic target (Burch et al. (2017} J Neurol, 284(3):541-553; Mariot et al. {(2017) Nat Commun.
8{111858. Latres ef al. (Aprdl 2017} suggesied that Activin A, rather than myostatin, was the more
prominent reguiator of muscle mass in primates, indicating that Activin A would be the better therapeutic

target. In fact, the same group, despite the availability of 8 myostatin-selective inhibitor in possession,
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elected to enter the clinic with a combination of the myostafin-selective inhibitor and an Activin A
inhibitor in 1IBM. The program was later discontinusd.

[05] SMA s g rare, autosomal recessive neurchuscular disease characterized by degeneration of
the motor neurons in the anterior hom of the spinal cord, resulting in atrophy of the volundary muscles
of the limbs and frunk. SMA directly results from reduced levels of survival maotor neuron (SMN) profein,
caused by homozygous deletions and, infrequently, mutations within the survival motar neuron 1
{SMN1} gene on chromosome 5q13.2. The lack of SMN profein causes the motor neurons 1o become
dysfunctional and, sventually, 1o die.

{08] Insome countries, SPINRAZA® {nusinersen) is approved in the treatment of pediatric and adudt
SMA patients and ZOLGENSMA® {onasemnogene abeparvovec-xiol) is approved for the treatment of
pediafric pafients less than 2 years of age with SMA with bi-allelic mutations in the SMNY gens.
EVRYSDI™ {risdiptam}, 2 small moleculs SMN therapy, e also approved in the United States and in
Europe. Nusinersen is an SMN2-directed anlisense oligonuciectide (AS0) designed to real SMA
caused by mulations that lead to SMN protein deficiency. Risdiplam works in a similar way and i 2
pyridazine derjvative that modifies the splicing of SMN2 messenger RNA.  Onasemnogene
abeparvovec-xigl I8 a8 recombinant adeno-associated virus vector 8-based gene therapy designed o
deliver a copy of the gene encoding the human SMN protein.

{077  SMN thevapies {or SMN-directed therapies), such as nusinersen, risdiplam, onasemnogene
abeparvovec-xial, and othar products in developmant act primarily upon molor nsurons to prevent
further loss. Consistent with this notion, clinical data reported from an extended SMN-directed therapy
indicate that after improvement in the first 18 months of trealment with nusinersen, as measurad by
mean change in HFMSE scores frony baseline, the effects appear to level off to a near steady state. A
fimited further enhancement is observed in motor funiction over the next three or more vears (Darras et
al. (2019) Neurology 92(211:e2492-22508), Similarly. long term evaluation of risdiplam showed only
stabilization or minorfvariable improvement aler 12 months in the primary and secondary endpoints
{Gskoui et al, “SUNFISH Part 2 24-munth efficacy and safety of risdiplany in patients with type 2 or note-
ambulant fype 3 spinal muscular atrophy (SMA).” Presented at MDA Clinical and Scientific Conference
2021: March 15-18. Poster 80). ShiN-directed therapies may therefore healp maintain motor function
over time buf may provide fimited long-term enhancement in motor function. Thus, while approved
treatments have shown improvemeant in mator funclion in younger patients with SMA, particularly during
the sarly phase of treatment, they do not act directly on the muscle (o primarily address already-axisting
atrophy and motor functional impairment in patignts with symptamatic SMA.

{08] Applicant of the present disclosure previously identified at least three criteria in selecting
indications in which myostatin inhibition is likely o be particularly advantageous: i} the target muscle is
anabolically active {e.g., still in the growth phase}; i} the motor unit (motor neurenh and innervating target
muscle) is af least partislly functionally intact; and, i) the target muscle preferantially relies on fast-
twitch (ype #) fibers (see. WO 2017/2185892). Bassd on this recogrition, Applicant demonstrated
therapeutic effects of the selective inhibition of myostatin in preclinical models of SMA, in which the
motor  unit  funclion s enhanced by concurrent SMN-enhancing therapy (sg., SMN
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upregulator/corractor therapy ) which addresses criterion (i} above, supportiing the notion that 2 muscle-
enhancing agent, such as myostatin inhibiiors, can be used o complement the sffects of a motor
neuran-enhancing agent, such as SMN upreguiatorsicorrectors.

{09} There are curently no approved muscle-directed therapies {g.g., musclie-enhancing therapies)
for the treatment of SMA. Consequently, there remains an unmet need for an effective muscle-directed
therapy that can address muscle atrophy and motor functional impairment in patients with SMA.

SUMMARY

{10} The present disclosure includes, inter alia, therapeutic methods, uses, and compositions for
freating SMA patients using a2 muscle-enhancing agent, such as apitegromaly, alsg known as SRK-015.
In various enbodiments, apitegromab or a composition comprising apifegromab is used in the ireatment
of latar-onset SMA in a himan subject, sither as monotherapy of as an adjunct 1o @ molor nauron-
diracted therapy, such as an SMN upregulatorfcorrector therapy (f.a., SMN therapy). The data provided
heveln rapresant the first clinical demonstration of miotor function improvement in human patients by
selectively inhibiting miyostatin. Thus, the present disclosure encompasses identification and selection
of a SMA patient or patient population, likely o respond o or otherwise benefit from apitegromab
therapy as described hergin. Data from patients with type 2 and type 3 SMA who recelved the
apilegromab therapy for 12 months point toa general trend of more robust response in younger patient
populations, irrespective of the duration {or dose numbers receivad) of background therapies, e.g., SMN
upregudator/corrector therapies. This is consistent with our earlier hypothesis that the anabolic capacity
of the target muscla may be an important factor that defermines responsivaness 1o myostatin inhibition
{US 10,8486 036, the content of which is hereby incorporated in its entivety).

{11}  Apitegromab therapy for freating subjects with BMA i provided hergin,  According to the
present disclosure, a composition comprising apitegromab is used o treal later-onset SMA in human
patients, Apitegromab therapy comprises infravenous administration of the composition to the patients
at a therapeutic dose. Therapeutic dose refers fo an amount of apitegromab that produces clinical
benefit in patients. The dlinical benefit (2.g.. efficacy} may be measured or assessed by suilable clinical
endpoints such as those described herein.  According to the data presented herein, in some
embaodiments, the therapeutic dose is greater than 2 mgikg and up to 20 mgfkg of apitegromab, when
dosed svery 4 weeks (e, Q4W) or monthly. In some embodimants, therapeutic doses of less than 20
mgikyg may be considered, such as 5 mg/ky. 7.5 mgkg, 10 mgikg, 12 mgikg and 15 mgkg. Insome
embaodiments, the therapeutic dose is 10 mg/kg. In some embodimeants, the therapeutic dose is 20
mg/ky. in some embodiments, the therapeutic dosa is 10 mg/kg administered once every 4 weeks (L.e.,
Q4W) or once monthly. In some embodiments, the therapeutic dose is 20 mg/kg administered once
every 4 weeks {L.e., QaW) or once monthly. In various embodiments, apitegromab therapy may improve
maotor function in patients having later-onset SMA.

{121 Phammacokinefics {(PK) analyses provide the relationship between dosage {e.g.. therapeutic
dose} and bioavailability (serum exposure) of therapeutics. In some embodiments, the therapeutic dose
is a dose that achieves or produces between about 25 and 250 pg/mb of serum exposure o
apitegromab, when the serum concentration of apitegromab is measured af rough {Cyougn} &t sleady

3



WO 2022/093724 PCT/US2021/056517

state. The dose achieving this result may be administered by any suitable roule, e.q., infravenous or
subcutaneocus.

{13] In some embodiments, the therapeutic dose is a dose that achieves or produces up fo abowt
1100 ug/ml. of serum exposure, for example, belween about 28 and 1100 pg/ml., when the serum
concentration of apitegromab is measured at peak {Cmad within about fwo hours of administration
{dosing). The dose achieving this result may be adminisiered by any suitable route, e.g., infravenous

or subcutansous.

[14]  Pharmacodynamics {PD} analyses allow the assessment of target engagement, as measured
by serum concentrations of fatent myosiatin (LM). In some embodiments, the therapeulic dose is a
dose that achieves or produces at least about 100 or preferably at least about 280 ng/ml of serum
concenirations of latent myostalin, preferably measured af steady siafe, eg., 14 days afler
administration of apitegromab or later. The dose achieving this result may be administered by any
suitable route, &.q., intravenous or subcutaneous. For example, the serum concentration of latend
myosiatin may be about 250 ng/ml. or abave, 400 ng/mb. or above 550 ng/mi or above 700 ngimt or
above 950 ng/fmi or above 1100 ng/mi, ele.

{15} Apitegromab or another sefective myostatin inhibitor may be used to treat SMA either alone
{8.q.. monotherapy) or in conjunction with another therapy, such as an SMN-directed therapy (e.g., add-
onfadiunct therapy or combination therapy). In some embodiments, the subject is treated with an SMN
upregulator thevapy. in some embodiments, the SMN upreguiator therapy is nusinersen {SPINRAZAB),
risdiplam  (Evrysdi®), andfor onasemuogene abeparvovecoxiot {ZOLGENSMAR) In some
embodiments, the SMN regulator therapy is nusinersen. In some embodiments, the SMN regulator
therapy is rdediplan. In some ambodiments, the SMN reguiator therapy is onasemnogene abeparvoves-
xiot, In some embodiments, the subject initiated the SMN upreguiator therapy at or after the age of 5.

{16} I some embodiments, an SMN-directed therapy and apitegromab therapy {e.g., muscle-
directed therapy) are used as a combination therapy. Thus, an SMN corrector and apitegromab may
be used in the treatment of laler-onsel SMA in a patient, wherein the treatment comprises administration
of the SMN corrector and the apltegromab in amounts sufficient to treat SMA, wherein the apitegromab
therapy is infravenously administered 1o the patient at a dose of greater than 2 mgfkg and up fo 20
mg/kg every 4 weeks or monthly. In some embodiments, the SMN corrector is an SMN1-directed gene
tharapy, wherein oplionally the SMN1-directed therapy is a gene therapy. In some embudiments, the
SMN corrector is an SMNZ-directed therapy, wherein optionally the SMN2-directed therapy is a splice
modifier.  In some embodiments, an SMN corrector may be administered orally, intrathecally or
intravenously. In sonve embodiments, the patient has later-onset SMA. In some embodiments, the
patient has type 2 SMA. In some embodiments, the patient has non-ambulatory type 3 SMA. Insome
embodimants, the patient has ambulatory type 3 SMA. In some embodiments, the patient has 2 copies
of the SMNZ gane. In some embodiments, the patient bas 3 copies of the SMN2 gene. In some
embodiments, the patient has 4 coples of the SMNZ2 gena. In some embodimants, the patient has 5
copies of the SMNZ gene. In some embodiments, the patient has 8 coples of the SMN2 gene. Insome
embodiments, the patient commences the combination therapy before the age of 5 In some
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embodiments, the patient commences the combination tharapy before the age of 2. In some
embodiments, the patient commences the combination therapy before the age of six weeks. In some
embaodiments, the palient commences the combination therapy at age & or older.  in some
ervhodiments, the patient is diagnosed with SMA {a.g., identified as a carrier of an SMN1 mutation) by
genetic screening, whergin optionally the genelic sereening is a newborn screening, in utero soreening,
e.g., for SMNT mutation(s). In some embodiments, the patiant is presymptomatic.

{171  In some embodiments, apitegromab therapy is used as an add-on or adjunct therapy to treat
SMA. Thus, a composition comprising apitegromab may be used in the freatmant of later-onset SMA
in a patient, wherein the freatment cormprises intravenous administration of the composition comprising
a therapeutic dose of apitegromab, wherein the therapeutic dose is greater than 2 mg/kg and up to 20
mgky svery 4 weeks or monthly, and wherein the patient is reated with an SMN corrector therapy. In
some embodiments, the SMN corrector is an SMN1-directed therapy, wherein oplionally the SMN1-
directed therapy is a gene therapy. In some embodiments, the SMN corrector is an SMN2-directed
therapy, wherein optionally the SMN2-directed therapy is a splice modifier. In some embodiments, any
of the SMN corrector may be administered orally, intrathecally or intravenously. In some embadiments,
tha patient has ype 2 SMA. In some embodiments, the patient has non-ambulatory type 3. 5MA. In
some embodiments, the patient has ambulatory type 3 SMA. In some embodiments, the patignt has 2
copiss of the SMNZ gane. In some embodimeants, the patient has 3 copies of the SMN2 gene. in some
embiodimants, the patient has 4 coples of the SMN2 gene.  In some embodiments, the patient has 5
copies of the SMNZ2 gene. In some embodiments, the patisnt has 6 coples of the SMNZ geng. ih some
embodiments, the patient commences the SMN corrector therapy before the age of 5. In some
embodiments, the patient commences the SMN correcior therapy at age § or older. in some
embodimants, the patient is diagnosed with SMA {e.g., identified as a carmrier of an SMNT mutation) by
genelic screening, wherein oplionally the genetic screening 18 a newhorn screening.  In some
embodiments, the patient is presymptomatic. In some embodiments, the patient is treated with the
SMN corrector prior to apitegromab therapy. In some embodiments, the palient is treated with
apitegromab prior to receiving the SMN corrector therapy.

[18] SMA patients who may benefit from an apitegromab therapy include thoss who mest one or
muore of the following criteria; has a documented diagnosis of 5g SMA and later-onset (andfor type 2 or
3} SMA prigr to receiving a therapy for SMA; nen-ambulalory subjects who are able o sit independently
per WHO motor milestones definition; ambulatory subjects who are able {o independently ambulate
without aids over 1 meters in 30 seconds or less; subjects having a Revised Hammersmith Scale score
of less than or equal {o 63 and/or a Hammersmith Functional Motor Scale Expanded score of 10 or
greater; subjecis who do not use tracheostomy with positive pressure or chronic daylime non-invasive
ventilatory support for greater than 16 hours daily within two weeks prior to trealment; subjects who do
not have any acute or comorbid condition interfering with the well-being of the subject within two weeks
prior fo treatment; subjects who do not have severe scoliosis or contractures; and/or subjects who do
not use systemic corticosteroids, valproic acid, or therapies with potential muscular or neuromuscular
effects within 60 days except approved SMN-directed therapy, e.g., SMN upregulator (also known as
SMN  corrector) therapy,  Therapies with potential muscular of newromuscular effects  include
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androgens, insulin-ike growth factor, growth hormone, systemic bata-agonist, botulinum toxin, muscle
relaxants, muscle enhancing supplemeants or acetylcholinesterase inhibitors. In some embodiments,
the patient has a documented diagnosis of 5g SMA and later-onset (and/or type 2 or 3} SMA prior to
receiving a therapy for SMA and meets one or more of the additional ¢riteria listed above. o varioUs
embodiments, the methods disclosed hergin include the selection of such a patient or patient
poputation(s} for reatment with apitegromab, e.g., according 1o a dosage or regimen disclosed harein.

{191  SMA patients who may benefit from an apitegromab therapy include those who meet one or
more of the following oriteria; has 1, 2, 3 or 4 copies of the smnZ genes and achieves one or more of
the gross motor milestones according to the World Health Organization (WHO) motor development
scale: 1) sitting up without support {e.g., head erect for at least 10 seconds; no use of arms orhands to
balance}); 23 crawling on hands and knees {&.g., at least 3 movements in a row and stomach does not
touch supporting surface); 3} standing with assisiance (e.g., uprighton both feet for at lsast 10 seconds
without leaning on any object); 4) walking with assistance {(e.g., lakes al least 5 staps holding a stable
object): 5) standing without support {e.g., at least 10 seconds with no contact with person or object);
and, 6) walking without support {e.9., iakes al lsast § steps independently).

{201 SMA patients who may benefit from an apitegromab therapy include those who mest oneor
maore of the following criteria; has 1, 2. 3 ot 4 copies of the smnZ genes and achieves one or more of
the gross motor riilestones according Hammersmith Functional Motor Scale Expanded (HFMSE]): 1}
neck holding (e.g., while laying on their stomach able 1o raise or hold bead); 2) rolls over; 3} sils in tipod
position {2.4., uses hands to support self while aitting); 4) sits without support; 5} stands with support;
8} creepsfcrawls; 7) pulls to standing position {g.g., pulls to stand and cruises along furniture); 8) stands
without support, 9} takes several independent steps but falls; 10) walks alone (e.g.. waks
independantly, walks without support); 11} squats to pick up an object (e.q., aloy); 12) walksicreaps up
and down the stairs; 13) jumps, 14) alternates feet going upstairs; 13) bops on one foot; 18} alternates
feet going downstairs.

{21} In some embodiments, a patient iraated with apitegromab as disclosed herein has received o
is treated with an SMN therapy (SMN-directed therapy), 8.g., an SMN upregulator {corrector) therapy,
such as nusinersen. o somes embodiments, a'patient initiates the SMN upregulator {(corrector) therapy
before the age of 5. i some embodiments, the patient initiates the SMN upragulator {corractor) therapy
at or after the age of 8. In some embodiments, an SMN corrector therapy is an SMNZ upregulator
tharapy. In some embodiments, an SMN correcior tharapy is an SMN1 gene therapy.

{221  In some embodiments, a patient receives apitegromab therapy for at least 6§ months {e.g.,
§ months, 12 months, or fongen) al a therapeutic dose that is sufficient to achieve a clinical benefit
characterized by motor funclion improvement, disease stabilization, of delay in disease prograssion.

{231 In some embodiments, a patient receives apitegromabr therapy may aliain improvement in
motor function. Motor function improvemeant may correspond {0 an increase in an HFMBE score or
RHS score. For example, the patient may achiave an increase of at lzast 1 point, 2 points, 3 points, 4
points, 5 points or more in the HFMSE score over a baseline after § months or 12 months of treatment
with apitegromab (L.e., apitegromab therapy). In some embodimants, 12 mionths of apitegromab therapy
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may produce 3 poinis or greatsy increase {e.g., al least 3 points, at least 5 points, af least 10 points, up
to-about 20 points) in the HFMSE score over basaling in patisnts who had initiated a background SMN
tharapy at an early age. {n some embodiments, improvements in the HFMSE score are additive and
may be synergistic with background therapy, ©.¢., background SMN upregulatoricorrectar therapy.

[24} In some embodiments, a patient receives apitegromab therapy may have disease stabilization.
Disease stabilization may correspond fo a net zero (8.9, sl least no change or an increase) or near-
zero change in an HFMSE score or RHS score over a baseline. In some ambodiments, this is a
clinically meaningful outcome over an unireated patient population {e.g.. natural history), or one treated
with prior art methods (e.g., background therapy), in which a gradual decline in motor function is
expected.

{25} In some embodiments, a patient who receives apilegromab therapy may have a delay in
disease progression. Delay in dissase progression may include, for example, a slower rate of decrease
in an RFMSE score over time, as compared 10 a suitable control {e.4., an untreated patient exhibiting
the natural history of the particular patient population). In some embodiments, delay may include a
later transition from ambulatory o non-ambulatory SMA.

[26] In some embodiments, apitegromab is able 10 increase a reatment response rate in a patient

popuiation, relative to control that does not receive apitegromab.

{27]  In any of the embodiments, a therapeutically effective amount of apitegromab doss not cause
serioys adverse evenis in patients following twelve months of treatment.

{28] The present disclosure is based, at least in part, on the finding that an anti-profiatent myostatin
antibody capable of selectively inhibiling the activation of latent myosiatin can improve muscle function
in human patients with SMA, including SMA patients who may or may not be on a background SMN
upregulator therapy {e.g., nusinersen), and do s0 in some cases to a surprising degrae that is typically
not expected or observed in the particular patient population, while avoiding adverse events {compare,
for example, to Mercuri et al. (2018} New England Joumal of Medicine. 378{(7):625-835). Accordingly,
the present disclosure provides various embodiments of methods, uses, and compositions comprising
an anti-proflatent myostatin antthody for treating SMA in a human subject. Moreover, hased on the
data presented herein demonstrating clinical benefit of selective myostatin inhibition for treating a
neuromuscular disease, the present disclosure also encompasses the notion that other seleclive
myostatin inhibitors may also be used in a similar fashion. These may include, for example, neulralizing
antibodies capable of selectively inhibiting myostatin, but that spare other related growth factors such
as Activin A, and ligand fraps sngineered {o preferentially bind myostatin,

{29]  In some embodiments, a therapautically effective amount of the apilegromab of greater than 2
and up to 20 mg/kg achieves one or more of the following in the subject: retaining motor function as
compared 10 a deding in a conirol, delaying disease progression, delaying or preventing an ambulatory
type 3 SMA patient from becoming non-ambulatory, delaying or preventing need for respiratory aid or
intervention, reducing the rate of a decline in one or more molor funclion scores as compared to a

control, and/or mamntaining at least net zers change in one or more motor funclion scores as compared
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{o @ baseline. In some embodiments, the amount is a dose of greater than 2 and up o 20 mg'kg
apitegromab intravenously administered svery 4 weeks or monthly. In some embodiments, a mean
decling from bhaseline may be observed in this patient population but the majonity of palients show
disease stabilization {no change or increase ih RHS).  In some embodiments, a subset {8.g., 10% or
greater, 8.4., 15% or more, 20% or more) of patients in the patient population achieve a 3 point or more
increase in RHS following 12 months of treatment with apitegromab as monotherapy.

{301  In some embodiments, the present disclosure provides a method of treating SMA in a human
subject, comprising administering fo the subject a composition comprising apiiegromab and a
composition comprising an SMN therapy {e.g., SMN upregulator), wherein the subject is administered
apitegromab by intravenous infusion every 4 weeks or monthly for at least 8 months or 12 months inan
amount greater than 2 and up 1o 20 mglkg sufficient to produce an at least 1 point mean intrease ina
Hammersmith Funclional Motor Scale Expanded (MFMSE) score refafive to a baseline score prior to
treatment, ©.g., in a cohort of at least 14 subjects. Iy some embuodiments, the present disclosure
provides a composition comprising apitegromab for use in treating SMA in a human subject receiving
an SMN upreguiator, wherein the subject is administered the apitegromaly by intravenous infusion every
4 weeks or monthly for at least & months in an amount graater than 2 and up o 20 mg/kg sufficient to
produce an at least 1 point mean increase in a HFMSE score relative to @ baseline score prior to
treatment, €.¢., in a cohort of at least 14 subjects. In some embodiments, the present disclosure
provides use of apitegromab in the manufacture of a composition for treating SMA In a human subject
recelving an SMN upregulator, wherein the subject is administered apitegromab by intravenous infusion
every 4 weeks or monthly for at least 6 months in an amount greater than 2 mg/kg and up to 20 mg/kg
{e.g., 10 mg/kg or 20 mgfkg) sufficient to produce an at least 1 point mean increase in a HFMSE score
refative 1o a baseline score prior 1o treatment, e.g., in g cohont of at least 14 subjects.

[31]  Insome embodiments, the SMA s later-onset SMA. Insome embodiments, the SMA istype 2
SMA. In some embodiments, the SMA is non-ambulatory type 3 BMA. In some embodiments, the
subject is 5 to 21 vears old.  In some ambodiments, the SMN upregulator therapy is nusinersen,
risdiplam, andfor onasemnogene abeparvovee. In some embodiments, the SMN upregulator therapy
is nusinersen. In some embodiments, the sufficient amount is an intravencus dose of greater than 2
and up o 20 mg/kg, optionally about &, 10, 15, or 20 mg/kg. In some embodiments, the therapeutic
dose of apitegromab is sufficient fo increase 1 or more points in HFMSE in a patient, e.qg., in a majority
of a patient population {e.g., over 50%, such as over 60%), and/or, increase 3 or more points in HFMSE
i a patient, 8.g., in at Inast 20% of a patient population {e.g., al isast 28%).

{32] In some embodimeants, the SMA is later-onsel SMA, wherein the later-onset SMA is type 2
8MA, in which the patient initiated background SMN corrector therapy at an sarly age (befare the age
of §}. Apitegromab therapy may achigve significant motor function improvements {e.g., a & point or
greater increase in HFMSE scores) in this patient popudation. In some embodiments, the patient aftaing
a 3+ point increase, 5+ point increase, or 10+ point increase after 12 months of apitegromab therapy in
HFMSE over bhaseline, wherein the baseline is measured prior 1o or at the time of the first administration
of apitegromab.
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{33} In soma embodiments, the subject is a patient who has not gained the ability to sif without
help at age 4-9 months, based on the WHO Motor Developmental Milestones classification. In some
embodiments, the subject is a patient who has the ability to sit without help at age 4-2 months. In some
embodiments, the subject is a patient who has not gained the ability to stand with help at age 5-11
months. in some embodiments, the subject is a patient who has the ability to stand with help at age &-
11 months. In some embodiments, the subject is a patient who has not gained the abifity to crawl on
hands and knees at age 5-13 months. In some embodiments, the subject is a patient who has the ability
to crawl on hands and knees at age 5-13 months. I some embodimants, the subject is a patient who
has not gained the ability to walk with help at age 8-14 months. In some embodiments, the subjectis a
patient who has the ability to walk with help at age 6-14 months. In some embodiments, the subject is
a patient who has not gained the ability 1o stand alone at age 7-14 months. in some ambodiments, the
subject is a patient who has the ability to stand alone at age 7-14 months. In some ambodiments, the
subject 15 a patient who has not gained the ability to walk alone al age 8-18 months. In some
embodimants, any of the above mentioned patients who are unable to walk can also be characterized
as having type 2 or type 3 SMA. In some embodiments, any of the above mentioned patients who are
able to walk {with or without assistance) can also be characterized as having type 3 SMA. In some
embodimeants, the subject initiated SMN upregulatorfeorrector therapy before the age of 5 years old. In
sorme embodiments, the subject initiated SMN upregulatorfeorrector therapy after the age of 5 years
old. In some embodiments, any of the above mentioned patients may, after 8-12 months treatment with
a myostatin inhibifor (e.g., apilegromabl, gain one or more new milestone{s) according to the
WHO Mator Developmental Milastones. In some embodiments, any of the above mentionad patients
may, after 6§12 months treatment with a myostatin inhibitor (e.g., apitegromab), gain ong, two, or three
naw milestones according fo the WHO Motor Developmental Milestones, e.g., ong or more of ability {o
walk independently, ability to stand independently, standing with assistance, hands and knees crawling,

andfor walking with assistance.

£34} in some embodiments, a target patient population to be freated with apitegromab includes
those who are 12 years old or younger al the time of slarling a myoststin inhibitor {e.g., apitegromab)
therapy. In some embodiments, a target patient population includes those who are 2 years or older. in
some embodiments, a target patient population includes those who are between 2-12 years of age. In
sorme embodiments, a target patient population includes those who are beltween 2-§ years of age.

{35 In some embodiments, apitegromal is administered fo 8 SMA patient as monetherapy, who
cannot receive intrathecal injection (for example due to spinal fusion) required for an SMN upregulator
therapy or who has opled out of the treatment.

{361 Insome embodiments, the present disclosure provides use of apitegromab in the marufacture
of a pharmaceutical composition {e.g.. medicament} for the treatment of later-onset BMA in a human
sutbject. The medicament is intended for administration 1o the subject at & dose of more than 2 mgfkg
and up to 20 mgfkg of apitegromab every 4 weeks or monthly, wherein optionally the subject initiated a
motor neuron-directed therapy for SMA before the age of §, and wherein the motor neuron-directed
therapy increases SMN1T or SMN2 expression. The manufacture process may include providing a cell
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fine comprising a vecior or veclors with nucleic acid sequences of the heavy chain and the light chain
of apitegromab  immunogiobulin  polypeptides, capable of producing a recombinant antibody
corresponding to apitegromab, or antigen-binding fragment thereof, Such cell fine can be usad o
produce apitegromab in a cell culture, such as mammalian celf culture, e.g., CHO calls. In some
embodiments, a large-scale (e.g., 2501, 1000L, 2000L 3000, 4000L., efc.) bioreactor may be employed
to praduce apitegromab. The recombinant antibody molecules may then be purified from the osll
cuiture, and the purifiad antibody formulated into a pharmaceutical composition comprising apitegromab
and one or more exciplents. The process typically includes a sterlle filtration step.  In some
embodiments, the pharmaceutical composition is a liquid formulation containing aboul 50 mg/mb
apitegronyab, suitable for infravenous administration.

{371 I some embodiments, apitegromab is contained in 2 multidose vial, such as a glass vial. In
some embodimants, g container containing apitegromab therein (such as glass vial) is part of a kit

BRIEF DESCRIPTION OF THE FIGURES

[38] FIG. 1 shows a schematic design for the treatment petiod of an active treatment study
svaluate the sfficacy and safety of apilegromab in patients with later-onsat SMA. During the 52-week
freatment period, patients enrolled in Cohoerts 1 and 2, as set forth in Example 1, Section 1.1, receive
high dose {20 mg/kg) apitegromab and patients enrolied in Cohort 3 are randomized (1:1) in a blinded
manner 1o receive either low dose {2 ma/kg) or high dose {20 mg/kg) apitegromab.

{39] FIG. 2 shows a schematic design for the exdension perd of an active treatment study o evaluate
the efficacy and safety of apitegromab in patients with later-onset SMA, as sei forth in Example 1.
Patients who complete the §Z2-week treaiment peried (FIG. 1) have the option to erroll into the extension
peviod for an additional 52 weeks.

[40]  FIG. 3A-B show six-month interim resulis from Cohort 3, as sat forth in Example 1, Section 1.1,
a randomized, double-blind, portion of the active treatment study of apitegromab, which enrolled
patients with type 2 SMA wha had inliated treaiment with an approved SMN upregudator (nusinersen)
before & vears of age. Patlents were randomized in a 1:1 ratio to receive the low dose {2 mg /kg
apitegromal once every 4 weeks or monthly {Q4W)) or high dose (20 mgikg apitegromab Q4W); both
freaiment arms are in conjunclion with an approved SMN upregulator therapy {nusinersen). FIG, 3A
shows individual HFMBE responses. FIG. 3B shows mean (1SEM) change from baseline in HFMSE

sCores.

{41}  FIG. 4 shows a pharmacokinetics (PK} analysis of sit-month interim results from Coborts 1, 2,
and 3, as set forth in Example 1, Section 1.1, Starting at day 28, measures are pre-dose frough levels.

{42] FIG. 5 shows a pharmacodynamics (PD) analysis of six-month interim results from Cohords 1,
2, and 3, as set forth in Example 1, Section 1.1,

{43]  FIG, 6A-B show sh-month interim results from Cohort 2, as set forth in Example 1, Section 1.1,
an open-abel, single-arm cohort which enrolled 15 patients with & mean age of 11.7 vears old {rangs
8-19 vears} with type 2 or non-ambulatory type 3 SMA and who are already recelving treatment with an
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approved SMN upregulator. Palients are treated with 20 mgfkg of apitegromab Q4W in conjunction
with an approved SN upréguiator therapy (nusinersen). FIG. 8A shows individual HFMSE responses.
FIG, 8B shows mean (:SEM) change from baseline in HFMSE scores.

[44] FIG. 7A-B show six-month interim resulls from Cohort 1, as set forth in Example 1, Section 1.1,
an open-label, single-arm cohort which enrolled 23 patients with ambulatory type 3 SMA. Patients are
freated with 20 mg/kg of apitegromab Q4¥W as monotherapy or in conjunction with. an approved SMN
upregulator therapy (husinersen). FiG. 7A shows individual RHS responses. FIG. 78 shows mean
{£SEM) change from baseling in RHS scores.

{45] FIG. 8 shows resulls from the nusinersen SHINE tial in later-onset SMA and is reproduced
from Williams et al. Minimal clinically important differences of the Expanded Hammersmith Functional
Motor Scale in lateronset spinal muscular afrophy: results from the phase 3 CHERISH frial. Presented
at: 31st Annual Meeting of the American Academy of Managed Care Pharmacy; 25-28 March 2019,
San Diege, CA, USA,

{46} FiG. 8A-D show 12-month top-line results from Cohort 3, as set forth in Example 1, Seclion
1.1, FIG. 8A shows individual HFMSE responses. FIG. 88 shows mean (2SEM) change from baseline
in HFEMSE scores. FiG. 8C shows HFMSE responder analysis in palients fom the Type 2
NonAmbulatory > age 2 cohort. FIG, 9D shows a schematic of overall treatment imeline and change in
HFMSE scores as compared to baseling in patients from the 20 mgkg arm of the Type 2
NonAmbulatory » age 2 oohort,

{471  FIG, 10A-C show 12-month top-line resulis from Cohon 2, as set forth in Example 1, Section
1.1, FIG. 10A shows individual HFMSE responses. The per protocol analysis excludes one patient
who showed a -7 point change from baseline, dus to treatment with an acelylcholinesterase inhibitor.
FIG. 0B shows mean {(xSEM) changs from baseline in HFMSE scores. FIG. 10C shows HFMSE
responder analysis in patients from the Type 213 Non-Ambutatory Ages 5-21 Cohort

{48]  FIG. 11A-C show 12-month top-line results from Cohort 1, as set forth in Example 1, Section
1.1, FIG, 1A shows individual RHS responses. FIG. 118 shows mean (28EM) changs from bassline
in RHS scores. FIG. 110 shows RHS responder analysis of patients from the Type 3 Ambulatory Ages
§-21 Cohorl.

{491  FIG. 12A-B show a pharmacokinstics (PK) analysis of 12-month top-line resulis from Cohorts
1, 2, and 3. In FKG. 124, starting at day 28, measures are pre-dose frough lfevels. in FIG. 128, starting
al day 28, measures are pre-dose trough levels except for days 140 and 338, Al days 140 and 336,
measures are Cong lavels.

{80]  FIG. 13 shows a3 pharmacodynamics {PD} analysis of 1Z-month top-ling results from Cohorls
1, 2, and 3, as set forth in Example 1, Section 1.1.

{531} FIG. 14 shows a graph plolling target engagement against change in HFMSE score in Cohaort
3, as set forth in Example 1, Sectinny 1.1 for patients receiving 2 mgfkg (darker circles) or 20 my/kyg
{lighter circles) apitegromab in conjunclion with nusinersen.
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52} FIG. 15A shows a comparison between baseling latent myostatin concenirations in healthy
voluntesrs (SAD and MAD) vs. Cohorts 1, 2, and 3, as set forth in Example 1, Section 1.1. FIGs 18B-C
show fold change in latent myostatin concantrations in heathy volunteers (SAD} and Cohorts 1, 2, 3.

{53} FIG. 168 shows a correlation between baseline lalent myostatin concentration and weight in
healthy volunteers {SAD and MAD) vs. Cohorts 1, 2, and 3, as set forth in Example 1, Section 1.1,

{54]  FIG. 17 shows a linear regrassion for the correlation between clearance and weight in Cohorts,
1, 2. and 3, as set forth in Example 1, Section 1.1

{88] FIG, 18 shows a lingar regression for the correlation between clgaranca and ags in Cohorts, 1,
2, and 3, as set forth in Example 1, Section 1.1.

{88] FIG. 18 shows results from a SMAD-responsive luciferase reporter assay. Recombinant
promyostatin was incubated with apitegromab, mTLLZ and furin proteasss, followed by incubation on
CAGA cells, transfected with a BMAD-responsive luciferase reporter vector. The ability of apitegromab
10 inhibit the proteciylic processing and release of the active growth factor was measured and plotted
as % inhibition.

{87} FIG. 20A-D show serum concentration time profiles of apitegromab following multiple dosas,
as set forth in Example 1. Apitegromab was measured in the serum of male and female animals
following once weekly repeat IV doses for: four weeks to cynomolgus monkeys at 10, 38, and 100
mglkg, foliowed by a four-week recovery phase (FIG. 28A), four weeks to adull rats at 10, 30, and 100
mg'kg, followed by a four-week racovary phase (FIG. 20B), 28 waeks to adull rats al 30, 100, and 300
mgfkg. foliowed by an eighi-week recovery periog {FIG. 200), and seven weeks to juvenile rats at 30,
108, and 300 mgikg, followed by a four-week recovery phase (FIG. 200). Data showr are mean *
standard deviation. Dose symbols: 10 {citcles), 30 (squares), 100 (riangles), and 300 {diamonds)

mglky.

{88] FIG. 21A-D show serum latent myostatinn cancentration time profilas of apilegromab following
multiple doses, as set forth in Example 1. Serum latent myostalin was measurad in animals
adminisierad weekly doses of apitegromab for: four weeks to cynomolgus monkeys at 10, 30, and 108
mgkyg. followed by a four-week racovary phase (FIG. 214}, four waeks to adult rats at 10, 30, and 100
mgfky, followed by a four-week racovery phase (FIG. 21B), 28 weeks to adull rats at 30, 100, and 300
mgfkg, followed by an eight-week recovery period {FIG. 21C), and seven weeks to juvenile rals at 30,
100, and 300 mg/kg, followed by a four-week recovery phase {FIG. 210} Data shown are mean +
standard deviagtion. Dose symbuols: 10 (filled circles), 30 (squares), 100 (iriangles), and 300 {diamonds}

mgikyg.

{89] FIG, 22A shows 1Z-month HFMSE changes from baseline as a function of duration of prior
nusinersen treatment in cohorts 2 and 3, as set forth in Example 1, Section 1.1, FIG, 22B shows 12-
month HFMBSE changes from baseline as a function of number of nusinersen maintenance doses
received in non-ambulatory patients.

12
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{60} FIG, 23A-C show post hoc analyses of 12-month HFMSE change as a function of age for
cohorts 2 and 3. as sef forth in Example 1, Section 1.1, FIG 23D shows HFMSE change from baseline
in pooled cohorts of non-ambulatory patients treated with apitegromab 20 mg/kg or 2 mg/kg.

{81} FIG. 24 shows a comparison of 12-month molor funclion scoves in patients with scolfosis or
joint contracture relative to pafients without scoliosis or joint confracture, as set forth | Example 1. FIG.
244 shows pooled HFMBE scores from non-ambulatory type 2 and type/3 SMA patients. FIG. 24B
shows pooled RHS scores from ambulatory type 3 SMA patients.

[63] FIG. 25 shows dose response in patienis from type 2 non-ambulatory »age 2 cohort as
measured by motor funclion scoras, as set forth in Example 1.

{83] FiG. 26 shows analysis of the relationship between improvement in motor function as measured
in change of HFMSE scores with respect o age, fold-change in latent myostatin levels, and
pharmacokinatic concentration of apitegromab in patients with type 2 SMA, as set forth in Example 1.
FiG. 26A shows the relationship between change in HFMSE score and age. FiG. 28B shows the
relationship between fold change of iatent myosiatin fevels (LM fold} and the pharmacokinetic
concentration of apitegromab. FIG. 26C shows the relationship between age-normalized change in
motor funclion and age-normalized fold change in latent myvostalin levels. FIG. 26D shows the
relationship betwesn change in age-normalized motor function and age-normalized LM Fold/PK
concantration,

{64} FIG. 27A shows the relationship between change in HFME score and baseline latent myostatin.
FIG. 278 shows the relationship after age normalization, as set forth in Example 1.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
Definitions

{65 v order that the disclosure may be more readily understood, certain terms are first defined.
These definitions should be read in light of the remainder of the disclosure and as undersiood by &
person of ordinary skill in the art. Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by a person of ordinary skill in the art.
Additional definitions ave set forth throughout the detaled description.

[66] Apitegromab: Apitegromab {also referred to as “SRK-015% is an investigational, fully human,
monocional antibody that specifically binds o the proforms of myostatin—namely, promyostatin and
fatert nwyostatin——with high affinity, thereby inhibiting myostatin activation. See, #.g.. CAS Reg No.
2278276-48-1; Infernational Nonproprietary Names for Pharmaceutical Substances {INN) (2020) WHO
Drug Information, Vol 34, No. 2 al pages 272-273., see also GioPdb Ligand 1D 11180G; GloPdb
PuhChem SID 434122240; IMGT/mAR-DB Database 1) 829, NiH Chemilplus Database: RN:
2278276-46-1; UNIL UZB4216N0OY. Apitegromab is of the human immunoglobulin G4 (lgG4}lambda
isotype, Apitegromab is a selective myostatin inhibitor {2 myostatin-selective activation inhibitor). See,
e.g., international Pub. No. WO 2017/048011. The term "selective myostatin inhibitor” {or "myostatin-
selective inhibitor") refers to an agent capable of blocking, inhibiting, or otherwise antagonizing the
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activation or aclivites of myostatin/GDF-8 without significantly affecting structurally related growth
factors, such ag Activin A. Apitegromab comprises a heavy chain amino agid sequence of SEQ D NO:
15 and a light chain amino acid sequance of SEQ 1D NO: 16, as shown below in Table 3B,

{67} Baseline. As used herein, the term “baseling” or "baseline score” in the context of a SMA-~
related parameter (2.9, a score on a motor funclional scale, e.g., a Revised Hammarsmith Score (RHS)
score or & Hammersmith Functional Motor Scale Expanded (HFMSE) score), refers o the numerical
value of the SMA-related parameler of a palient at or prior to treatment with an SMA therapy of the
present disclosure {e.g., prior 1o or at the ime of initial administration of apiiegromab, alone or as an

adjunct o a background therapy comprising an SMN upreguiator therapy).

{68} In sorme ambodiments, a baseline RHS score in a patient fo be treated with apitegromab, 2.g.,
apitegromab monotherapy {e.g., a patient who has ambulalory SMA} is measured at or prior o the start
of kreatment with the apitegromab. In some embodiments, a baseline RHS score in a patient {o be
treated with apitegromab, e.g., apiegromab as an adjunct lo an SMN upregulator therapy {e.g., a
patient who has ambulatory SMA) is measured at or prior to the start of reatment with the apitegromab.
in some embodiments, the patient is on the SMN upregulator therapy at the time of baseline
measurement, in some embodiments, the patient has been on the SMN upregulator therapy for at least
six months priar {0 baseline measuremant. For example, in some embodiments, a patient {o be treated
with apitegromab {2.9., a patient who has ambulatory SMA) has a basaline RHS scove of 26 or greater.
in some embodiments, the patient has a baseline RHS scove of 63 or below. In some embodimants,

the patient has a baseling RHES score which ranges batwaan 26-83.

{69} in other embodiments, 3 baseling HFMSBE score s measured in a patient 1o he treated with
apitegronab, e.¢., apitegromab as an adjunct o a background therapy of an SMN upregulator therapy
{e.q., it a patient with later-onset SMA, 8.g., 2 patient who has a non-ambulatory form of SMA, such as
type 2 or non-ambulatory type 3 SMA). iIn some embodiments, the baseline score is measured at or
prior to the start of treatment with the apitegromahb {Le., apitegromab therapy). In some embodimenis,
the patient is on the SMN upregulator therapy at the time of baseline measurement. In some
embodiments, the patient has been on the SMN upregulator therapy for at least six months prior to
bassline measwemeard, In some embodiments, the patient has been on the SMN upregulator therapy
for at least 2 years at the time of initiating apitegromat: therapy, at which time the baseline measurement
is made. In some embodiments, the bassline scores used 0 assess therapeutic effects of the
apitegromab therapy therefore are on top of therapeutic effects, if any, gs a resull of the background
tharapy. I some embodiments, the patiert had responded o the background therapy by an increase
i the motar function scores of, for example, 1-7 points measured against pre-treatment. In some
embodimants, a patient io be freated with apitegromab {e.g., a patient who has a non-ambulatory form
of SMA, such as type 2 and non-ambulatory type 3 SMA) has a baseline HFMSE score of 12 or greater.
In some embodiments, the patient has a baseline HFMSE score of 44 or below, i some embodiments,
the patient has a baseline HFMSE score which ranges belween 12-44.

{701 Cohorl: As used herein, the ferm the “cohort” or "cohort population™ refers to a group or
poputation of human subjects with shared facltors or influences, such as age, SMA disease sevetity
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{e.q.. lype 2 andior type 3 SMA), concurrent treatments {e.g., an SMN uprequialor therapy), ete. In
some embodiments, as used hergin, a “cohort” refers {o a group of human subjects with shared age,
SMA disease severity, and/or concurrent treatments. For example, in some embodiments, a cohort
comprises ambulatory type 3 SMA patients, age § through 21 yvears old, including those not receiving
an SMN upreguiator therapy, as well as SMA patients already recaiving an SMN upregulator therapy.
in other embodiments, a cohort comprises type 2 and non-ambulatory type 3 patients, age 5 through
21 years old, already receiving an SMN uprequlator therapy that had been started after the patient
turned 5 years old. in other embodiments, a cohorl comprises type 2 SMA patients, age 2 or older,
already receiving an SMN upregulator therapy that had been started before the patient tumns or turhed
5 years old.

{71} Controf. The term “control” or “control sample,” as used herein, refers (o any clinically or
scientifically relevant comparative sample, population, or counterpart, including, for example, a sample
from g healthy subject, a sample from a subject having a deficiency that can cause or maka the subject
susceptible 1o a certain diseass or condition; a subject with a disease or condition of interest, a sample
from a subject freated with a placsbo, a sample from a subjsct prior to treatment, a sham or buifer
treated subject or sample, an untreated subject or sample, and the like. In some embodiments, a patient
or patient population receiving or in need of ireatment with apitegromab may be compared © a conirol
patient or patient population. In some embodiments, the control patient or patient population is a patient
or patiant population that does not receive apitegromab.

{72} Inkibit or mfnhition of. The term "inhibit" or "inhibition ol " as used harein, means o reduce by

a measurable amount, and can include but does not require complete prevention or inhilsition,

{731 Effective armowt. The terms “effective” and “therapeutically effective” refer to the ability or an
amount to fulfill its intended purpose(s), i.e., @ desired biological or medicinal response in 8 subject,
andfor to achieve a stalistically significant clinical benefit {e.g., efficacy) in a patient population. For
example, in cerfain embodiments of the present disclosure, the intended purpose may be to inhibit
activation of myustatin i vivo, to achieve clinically meaningful outcome associated with the miyostatin
inhibitton.  An “effective amount” {or therapeutically effective amount, or therapeutic dose) nmay be a
dosage or dosing regimen thatis sufficient to produce a detectable change in a parameier of a disease,
e.g.. a slowing, pausing, reversing, diminution, or amalioration in a paramater, symptom, or downstream
effect of the dissase. The ferm encompasses bul does not require the use of an amount that completely
cures a disease. References hevein to a dose of an anti-proflatent myostatin antibody {e.g., a dose of
apitegromab} may be a therapeutically effective dose, as described herain,

{74] Measure of the relevant intended purpose may be objective {i.a., measurable by some assay
or marker) or subjective {i.e., sublect gives an indication of or feels an effect). I some embodiments,
a therapsutically effective amount is an amount that, when administered to a patient population that
meats cartain clinical criterig for SMA {for example, as determined by symptoms manifested, disease
progression/stags, genetic profile, efc), g statistically significant therapeutic response is obtained
amang the popudation.
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{75} In some embodiments, an effective amount is an amount that, when administered according to
a particular regimen, produces a positive clinical outcomes with a reasonably acceptable level of adverse
effecls (e.g., toxicily), such that the adverse effects, if present, are tolerable enough for a patient o
continue with the therapeutic regimen, and the benefit of the therapy ovenveighs risk of toxicity. Those
of ordinary skill in the art will appreciate that in some embodiments of the disclosire, a dosage may be
considerad to contain an effective amount if it contains an amount appropriate for administration in the
context of a dosage regimen correlated with a positive cutcome.

(78] Laferonse! SMA: As used herein, unless explicitly defined otherwise, the term later-onsat SMA
refers o a patient who does not exhibit onset of SMA symptoms until after 6 months of age (s.g.,
symploms are not detectad at a & month medical screening). A later-onset SMA patient may also be a
patient characterized as having type 2, type 3 or type 4 SMA based on the traditional disease
classifications known in the arl. Patients with later-onset SMA typically have at least 2 copies of the
SMNZ gene {&.g., 2 copies, 3 copies, 4 copies, or more, .9, 2-4 copies). in some embodiments, a
patient with later-onset SMA is treated with or has received a motor neuwron-directed therapy {e.q., has
received such therapy before the age of 5), such as an SMN-directed therapy, 8.¢.. an SMN
upraguiator. As opposed to lxler-onsat SMA, early-onset or infantife-onsat SMA refers 1o SMA that
manifests symploms at or prior to six months of age {including patients who can also be categorized as
type 1 SMA using the traditional classification known in the arf). By comparison, an early- or infantile-
onsat SMA patient typicaily has 1 or 2 copies of the SMN2 gane.

{77} i some embodiments, a palient with later-onsetl SMA has 2-4 copies of the SMN2 gena. In
some embodiments, a patient with later-onset SMA has 1-2 copies of the SMNZ gene. In some
embodiments, patients with later-onset SMA due 1o early treatment intervention {le., patients who
otherwise would have had anset of symptoms before § months of age) may also be referred to as an
“emerging” or "treatment-emergent” later-onsel SMA patlent or palient population.  In some
embodiments, treatment-emergent iater-onset SMA patients may have different genotype {eg. 1-2
copigs of the SMN2 gene}, phenotype (8.¢., gait), and/or course of diseass and response to myostatin
fregtment. In some embodirments, a patient having later-onset SMA would not have been abile to walk
andior sit unassisted {e.g.. would have had type 1 andfor non-ambulalory type 2 SMA) in the absence
of treatment, e.g., SMN-directed treatment, but is able o do so because of treatmant. In some
embodiments, 8 treatment-emergent iater-onset SMA patient who would have had no-ambulatory type
3 such that they would have lost the abllity to walk by 18 manths of age in the absence of treatment,
e.g.. SMN-directed treatment, retains the ability to walk at 18 nmonths because of treatment. When
considering treatment of ambulatory type 3 SMA patients, in some embodiments any ambulaiory patient
is treated. In some embodiments, a fype 3 patient is one that would retain the ability to walk by 18
months in the absence of infervention. In some embodiments, a type 3 patient is one that would lnse
the abilily to walk in the absence of infervention. In some embodiments, a patient is identified through
newborm screening and is initiated in reatment, e.g., SMN-directed therapy, prior to disease onsel. In
some embodiments, SMA symptom onset is not obhserved because of early treatment initiation following
newborn screening. in some embodiments, the treated palient has type 4 SMA {a.g., a palient with 4
or more coples of the SMN2 gene and much later onset of symploms, £.¢., at 18 vears of age or later}).
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{78} Natural history. Natural history of SMA refers 1o the progression of SMA in a person over fime
without freatmeant.

[79]  Progressiom  Progression of disease (e.g., SMA) is the process of worsening of symptoms
or a decline of condition over a period of time. Absent pharmacological intervention (e.q., therapy), the
progression is reflected on or correspands o the natural history of the disease observed in a parficular
patient population. Diesase progression may be assessad by the rate by which the condition worsens,
and/or, the degree by which the condition becomes worse. Accordingly, efficacy may include the ability
of a drug or therapy fo delay or slow the progression of disease. For example, a patient may show a
deching in a motor function score over time, but at 8 slower rate than what would be expected based on
the natural history. Efficacy may include the ability of a drug or therapy to reduce the degree of decline.
Efficacy may include stabifization of the diseass, i.e., at least nal zero change in functional parameter(s)
ovar time.

{80} SMN therapy/SMN-directed therapy: in the context of the presend disclosure, the term
‘SN therapy” or “SMN-directed therapy” {used inferchangeably herein) refers o pharmacological
agents (drugs, biofogics) aimed 1o increase the amount or availability of the functional SMN protein in
patients for purposes of ireating SMA. Such agents include SMN correctorsfupregulators. For example,
an SMIN1-directed therapy may include gene therapies intendad {o supplement or replace the deleted
or mutated SMNT gene. An SMN2-direcled therapy may include splice modifiers that target cerlain
exon(s) of the SMN2 backup gene so as 1o increase the availabllity of an at least partially functional
SMN protein in the body. Non-limiting examples of SMN therapies include nusinersan, onasamnogene

abepatvovec-xid, and tadiplan.

{81}  Steady-stafe: As used herein, the term “sieady-state” refers to the sifuation where the overall
intake of & moleculs (e.g., apitegromab) is faily in dynamic equilibriuny with its elimination. n some
embodiments, & steady-state serum concentration of apitegromab is measured as a maximum serum
concentration {Le., Cead OF @ minimum {(rough) serum concentration (Le., Cmn Of Cueugn) of the
apitegromab after administration, e.g., to a human suliject or to a cohort of human subjects. In some
embodimeants, maximum serum concantration of apitegromab is used to determine steady state of the
apitegroniab in a pharmacokinetics {(PK) analysis..  In some embodiments, minimum  serum
congentration of apitagromaly is used o determine steady siate of the apitegromab in a PK analysis. In
some embodiments, the pharmacodynamic (PD} target is latent myostatin, I some embodiments, the
PD profile of apitegromab is evaluated by measuring latent myostatin concentrations in serum. In some
embodimants, the serum latent myostatin conceniration is a steady-state conceniration. in some
embodimants, the serum laten! myosiatin conceniration is measwed as a pre-dose or trough
coneentration {i.e., Comar Creugn}, 8.G., In 8 human subject or in a cohort of human subjects.

[82] Subject The term “subject” in the context of therapeutic applications refers to an individual
who receives of is in naad of clinical care or intervention, such as treatment, diagnosis, stc. Suitable
subjpcts include vertebrates, including but niot limited to mammals {e.g.. human and non-human
marmals). Where the subject is a human subjedt, the term “patient” may be used interchangeably. In
a clinical context, the term “a patient population” or "patient subpopulation™ is used to refer to 8 group
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of individuals that falls within g set of crileria, such as clinical critenia, medical history, health status,
gender, age group, genstic criteria, and/or lifestyle factors. In some embodiments, a patient or patient
popuiation is a SMA patient or patient population. In some embodiments, a patient or patient population
is an early- or infantile-onset SMA patient or patient population. I some embodiments, a patient or
patient population is a later-onset SMA patient or patient population. In some embodiments, a patient
or patient population is a type 2 SMA patient or patient population. In soma embodiments, a patient or
patient population is a non-ambulatory type 3 SMA patient or patient population. In some embodiments,
a patient or patient population is an ambulatory type 3 SMA patient or patient population. In some
embodiments, a patient or patient population is an ambulatory later-onset SMA patient or patient
population. fnsome embodiments, 3 patient or patient population is a non-ambulatory patient or patient
popuiation. In sone embodiments, a patient or patient poputation is a presymptomatic or asymptomatic
patient or patient population. In some embodiments, a patient or patient population is a symptomatic
patient or patient population. In some embodiments, a patient or patient population has two or more
copies of the SMN2 gene, e.g., 2-3 coples, 2-4 copias, 34 coples, efc. I some embodiments, a patient
or patient population has later-onsel SMA and has two or more coples of the SMN2 gene, e.g., 2-3
copies, 2-4 copies, 3-4 copies, etc.

1831 Target engagement. As used hersin, the term “target engagement” refers 1o the ability of &
molecule {e.g., apitegromab) (o bind to its intended target in vive {e.g., latent myostating, .¢., in skeletal
muscle. in some embodimants, serun latent myostatin levels may be redalivaly low at baseline (ie,,
prior {o freatment) and increase following treatment with apitegromab.  In some embodimants, an
increase in serum latent myostatin levels indicates target engagement with apitegromab, e ., in skeletal
muscle. In some embodiments, low baseline serum levels of latent myostatin as compared to high
levels following treatment indicates that a major portion of the drug target resides within skeletal muscls,
rather than circulating systemically. {n some embodiments, saturation in target engagement indicates
3 dosage sufficient to achieve certain therapeutic effects {g.q., efficacy), although it may be possible to
obtain efficacy without saturation.

[84]  Therapeutic dose: The term “therapeutic dose” refers to an amount {(2.g., of apitegromab)
sufficient to achieve efficacy as determined by clinical endpaints that measure therapeutic affects {e.q.,
by ane or more of the clinical endpoint measurements discussed harein) when administered {o a patient
w a particdar way {e.g., using a particular dosing regimen). For example, a therapeutic dose of
apitegromab, when administered intravenously every 4 waeks, may be greater than 2 mgikg and up fo
20 mgfkg. In cerfain embodiments, the therapeulic dose of apitegromab, when administered
wntravenously every 4 weeks, is 10 mg/kg or 20 mg/kg.

{85} Treatment. As used herain, the term “treating” or "treatment” of a disease or disorder {e.g.,
SMA) s meant slowing, delaying, or preventing the onset of such a disease or disarder, or reversing,
alleviating, ameliorating, inhibiting, slowing down, stabilizing, or stopping the progression, aggravation
or deterioration, the progression or severity of a condition associated with such a disease or disorder,
&.g., as comparad {o a baseling in the absance of the treatment (e.g., where treatment stops disease
progression observed in the absence of treatment). The term includes but does not necessarily require
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a complete freatment or prevention of the disease or disorder. In some ambodiments, “reating™ or
“freatment” refers o the administration of one or more active agents {simulfansously or sequentially),
or of one or more compositions including one of more active agents, {0 a subject who has SMA, with
the purpose to cure, hesl, allevigte, relieve, alter, remedy, ameliorate, improve, or affect the disorder,
the symptom of the disease, or the predisposition foward the SMA,

{86} Treatment emergent pafient popudation:  The traditional classification of SMA patient
popuiations or types (e.g., type O, type 1, type 2, non-ambulatory type 3, ambulatory type 3, type 4 stc}
is fargely based on the natural history of the disease manifestation, which shows strong correlation with
the number of SMNZ gene copies. Based on the traditional classification, type 01s the most severe form
which has in utero onset with reduced or absent movementis and requires mechanical ventifation at
bisth. With the avallability of approved SMN-directed therapies {e.g.. SMN2 upreguiators, SMN1 gene
tharapy, eic.} and newborn screening in recent years, additionsa classifications may be warranted to
describe emerging patient populations, referred to herein as “emergent” or “freaiment emergent” patient
popuiations. In these populations, the manifestations of SMA expected based on natural history andios
gengtic analysis may be altersd where patients have initiated an SMN-directed therapy at an sarly age.
in other words, early intarvention can impact the cowrse of the disease prograssion expectad frony the
natural history, irrespective of the disease genotype. For exaniple, an infant with confirmed SMN1
deletion and one copy of the SMNZ gene, who recaives an sarly SMN therapy, may be able o sit
independantly at 12 months, who otherwise would have been expected {0 develop typa 1 SMA. ASMA
patient with two copies of the SMN2Z gene may be expectad to develop a severs {e.q., lype 2} dissase
form without receiving SMN-directed therapy, but with SMN-directed therapy, especially with an sarly
intervention, clinical presentation in such patient may resemble that of a milder dissase form. A patient
with non-amblatory type 3 SMA {who lost the ability to walk) may regain the ability to walk, or a patient
with type 2 SMA may walk for the fiest time, as a resull of such therapy. Likewise, a palient expected
to devedop non-ambulatory type 3 SMA after 18 months of age may exhibilt a retained ability to walk at
a later age due lo early SMN-directed therapy vet exhibit different phenotype (e.g., gait) and/or response
to SMA treatments {(Mercuri gt al. {2020) Nature Reviews Neurclogy, 16:706-715). To accommaodate
changes associated with the medical advancement in SMA therapy, the field continues to evolve,
including adjustments to cerfain nomenclaturefterminology, aimed o better describe various disease.
As such, the term "ater-onset SMA” as used herein is infended, unless indicated otherwise, to describe
a patient or patient population in which the symptomatic onset {e.g., clinical manifesiation} ocours after
8 months of age, irrespactive of the genolype, with or without SMN-direcied therapy. Whereas a patient
it which symplomatic onset occurs before § months of age is referred to herein as “early-onset” or
“infardile-onsel” SMA depending on the specific age symptoms are firs{ detected.

{87} Tvoe 1 SMA:  Typlcally, children with type 1 SMA rapidly decline in the natural history of the
disease. Early symptoms include hypotonia, small or weak muscles, difficulty in breathing, trouble
swallowing, weak cough or weak ory, and inabifity fo sit. Infants with Type 1 are very weak and unable
to sit. At 5-8 months of age, patients typically require respiratory and/or nutriional support. Qver 90%
of patients die before the second birthday. Such patients typically have 1-2 copies of the SMNZ gena.
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{88} Type 2 SMA:  Children with type 2 SMA are non-ambufant absent therapeutic intervention
and often have 3 copies of the SMNZ gene and become symplomalic between 6-18 months of ags.
Muscle weakness is very common and affects the ability to stand or walk withoul assistance and
fypically require wheelchalrs. Generally, they start losing abilities before the age of 2. But they can si
independantly, maintain head gontrol and roll ovar.

{89} Type 3 SMA:  Intype 3 SMA patients, symploms can begin after 18 months of age, usually
in early childhood, 2.g., based on clinical classification andfor physical milestones such as sitting or
walking. These patients often have 3 or 4 or more copies of the SMN2 gene, with the more severe form
of non-ambulatory type 3 SMA typically being associated with 3 copies of the SMNZ gene {type 3a) and
the less severe form of non-ambulatory type 3 SMA typically being associated with 4 copies {type 3b).
Typically, type 3 SMA patiants van at least inttially walk and climb with assistance, sat with utensils and
dress themselves, but they cannot generally run, jump or climb withowt help. They lose many mofor
functions as they grow older, including the ability fo walk and climb. Among type 3 patients, those who
are able to walk are referred to as ambulatory type 3 SMA, whilst those who have lost the ability to walk
are referred to as non-ambulatory type 3 SMA. Type 3 patienis often inse ambulation by ages 4-16,
e.4., on average around age 10,

{80} Type 4 SMA:  Type 4 SMA is a rare, adult-onset form of SMA. These patients usually have
4 or more copies of the SMNZ gene and usually expetience only mild muscle weakness, which may
start around 18 years of age, but more often later {e.g., in the 20's or 307s}).

{91} Other than in the operating examples, or where otherwise indicated, all numbers expressing
quantities of ingredients or reaction conditions used herein should be understood as modified in all
instances by the term "aboul.” The term “about” when used in connection with percentages can mean

+1%.

{921 The indefinite articles “@” and "an,” as used herein in the specification and i the claims, unless

clearly indicated o the contrary, should be understood 1o mean "at least one”

[83] Thephrase and/or.” as used harein in the specification and in the claims, should be understood
o mean "either or both” of the elements so conjoined, Le., elements that are conjunclively present in
some cases and disjunciively present in other cases. Other slemenis may oplionally be present other
than the slements specifically identified by the "andior” clause, whather related or unrelated {o those
elements specifically identified unless clearly indicated to the contrary. Thus, as a non-limiting example,
a reference to “A and/or B." when used in conjunction with open-ended language such as “comprising”
can refer, in some embodiments, 10 A without B {optionally including elements other than BY, in other
embodiments, to B without A {optionally including elements other than A); in yet other embodiments, fo
both A and B {optionally including other elerments); etc.

[84]  As used herein in the specification and in the claims, the phrase “at least one,” in reference to
a list of one or more elements, should be understood o mean at least one element selected from any
one of more of the elements in the list of elements, but not necessanly including at least one of each

and every element specifically listed within the list of elements and not excluding any combinations of
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elemenis in the list of elemends. This definition also aliows that elemants may optionally be presand
other than the slements specifically idenified within the list of elements to which the plyiase “at least
one” refers, whether related or unwelated to those elements specifically dentifisd. Thus, as a non-
imiting example, “at least one of A and B” (or, equivalently, “at least one of A or B." or, squivalently "at
least one of A andfor B®) can refer, in some embodimants, to at least one, optionally including more
than one, A, with no B present {and optionally including elements other than BY; in other embodiments,
to at least one, optionally including more than one, B, with no A prasent (and optionally including
elemants other than A); in yet other embodiments, to at least one, optianally including more than one,
A, and atleast one, optionally including more than one, B {and optionally including other elements); etc.

[98] Use of ordinal terms such as “first” “second,” “third,” elc., in the claims to muodity a claim
element does not by itself cannote any priority, precedence, or arder of one claim element over another
or the temporal order in which acts of 2 method ars performad, but are used merely as iabels to
distinguish one claim slement having a certain name from anocther elament having a same name {bul
for use of the ordinal term) o distinguish the claim elements.

[98] Ranges provided herein are understood to be shorthand for all of the values within the range.
For example, a range of 1 o 10 1s understood 10 include any number, combination of numbers, or sub-
range from the group consisting of 1, 2, 3. 4, 5,8, 7. 8, 8, or 10, e.g.. 2-8, 1-5, atc.

{87] Al references cifed herein are incorporated by reference for any purpose. Where a reference
and the specification conflict, the specification will gontrol. It is 1o be appreciated that cerfain fealures
of the disclosed compositions and methods, which are, for dlarity, described herein in the conlext of
separate embodiments, may also be provided in combination In a single embodiment. Conversaly,
various features of the disclosed compositions and methods that are, for brevity, described in the
context of a single embodiment, may also be provided separately or in any subcombination.

Spinal Muscular Atrophy (SNIA}

[98]  Spinal muscular atrophy (SMA) is a debilitating, frequently fatal neuromuscular disease and the
most common genatic causa of infant montality (Awano et al. (2014) Neurctherapeutics 11.788-795).
SMA is an aulosomal recessive gengtic disorder invalving a mutation or deletion in the survival mofor
neuron 1 (SMN1jgene. Specifically, SMA is caused by reductions in the level of SMN protein, sufficient
amounts of which are necessary o promote survival of the anterior horn cells of the spinal cord. Loss
of motor neurons resulls in profound muscle atrophy, often leading to death due to respivatory
insufficiency (Monani (2005) Newron 48:885-828). Muscle pathology in SMA is characterized by the
prasence of amall atrophic fibers believed o represent denervated or partially denervated nywofibers.
The presence of atrophic fibers is a classic indication of molor neuron denervation caused by the loss
or dysfunction of motor neurens.  Unlike Duchenne muscular dystrophy {DMD) patients, SMA patients
do not exhibit features of necrosis and inflammatory changes even in the most severe cases of the
disgase {Le Verche V. et al. Spinal Muscular Atrophy: Disease Mechanisms and Therapy 2017 Ch,
21.341-358).
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{99} While SMA patients lack a functional SMN1 gene, the paralogous gens, SMNZ2, produces fow
fevals of funclional SMN protein due fo altemative splicihg that truncates the franscript.  The
devalopment of molecular medicine fechnigues have advanced the diagnosis of SMA patienis based
on genotyping of both SMN1 and SMN2 copy numbers.  SMA patients are also diagnosed based on
clinical preseniation and categorized phenotypically based on the maximal motor milestone achieved
and the age at symptom onset. Dissase-modifying drugs have alfered some of the traditional diagnosis
and classification. Classification may, in some embodiments, be made based on one or more of age of
injtiation of therapy, age of symptom onset, and/or number of SMNZ copies, £.g., separately or o refine
the definition of SMA phenstypes in the clinic bevond the traditional classifications defined by age of
onse! and severity alone {Jedrzejowska M. et al. Dagener Neurol Newomuscul Dis. 2020,10:38-47).

[100] As used herein, unless explicitly defined otherwise, the term Yater-onset SMA”™ is intended to
encompass type 2, type 3 {(ambulatory and non-ambulatory) and type 4 SMA as defined by the
tradifional SMA classifications knowt in the art. In some ambodiments, a patient with iater-onset SMA
is treated with or has received a motor newron-directed therapy {e.g.. has received such therapy before
the age of 5), such as an SMN upregudator. In some embodiments, a patient with later-onset SMA has
at least two coples of the SMN2 gene {e.g., at leas! three copies or at least fowr copiss of SMN2}). in
some embodiments, a patient with later-onset SMA develops diaghosable symptoms of SMA after 6
months of age. A subject with SMA may be treated before exhibiting symploms of the disease or after

onset of diagnosable symptoms.

[101]  As used herein, the term “infantiie-onset SMA™ or “early-onset SMA™ encompasses type 1 SMA
as defined by the iraditional SMA classifications known in the arl. Iy some embodiments, a patient with
infantile-onset SMA is traated with or has received a& motor neuron-directed therapy, such as an SMNM
upregulator.  In some embodiments, a patient with infantiie-onset SMA has one copy of SMN2. In
some embodiments, a patient with infantile onset SMA develops diagnosable symplonis of SMA befare
6 months of age. In some embodiments, a patient with infantile onsel SMA would have developed
diagnosable symptoms before 8 months of age bul does not because of traatment, e.g., with.an SMN
upregulator. In some embodiments, these subjects are diagnosed with infantile-onset SMA based on,
e.g., SMNZ copy number, and are distinguished from later-onset SMA patients on the basis of other
factors heyond age of disegse onset, e.g., genolypse (such as SMNZ copy number), phenofype {such
as gait or other observed motor traits), andfor response to SMA therapy.
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Genotype-based classifications of SMA

{103] The clinical heteroganeity of SMA is dus in part {o the complicated genetics of the disease.
Mutations in the SMN1 gene result in SMA (Lefebvre et al. {1985} Cell 80:155-185); however, in
humans, a nearly identical gene, SMN2, is located in close proximity to SMN1 {(Monani et al. (1998}
Hum Mol Genet 8:1177-1183). The primary difference between these genes is a G to T transition which
creates an exonic splice silencer, resulting i removal of exon 7 front the final mRNA transcript. The
fruncated SMN protein is unsiable and quickly degraded, Nevertheless, approximately 10% of the
mRNA produced from SMN2 s correctly splicad and produces full length SMN protein, but this amount
is insufficient to fully compensate for joss of SMN1.

{104] The copy number of SMNZ varies between individuals and strongly correlates with SMA
diseass severity. More coples (2.g., three or four coples) are generally associatad with milder forms of
SMA, SMA patients with a single SMN2 copy are rare but this copy number is highly predictive of a
severe type 1 phenotype with a poor prognosis. The majority of patients with the type 1 form of SMA
have one or two copies of SMNZ, most patients with type 2 have three SMNZ copies; and most patients
with type 3 have three or four SMNZ2 coples. To illustrate, accarding to Calucho st all {(2018)
Neuromuscular Disorders. 28:208-215 at Table 2), sbout 80% of type 1 SMA patients carry one or two
SMN2 copies, about 94% of type 2 patienis carry two or three copies, about 83% of type 3 patients
caryy three or four copies, and nearly 100% of fype 4 patients carry four to six SMNZ copies.

{108] Tradiional SMA classifications include type 1, type 2, type 3 and sometimes type 4 SMA, inthe
order of severity. Type 1 SMA is typically diagnosed between birth and 8 months, and, without early
intervention, patients never gain sufficient strength to sit independently.  Without intervention, most
type 1 patients do not survive past two years without respiratory support. People with type 2 and type
3 produce greater amounts of SMN protein and have less severe, but still fife-altering forms of SMA.
Type 2 patients are generally diagnosed between six and 18 months of age. While they are able fo sit
unassisted, they cannot walk without aid. With typs 3 SMA, patients are typically diagnosed past the
age of 18 months and are able to sit and walk unassisied, athough they may become wheelchair-
dependent later in lHfe.  Thus, type 3 SMA includes both ambulatory and non-ambulatory
subpopulations. Many ambulatory type 3 SMA patients at some point fransition to non-armbudatory as
the diseasa progresses. Type 4 SMA is adult onset, mild in phenotypes, and very rare.

{106] Although SMA siratification by type is » useful clinics! paradigm, the disease phenotype exists
more as a continuum than as discreet classifications. For example, patienis carrying an SMA genetic
mutation may also be pre-syimptomatic (not manifesting obvious disease phenotypes).

{1071 In some cases, a patient who carries a genetic mutation in the SMN gene (such as SMN1} may
be phenotypically pre-symptomatic and identified for treatment on the basis of genelic screening. {n
some embodiments, the delay in disease manifestation may be at lgast in part due o an early
intervention such as an SMN upreguiator therapy (e.g.. SMNZ upregulator therapy and SMN1 gene
therapy). Early intervention generally means the treatment is initiated prior to age 5, &.g., prior to age
4 age 3, age 2, age 1. or soon affer birth. Newbhorn genstic screening has becoms more widely
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accessible in recent vears, which allows the identification of individuals bom with genetic disorders,
such as SMA. in the Unitad States, Tor example, many states have includad SMA in a panet of routine
newbomn screening among other known genetic disorders, which is typically conducted during the first
few days of fife. Therefore, bables canying mutations in the SMN gene (SMN1) who gre likely to
develop the disease can be identified sarly, often when asymptomatic (pre-symptomatic). Early
detection and diagnosis can lead {o early treatment intervention, e.g., even before the child starts to
develop symptoms. This may help prevent certain clinical manifestations andfor may delay the onset
or progress of SMA,

[108] Genelic screening may be carried out in newbornfinfant subjects, aswell as inulero {eg.. ina
fetus). In some embodiments, a subject is or has been identified as a carrder of an SMN mutation, e.q.,
by genetic scresning sither in ulero or as a newborivinfant,  In some embodiments, the genetic
screening is carried out as a newbornfinfant (e.g., within 24 hours of birth), in other embodiments, the
genetic scraening is carried out in utero.

Qnset-based classifications of SMA
{108] Severe forms of SMA typically manifest early symptoms, e.g., before six months of age.

{110] This may be referred o as infantile-onsel, as opposed fo later-onset SMA. When SMA
symptoms are present at birth or by the age of 8 months, the disease is also SMA type 1 (also called
infantite-onset or Werdnig-Hoffmamn disease). Babies typically have generalized muscle weakness, a
weaak cry, and breathing distress:

[111] irespective of genotype-basad SMA classifications such as SMNZ gane copy number, the term
fater-onset SMA is defined by the timing of disease onset {when symptoms appear} unless indicated
atherwise. For example, iater-onset SMA can be defined as disease with symptom onset after 8 months
of age {(mast likely to be classified as SMA typa 2 or type 3).

{112] Morerecently, with the availabilify of approved SMN upregulator therapies, such as nusinersen,
garly infervention has been shown to be particularly effective int delaying the onset of andior reducing
the severity of move severe phenolypes of SMA based on the genolype of the particular patient, For
axample, some patients who were diagnosed with {or, due to a iow copy number of SMN2 genes, wera
al risk of developing) type 1 SMA, early intervention with SMN upregulator therapy may alter the
pheriotype to one that is more consisient with later-onset SMA.

{113] In some embodiments, sympiont onset-based definition is useful to categorize certain patient
populations that receive early inlervention which changes the normal course or timeline of disease
progression.

Targeting Myostatin to Improve Muscle Function ~ Myostatin Inhibition

[114] One therapeutic approach to improve patient motor function is to directly target the skeletal
muscle to reduce muscle atrophy and thus improve muscle strength in subjects having muscle
conditions, such as SMA. Inhibition of myostatin offers a promising approach to increase muscla mass

and function in patients having muscle conditions, such as SMA patients, Myostatin is a member of the

26



WO 2022/093724 PCT/US2021/056517

TGFE superfamily and a negative regulator of muscle growth. Genelic foss of myostatin results in
significantly increased muscle mass, resulting from both muscle cell hypertrophy and hyperplasia
{McPherron et al. (1997} Mature 387:83-80) As with myostatin loss of function mutations,
pharmacologic inhibition of myostatin also increases muscle mass, mediated via muscle hyperirophy
but not hyperplasia {Lee et al. {2001} Proc Natl Acad Sci LISA 98:23068-8311}. Additionally, evidence
in animal models suggests that blockade of myosiatin signaling prevents muscle atrophy associated
with imb immobilization, cancer cachexia, and corficostercid freatment (Latres et all (2015} Skelel
Muscle 5:34; Smith et al. {2015} Mol Cancer Ther 14116861-1670; Wang et al. (2047) Am J Phys Med
Rehabil 98(6):430-437; Zhou et al. (2040) Cell 142:531-843). Since the initial desaription of the
knockout mouss, mutations i myostatin and associated muscle hypsrtrophy have been identified in
cattle, dogs, and humans. Loss of myostatin does not appeaar to cause any detrimental effects.

{118] The profound effects of myostatin loss on muscle mass, as well as the lack of oheerved
pathology with myosiatin mudations, has made this growth factor an important therapeitic larget for
indications in which muscle wasting is a significant feature, including sarcopenia, cancer cachexia,
muscular dystrophy, and disuse atrophy. Multiple comparnies are pursuing a variety of approaches io
inhibil myostatin and therefore increase muscle mass and strength. The most common approaches {o
myostatiny inhibition are {1) antibodies which bind o and inhibit the mature growth faclor (commuaniy
referrad 10 as "neulralizing” antibodies), (2) antibodies against the myosiatin recepior, ACIRHUB, {3)
soluble igand traps such as ActRUB-Fc, and {4) viral mediated expression of myostatin inhibilors, sugh
as follisiatin (Amato et al. {2014} Neurology 83:2238-2246; Becker ef al. {2015} Lancet Diabetes
Endocringl 3:948-857, Campbell ef al, (2017) Muscle Nerve 55(4)458-484; Mendell ot al. (2015) Mol
Ther 23:192-201; Wagner et al. {2008) Neurol 63:561-571). However, in addition to targeting myostatin,
many of these therapies also inhibit refated family members such as GBF-11 and Activing. The amino
acid sequences of mature myostatin and GDF-11 are 90% identical, making #t difficult to generale
antibodies that specifically bind myostatin bul not GDF-11. Myostating GDF-11, and Activing all signal
through ActRUB; as such, antibodies that block ACtRHE or soluble AcRIB ligand traps will therefore
inhibit aclivities of all three growth factors (Lee et al. {2005) Proc Natl Acad Sci USA 102:18117-18122).
Several of these therapies also bind more distantly related growth factors, such as BMP® and BMP1Q,
albeit with reduced affinity. This lack of specificity has the potential for unwanied side effects. Together,
these observations point 1o the importance of developing selective inhibitors of myostatin signaling, so
as to minimize risk of adverse effects that may be caused by inadvertently inhibiling the signal
transduction pathways of one or more of the refated growth factors.

{116] Accordingly, disclosed herein are antibodies capable of hinding to pro myostatin andfor latent
myostatin, thereby inhibiting myostatin aclivity, and uses thereof for treating diseases and disorders
associated with muscle atrophy such as SMA. In some embodimeants, given the prevalence of the latent
complex in circulation, treatments are provided herein that specifically target more abundant and longer-
lived myostalin precursors, e.4., pro myostatin and latent myostatin, rather than the mature growth
factor. Without wishing to be bound by any particular theory, antibodies described herein may prevent
the proteoiytic activation of pro myostatin andior latent myostatin into mature myostatin which is
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considered the “active” form of myostatin, capable of activating the myostatin pathway, 2.g., by binding
Type | (ALKAS) and Type 1| (ACTRIAB) receptors.

[117]  As used herein, the term “antibody” encompasses any naturally-ocourring, recombinant,
modified or engineered immunoglobudin or immunoglobulin-like struciure o antigen-binding fragment
or portion thereof, or derivative thereof  Thus, the term refers to an nmunogiobulin molecule that
specifically binds to a target antigen, and includes, for instance, chimeric, humanized, fully human, and
multispecific antibodies (including bispecific antibodies). An intact antibody will genarally comprise at
feast two fulldength heavy chaing and two fuli-length light chains, but in some insfances san include
fewer chains such as antibodies naturally ocourting o camelids which can comprise only heavy chains.
Antibodias can be derived solely from a single source, or ¢an be “chimeric,” that is, different portions of
the antibody can be derived from two different antibodies.  Antibodies, of antigen binding portions
thareof, can be produced in hybridomas, by recombinant DNA technigues, or by enzymatic or chemical
cleavage of intact antibodiss. The term antibodies, as used herein, includes monocional antibodies,
multispecific antibodies such as bispecific antibodies, minibodies, domain antibodies, synthetic
antibodies (sometimes raferred fo herein as “antibody mimetics”), chimeric antibodies, humanized
antibodies, human antibodies, antbody fusions {sometimes reforred to herein as “antibody
conjugates”), respactively. Invarious embodinents of the therapsutic metheods, uses, and compositions
disclosed herein, an antibody is a profdatent myostatin antibody {e.g.. apitegromab). Profatent
myostatin: As used herein, the term “proflatent myostatin® refers to pro myostatin, latent myostatin, or
both. Iy some embodimeants, an anti-proflatent myostatin antibody binds specifically to pro myostatin,
In some embodiments, an anti-prodatent myostatin antibody binds specifically to latent myestatin, In
some enbodiments, an anti-proflatent myosiatin antibody binds specifically to bath latent myostatin and
pro myostatin, in some embodiments, the anii-profiatent myostatin is apitegromab and binds
specifically to both latent myostatin and pro myostatin,

[118] As used herein, the term "mature myostatin® refers to a mature, binlogically active form of
myostatin. In some embodiments, mature myostatin is capable of myostatin receplor binding andior
activation. Activation and release of malure myostatin in vive from is pro myostatin form is
accomplished by several discrete protease cleavage events. To begin with, "pro myostatin® is cleaved
by a proprotein convertase, resulling in “latent myosiatin,” in which the mature myostiatlin is shielded
from binding to #s receptors by a portion of the prodomain. Activation and release of mature myostatin
is accompiished after cleavage of latent myostatin by an additional protease from the BMP/tolioid family,
such as mTLL-2. As used herain, the term “mature myostatin” can refer to both full-length mature
myostating as well as fragments of the fulllength mature myostatin which refain biclogical activity. So-
caffed neutralizing antibodies that bind malture myostatin thereby interfere with its sbility to bind and

activaie its celiular receptors.

[118]  As used herain, the term “proforms of myostatin® refers fo inactive (e.g., precursar or fatent)
forms of the myostatin growth factor that are associated with the N-{erminal latency-associated peptide
{LAP) domain.  Profornis of myostatin are comprised of dimers. The ferm encompasses both
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‘promyostatin” and “latent myostatin.® The term excludes mature growth factor (GDF-8) that is not
aszociated with the LAFP domain.

{120] The term "pro myostatin® {or “promyostatin”} refers to an inactive precursor of mature myostatin
which comprises a disulfide~linked homaodimer, each molecule of the homodimer comprising the amino
ferminal prodomain covalently bound to the carboxyl terminal mature myosiatin domain. in some
embodiments, “pro myostatin® has not been cleaved by either a proprofein convertase, or a protease
from the BMPiolioid family. Promyosiatin and latent myostatin (see below) are proforms of
myostatin/GDF-8.

{121]  As used herein, the term “latent myosiatin® refers to an inactive precursor of mature myostatin
which comprises a disulfide~linked homodimer, each molecule of the homodimer comprising the aming
farminal prodomain non-covalently bound to the carboxyl tarminal mature myostatin domain. In some
embodiments, "atent myostatin® is generated from a pro myostatin that has been cleaved by a
proprofein converiase, bul which has not been claaved by a protease from the BMP/ollold family. In
some embodiments, “latent myostatin® can be generated by sombining the prodomain and the carboxy
terminal mature myostatin domain ji7 vitro and aliowing them to fold propetly. See, for example, Sengle
etal. (2011) . Biok. Chem., 286(71.5087-5029. Promyostatin {see above) and latent myostatin are pro-
forms of myostatin/GDF-8.

{122] As used haerein, the ferm “specific binding" or “specifically binds” means that an antibody or
antigen binding portion thereof exhibits a particular affinity for a particular structure {s.g., an antigenic
determinant of epitope) in an antigen {e.q., @ Ko measured by Biacore®). in some embodirents, an
antibody or antigen binding portion thereof specifically binds to a target, e.g., proflatent myostatin, if the
antibody has a Ko for the target of at feast about 108 M, 109 M, 1079 M 10 M, 109 M, or less. Inthe
context of the present disclosure, “an antibody that specifically binds an antigen with high affinity”
generally refers o a Ko of 1.0 x 10°° M orless. In some ambodiments, an antibiody or antigen binding
portion thereof may also “selectively” (fe., “preferentially™) bind a target antigen i # binds that target
with a comparatively greater strength than the sirength of binding shown to other antigens, e.g., a8 10-
fold, 100-fold, 1000-fold, or greater comparative affinity for a target antigen {e.g., profatent myostatin}
than for a nondarget antigen {e.g., mature myostatin (GOF-8), GDF-11, andfor other members of the
TEFB suparfamily of growth factors).

{123] Insome embodiments, ananti-proffatent myostatin antibody for use in the therapeutic methods,
uses, and compositions disclosed herein inhibits the activation step of myostatin from its precursor. In
some embodiments, an anti-proflatent myostatin antibody for use in the therapeutic methods, uses, and
compositions disclosed herein inbihbits the activation of latent myostatin,  In some embodiments, the
anti-proflatent myostatin antibody comprises the heavy and light chain CDR sequences, the heavy and
light chain variable region sequences, and/or the full heavy and light chain sequences setforth in Tables
1-4 below.
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Tabie 1. Amino acid sequences of Kabat CDRs for an anti-proflatent myostatin antibody

IgG chain

SEQID NO

Amino acid sequence

HCODR1

HCDR2

HCDR3

LCDRY

LODR2

LOCDR3

L2 RO 45 3 B - SE ¥V 5 S 6§ P

Tahie 2. Amino acid sequences of IMGT CDRs for an anti-proflatent myostatin antibody

lgG chain SEQ D NO | Amino acid sequence
HODR1Y 7

HCDR2 8

HCDR3 9

LCDRY 10

LCDR2 11 anm

LODOR3 12

Tahie 3A. Amino acid sequences of variable regions for an anti-pro/fiatent myostatin antibody

lgG chain SEQID NO | Amino acid seguence
Heavy chain | 13
Light chain 14

Table 3B. Amino acid sequences of full-length Ig chains for an anti-proflatent myostatin

antibody
1gG chain SEQ D NO | Amino acid sequence
Heavy chain | 15
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IgG chain SEQID NO | Amino acid sequence

CHRWORENES

Light chain |18

[124] Apilegromab {also referred to as "SRK-O18%) is an investigational fully human, monocional
antibody that specifically binds fo the proforms of myosiatine—namely, promyostatin and latent
myostatin—with high affinity. Apltegromab is of the human immunoglobulin G4 (IgG4lambda isotype.
it comprises the sequences shown above {including the heavy chain amino acid sequence of SEQ 1D
NO: 18 and the hght chain aminge acid sequence of SEQ D NG 18).  intemational Application
No. PCT/US2018/052014 (international Pub. No. WQ 2017/048011) and U.S. Application No.
15/760,393 {U.S. Pub. No. US 2018-0344844; UL.S. Patent No. 10,751.413} disclose sequences for
apitegromab and are each incorporated herein by reference for the disclosure of such sequenceas. In
some envbodiments, an anti-proflatent myostatin antibody for use inthe therapeutic methods, uses, and
compositions disclosed hereain is apitegromab.

[125] In some embodiments, an anti-profiatent myostatin antibody or antigen-binding fragment
described herein comprises three heavy chain complementarity determining regions (HCDRs)
comprising amine acid sequences of SEQ 1D NO: 1 (HCDR 1}, SEQ 1D NG: 2 {HCDRZ), and SEQ 1D
NQO: 3 (HCDR3); and three light chain complementarity determining regions (LCDRs) comprising amino
acid sequances of SEQ 1D NO: 4 (LCDRY), SEQ 1D NO: 5 {(LCDR2}, and SEQ 1D NO: 8 (LCDR3), as
defined by the Kabat numbering system,

{1268] In some embodiments, an anti-profiatent myostatin antibody or antigen-binding fragment
described herein comprises three heavy chain complemeniarity delenmining regions (HCDRs)
comprizing amine acid sequences of SEQ 1D NO:. 7 (HCDR1), SEQ 1D NO: § (HCDR2), and SEQ D
NG: 9 {HCDR3), and three fight chain complameniarity determining regions (LCDRs) comprising amino
acid sequences of SEQ D NG: 10 {(LCDR1), SEQ ID NG 11 (LGDR2), and SEQ 1D NO: 12 (LCDR3),
as defined by the IMGT numbering system,

{127] In various embodiments, the anti-profiatent myostatin antibody or antigen-binding fragment
comprises a heavy chain variable region comprising an amine acid sequence of SEQ 1D NQ: 13, andior
a light chain variable region comprising an amino acid sequence of SEQ 1D NO: 14,

{128] In various embodimeants, the anti-profiatent myostatin anttbody or antigan-binding fragment
comprises & heavy chain amino acid sequence of SEQ 1D NO: 15, andfor a light chain amine agid
seguence of SEQH D NO: 18,
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[128] Apitegromab binds the “arn?” region within the prodomain of the profiatent myostatin complex
and inhibits release of mature growth factor (L.e., GDF-8} from the latentinactive complex, Binding of
apitegromab is specific to pro/latent myostatin and therefore apitegromab does not bind mature GDF-8
or GDF-11 {or any other members of the TGFR superfamily of growth faclors), thersby enabling
selective targeting of myostatin signaling, without affecting other bictogical pathways.

{130] Inhibition of myostatin activation by apitegromab may lead to buildup of promyostatin and latent
myostatin. Since promyostatin is predominantly found within the skeletal muscle and Iatent myostatin
& predominantly found in the serum, in some embodiments, serum latent myosiatin levels may serve
as a larget engagement marker for apifegromab, e.g., target engagemeant with apitegromab in skeletal
muscle. In a similar manner, in some smbodiments, serum latent myostatin levels may serve as a
target engagament marker for other profatent myostatin antibodies such as GYM322 in an analogous
manner. In some embodiments, serum lalent myostatin levels may be relatively low at baseline (e,
pricr o reatment} and increase following treatment with apitegromab.  In some embodimants, an
increase in serum latent myostatin levels indicates target engagement with apitegromal, e.g., larget
engagement with apitegromab in skeletal muscle. In some embodimants, low bassline serum levels of
fatent myostatin as compared o high lavels following treaimant indicates that a major purtion of the
drirg target resides within skeletal muscle, rather than circulating systemically. In some embodiments,
saturation in target engagement indicates a dosage sufficient 1o achigve certain therapeutic sffects

{e g., efficacy}, although it may be possible to obtain efficacy without saturation.

{131] In certain embodiments, the disclosure encompasses the use of an altemale anti-myostatin
antibody or antigen-binding fragment, &.g., an anti-proflatent myostatin antibody or antigen-binding
fragment, e.g., a selective anti-proflatent myostatin antibody, such as any one of the antibodies or
antigen-binding fragments disclosed in PCTAP2015/006323, the content of which is hershy
incorporated by reference in #s entirety. A myostatin-selective inhibitor as used herein may be an
alternate anti-proflatent myostatin antibody or antigen-binding fragment as described hersin, such as
3YM329. In certain embodiments, the disclosure encompasses an anti-proflatent myostatin antibody
or antigen-binding fragment that s a humanized variant of MST1032-Gim as disclosed in
PCT/AIP2015/006323. In certain embodimeants, the disclosure encompasses an anti-proflatent myostatin
antibady or antigen-binding fragment comptising & heavy chain variable domain comprising three CDR
sequances of HCDR1, HCDRZ, and HCDR3, and a light chain variable domain comprising three CDR
sequences of LCDR1, LODR2, and LCDRYI, wherein the heavy chain CORs comprise the amine acid
sequances oft XIS (HCDR1; BEQ D NO: 17); HSYAGSTYYASWAKG (HCODRZ, SEQ 1D NO: 18}
SVPAYSX2GGDL {(HCDRS, 8EQ 1D NO: 18), respectively; and the light chain CDORs comprise amino
acid sequences of XaXsSQSVYXeXyNWLS (LODR1; SEQ ID NO: 20); WASTLAX: (LCDR2; SEQ ID
NQ: 21} and AGGYGGGEXaYA (LCDR3I; SEQ ID NO: 22), respectively, wherein sach of Xo-Xs is any
aming acid residue. In cerlain embodiments, Xois SorH Xeis YV, T, or D Xsis TorH Xais Qor T Xy
BOor T XetsDorH Xeis NorE; Xsis Sor ¥, X is L or R In certain embodiments, the antibody or
antigen-binding fragment comprises the six DR sequences of SEQ 1D NOs: 23-28; 28-34; 35-40; or
41-48. In certain embodiments, the antibody or antigen-binding fragment comprises a heavy chain
variable domain comprising the aming acid seguence of any one of SEQ 1D NQs: 47-50. In certain
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embodiments, the antibody or antigen-binding fragment comprises a light chain variable domain
comprising the aming acid sequence of any one of SEQ 1D NOs: 51-54. In some embodiments, the
antibody or antigen-binding fragment comprises a set of six CDRs {e.g., from the same MST1032
variant antibody) or a paired VHVL {e.g., from the same MST1032 variant antibody) from those listed
in the tables below.

Tabile 3C.
VHCDR1 VHCDR2 VHCDR3
SEQ D Amino Acid SEQID | Amine Acid SEQID Amino Acid
NG Seguence NQ: Segquence N Sequence
Consensus HSYAGSTYY
) X2 1 1! GVPAYSK:GG
Sequences 17 R ) SIS i8 ASWAKG is GVPAYSKGGDL
Table 3D.
VLCDRL VICDR2 VLCDR3
SEQ 1D Amino Acid SEQID | Amino Acid SEQ D Ao Acid
NG Seguence NQ: Seguence NO: Sequence
Consensus | 5 | XoSQSWXAGNWLS | 21 WASTLAX 22 | AGGYGGGXsYA
Sequences
Tabte 3E.
‘ VHCDRY VHCDR2 VHCDR3
| SEQID Aming Acid SEQID Amino Acid SEQ D Amino Acid
L NO: Sequence NQ: Seguence NGt Sequence
MST1032- , HSYAGSTYY e
&im 23 SYpis 24 ASWAKG 25 GVPAYSTGGD L
MS1032L000- | HSYAGSTYY ]
61 | 29 SYDis 30 ASWAKE 31 GYPAYSTGGD L
MS1032L001- HSYAGSTYY N
. s GaD
SG1 35 HTDIS 36 ASWAKG 37 GVPAYSHGGD L
MS1032L019- HEYAGSTYY ,
sG1 | 41 HODIS 42 ASWAKG 43 GVPAYSHGGD L,
Tabte 3F.
VICDRL VLCDR2 VLCDR3
SEQID { Amino Acid SEQID Amino Acid SEQID Amino Acid
NO: Sequence NO: Seguence NG Sequence
MST;!BZ- . 26 QSSQSVYONN 27 WASTLAS 28 AGGYGGGELYA
Glm 5 WLS
MS1032L000- | GSSQSVYDNN o
se1 32 WLS 33 WASTLAS 34 AGGYGEOGLYA
M31032L003. . 38 QSSQS}/ \TDNN 38 WASTLAY 44 AGGYGGGRYA
5G1 s WLS
MS1032L019- TTSOSVYHEN o~
sG1 44 WS 45 WASTLAY 46 AGGYGGGRYA
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MS10321018-8G1 54

{132] In certain embodiments, the disclosure encompasses the use of GYM3IZ9 or an antibody
comprising any of the sequences {8.9., a set of six CORs or a pair of variable domains) from tables 3C-
3H ahove as an alternate anti-profdatent myostatin anfibody {o treat a subject with SMA. In cerlain
embodiments, GYM3Z8 or an antibody comprising any of the sequences from iables 3C-3H above is
used i conjunction with an SMN upregulator therapy (e.g., risdiplam, nusinersen andfor
onasemnogene abeparvoves) for the treatment of SMA. In certain embodiments, GYM328 or an
anttbody comprising any of the sequances from tables 3C-3H above s used to treat an SMA sulject
who is ambulatory or has the abllity to walk independently. In certain embodiments, the subject has
tater-anset SMA. In cestain embodiments, the subject has early-onsel SMA. In certain embodiments,
the patient has non-~ambulatory SMA. I certain embodiments, the subject is aged 2-10 years. In certain
aernbodiments, the subjset has been previously treated with an SMN upregulator. In certain
ambodiments, the subjeet has been previously ireated with rsdiplam, nusinersen andfor
onasemnogens abeparvoved. In cartain embodiments, the subject has not been previcusly frealed with
an SMN upregulator. In certain embodiments, GYM329 is used for the treatment of SMA in a subject
who is ambulatory or has the ability to walk independently, preferably a subject aged 2-10 years,
wherein the use comprises adminisiering to the subject B3YM328 in conjunction with risdiplam, wherein
the subject has previgusly received at least one dose of risdiplam, nusinersen or Qnasemnogense
abeparvovec. in some embodiments, the subject is able to walk or run 10 meters in less than or equat
fo 30 seconds andfor has a confirmed genetic diagnosis of Sg-autosomal recessive SMA and
symptomatic disease. In some embodiments, the use of GYM329 or an antibody comprising any of the
sequences from tables 3C-3H above alone or in conjunction with an SMN upregulator may lead to an
improvemeant over the absence of treatment. The improvement may be measured by RHS andfor Motor
Function Measure-32 (MFM32) scores. The improvement may be in muscle mass as measured by MRI
and/or Dual-Energy X-ray Absorptiometry {DXA} scans. The improvement may be in muscle strength
as measured by myomelry. The improvement may be as assessed by the SMA Independence Scale
{SMAIS). The improvement may be sesn in more than one of the aforementionad metrics.

[133] In some embodimenis, a composition comprising an anti-myostatin antibody, e.g., an anti-
proflatent myostatin antibody such as GYM329 or apitegromab, is used in the treatment of SMA In a
patient & months of age or older, wherein optionally the treatment further comprises risdiplam
(EVRYSDI®}). In some embodiments, GYM329 or apitegromab and risdiplam are administered to the
patient as a combination therapy. I some embodiments, GYM328 or apitegromalbs is administered as
an add-an ar adjunct therapy fo the patient who has been treated with (L.e., who has received) risdiplam.
in some embodirments, risdiplam is administered as an add-on or adjunct therapy to the patient who

has been freated with {i.e., who has received) GYM322 or apitegromab. In some embodiments, the
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patient is 2 to ¥ months of age, wherein optionally the patient has or is suspectad o have type 1 SMA.
In some embodiments, the patient is 2 o 28 years of age, wherein optionally the patient has type 2 or
type 3 SMA, In some embodiments, the patient is any age (e.g., infant, child, or adult) and has type 1,
fype 2 o type 3 SMA.

SMN Therapies

[134] Multiple therapeutic approaches fo restore SMN profein levels have been inveshgated,
mncluding SMN1 gene replacaement therapy, small molecules which modulate SMNZ splicing, and the
use of antisense oligonucientides (ABO) to block an SMN2 intronic splicing silencer, thus increasing
axon 7 inclusion.

[135] SMNT gene replacement therapy using adenp-associaled viral veclors {AAV) has shown
banefit in mouse models of SMA and AVXS-101, an AAVE-SMNT vector from AveXis, has been
evaluated in Phase | clinical trials {see NCTOZ2122952) (Passini et al. (2010} J Clin Invest 120:1283-
1264).

[138] Other approaches focus on modulating SMN2 eplicing, such that exon 7 is retained in a greater
percentage of transcripts, leading o increased production of full-length SMN protein, Novartis and PTC
Therapeutics/Roche have both developed small molecules which selectively enhance SMNZ exon 7
inclusion, resulting in increased ful-length SMN protein levels and therapeutic efficacy in mouse models
of SMA {Caider et al. {2018} 4 Med Chem §2:10087-10083; Naryshkin et al. {2014) Saience 345:688-
883; Palacino et al. {2015) Nat Chem Biol 11:511-817; Ratni et al. {(2018) J Med Chem 59:6086-6100).
These smalt molecules from both companies have been evaluated io Phase 2 clinical trials {see irials
NCT02013482, NCT03032172, NCTOZ808685, NCT022688552). Oral dosing of RG7800, SMN-C2,
and SMN-C3 in mild and severe preclinicat models of SMA showed that the compounds increased SMN
protein levels in both brain and muscle tissues in treated mice, as compared to vehicls. The molacules
also efficiently crossed the blood brain barrier (BBB). In the severe SMA mouse model, both
compounds normatlized motor bahavior and increased weight and survival compared with vahicle,
However, the clinical program was put on hold duse to safety cancems.

{137] Addiional small molecule-based SMN2 splice correctors are dasctibed in, for example, U.S.
Patent Publication No. US 2000/0031435; and U.8. Patent No. 83988437, the contents of gach arg
incorporated by refarence herain in their erdirety. | should be appreciated, however, that other smiall
motecule splice correctors including SMNZ splice corrsctors known in the ant, .g., risdiplam, and would
be apparent to the skilled artisan, are within the scope of this disclosure.

{138] Athird approach is the use of antisense oligonuciactides (ASO), for example, to block an SMN2
intronic splicing silencer, thus increasing exon 7 inclusion, again rescuing disease in mouse models of
SMA {Hua et al. (2010) Genes Dev 24:1834-1644; Hua et al. {2011) Nature 478:123-128; Passini et al.
{2011) Sci Trans! Med 3:72ra18). Biogenflonis have developed nusinersen, an ASC splice modifier
which shows clinical efficacy and was approved by the FDA and marketed as Spinraza™ (Chirlboga et
al. (Z016) Neuwrology B8:880-897; Finkel et al. {2018} Lancet 388:3017-30286; FDA, Nusinersen; Qffice

of drug svaluation decisional memorandum {(2018)). Howsver, each administration of nusinersen
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requires intrathecal delivery under general anesthesia. Additionally, while the anlisense corrector
nusinersen has proven promising, dinical efficacy appears modest: 60% of patients amonyg infantile-
onsat SMA {type 1) are reported 10 be nonresponders, and 43% of nusinersen-treated patients did not
attain = 3 point increase by Hammersmith Functional Motor Scale (Expanded) (HFMSE), while mean
increase was less than 6 points in the treated patient group, as comparsd o placebo. Thus, only a
partial improvement is achieved by nusinersen treatment.

[139] While these muolecules have all shown significant efficacy preclinically, and nusinersen
clinically, none offers a complete cure for the disease. In mouse models, whils both the small molecule
and ASO splice modifiers significantly reduce disease severity, treated animals nevertheless have
deficits in longevity, body weight, muscle mass, and muscle function compared to healthy animals (Hua
et al, (2011) Nature 478:123-126; Feng ef al. (2018} Hum Mol Genet 25:884-9758). In a double-blinded
clinical trial in infantile-onset SMA, nusinersen resuited in dlinically meaningful benafits at the time of
interim analysis {41% of treated versus 0% placebo had improvements in motor milestonas using the
Hammersmith infant Neurological Examination). The motor function milestones reached are impressive
for type | patients, with five of 81 treated patients able to sit unaided (a milestone almost never reached
iy thase patients}. Navertheless, these patienis have not achieved the full range of devalopmental
milestones, and in a normal individual the achieved milestones would be considered disappointing. In
a second placebo controfled trial in type 2 SMA, nusingrsen again showed clinically meaningful
improvemnents, with scores on the Hammersmith Functional Motor Scale —~ Expanded (HFMSE)
increasing by 5.9 points refative to the placebo group. Note that the maximu score on the HFMSE is
66 points, with most type 2 patients scoring below 20 (Glanzman et al. (2011} J Child Neurol 26:1498-
1507, Kaufmann et al. (2011) Arch Neurol 88:779-786). Nevertheless, 43% of patienis failed o achieve
at least a 3-point improvament in motor function i this tdal. These resulls indicate that, while BMN2
splice modulators have potential for significant effects on SMA disease course patient quality of life,
additional funcliona! gains are needed to further improve reduce dissase burden.

[1408] As used herein, the term "motor neurcr-directed therapy” refers to an agent aimed {o improve
{e.g., enhance or resiore} neuronal function. Such therapies are useful for freating conditions that
involve impaired signaling betwesn a motor neuron and its target muscle. Specifically, motor neuran-
directed therapies may be parlicularly usefisl in the treatment of conditions invalving partial but not
complete loss of neurons that innervate muscle, In some embodiments, a motor neuron-directed
therapy is a gene therapy, a small molecule, or an antisense oligonucieotide. In some embodiments, 8
motor neuron-directed therapy is a "SMN upregulator” Exemplary motor neuron-divected therapies
{e.g., SMN upregulators) sultable for use in conjunction with apitegromab according to the present
disclosure include but are not limited {o: nusinersen; risdiplam; and onasemnogene abeparvovec. In
some embodiments, a motor newron-directed therapy is an agent that is capable of fully restoring motor
neyron function in a cell {e.g., a cell within a subject). In some embodiments, a molor newron-directed
therapy is an agent that is capabile of partially restoring motor neuron funclionin a cell {e.q., a celt within
a subject). In some embodiments, a motor neuron-directed therapy is an agent that is capable of
restoring at least 10%, 15%, 20%, 28%, 30%, 38%, 40%, 45%, 50%, §5%, 60%, 85%, 70%, 75%, 80%,
85%, 80%, 5%, 99%, or more of the motor neuron function in a cell {(&.9., a cell within a subject). A
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skilled artisan will understand that motor neuron function iypically includes membrane excitability,
axonal franspor, vesicle ftrafficking, neurotransmitter release, mitochondrial function, andior
mitochondrial availability, and such funclions are measured using assays known to those of ordinary
skill in the arl.

[141] As used herein, the ferm "SMN upreguiator” or “SMN upregulator therapy” (which may also be
referred to as an SMN therapy, SMN-directed therapy, an SMN corrector, an SMN enhancing therapy,
or an SMN enhancer interchangeably refers {o any therapy or compound which can be used o increase
or improve SMN gene expression {g.q., SMN1 gene expression and/or SMNZ gene expression), SMN
protein production, andfor functional SMN activity. An SMN upregulator may be a central corrector or
a systemic corrector. A central upregulator may be administered direclly o the central nervous system
{CNS) via the infrathecal route. In contrast, a systemic upregulator may be administered via any routs,
e.g., orally administered, and affects not only the CNS, but other tissues throughout the body. SMN
upregulators, for example, include splice correctors/modifiers that alter the splicing of SMN2 transcripls.
Systemically delivered SMN splice modifiers may also affect SMN splicing in other {L.e., non-neuranal)
fissues, where SMN is expressed.

{142] In some embodiments, a "functional SMN protein” is capable of promoting motor neuwron
funclion andfor survival. In some embodiments, a “functional SMN profein” is capable of fully restoring
motor newron function in a cell {e.g., a cell within a subject}. In some embodiments, a funchional SMN
protein is capable of partially restoring motor nauron function in a calt {(e.g., a cell within a subject). In
some ambodiments, a functional SMN protein is capabie of restoring at least 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 78%, 80%, 85%, 90%, 95%, 89%, or move of the
motor neuron function in a cell {e.g., a cell within a subject). In some embodiments, full-length SMN
protein is the resull of protein transiation {(e.g., in a call) of a correctly spliced SMM mRNA. In some
embodiments, & functional SMN protedn is encoded from SMN2 mBRNA that contains exon 7.

{143] Examples of suitable "SMN upregulators” include splice modifiers, SMN gene replacement o
gene therapy, SMN transcription enhancers, SMN protein transiation enhancers, and SMN protein
stabilizers. In some ambodiments, such SMN upregulators may be small molecude agents, biologies,
or nucleic acids. In some embodiments, the SMN upregulator is a small molecule splice modifier of
SMNZ. In some embodiments, the SMN upregulator is an antisense RNA splics maodifier of SMN2Z. In
some embodiments, the gene therapy comprises introduction of one of more transgenes into the
patient. In some embodiments, gene transfer is achieved by the use of a suitable vector, such as viral
vectors and lipid-based carrigrs, For viral-vector-mediated gene delivery, the gene tharapy may involve
the use of a particular serotype for an initial treatment, followed by a different serolype for the
subsequent freatmend, in order to minimize adverse immune responses in the subject.  In some
embodiments, the gene therapy involves targeted genome aditing, such as the CRISPRICas®
technology or variant thereof.  Non-limiting examples of SMN upregulators suitable for use in
conjunction with apitegromab according to the present disclosure include bt are not limited tor
nusinarsen; risdiplam; and ohasemnogene abeparvovec, Nusinersen is an SMN2Z-directed antisense
oligonucieatide {ASQ} designed 1o reat SMA caused by mulalions that lead {o SMN protein deficiency.
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See, e.g., Darras etal {2019) Neurclogy. 82(21) @2452-e2808; Mercuri stal {2018} N Engl J Med.
378:625-635. Risdiplar works in a similar way and is a pyridazine derivative that modifies the splicing
of SMNZ messenger RNA. See. e.g., Oskout el al. "SUNFISH Part 2: 24-month efficacy and safety of
risdiplam in patients with type 2 or non-ambulant type 3 spinal muscular atrophy (SMA)Y” Presented at
MDA Clinlcal and Scientific Conference 2021; March 15-18. Poster 80, Onasemnogene abeparvovec
is & recombinant adenc-associated virus vector 3-based gene thevapy designed to deliver a copy of the
gene encading the human SMN protein.

{144] In some embodiments, an SMN upreguiator is a gene therapy, a small molecule, or an
antisense oligonuciectide. In some embodiments, an SMN upregulator is an oligonuciectide molecule.
in some embaodirnents, an SMN upreguiator is an antisense molecule. In some embodiments, an SMN
upregulator s an antisense molecule that increases expression of an SMN2 gene. In some
embodimants, an SMN upregulator is an anlisense molecule that increases exprassion of an SMN2
mRNA that contains exon 7. I some embodiments, an SMN upregulator is an antisense molecule that
increases expression of functional SMN protein, for example, SMN protein encoded by SMN2 mRNA
that contains exon 7. For exanmple, antisense oligonucieotides directed to inhibit an infronic splice
silencer site (IS8} in intron 7 of the SMN2 gene can modulate pre-mRNA processing, leading to &
greater probability of exan 7 inclusion within the mature mRNA transcript of SMNZ, resulting in the
increased production of funclional SMN protein.

[148] The terms “splice corrector,” “splive modulator,” and “splice modifier,” as used herein, are
interchangeable and refer to an agent that corracts aberrant splicing of RNA franscripts, such as those
encoded by the SMN2Z gene and/or modidates exprassion of an SMN profein. 1o some embodiments,
SMNZ splice correctors incregse the inclusion of exon 7 in the SMNZ pre-mRNA. In some
embodimeants, increased inclusion of exon 7 in the SMN2 pre-mRNA leads fo increased expression of
a functional SMN pratein {e.g., from an SMNZ gens} in a cell or subject, such as an SMN protein that
is capable of pramating neuren function and/or survival.

{148] In some embodiments, ars SMN upreguiator is a gene therapy. As used herain, the term "gene
therapy" refers to any procedure that uses nucleic acids {o heal, cures, or otherwise improve a condition
in a subject. 1o gene therapy, nucleic acids are delivered into specific calls. Delivery methods include
viral and non-virat means, which are known in the art.  See, for example, Patil et al. (2005) AAPS L.
7{1} E81-E77; Gascon et al., Non-Viral Delivery Systems in Gene Therapy (2013} Somiari et al. {2000)
Motecular Therapy, 2(31178-187; Herweijer and Wolf (2003} Gene Therapy 10(8):453-458;
Naverossadat st al. (2012) Advanced Biomedical Ressarch 1(2%1-11. Viral means for delivering gene
therapy involve the use of viral vectors. Viral vectors are genetically modified viruses thet can carry g
therapeutic genetic pavicad and have been reprogramimed fo allow for infection and subsequent
transmitial of said payload into specific tissues without the side effects typically associated with wild-
type viral infection. A number of viruses can be used as viral veciors, including retroviruses,
adenoviruses, herpes simplex virus, lentiviruses, Poxvirus, and Epstein-Barr virus. While safer than
wild-type viruses, vival vectors may induce an immune response, occasionally necessitating the use of
non-viral defivery methods. In some embodiments, the viral vector is an AAV viral vector. Non-viral
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delivery methods include, but are not imited to, physical methods, such as injection of naked DNA,
electroporation, gene gun bhombardment, and ultrasound, as well as biochemical msthods, Another
delivery technique, magnetofection, combines physical and biochemical slemenis.

[147] In some embodiments, an “effective amount” of an SMN upregulator is an amount of an agent
that is capable of fully restoring motor neuron funclion in 8 cell {2.g., a celf within a subject). In some
embodiments, an SMN upregulator is an agent thal is capable of partislly restoring motor neuron
function in a cell (e.g., a cell within a subject). In some embodiments, an “effective amount” of an SMN
upregulator is an amount of an agent that is capable of restoring at least 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, B85%, 70%, 75%, 80%. 85%, 80%, 95%, 99%, or more of the motor
newron function in a cell {8.g., a cell within a subject). in some embodiments, motor neuron function
includes mambrane excilability, axonal franspost, vesicle trafficking, neurotransmitter veleass,
mitochandrial function, andfor mitochondriatl avaitability.

[148] In some embodiments, an SMN upregulator is an agent, for example, a small molecule or an
oligonuclectide {g.g.. an antisense oligonucleotide), that increases expression of a functional SVIN
protein, for example, by promoting the inclusion of exon 7 in an SMN2 mRNA transcript.  In some
embodiments, the call is a cell within a subject, for example, a subject that is administered an SMN
upregulator. in some embodiments, an SMN upregulator increases the relative amount of SMNZ2 mRNA
that includes exon 7 as compared fo SMN2 mRNA that doss not include exon 7 in a celf, for example,
a cell in a subject. Iy some embodiments, an "effective amount” of an SMN upregulator increases the
amount of correctly spliced SMNZ mRNA in a call {e.g., a call within a subject), such that at lpast 10%,
15%, 20%, 28%, 30%, 35%, 40%, 45%, 50%, §5%, 60%, 85%, 70%, 75%, B0%, 85%, 0%, 85%, 98%,
or more of the SMNZ mRNA within a celt contains exon 7. Int somis smbodiments, an “effective amount”
of an SMN upregulator increasas a level of SMNZ mRNA containdng exon 7 ina subject by atleast 5%,
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 200%, 400%, 500%, 600%, 700%,
800%, 900%, 1000%, or more. In some embodiments, an “effective amount” of an SMN upregulator
rcreases a level of functional SMN protein in a subject by at least 5%, 10%, 20%, 30%, 4%, 50%,
B0%, 70%, 80%, 80%, 100%, 150% , 200%, 400%  500%, 800%, 700%, 800%, B00%, 1000%, or more.

Clinical Benefits of SMN Correctors

{1481 Among non-ambulatory later-onset SMA patients who are § years or oider, based on natural
history of this patient population, mean HFMSE scores are expecied 1o decline over a 12-month periad,
with few patients {e.g.; less than 5%) showing a 3-point or greater increase in HFMSE score (Mercuri
ef al. (2018) Neuramuscyl Disord. 26{2y:126-131).  Against this background, nusinersen has been
raported to provide limited clinical benefits in patients who started the therapy at ags § or alder. More
specifically, in the CHERISH siudy, in patients who started on nusinersen at age 5 or older, there was
a mean HFMSE decline of »0.5 points after 185 months of nusinersen freatment, and <15% of the
patients showed a 3-point or greater increase in HFMSE score over that period (Mercurn ef.al, {(2018) N
Engl 4 Med. 378:625-635, e.g., at Figure 2A). These patients were further observed beyond the
15 months in the earfier study. Long-term treatment with nusinersen appears {o provide stabilization of
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the disease, e.g., prevention of further loss of motor function. The majority of patients in this age range
do not experience HFMSE improvemants and rarely achigve a 3+ point increase.

{180] Among non-ambulaiory iater-onset SMA patients with early (pdor 1o § years of age) initiation of
nusinersen, published data suggest that nusinersen-treated patients primarily siabilize or experignce
modest and gradual improvemenis beyond the initial 15 months of therapy. Most nusinersen-treated
patients in the CHERISH study were under 5 years of age at the time of therapy initiation. In the
CHERISH study, the patients who received nusinersen experienced a mean HFMSE improvement of
almost 4 points in the first 16 months of freatment. Beyond this initial 15 months of nusinersen freatment
in CHERISH, when patients rofled over into the long-term SHINE sludy, these patients primanily had
motor function stabilization or only 8 modest and gradual mean improvement during the long-term
phase of nusinersen treatment. Patienis showed approximately a 4.8 point increase after ~4 .5 years
of treatment {(see FIG. &, which 5 reproduced from Willlams et al) Minimal clinically important
differences of the Expanded Hammersmith Functional Motor Scale in laler-onset spinal muscular
atrophy: resulis from the phase 3 CHERISH frial. Presenfed af: 31st Annual Mesting of the American
Acadermy of Managed Care Pharmacy,; 25-28 March 2019; San Diego, CA, USA).

{181] Natural history dafa from a fongitudinal study in patients with ambulatory type 3 SMA offer
additional background insighis into this patient population. These data indicale thal patlients with
ambulatory fype 3 SMA commonly experience motor function declines, which in some cases are savere
{e.g., loss of ambulation} (Coratti et al. (2020) American Neurclogy Association, 88:1108-1117, e.g., at
Figure 1), In the study of 130 patients with ambulatory type 3 SMA (with some patients lost o follow-
up over time}, the mean age of 10.05 and a mean HFMSE score of 52.81 af baseline. At the 12-month
assessment, the mean change in HFMSE from baseline was -0.79 points and 11 patients had lpst
ambulation {mean age of ambulation loss was 10.21 vears (8D26.43)). Relative stability with modest
funclional improvement was ohserved in patien{s until 7 years of age, followed by a steeper decline in

subsequent years.

{152] Simitarly, long term avaluation of risdiplam, another SMN carrector, demonstrated therapautic
benefit. bt only stabilization or minor/variable improvement after 12 months in the primary and
secondary endpoints (Oskoui et al. "SUNFISH Part 2! 24-month efficacy and safety of risdiplam in
patients with type 2 or non-ambulant type 3 spinal muscular atrophy (SMA)” Prasented at MBA Clinical
and Scientific Conference 2021, March 15-18. Poster 80).

Add-On/Adjunct Therapy, Combination Therapy

{153] The present disclosure includes add-on therapy {also referrad fo as adjunct theragy) and
combination therapy that comprise a first agent which is 2 motor neuron-directed therapy (8.g., SMN
therapy) and a second agent which is @ muscle-direcied therapy {e.g.. mvostatin inhibifor, e.g.,
apitegromab) aimed to treat SMA in patients. The two agents are used in conjunction with sach other
o enhance therapeutic effects. Add-on or adjunct therapy means that therapy is administered fo &
patient who is on a background therapy. For example, the muscle-directed therapy such as apitegromab
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may be adminisiered fo SMA patients who are already recewving an SMN therapy. In comparison, a
combination therapy refers 1o the administration of both therapies to a patient as part of a coordinated
or predetermined therapeutic regimen by & physician or a team of physicians. Combinations and add-
on therapy may be administered separalely or in the same selling, e.g., during the same clinical visit.

[154] In various embodiments, the present disclosure provides use of an anti-proffatent myostatin
antibody {&.g., apitegromab) for the freatmeant of SMA in patients who also receive a therapy to addrass
the motor neuron defect, such as a molor neuron-directed therapy, e.g., an SMN upregulator. The
present disclosure encompasses methods for trealing SMA in a subject who is treated with an SMN
upregulator, comprising administration of an anfi-profatent myostatin antibody.  In various
embodiments, the anti-pro/latent myostatin antibody is apitegromab.

[1558] Insome embodiments, apilegromab used in conjunction with an SMN therapy provides additive
clinical benefits. In some embodiments, apitegromab used in conjunction with an SMN therapy provides
synergistic chinical benefits. “Synergistic” mears that when the two agents are used in conjunction with
each other, either as add-on therapy or combination therapy, they together achieve sfficacy that is
greater than a sum of effects obtained by monotherapy of each.

{156] Apitegromal may be administersed fo SMA patients who are either responders, poor
responders, of non-responders of an SMN upreguiator therapy. For poor responders of non-
respondars, concurrent inhibition of myostatin signaling may improve neuwromuscular signaling due in
part to enhanced muscle function, thereby rendering the inngrvating mofor neurons of non-responders
more responsive fo the SMN upregulator. Without wishing to be bound by particular theory, it is
contemplated thal enbancement of the muscle component may affect the neuronal componant by
positive feedback, and vice versa, dus fo the bidirectional nature of newromuscular signaling.

[157] Although SMN upregulator poor responders andfor non-responders may nevertheless benefil
from myostatin inhibition, an exemplary patient population includes those who are responders of an
SMN upregulstor. it is contemplated thal motor funclion in these individuals may be further improved
by a myostatin inhibition therapy such as apitegromab used in conjunction with a motor neuron-directed

therapy, such as an SMN upreguiator therapy.

{158] The phrase "in conjunclion with," in the context of reatment regimens for SMA that comprise
fwo or more therapeutic agents {e.g., apitegromab used in conjunction with an SMN upregulator
therapy), means that therapeutic effects of a first therapy overlaps temporally and/or spatially with
therapeutic effects of 3 second andfor additional therapy in the subject receiving the two or mare
therapies. The two or more therapies need not be administered as a single formudation, nor do they
have 0 be administered concurrently, nor via the same roule. The first, second, and/or additional
compositions may be administered concurrently {e.g.. simultaneously), separately, or sequentially.
Thus, the two or more theraples may be formulated as a single formulation for concurrent
administration, or as separate formulations, for sequential, concurrent, or simullansous adminisiration
of the therapies.  When a subjact who has been ireated with a first therapy o treat SMA {eg.,
apitegromab} is administered with a second and additional therapies fo treat the SMA {e.g,, an SMN
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upreguiator therapy), the second and additional therapies may be referred to as an “add-on™ therapy or
an “adjunct” or "adjunclive” therapy.

{1591 In some embodiments, the treatment regimens describad herein that comprise two or more
therapeutic agents {e.g., apilegromab used in conjunction with an SMN-directed therapy such as an
upregulator therapy) achieve improved clinical benefits in patients as compared to a mongtherapy using
each agent alone. Specifically, targeting affected muscles with & myostatin inhibition therapy such as
apitegromab, in conjunclion with 2 motor neuron-directed therapy such as an SMN upreguiator therapy,
may produce a beneficial clinical outcome relative to the myostatin inhibition therapy or motor neuron-
directed therapy alone. Such effects may be addilive or synergistic as compared o the respective
monotherapies. in some embodiments, the effects of combining the two or more therapies are additive,
fe., the sffects of the therapies used fogether are squal or about squal 1o the sum of the effects of the
therapies when used independently. In some embodimants, the effects of combining the two or more
tharapies are synergistic, L.e., super-additive, Le., the effacts of the therapies used fogethar are greater
than the sum of the effects of the therapies when used indepandently.

[160] In some embodiments, one or more beneficial therapeutic effects of using apilegromab in
conjunction with an SMN upregulator therapy {e.g., an effect on at least one symptom or the riskirate
of disease progression) isfare additive. In some embodiments, one or more bengficial therapeutic
effects of using apitegromab in conjunction with an SMN upregulator therapy {e.g., an effect on at least
one symptom of the risk/rate of disease progression) isfare synergistic. I some embodiments,
apitegromab used in conjunclion with an SMM uprequiator therapy has a combined effect that i
additive, synergistic, andfor provides one or more additional combination bsnefits. In some
embodiments, apitegromaly usad in conjunciion with an SMN upregulater therapy provides additive or
synergistic effects on at least one efficacy parameter for SMA (e.g., an HFMSE score). in some
embodiments, apitegromab used in conjunction with an SMN upregulator therapy provides additive or
synergistic effects on an HFMBSE score in-a SMA patlent and/or an SMA patient population. In some
emiodimants, apitegromab used in conjunction with an SMN upregulator therapy provides further
increases in HFMSE score, as campared fo treatment with an SMN upregulator therapy alone (see,
e.g., Example 1, ses also FIG. 8 and Darras et.al. (2019) Neurclogy. 82(21) e2492-e2506). In some
embodimeants, the further improvemeants in HFMSE score are additive.  In some embodiments, the
fusther improvemeants in HFMBSE score are synergistic.

Patient Selection

{181] The disclosure includes identification or selection of suitable human subjects {o be irealed with
a selective miyostatin inhibitor, such as apitegromab. Suitable human subjects are patients who are
fikely o benefil from apitegromab theérapy, either as monotherapy or in conjunction with {or in
combination with) another therapy.

{162] 3SMA patients who are likely to benefit from such therapy include those whe mest one or more
of the foliowing oriteria: has a documented diaghosis of 5¢ SMA and iater-onset{e.g., type 2 or 3) SMA
prior to receving a therapy for SMA; a non-ambulatory subject who is able to sit independently per
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WHO motor milestones definution; an ambulatory subject who is able to independently ambulate without
aids over 10 meters in 30 seconds o leas; a subject having a Revised Hammuersmith Scale {(RHS) score
of lags than or equal to 63 andfor a Hammaersmith Functional Motor Scale Expanded scorg of 10 or
greater; a subject who does not use tracheostomy with positive pressure or chronic daytime non-
invasive ventilatory support for greater than 16 hours daily within two weeks prior to treatment; a subject
who does not have any acute or comorbid condition interfering with the well-being of the subject within
two weeks prior to treatiment; a2 subject who does not have severe scoliosis or contractures; andfor
sublect who does not use systemic corticosteroids, valprole acid, or therapies with potential muscular
or neuromuscutar effects within 80 days except approved SMN up-regulator (also known as SMN
corrector) therapy. Therapies with potential muscular or neuromuscular effects include androgens,
insutin-tke growth factor, growth hormone, systemic beta-agonist, botulinum toxin, muscle relaxants,
muscle enhancing supplements or acetyicholingsterass inhibitors, I some embiodiments, the patient
has a documented diagnosis of 5 SMA and later-onset {g.g.. type 2 or 3} SMA priar to receiving a
therapy for SMA and meets one or more of the additional criteria listed above. In some embodimants,
there is a positive correlation between age-normalized change in motor function and age-normalized
fold change in latent myostatin levels, e.g., in patienis with type 2 SMA. In various embodiments, the
mathods disclosed hergin include the salection of such a patient or patient population{s) for treatment
with & myostatin inhibitor, such as apitegromab, e.g., according to a dosage or regimen disclosed
herain,

[163] SMA patients who may be particulary responsive o aplegromab therapy, either as
monectherapy or in conjunction with {or in combination with) another therapy, include those having any
type of SMA up to the age of two years, as well as those who show a phenotype of SMA type 1 or have
up to three SMN2 coples. In some embodiments, apitegromab may have enhanced therapeutic efficacy
i younger patients, e.g., & population who is fess than 21 years of age, because the patients have
greater background anabolic activily. In some embodiments, younger patients, e.g., patients less than
21 years of age, or patients who are anabolically aclive, receive the apitegromab therapy. in some
embodiments, the patient is aged 2 years or younger, eg., newbomn {o 24 months old. In some
embodiments, the patient is six weeks or younger, 2.g., newbom {o six weeks old. In some
embodiments, the patient is 2-21 years old. In some embodiments, the patient is 13-21 years old. In
some embodiments, the patient is aged 12 years or younget. In some embodiments, the patient is 2-
12 years old. In some embodiments, the patient is 5-12 years old. In some embodiments, apitegromab
may be particularly efficacious in patients before the start of puberly {e.q.. before age 12). In some
embodiments, apitegromab treatment may be efficacious in preventing drastic decline in motor function
associated with the start of puberty in younger patients {e.g., patients younger than 12 vears old}. In
some embodiments, the patient is about two years old. In some embodiments, the patient is younger
than two vears old. In some ambodiments, the patient shows a phenotype of SMA type 1. In some
smbodiments, the patient has up to three SMNZ copies. In varjopus embodiments, the methods
discloged herein include the selection of such a patient of patient population{s} for treatment with a
myostatininhibitor, such as apitegromab, 8.¢., according (o a dosags or regimen disclosed herein.
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[184] Patients who may be particularly responsive to apilegromab therapy, either as monotherapy or
in conjunction with {or in combination with) another therapy, include patients having type 2 SMA with
bassling {L.e., prior to the start of apitegromab therapy) serum latent myostatin (LM) concentrations of
atieast 1 ng/mb (e.g., greater than 1.5 ng/mi, greater than 2 ng/mi, greater than 2.5 ng/mi, greater than
3 ngimd, or greater). in some embodiments, an apilegromab therapy, either as monotherapy or in
conjunction with (or in combination with) another therapy, may be more effective in patients with higher
bassling serum LM concentrations as compared to patients with lower baseline serum LM
concentrations, In some ambodiments, such therapy may be particularly effective in patients who are
younger than 12 years of age. In some embodiments, such therapy may be particularly sffective in
patients who are younger than 2 years of age. In some embodiments, type 2 SMA patients who are
younger than 12 years of age and have baseling serum LM concentrations of at lsast 1 ngfl {e.g.,
greater than 1.5 ng/ml, greater than 2 ng/ml, greater than 2.5 ngimi, greater than 3 ngfmd, or greater)
may be particularly responsive {o apitegromab therapy. In some embaodiments, type 2 SMA patients
who are youngear than 2 years of age and have baseline serum LM concentrations of af least 1 ng/mb
{e.g., greater than 1.5 ng/mi, greater than 2 ng/mi, greater than 2.5 ng/mi, greater than 3 ngfmi, or
greater may be particularly respensive o apitegromab therapy. In some embodiments, the
apitegromab therapy comprises administering more than 2 mg/kg apitegromab, e.g., 10 mg/kg or 20
mgikg.

[185] In some embodiments, a method of treating SMA comprises administering an apitagromab
therapy, gither as a monotherapy of in conjunction with {of in combination with) another therapy, to a
patient having baselfine serum LM concentrations of at least 1 ng/mlb (e.g., greater than 1.5 ng/mi,
greater than 2 ng/ml, greater than 2.5 ng/mi, greater than 3 ng/mi, or greater). in some embodiments,
a method of ireating SMA comprises administering an apitegromab therapy, sither as a monotherapy
or in conjunclion with {or in combination with} another therapy, o a patient who is younger than 12
years of age and who has basedine serum LM concentrations of at feast 1 ng/ml {e.g., gresterthan 1.5
agimi, greater than 2 ng/mi, greater than 2.5 ng/mi, greater than 3 ng/ml, or greater}. In some
embodiments, a method of treating SMA comprises administering an apitegromab therapy, eitheras a
monotherapy or in conjunclion with {or in combination with) another therapy, to a patient who is younger
than 2 years of age and who has baseline serurn LM concentrations of al least 1 ng/ml (e.g., grester
than 1.5 ng/mi, greater than 2 ng/ml, greater than 2.5 ng/ml, greater than 3 ngind, or greater). In some
embodiments, the apitegromab therapy comprises administering more than 2 mg/kg apitegromab, e.g.,
10 mgfkg or 20 mgfkg.

[166] In some embodiments, apitegromab Is used for freating SMA, either as a monotherapy or in
conjunclion with {or in combination with} ancther therapy, in a8 patient having baseline serum LM
concentrations of at least 1 ng/ml {(e.g., greater than 1.5 ng/mi, greater than 2 ng/mi, grester than 2.5
ng/mi, greater than 3 ng/mi, or greater). In some embodiments, apitegromab is used for freating SMA,
gither as a mongtherapy or in conjunction with {or in combination with} ancther therapy, in a patient
younger than 12 years of age having baseline serum LM concentrations of atleast 1 ng/ml. {e.g., greater
than 1.5 ngfml, greater than 2 ng/mi, greater than 2.5 ng/ml, greater than 3 ng/m, or greater). in some
embodiments, apitegromal is used for treating SMA, either as a monotherapy or in conjunction with {or
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in combination with) another therapy, in a patient younger than 2 vears of age having baseline serum
LM concentrations of at feast 1 ng/imb {e.g., greater than 1.5 ng/mi, greater than 2 ng/mi, greater than
2.5 ng/mi, greater than 3 ng/mi, or greater). in some embodiments, the apitegromab is suilable for
administering at more than 2 mg/kg apitegromab, e.q.. 10 mgfkg or 20 mglkg.

[167] In various embodiments, an SMA patient (e.q., any of the exemplary SMA patients described
above) is on {is recelving) or has been treated with an SMN-directed therapy. in some embodiments,
the SMN-directed therapy comprises husinersen and/or onassemnogene abepanvovec. n some
embodiments, the patient is on {is receiving) or has been treated with nusinersen. in some
embodiments, the palient has been previcusly treated with nusinersen. In some embodiments, the

patient has previously received onasemnogene abeparvovec.

[168] Invarious ervbodiments, the present disclosure provides methods of ireating a patient or patient
poputation{s} with a myostatin inhibifor, such as apitegromab, along or i conjunclion with {or in
combination with) a SMN-direcled therapy, wherein the patient or patient population{s} meets one or
more of the following criteria; has any type of SMA before or up to the age of two years, shows a
phenotype of SMA type 1, andfor has up to three SMN2 copies. In some embodiments, treatment
comprises apitegromab therapy as monotherapy, e.4., according to a dosage or regiman disclosed
herein. In some embodiments, treatment comprises apitegromab therapy in conjunction with {(or in
combination with} a SMN-directed therapy, such nusinersen or onasemnogene abeparvoves, e.g.,
according to a dosage or regimen disclosed berein.  In some embodiments, the patient is on (is
receiving} or has been treated with nusinersen. In some ambodiments, the patient has baen previously
freated with nusinersen. In some embodiments, the patient has previously received onasamnogene
abeparvovec.

{163] In some embodiments, the patient is symplomatic or pre-symplomatic.

[170] Pre-symplomatic patients include those who have been gengtically identified as carriers of one
or more mutations in the SMN1 gene, alone or in combination with identification of one or muore
additional genetlic modifications (e.g., a determination of SMN2Z copy number). Genetic identification of
SMA patients may be carried out as part of newborn screening. Al the time of the identification {e.g.,
diagnosis), the patient (e.g., newborn) may not show obviocus/apparent symptoms (asymplomatic), but
based on the genetic characienstics and possibly other factors, the patient may be expecied {o develop

the disease.

[171] In severe cases, newbom babies may already show sign of the disease (i.e., symplomatic).
Typically, such a patient is likely fo have type 1 SMA based on the natural history of SMA and is not
generally expected to gain the ability to sit independently without infervention.

{172} In some embodiments, the patient is a newborn patient {age of zero {o six months). In some
embodiments, the patient is a pediatric patient, between the age of six months and 17 years. In some
embodiments, the patient is younger than § vears ofd. In some, the patient is § years old or younger,
e.qg., 2-8 years of age. In some embodiments, the patient is aged 2 years or younger, .4., hewbomn 1o

24 months old. In some embodiments, the patient is aged s weeks or younger, e.q., newbom 1o six
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weaaks old. In some embodiments, the patient is 2 vears old or older. in some embodiments, the patient
js 2-12 years of age. In some embodiments, the patient is 2-12 vears of age. In some embodiments,
the patient is 13-21 years of age. In some embodiments, the patient is 5 years old or older, e.g., 5-17
vears of age. In some embodiments, the patient is between the ages of 5-21 vears. in some
embodiments, the patient is an adult.

[173] In some ambodiments, the patient has not received or is not freated with an SMN corrector
therapy, such as an SMN2 upregulator andfor an SMN1 gene therapy. in some embodiments, the
patient has received ot is treated with an SN correcior therapy, such as an SMNZ upreguiator therapy
andior an SMN1T gene therapy. in some embodiments, the palient initiales or initlated with the SMN
corrector therapy before the age of 5. In some embodiments, the patient initiates or initiated the SMN
corvector therapy at or after the age of &.

[174] In some embodiments, the patient is showing disease progression such that motor funclion is
declining, indicated by a 1 point or greater decrease in a motor funclion assessment test scores {e.q.,
HFMSE and RHS scores) over a period of 12 months, prior 1o treatment with a selective myostatin
inhibitor, such as apitegromab.

[175] Insome embodiments, a patient reated herein is in a period of stable disease decline such that
the rate of declineg in motor funclion (2.g., 88 measured by HFMSE and RHS scoresthas not significantly
changed over a peviod of at least six months prior to starting treatment with a selective myostatin
inhibitor {g.g., apitegromab). In some embodiments, the pafient has stable disease such that the
patient’s motor function (e.q., as measured by HFMBE and RHS scores) has not significantly changed
aver a period of at least six months prior to starling freatment with a selective myostatin inhibitor {e.g..
apitegronab). in some embodiments, the patient has non-ambulatory SMAL in some embodiments, the
patient bas type 2 or type 3 non-ambudatory SMA. In some embaodiments, the patient has ambulatory
SMA. In some embodiments, the patient has fype 3 ambulatory SMA. In some embodiments, the patient
initiated SMN upregulator/corrector therapy before the age of 5. In some embodiments, the patient
initiated SMN upreguiatoricorrector therapy after the age of 5. In some ambodiments, the patient is
aged 2 years ot younger, e.g.. newbaorn o 24 months old. In some embodiments, the patient is 2212
years oid. In some embodiments, the patient is aged six waeks or younger, £.¢., hewborm 1o six weeks
old. in some embodimants, the patient is 2-12 years old and initiated SMN upregulatorfcorrector therapy
fe.g., nusinersen) before the age of 5. In some embodiments, the patient is 2-12 years old and iniliated
SMN upregulatorfcorrector therapy (e.g., nusinersen) after the age of §. It some embodiments, the
patient is 5-12 vears old and initiated SMN upragulatorfcorrector therapy (e.4., nusinersen) after the
age of 5,

[178] In some embodiments, the patient is a patient with 5q spinal muscular atrophy {SMA) with a bi-
allelic mutation in the SMN1 gene and a clinical diagnosis of SMA Type 1, or the patient is a patient
with 5q SMA with a bi-allelic mutation in the SMNT gene and up to 3 copies of the SMNZ gene. Such
patient may be treated with a selective myostatin inhibitor i conjunction with a gene therapy {e.g.,
SMN1 gene therapy). In some embodiments, the patient weighs belween 2.6 kg and 21.0 kg atthe time
of raceiving the gene tharapy. In some embodiments, the patient's motor milestones may be monitored,
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such as head control, rolling from back {o sides, sitting without support for 30 seconds, sithing without
support for at least 10 seconds, elc.

{177] In some embodiments, the patient is a type 2 SMA patient who is able to sit but has never
watked, wherein the patient s between 2 and 18 years of age. In some embodiments, an SMN1 gene
therapy s used in the reatment of type 2 SMA in a patient who is between 2-18 years of age and who
is able o sit but has never gained the ability to walk, and whersin the patient is freated with a myostatin
inhibitor, wherein optionally the myostatin inhibitor s a myostatin-selective inhibitor, such as
apitegronyab, GYM328, trevogrumab, or a variant of any one of the faregoing. In some embodimerds,
a myostatin inhibitor is used in the treatment of type 2 SMA in a patient who is between 2-18 years of
age and who is ablde {o sit but has never gained the ability to walk, and wherein the patient is treated
with a SMN1 gene therapy, wherein optionally the SMN1 gene therapy comprises onasemnogene
abeparvovaec-xicl, In preferred embodiments, the myostatin inhibior is a myostatin-selective inhilsitor,
such as apitegromaly, GYM328, trevogrumab, or a variant of any ong of the foregoing. in some
embodimants, an SMN1 gene therapy and a niyostatin inhibitor are used as a combination therapy in
the treaiment of SMA in a patient who is between 2-18 years of age and wheo is able o sit but has never
gained the ability to walk, and wherein the patient is ireated with a myostatin inhibttor, wherein optionally
the myostatin inhibilor is 8 myosiatin-selective inhibitor, such as apitegromab, GYM3IZ28, trevogrumab,
or a variant of any one of the foregoing, and whereln further optionally, the SMN1 gene therapy
comprises onasemnogene abeparvovec-xioi, In some embodiments, an antibody variant may have
nucleic acid andfor amino acid sequences of significant homology {e.g., >80% sequence identity) and
retains one or mora physical andior functional properties as compared to a8 known antibody.

[178] In some embodiments, the patient has a stable disease as assessed by motor function, such
thal the motor funclion assessment test score (e.g., HFMSE and RHS scores) has not significantly
changed over a period of at least six months prior o treatment with a selective myostatin inhibitor, such
as apitegromab. in some embodiments, the patient has received or is trealed with an SMN corrector

therapy.

[178] In some embodiments, the patient has undergone spinal fusion, e.¢., primary posterior spinal
fusion.

{180] According o the present discinsurs, patient selection or categorization may be based on the
highest molor milestone achiaved, refative to the number of the smin2 gene coples. Thus, the present
disclnsure includes therapeutic use of a myostatin-seiective inhibitor (such as apitegromab, GYM328,
or trevogrurnab) in the treatment of SMA in a patient, wherein the freatmeant contprises adminisiration
of a composition comprising the myostatin-selective inhibitar. Inpreferred embodiments, the myostatin-
selective inhibitor is apitegromab, which may be intravenously administered at a therapeutic dose,
wherain the therapeutic dose is greater than 2 mg/kg and up to 20 mg/kg (stch as 10 mgfkq). insome
embodiments, the patient has 1, 2, 3 or 4 copies of the smn2 genes and achieves one or more of the
gross motor mifestones of. 1) raisesfsupports head {i.e., neck holding, e.g., while laying on their
stomach able {o raise or hold head), 2) rolls over; 3) sits in ripod position {e.g., uses hands to support
seff while siting) or sit with support; 4) sits without support, 8} stands with support/assistance; 6}
creepsicrawts; 7} pulls to standing position; 8} walks with assistance {e.g., cruises along furmniture): 8)
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stands without support, 10} {akes several independent steps but falls; 11) walks alone {e.g., waks
independantly, walks withowt support); 12} squals 1o plok up an object (e.q., a toy); 13) walksicreaps up
and down the stairs; 14} runs; 18) jumps, 18} alternates Test going upstairs; 17} hops on one fool; 18}
alternates fest going downstairs.

[181] In some embodiments, the patient has 1 copy of the smn2 gene, and the highest motor
milestone achieved is {0 raise or hold head while lying on stomach. In some embodiments, the patient
has 1 copy of the smn2 gene, and the highest motor milestone achieved is o roll over. In some
embaodiments, the patient has 1 copy of the smn@ gene, and the highest molor milestone achieved is
fo sit with support. In some embodiments, the patient has 1 copy of the sminZ2 gene, and the highest
molor milesione achieved is o sit without support. In some embodiments, the patient has 1 copy of the
smnd gene, and the highest motor milestone achieved is to stand with supporl. In some ambodimenis,
ths patient has 1 copy of the smin2 gene, and the highest motor milestone achieved is to crawl. In sonme
embodimants, the patient has 1 copy of the smnZ gene, and the highest motor milestone achieved is
to pull to standing position. In some embodiments, the patient has 1 copy of the snmn2 gene, and the
highest motor milestons achisved is 1o walk wilh assistance. It some embodiments, the patient has 1
copy of tha smn2 gene, and the highest motor milestone achieved is 1o stand withou! support. In some
embodiments, the patient has 1 copy of the smnZ gene, and the highest motor milestone achieved is
to walk independently {(without support). In some embodiments, the patient has 1 copy of the shin2
gene, and the highast mator milestone achieved is to run. In some embodiments, the patient has 1
copy of the smn2 gene, and the highest motor milestone achieved is to jump. in some embodimants,
the patient has 1 copy of the smn2 gene, and the highest motor milestone achieved is to allernate fest
going upsiairs. In some embodiments, the patient has 1 copy of the som2 gene, and the highest motor
milestone achisved is {o hop on one foot. In some embodiments, the patient has 1 copy of the smin2
gene, and the highest motor mitestone achieved is 1o allernate feal going downstairs.

[182] In some smbodiments, the palient has 2 copies of the smn2 gene, and the highest motar
milestons achieved is to raise or hold head while lying on'stomach. In some ambodiments, the patient
has Z copies of the smn2 gene, and the highest motor milestone achieved is to roft over. In some
embodimants, the patient has 2 copies of the smn2 gene, and the highest motor milestone achieved is
to sit with support. In some embodiments, the patient has 2 copies of the smn? geng, and the highest
motor milestone achieved is o sit without support. In some embodiments, the patient has 2 copies of
the smn2 gene, and the highest motor milestone achieved is to stand with support.  In some
embodiments, the patient has 2 copies of the smn2 gene, and the highest motor milestone achieved is
to crawl. I some embodiments, the patient has 2 copies of the smn2 gene, and the highest motor
milestone achieved is to pull to standing position.  in some embodiments, the patient has £ copies of
the smn2 gene, and the highest motor milestone achieved is 1o walk with assistarnce. In some
embodiments, the patient has 2 copies of the smn2 gene, and the highest rmotor milestone achieved is
to stand without support. In some embodirments, the patient has 2 coples of the smn2 gene, and the
highest motor milestone achieved is {o walk independently (without support). In some embodiments,
the patiant has 2 copies of the smn2 gene, and the highest motor milestone achieved is to run. In some
embodiments, the patient has 2 copies of the sin2 gene, and the highest motor milestone achieved is
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fo jump. In some embodiments, the patient has 2 copies of the smn2 gene, and the highest motor
milestona achisved is {0 allernate feet going upstairs. I some embodiments, the patient has 2 copiss
of the smn2 gene, and the highest motor milestone achieved is fo hop on ong fool i some
ervhodiments, the patient has 2 copias of the smin2 gene, and the highest motor milestone achieved is
fo alternate feet going downstairs.

{183] In some ambodiments, the patient has 3 copies of the smn? gene, and the highest mator
milestone achieved is to raise or hold head while lying on slomach. In some embodiments, the patient
has 3 copies of the smn2 gene, and the highest motor milestone achieved is fo roff over. In some
erbodiments, the patient has 3 coples of the smn2 gene, and the highest motor milestone achieved is
o sit with support. In some embodiments, the patient has 3 copies of the smn2 gene, and the highest
mator mitestone achieved is 1o sit without support. In some smbaodiments, the patient has 3 coples of
the smin2 gene, and the highest molor milestone achieved is fo stand with suppurtt. I some
embodimants, the patient has 3 copias of the smn2 gene, and the highest motor milesione achisved is
to crawl. In some embodiments, the patient has 3 copies of the sin2 gene, and the highest motor
milestone achigved is to pull o standing position. in some smbodiments, the patient has 3 coples of
the smn2 gene, and the highest motor milesione achievad is to walk with assistance. In some
embodiments, the patlent has 3 copies of the smn2 gene, and the highest motor milestons achiaved is
to stand without support.  In some embaodiments, the patient has 3 coples of the snin? gene, and the
highest motor milestone achievad is 1o walk independently (without support}. In some embodiments,
the patient bas 3 copies of the smn2 gene, and the highest motor milestone achieved is o run. Insome
embodimants, the patlent has 3 copies of the smn2 gene, and the highest motor milestone achieved is
fo jump.  in some embodiments, the patient has 3 copies of the smn2 gene, and the highest motor
milestone achieved is to glternate feet going upstairs. In some embodiments, the patient has 3 copies
of the smin2 gene, and the highest motor milestone achieved is to hop on one fool. In some
embodiments, the patient has 3 copies of the smn2 gene, and the highest motor milestone achieved is
to alternate fest going downstairs.

{184] In some embodiments, the patient has 4 copies of the smn2 gene, and the highest motar
milestone achiaved is to sit with support. In some smbodiments, the patient has 4 copies of the smn2
gene, and tha highest motor milestone achievad is to sit without support. v some embodiments, the
patient has 4 copies of the son2 gene, and the highest motor milestone achieved is to stand with
support.  In some embodiments, the patient has 4 coples of the smin2 gene, and the highest motor
milestone achigved is to crawl. In some embodiments, the patient has 4 copies of the smnZ gene, and
the highest motor mitestone achieved is fo pull to standing position. In some embodiments, the patient
has 2 copies of the smn? gene, and the highest motor milestone achieved is to walk with assistance.
in some embodiments, the patient has 4 copies of the smn2 gene, and the highest motor milestone
achieved is to stand without support. In some embodiments, the patient has 4 copies of the smn2 gene,
and the highest motor milestone achieved s fo walk independently (without support). In some
embodiments, the patient has 4 copies of the smn2 gene, and the highest motor milestone achieved is
o run. In some embodiments, the patient has 4 copies of the smn2 gene, and the highest motor
mifestone achieved is to jump. In some embodiments, the patient has 4 copies of the smn2 gene, and
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the highest molor milestone achieved i3 o alternate fesl going upstairs. In some embodiments, the
patient has 4 copies of the smn2 gene, and the highest motor milestons achieved is to hop on one fool.
In some embodimeants, the patient has 4 copies of the smn2 gene, and the highest motor milestone

achieved is to alternate feet going downstairs.

[185] In some embaodiments, the patient has more than 4 copies of the smn2 gene, and the highest
motor milesione achieved s o sit with support.  In some embodiments, the patient has more than 4
coples of the smn2 gene, and the highest motor milestone achieved is fo sit without support. In some
embodiments, the patient has more than 4 copies of the smin2 gene, and the highest mofor milesions
achieved is to stand with supporf. In some embodiments, the patienf has more than 4 copies of the
smnd gene, and the highest molor milestone achieved is to crawl. I some embodiments, the patient
has more than 4 copies of the smn2 gene, and the highest motor milestoneg achieved s to pull o
standing position. In some embodiments, the patient has 2 copdes of the smin2 gene, and the highest
motor milestone achieved is to walk with assistancs. in some embodiments, the patient has more than
4 coples of the smin2 gene, and the highast motor milestone achieved is to stand without support, In
some embodiments, the patient has more than 4 copies of the smin2 gene, and the highest mofor
milestona achiaved is (¢ walk independently {without support). in some aembodiments, the patient has
more than 4 coples of the smn2 gene, and the highest motor milestong achisved is o run. in sone
embodimants, the patient has more than 4 coples of the smin2 gene, and the highest motar milesione
achieved is o jump. In some smbodiments, the patient has more than 4 copies of the smnZ gene, and
the highest motor milestons achisved is {o alternale feet going upstairs. In some embodiments, the
patient has more than 4 copies of the smn2 gene, and the highest motor milestone achieved is to hop
on one fool. In some embodiments, the patient has more than 4 copies of the sminZ gene, and the

highest motor milestones achieved is o alternate feet going downstairs,

[186] In some embodimenis, the patient has 1 copy of the smin2 gene and has achieved the WHO
Motor Developmenial Milestone of walking independently.  In some embodiments, the patient has 1
copy of the spin2 gene and has achieved the WHO Motor Developmental Milestone of standing
independently. In some embodiments, the patient has 1 copy of the smn2 gene and has achieved the
WHO Motor Developmental Milestone of standing with assistance. In some embodiments, the patient
has 1 copy of the sihin2 gene and has achieved the WHO Motor Developmental Milestone of hands and
knees crawling. In some embadiments, the patient has .1 copy of the smn2 gene and has achieved the
WHO Motor Developmental Milestone of walking with assistance.

{187] In some embodiments, the patient has 2 copias of the smin2 gene and has achieved the WHO
Mator Developmental Milestona of walking independently.  In some embodiments, the patient has 2
copigs of the smn? gene and has achieved the WHO Motor Develnpmental Milestone of standing
independently. In some embodimants, the patient has 2 copies of the smnZ gene and has achieved
the WHO Motor Developmental Milestone of standing with assistance.  In some embodiments, the
patient has 2 copies of the smn2 gene and has achieved the WHO Motor Developmental Milestone of
hands and knees crawling. in some embodiments, the patient has 2 copies of the stin@ gene and has
achigved the WHO Molor Developmental Milestone of walking with assistance.
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[188] In some ambodiments, the patient has 3 copies of the smnd gene and has achisved the WHO
Motor Developmental Milestone of walking indepandently.  In some embodiments, the patient has 3
copies of the smn2 gene and has achisved the WHO Motor Developmental Milestone of standing
independently. In some embuodiments, the patient has 3 copies of the snin2 gene and has achisved
the WHO Motor Developmental Milestone of standing with assistance.  In some embodiments, the
patient has 3 copies of the smn2 gene and has achieved the WHO Motor Developmental Milestane of
hands and knees crawling. In some embodiments, the patient has 3 copies of the sron? gene and has
achieved the WHG Motor Developimental Mitestone of walking with assistance.

{188] In some embodiments, the patient has 4 copies of the smn2 gene and has achieved the WHO
Motor Developmental Milestone of walking independently. In some embodiments, the patient has 4
copies of the s gene and has achisved the WHO Motor Developmental Milestone of standing
independently. In some embodiments, the patient has 4 copies of the smn2 gene and has achigved
the WHO Molor Developmental Milestone of standing with assistance. In some embodiments, the
patient has 4 copies of the smn2 gene and has achieved the WHO Motor Developmental Milestone of
hands and knees crawding. In some embodiments, the patient has 4 copies of the smin2 gene and has
achiagved the WHG Maotor Developmental Milestons of watking with assistance.

{190] Insome embodiments, the patient has more than 4 copies of the smin2 gene and has achieved
the WHO Motor Developmental Milestone of walking independently. in some embodiments, the patient
has more than 4 copies of the smn2 gene and has achieved the WHQO Motor Bavelopmental Milastone
of standing independently. In some embodiments, the patient has more than 4 copies of the siin2 gene
and has achieved the WHQO Motor Developmenial Milestone of standing with assistance. In some
embodiments, the patient has mora than 4 copigs of the smnZ gene and has achigved the WHO Motor
Developimental Milestone of hands and knees crawling. in some eambodiments, the patient has more
than 4 coples of the smin2 gene and has achieved the WHO Motar Developmental Milestong of walking
with assistanca.

Tahile 4 Early- and late-onset SMA patient populations with or without background SMN
therapy

Highest motor milestone achieved Smin2 gene copy humber
fwith or without treatiment)

Raise/support head 1-3

Roll over 1-3

Sit with support or sit in tripod position 1-4

Sit without support 1-4

Stand with support 1-d+
Siand without support 1-4+
Creep ot crawl g
Pull 1o standing position 14+
Walk with assistance 1-d+
Walk without assistance 1-4+
Run -4
Jungs 14+
Squat {o pick up an object 1ed+
Walk or creep up and down the siairs 1-4+
Alternate faet going upsiairs 1-4+
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Alternate feet going downstairs 14+

Hop ot ong fool 1-4+

[191] In some embodiments, the subject is able 1o raise or support head before the age of 3 months,
6 months, 8 months or 12 months.,

{192] In somsz embodinments, the subject is able to rolf over before the age of § months, 2 months or
12 months.

[193] In some embodiments, the subjectis able to sit with support or sitin tripod position before the
age of 6 months, 9 months or 12 months.

[194] In some embodiments, the subject is able 1o sit without support before the age of & months, 9
months or 12 months.

[198] In some embodiments, the subject is able fo stand with support before the age of $ months or
12 months.

{1968] Insome embodiments, the subject is able fo stand without support before the age of 12 months.
[197] In some embodiments, the subject is able fo creep or crawl before the age of § months, 9
months or 12 months.

{198] Insome embodiments, the subjectis able 1o pull to standing position before the age of 2 months
or 12 months,

{198] In some embodiments, subject is able to walk with assistance before the age of 12 months or
18 months.

{200] In some embodiments, the subjset is able to walk withow! assistance before the age of 12
months, or 15 months,

[201] Insome embodiments, the subject is able to run before the age of 15 maonths, 18 months or 24
months.

{202] In some embodiments, the subject is able to jamp before the age of 15 months, 18 months or
24 months.

{203] In some embodimants, the subject is able fo squat fo pick up an object before the age of 15
months, 18 months or 24 months.

{204] In some embodiments, the subject is able to walk or creep up and down the stairs before the
age of 15 months, 18 months or 24 months.

[2058] in some embodiments, the subject is able to alternate feet going upsiairs before the age of 30
months or 36 months.

{208] In some embodiments, the subject is able to slternate feet going downstairs before the age of
36 months (3 vears).

[207] In some embodiments, the subject is able {0 hop on one foot before the age of 4 years or §
VEars.

{208] The present disclosure provides therapeutic use of apitegromab in the treatment of SMA in a
patient, wherein the treatment comprises inlravenous administration of a composition comprising
apitegromab at a therapeutic dose, wharein the therapeutic dose is greater than 2 mgikg and up to 20
migfkg (such as 10 mg/kg). and wherein optionally the patiert nay be selected from any of the following
category or categories, or the patient is characierized in that
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[208] The patient is aged 2 vears or younger, €.g., hewborn to 24 months old.

[210] The patientis aged six waeks o younger, .g., newborn o sby weeks old.

{211] The patient is aged 2 years or older.

{212} The patientis 2-21 years old.

[213] The patientis 2-12 years old.

[214] The patient is 2-5 years ald.

[218] The patientis 5-12 years old,

{218] The patientis 13-21 years old.

[217] The patient has later-onsel SMA.

{218] The patient has type 2 SMA.

{219] The patient has type 3 SMA, wherein optionally the patient has non-ambulatory type 3 SMA.
{2201 The patient has fype 3 SMA, whersin optionally the patient has ambulatory type 3 SMA.

{221] The patient has at least 2 copies of the SMN2 gene, e.g., 2, 3, 4, 5, or € copies of tha SMN2
gene; or, wherein optionally the patient has 2-4 copies of the SMN2 gene.

{222] The patient has at least 2 copies of the SMNZ gene, 2.g., 2, 3, 4 copies of the SMNZ geng; or,
wherein optionally the patient has 2-4 copies of the SMNZ gene, wharein oplionally the patient has type
2 SMA or non-ambulatory type 3 SMAC

{223] The patient has at least 3 copias of the SMNZ gene, e.g., 3, 4, 5, or & copies of the SMN2 gane;
or, wherein optionally the patient has 3-8 copies of the SMNZ gene, wherein optionally the patient has
ambulatory SMA, wherein further optionally the ambulatory SMA s type 4 SMA.

{224] The patieni has SMA (a.g.. any type of SMA) and is up o 2 vears of age, whergin oplionally
the patient has been ireated with an SMN therapy, wherein further optionally the SMN therapy
comprises an SMNZ upreguiator (such as nusinersen) or an SMN1 gene therapy.

[225] The patient has type 1 SMA with up to 3 copies of the SMN2 gene, wherein opliohally the
patient has been treated with an SMN therapy, wherein further optionally the SMN therapy comprises

an SMN2 upreguiator (such as nusinersen) or an SMN1 gene therapy.

[226] The patientis symiplomatic of SMA.

[227] The patient has presympiomatic SMA.

[228] The patientis identified as a carrier of SMA mutation(s} but is asympiomatic (pre-symptamatic).
j229] The patient has not been treated with SMN-directed therapy.

[230] The patient is on (is receiving) or has been treated with an SMN-directed therapy, whearein
opticnally the SMN-directed therapy is a gene therapy, splice maodifier, or combination thereof, wherein
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further optionally the splice modifier is a nucleic acid-based agent or low muolecular weight compound
that modifies SMN2 splicing.

{231] The patient is on {is receiving) or has been {reated with an SMN-directed therapy, wherein
optiohally the SMN-directed therapy is a gene therapy, splice modifier, or combination thereof, wherein
further optionally the splice modifier is a nucleic acid-based agent or low molecular weight compound
that modifies SMN2 splicing; and wherein the patient commenced the SMN-directed therapy before the
age of 5.

{232] The patient is on (is receiving} or has been treated with an SMN-directed therapy, whersin
optionally the SMN-directed therapy is a gene therapy, splice modifier, or combination thereof, wherain
further optionally the splice modifier is a nucleic acid-based agent or low molecular weight compound
that modifies SMNZ splicing, and wherein the patient commaeanced the SMN-diracted therapy at age 8
of older.

{233] The patient is on an SMN-directed therapy for at ieast 12 months at the time of starting

apitegromab therapy {8.9., prior to receiving a first dose of apitegromab).

{234] The patient is on an SMN-directed therapy for at least 15 months at the time of starling
apitegromab therapy {g.g.. prior fo receiving a first dose of apitegromab).

{235] The palient is on an SMN-directed therapy for al least 24 months al the time of starting
apilegromab therapy {&.g., prior to receiving a first dose of apitegramaby).

{236] The patientis 5 years old or younger at the time of starding apitegromab therapy.
{2371 The patientis 2 years old or younger at the time of starling apitegromaly therapy.
{238] The patient is six weeks old or younger at the ime of starting apitegromab therapy.
[238] The patient is before the age of 5 at the time of receiving a first dose of apitegromals.

[248] The patient has a basslineg HFMSE score of atleast 10, 8.g., atleast 13, 8.g., & score of 13-38,
e.g.. no greater than 38,

{241] In some embodiments, the present disclosure provides therapeutic use of apitegromabs in the
fregtment of SMA in g patient who is 2-12 years old and has received al least & months of an SMN
upregulator/corrector therapy {e.g., nusinersen or risdiplam) before starting apitegromab treatment,
wherain the apitegromab treatment comprises intravenous administration of a8 composition comprising
apitegronab at 10 mgfkg or 20 mg/ky, e.9.. once every 4 weeks or once monthly. in some embodiments,
the patient initiated the SMN upregulatorfcarrector therapy before the age of 5. In some embodiments,
the patient initiated the SMN upregulatoricorrector therapy after the age of 5. In some embodiments,
present disclosure provides therapautic use of apitegromab in the treatment of SMA in a patient who is
2-12 years old and has received at least § months of risdiplam before starting apitegromab freatment,
wherain the apitegromab freatment comprises intravenous administration of g composition comprising
apitegromab at 10 mg/kg or 20 mg/kg once every 4 weels or once monthly. In some embaodirents,

present disclosure provides therapeutic use of apitegromab in the treatment of SMA In 3 patient who is
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2-12 years old and has received at least 10 months of nusinersen hefore slarling apitegromab
treatment, wherein the apitegromab treatmeant comprises infravenous administration of a composition
comprising apitegromab at 10 mg/kg or 20 mg/kg once svery 4 weeks or onca monthly.

{242} In some embodiments, the present disclosure provides therapeutic use of apitegromah in the
freatment of SMA in a patient who is 5-12 vears old and has received at least 8 months of an SMN
upregulator/corrector therapy {e.g., husinersen or risdiplam} before starting apitegromab reatment,
wherein the apitegromab treatment comprises infravenous adminisiration of a compaosition comprising
apitegromab at 10 mg/kg or 20 mg/Kg; e.g.. once every 4 weeks or once monthly. in some embodiments,
the patient iniiated the SMN upregulatoricorrector therapy before the age of 5. In some smbodiments,
the patient initiated the SMN upreguiatoricorrecior therapy afer the age of 5. In some embodiments,
present discloswre provides therapeutic use of apilegromal in the treatmant of SMA in a patient who is
5-12 years old and has received at least 8 months of risdiplam before starting apitegromiab treatment,
wherein the apilegromab treatment comprises intravenous administration of a composition comprising
apitegromab at 10 mglkg or 20 mgikg once every 4 weeks or once monthly. In soms embodiments,
present disclosure provides therapsutic use of apitegromals in the treatmeand of SMA in a patient who is
5-12 years old and has received at least 10 months of nusinersen before starting apitagromab
freatment, wherain the apitegromab treatment comprisss infravenous administration of a composition
comprising apitegromab at 10 mg/kg or 20 mgikg once avery 4 weeks or once monthiy.

{243] In some embodiments, the present disclosure provides therapeutic use of apitegromals in the
freatment of SMA in a patient who is 13-21 years old and has received at least 8§ months of an SMN
upregulatoricorrector therapy {e.g., nusinersen or risdiplam) before starting apitegromab treatment,
whereain the apilegromab treatment comprises intravenous administration of a composition comprising
apitagromab at 20 mgikg, e.g., once every 4 weaks or once monthly. In some embodiments, the patient
initiated the SMN upregulator/correcior therapy before the age of 5. in some embodiments, the patient
initiated the SMN upregulator/corrector therapy after the age of & In some embuodiments, present
disclosure provides therapeutic use of apitegromab in the treatment of SMA in & patlent who is 13-21
years old and has received at least & months of risdiplam before starling apitegromab freatment,
wherein the apitegromab treatment comprises intravencous administration of a composition comprising
apitagromab at 20 mogikg once every 4 weaeks or once monthly. In some embodimants, present
disclosure provides therapeutic use of apitegromiab in the treatment of SMA in a patlent who is 13-21
years old and has received at least 10 months of nusinersen before stariing apitegromab freatment,
wherein the apitegromab treatment comprises intravenous administration of a composition comprising
apitegromab at 20 mgfkg once every 4 weeks orance monthiy.

{244] In some embodiments, the present disclosure provides therapeutic use of apitegromal in the
treatment of SMA in a patlent who is aged § years or younger, wherain the patient has not received an
SMN upregudatoricorrector therapy before starting apitegromab treatment, wherein the treatment
comprises concurrent {e.g., simullaneous, separale, or sequential} administration of a composition
comprising apitegromab and a composiion comprising an SMN upregulaiot/corrector therapy, 8.9,
nusingrsen or risdiplam). In some embodiments, the composition comprising apitegromab is
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administered intravenously. In some embodiments, the composition comprising apilegromab is
administered at a frequency of once every four weeks or once monthly.

[245] In some embodiments, the present disclosure provides therapeutic use of apitegromab in the
treatment of SMA in a patient who is aged 2 years or younger, e.g., newborn 1o 24 months old, wherein
the patient has not received an SMN upregulatoricorrecior therapy before starting apilegromab
freatment, whersin the freatment comprises concurrent {e.g., simullaneous, separate, or sequential}
administration of & composition comprising apitegromab and a composition comprising an SMN
upregulator/carrector therapy{e.q., nusinersen or tigdiplam). in some embodiments, the present
disclosure provides therapeutic use of apitegromab in the freatment of SMA in a patient who is aged
six weeks or younger, e.g., newbormn o six weeks old, wherein the patient has not received an SMN
upregulatorfcorrecior therapy before starfing apitegromab treatment, whersin the treatment comprises
concurrent (g.g., simultaneous, separate, or seguential} administration of a compaosilion comprising
apitegromab and a composition comprising an SMN upregulatoricorrector therapy, {e.g., nusinersen or
sisdiplam). i some embodimeants, the patient has presymptomatic SMA. In some embodimants, the
patient has 2 copies of the SMNZ gene. In some embodiments, the composition comprising
apitagromab s administered intravenously. In some embodiments, the composition comprising
apitagronab is administersd at a frequency of once every four weeks oronce monthly.

[248] In some embodiments, the present disclosure provides therapeutic use of a myostatin-
selective inhibilor, e.g.. apitegromab, GYM32Z8, or irevogrumab, in the treatment of presymptomatic
SMA in 2 human patient. in some ambodiments, the patlient has not previcusly received an SMN
upregulatoricorrector therapy {e.g., SMN1 gene therapy) before starting the myostatin-selective
irhibitor treatment. In some embodiments, the patient has previously receivad or is recelving an SMN
upregulatorfcarrector therapy (e.g., an SMN1 gene therapy) In some embadiments, the treatment
comprises concurrent {e.q., simultaneous, separate, o sequential} administration of a compaosition
comprising a myostatin-selective inhibifor, e.g., apitegromab, GYM328, or trevogrumab, and a
composition comprising an SMN upregulator/corrector therapy, (&.g., an SMN1T gene therapy). insonte
embodiments, the patient has 2 coples of the SMN2 gene. In some embodiments, the compaosition
comprising a myostatin-selective inhibitor, 8.g., apitagromab, GYM329, ar trevogrumab, is administered
intravenously. In some embiodimants, the compostition conyrising a myostatin-selactive inhibitor, e g,
apitegromab, GYM3298, or trevogrumab, is administered at a frequency of once every four weeks or
once monthly. I some embodiments, the myostatin-selective inhibitor binds selectively to pro-latent
myosiatin. In some embodiments, the myostatin-selective inhibitor is apitegromab.

{247] In some embodiments, the present disclosure provides therapautic use of a myostatin-selactive
inthibitor, e.g., apitegramab, GYM328, or travogrumab, in the ireatment of SMA in g patient who is aged
5 years or younger. in sonte embodiments, the patient has not previously received an SMN
upregulatorfcarrector therapy {e.g.. an SMN1 gene therapy) before starding the myostatin-selective
inhibitor treatment. in some ambodiments, the patient has previously received or is recelving an SMN
upregulatorfoorrector therapy (8.q., an SMNT gene therapy). It some embodiments, the patient is
administered the SMN upregulstor/corrector therapy (8.g., SMN1 gene therapy) at age 5 years or
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yvounger. In some emboadiments, the treatment of SMA comprises concurrent {e.g., simultaneous,
separate, or sequential} administration of a composition comprising a myostatin-selective inhibitor, e.g.,
apitegromab, GYM329, or trevogrumab, and 8 composition comprising an SMN upregulator/corrector
tharapy, e.g., an SMN1 gene therapy. In some embodimants, the compaosition comprising a myostatin-
selective inhibitor, 8.q., apitegromab, GYM328, or revogrumal, is administered intravennusly. in some
embodiments, the patient has presymptomatic SMA. In some embodiments, the patient has 2 copies
of the SMNZ gene. in some embodiments, the composition comprising a myostatin-selective inhititor,
e.g.. apitegromab, GYM328, or trevogrumab, is administered at a frequency of once avery four weeks
or once monthly. in some embodiments, the myostatin-selective inhibitor binds selectively to prodatent
myosiatin. In some embodiments, the myostatin-selective inhibitor is apitegromab.

{248] Insome embodiments, the present disclosure provides therapeutic use of 3 miyostatin-selective
inhibitor, e.g., apitegromab, GYM328, or frevogrumab, in the ireatment of SMA in a patient who is aged
2 years or younger, g¢., newbom {o 24 months old. in some embodiments, the patient has not
previously received an SMN upregulator/corrector therapy (e.g.. an SMN1T gene therapy} before starting
the myostatin-selective inhibitor treatment. In some embodiments, the patlient has previously received
or & recelving an SMN upregulatovcorrector therapy {(e.g., an SMN1 gene therapy). In some
embodiments, the patient is administered the SMN upregulatoricorrector therapy (e.g., SMN1 gene
therapy) at age 2 years or younger {e.g., newbom to 24 months). In some embodiments, the trealment
comprises concurrent (2.4, simullaneous, separale, or sequential) administration of a composition
comprising a myostatireselective inhibifor, e.g., apilegromab, GYM328, or trevogrumab, and a
commposition comprising an SMN upregulatoricorrector therapy {e.g., an SMN1 gene therapy). In some
embodiments, the patient has presymplomatic SMA. In some embodiments, the patient has 2 copies
of the SMN2 gene. in some embodiments, the compaosition comprising a myostatin-selective inhibifor,
e.g., apitegromab, GYM328, or trevogrumab, is administered intravenously. in some embodiments, the
composition comprising a myostatin-selective inhibitor, e.g., apilegromab, GYM329, or trevogrumab, is
administered at a frequency of once every four wesks or once monthly. In some embodiments, the
myostatin-selective inhibitor binds selectively to pro-latent myosiatin, In some embodiments, the
myustatin-selective inhibitor is apitegromab.

[249] Insome embodiments, the present disclosure provides tharapeutic use of a myostatin-selective
inhibitor, &.g., apitegromab, GYM328, or trevogrumab, in the treatment of SMA in a patient who is aged
sbl weeks Of younger, .4., nawborm to six waeks old, whersin the freatment comprizes conourrent (8.,
simultaneous, separate, or sequantial) administration of a composition comprising a myostatin-selective
inhibitor, &.g., apitegromab, GYM329, or trevogrumab, and a composition comprising an SMN
upregutatoricorrectior therapy, (e.g., an SMN1 gene therapy). In some embodiments, the patient has
not previously recetved an SMNM upregulatoricomector therapy {a.g., SMN1 gene therapy) before
starting the myostatin-selective inhibifor treatment. In some ambodiments, the patient has previously
received of is receiving an SMN upregulator/carrector therapy (2.g., an SMN1 gene therapy). In some
embodiments, the patiant has wesymplomatic SMA. In some embodiments, the patient has 2 coples
of the SMN2 gene. In some embodiments, the composition comprising & myostatin-sslective inhibitor,
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2.4., apitegromab, GYM328, or trevogrumab, is administered intravenously. in some embodiments, the
composition comprising a myostatin-selective inhibitor, e.g., apitegromab, GYM328, or ravogrumab, is
administered at a frequancy of once every four weeks or ance monthly. In some embodimants, the
myosiatin-selective inhibitor binds seleclively to pro-latent myostatin. In some embodiments, the
myostatin-selective inhibitor is aplitegromab.

[250] In some embodiments, the present disclosure provides a myostatin-selective inhibitor and an
SMN upregulatorfcorrector therapy (e.g., SMN1T gene therapy) for use in the irealmeni of
presyrmplomatic SMA in a patient, wherein the treatment somprises administration of the myostatin-
selective inhibitor and the SMN upregulatoricorrector therapy {(e.g., SMN1 gene therapy) o a
presymptomatic patient in amounts effective to freat SMA. In some embodiments, the patient has 2
copies of the SMM2 gene. andior wherein the patient is st weeks or younger at the time of
administration of the SMN upregulatoricorrector therapy {e.q., SMNT gene therapy). in some
embodimants, the nmyostatin-selective inhibifor is apitegromab, GYM329 or travogrumab.

[251] In some embodiments, the present disclosure provides a myostatin-selective inhibitor and an
SMN upreguiator/corrector therapy (e.g., SMNT gene therapy) for use in the ireatment of
presymptomatic SMA in a patient, wherein the freatment comprises administration of the nwostatin-
selective inhibitor and the SMN upregulatorfcorrector therapy (e.g., SMN1 gene therapy) o a
presymptomatic patientin amounts effective to treat SMA, wherein the patient has 2 copies of the SMN2
gene, wherein the patient is six weeks or younger at the time of administration of the SMN
upregulator/corrector therapy {e.g., SMN1 gene therapy), and wherein the myosiatin-selective inhibitor
is apitegromaby, GYM329 or trevogrumab.

{252] In some embodiments, the present disclosure provides a myosiatin-selective inhibitor for use
in the treatment of presymptomatic SMA in a patient, wherein the treatment comprises adminisiration
of the myostatin-selective inhibitor 1o a presymptomatic patient in amounts effective to treat SMAL In
some embodiments, the patient has 2 copies of the SMNZ gene. In some embodiments, the patient is
administared with an SMN upreguiatoricorrector therapy {e.g., SMN1 gene therapy) at six weeks o
younger. In some embodiments, the myosiatin-selective inhibitor is apitegromab, GYM328 or
trevogramaty,

[253] In some embodimenis, the present disclosure provides a myostatin-selective inhibitor for use
i the treatment of presymptomatic SMA in a patient, wherein the Irealment comprises administration
of the myostatin-selective inhibitor {0 a presympiomatic patient in amounts effective o treat SMA,
wherain the patient has 2 coples of the SMNZ gene, wherein the patient is administered with an SMN
upregulatorfcorrector therapy (e.g., SMN1 gene therapy) al six weeks or younger, and wherein the
myostatin-selective inhibitor is apitegromab, GYM328 or trevogrumab.

[254] In some embodiments, the present disclosure provides therapeutic use of an SMN
upregulator/corrector therapy {8.9., SMN1 gene therapy), in the treatment of presympiomatic SMA In a
humman patient, wherein the freatment comprises concuwrrent {g.g., simullaneous, separate, or
sequential) administration of @ composition comprising an SMN upregulatorfcorrector therapy, {8.¢., an
SMN1 gene therapy) and a composition comprising a myostatin-selective inhibitor, e.¢., apitegromab,
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GYM329, or trevogrumah. in some embodiments, the patient has not previously received a myostatin-
seleclive inhibitor, s.g., apitegramab, GYM328, or frevogrumab before starting the SMN
upragulatorfcarrector therapy. In some embodimants, the patient has previously received or is recaiving
a myostatin-selective inhibitor, e.g., apitegromab, GYM329, or trevogrumab. In some embodiments, the
patient is administered the SMN upregulator/corrector therapy {e.g.. SMN1 gene therapy) at age five
years or youngar. In some embodiments, the patient is administered the SMN upreguistoricomrector
therapy (e.g., SMNT gene therapy) at two years or younger {e.g., newborn to 24 months old). In some
embodiments, the patiert is administered the SMN upregulatoricosrector therapy {e.g., SMN1 gene
therapy) at age s weeks or younger {a.g. newborn to six weeks old). In some embodimeants, the
patient has 2 coples of the BMN2 gena. In some embodiments, the composition comprising a myostatin-
selective inhibitor, 8.q., apitagromab, GYM328, or revogrumab, is administered intravenously, In some
embodiments, the composition comprising a myostatin-selective inhibitor, 8.g., apitegromab, GYM329,
or frevogrumab, is administered at a frequency of once every four weeks or once monthly.  In some
embodimants, the myostatin-sslective inhibitor binds selectively to pro-latent myostatin. in some
embodiments, the myostatin-selective inhibitor is apitegrormab.

{255] In some embodimants, a myosiatin-selective inhibitor is used in the treatmant of BMA In a
patiant who is 2 months or oider, wha is treated with an BMNZ upregutator, such as risdiplam.

[256] In some embodiments, a myostatin-selective inhibilor is used in the irealment of presymplomic
SMA in a patient with up to 3 copies {2.¢., 2 copies, 3 copies) of the SMNZ gane or who has baen
diagnosed with type 1 SMA, wherein the patient recelves a gane therapy, such as onasemnogene
abeparvovec . Qptionally, the patient is € weeks or younger, Further opltionally, the patient weighs
between 2.8 kg and 21.0 kg.

[257] Insome embodiments, the prasent disclosure provides an SMNT upregulator/corrector therapy
{e.g., SMN1 gene therapy) for use in the treatment of presymptomatic SMA in g patient, wherein the
freatment comprises administration of the SMNT upreguiatoricorrector therapy (e.g., SMN1 gene
tharapy) o a presymptomatic patient in amounts effective to treat SMA, wherein the palient is
administered the SMN1 upregulator/corrector therapy {e.g., SMN1 gene therapy} at six wesks or
younger, wherein the patient is further treated with a myostatin-selective inhibitor, and wherain the
myostatin-selective inhibitor is apitegromab, GYM329 o trevogrumab.

Additional lndications

{258] Data presenied herein indicate that the disclosaed frealment regimens, e.g., including dose
selections, for apitegromab may provide clinical benefit for human patients beyond those with SMA,
Apitegromab may provide clinical benefit for human patients diagnosed with other indications that shara
certain atiributes of SMA. Such attributes include one or more of the criterta such as: disease with
relatively voung patient population, diseass in which muscles are structurally intact or function is
retained, disease that impacts fast-iwitch fiber, and the availability of an sstablished endpoind that refies
on fast-twitch fibers.

60



WO 2022/093724 PCT/US2021/056517

[258] Bevond SMA, additional indications that may benefit from treatment with the anlibodies
disclosed herein {e.g.. apilegromab)} include but are not limited to dystrophies such as Becker's
muscular dystrophy, Duchenne’s muscular dystrophy, and other muscular dystrophies, as well as late-
onset Pompe disease, postcancer muscle recovery, and glucocorticoid-induced myopathy {eg.. ina
subset of patients unable 1o discontinue stercid therapy) Becker's muscular dystrophy may be
particutarly suifable for treatment with the antibodies disclosed herein {e.q., apitegromab). Becker's
muscular dystrophy patients typically have higher levels of circulating myostatin as compared to
Duchenne’s muscular dystrophy patients (see, 8.g., Burch et al, (2017) J Neurol, 284(3):541-553; Mariot
etal {2017} Nat Commun. 8 1858). In other embuodiments. the indication freated iy post-cancer muscle
recovery, 8.g., post-cancer muscie recovery in padiatric patients {as some children may develop severe
muscle wasting from chemotherapy). The antibodies disclosed herein {e.g., apitegromab) may be used
as mongtherapy or as add-on therapy to provide musdle-dirsctad approaches to enhanca other
stabilizing treatments {e.q., freatments such as gene therapy in Duchenne's muscular dystrophy or
enzyme replacement therapy in lysosomal storage disorders).

Dosage Selection and Administration

{268] In various embodiments of the mathods, uses, and compositions disclosed harein, an effective
amount of an anti-profiatent myostatin antibody {e.g., apitegroman) is administered to a human subject
in need of the hreatment via infravenous administration, e.g., by continuous infusion over a period of

fime.

[261] The terms “administer.” "administering,” and “adminisiration” include any method of delivery of
a therapeutic agent, .g., an anti-prodatent myostatin antibody (e.g., apitegromab), inlo a subject's
sysieny or to a paricutar reglon i or on a subject (systemic and local administration, respactively). In
some embodiments, the therapeutic agent is apitegromab. In some ambodiments, the apltegromab is
formulated for administration as a composition, e.g.. a8 pharmaceulical composition.  in some
embodiments, apitegromab is formulated for intravenous administration.  For example, in some
embodiments, the apitagromab is administered by intravencus injectionfinfusion, e.q., by intravenous
infusion. In some embodiments, the apitegromab is administered by intravenous infusion, e.g., over
approximately 1 1o 2 hours. In some embodiments, the apitegromab 8 administered by infravenous
infusion over approximately 2 hours. in some embodiments, the infusion duration is less than two hours
but no shorfer than 1 hour.

[262] In some embodiments, apitegromab is administered {0 a patient as a weight-based dose, Le.,
a dose dependent on the patient's bodyweight. In some embodiments, suitabla dosages of apilegromab
include greater than 2 and up to 20 mglkg, optionally about 5, 10, 15, or 20 mg/kg. in some
embodiments, the therapeutic dose of apilegromahb is 10 mg/kg. in some embodiments, the therapeutic
dose of apitegromab is 20 mg/kg. in some embodiments, a dose greater than 20 mg/kg may be used
while refaining a similar safety profile, although there may be diminished need for higher dosage given
the surprisingly good therapeutic and PK profile of e.g., 20 mg/kg and 2 mgikg, respectively.
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[283] Target engagement analyses from G-month and 12-month sludies {see Examples herein)
indicate that apitegromab at 20 myg/kg achieved targst saturation, whilst 2 mg/kg showed partial target
engagemeni. These observations suppont thal therapeulic dose for intravenously administered
apitegromab can be 20 mglkg or below, but greater than 2 mglkg.

[264] PKanalyses of apitegromab show a correlation between drug clearance and age {see FIG. 18)
or weight {(see FIG. 17). These dafa indicate that younger patients {with lighler body weight) show
stower clearance of apitegromab than older patients {with heavier body weight). This finding may point
{o dose sefection for suitable intermediale doses fo be, for example, 5 myrkg, 7.5 mgfkg, 10 mgfkg, 12
mgkg. 15 mo/ky, ete.

{285] In some embodiments, a suitable dosage of apitegromab is 28 mg/kg. In some embodiments,
a suifable dosage of apilegromab is 10 mg/kg. In some embodiments, the apilegromab is infravenously
administered o a patient every 4 weeks or monthly at 5 mg/kg, 7.5 mg kg, 10 mg/kg or 12 mg/kg.

[268] In some embodiments, apitegromab is administered to & patient at a dose of 20 ma/ka. Insome
embaodiments, due to its favorable safety profite when administered at & dose of 20 mgikg. apilegromab
may be administered to a patient at a dose of more than 20 mg/kg, e.g., wherein the dose is up to 30
moky, e.g. 25 mglkg. in some embodiments, apitegromab is administered to a palient at a dose of
more than 20 mg/kg {a.g., about 28 mgikg, about 30 mgikg). In some embodiments, apitegromab s
infravenously adminisiered to a patient at a dose of 10-20 mg/kg every 4 weeks or monthiy.

[267] In some embodiments, apitegromab is administered to a patient about once every 4 weeks,
once 3 month, etc. Such antibody may be adminisiered via intravenous injectiondnfusion, e.g., by
intravenous infusion, or ancther suitable route of adminisiration {g.g., subcutaneously (e.g., under the
skin) or intrathecally {g.g., intra spinally). Similarly, an SMN upregulator, e.g., splice modifier, may be
administered orally, &.g., by mouth, or another suitable route of administration.

{268] In some embodiments, the subject has received an SMN upregutator prior to the admunistration
of the apitegromab. In some embodiments, the subject is concurrently recetving an SMN upregulator
al the same time as the administration of the apitegromab. n some embodiments, the subject will

receive an SMN upregulator after administration of the apitegromab.

{269] In some embodiments, the subject receiving an SMN upregulator is administered apitegromab
at least 24 hours {e.g.. at least 38 hours, at least 48 hours, or more} prior o a dose (e.g., @ maintenance
dose) of the SMN upregulator (e.g., nusinersen}. In some embodiments, the subject receiving an SMN
upreguiator is administered apitegromab at least 14 days {g.g., least 21 days, or more} after a dose
{2.g., 8 maintenance dose) of the SMN upregulator {8.g., nusinersen).

{270] In some embodiments, the subject has received an SMN upregulator within 6 months of
adminisiration of the apitegromab. In some embodiments, the subject has received an SMN upregulator
within 3 months of administration of the apitegromab. In some embaodiments, the subject bas received
an SMN upregulator within 6 monihs, § months, 4 months, 3 months, 2 months, or 1 month of
administration of the apitegromab. In some embodiments, the subject has received an SMN upregulator
within 4 weeks, 3 weeks, 2 weeks, or 1 week of administration of the apilegromab. In some
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embodiments, the subject has received an SMN uprequlator on the same day as administration of the
apitegromab.

{271)]  In some embodiments, the subject is expacted to receive an SMN upreguiator within 8 months
of adminisiration of the apitegromab. in some embodiments, the subject is expected o receive an SMN
upreguiator within 3 months of administration of the apitegromab. In some embodiments, the subject
is expecied {o receive an SMN upregulator within 8 months, § months, 4 months, 3 months, 2 months,
of 1 month of adminisiration of the apitegromab.  iIn some embodiments, the subject is expected fo
receive an SMN upregulator within 4 weeks, 3 weeks, 2 weeks, or 1 week of administration of the
apitegromab.

{272] In some embodiments, the SMN upregulator is an antisense nucleotide and is administered to
the ceniral nervous sysfem of the subject via intrathecal injection. In some embodiments, the antisense
nuclectide is adminisiered o the subject every few months, e.g., monthly, every two maonths, every
three months, every four months, every five months, every six months or every 12 months. in other
embodiments, an inlial freatment may involve more frequent dosing, followed by a fess frequent

maintenance dose thereafter.

{373] In some embodiments, the SMN upreguilator is a small molecule and is orally administered o
the subject. in some embodiments, the small molecule is asdministered {o the subject dally. in other
embodiments, the small molecule is administerad to the subject weekly, biweekly or monthly.

[274] In some embodimants, the SMN upregulator is 2 gene therapy and is administered via
infravanous injection.  In some embodiments, the SMN upregulator is & gene therapy and is
adminisiered via infrathecal injection. In some embodiments, an initial reatment may include more
frequent dosing, followed by a less frequent maintenance dose thereafter. Less frequent maintenance
doses may be preferable in order to avoid improper immune responses to the gene therapy.

{275] In some embodiments, the apilegromsb s administered to the subject via infravenous
administration, e.g., by intravenous infusion. In some embodiments, the apitegromab is administered
once avery 4 weeks or monthly, 1o the subject. in some embodiments, an inilial reatment may involve
more frequent dosing, followed by a less frequent maintenance dase thereafter. In some embodiments,
apitegromab may be initially dosed at a higher dose {e.g., a loading dose)} followed by one or more
subseguent lower doses (8.g., ohe or more mainisnance doses). In some embodiments, an initial dose
or doses of apitegromab may be administered at 20 mgikg, followed by one or more lower dose (e.q.,
18 myg/kg. 10 mgikg, 5 mglkg, 2 mg/kg, or 1 mglkg), e.g., four weeks or one month affer adminisiration
of the injtial 20 mgfkg dose, e.g., whergin the one or more lower doses are administered once every
four weeks or once monthly thereafter, or at longer intervals than was used for the foading dose.

{278} An “effective amount for treating 8MA, as used herein, may be an amount to achieve clinical
efficacy, including but are not limited to: retaining motor function as compared o a decling in @ control,
delaying disease progression, delaying or preventing an ambuiatory type 3 SMA patient from beacoming

non-ambulatory, delaying or preventing need for respiratory aid or intervention, reducing the rate of a
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decling in one or more motor funclion scores as compared {o a control, and/or maintaining at feast net
zevo change in one or more motor function scores as compared 1o a baseling, slc.

[277] Clinical benefils of SMA therapy may include 1) motor funclion improvement, 2 motor function

maintenance {disease siabilization) or 3) delay in disease progression.

{278] Molor function may be assessed by sultable means, such as HFMSE andfor RHS, the latter of
which is often used to assess the mator funclion of ambulatory patients. In some embaodiments, HFMSE
is more frequently used o assess the motor funclion of non-ambulatory patients. An increase in the
raspective score over an appropriate baseline indicates motor function improvement.  In some
embodiments, the increase is al feast 1 point, af least 2 points, at least 3 points, af least 4 points, or at
feast 5 points. In some embodiments, the increase is 1 point or greater, 2 points or greater, 3 points of
greater, 4 points or greater, or 5 points or greater. In some embodiments, an SMA therapy disclosed
herein {8.g., an SMA therapy comprising apitegromab} enhances motor function, such that a HFMSE
score or @ RHS score {8.g., 8 HFMSE score) measured at & months or 12 months after inttiation of
freatment is atleast 1, 3, §, 7, or 10 points over a haseling, and wherein the basefine is obtained at or
prior {o initiation of the treatment. In some embodiments, an SMA therapy disclosed herein (e.g., an
SMA therapy comprising apitegromalb) produces at east a § point increase in a HFMSE score relative
{o a haseline score affer at least 12 months of freatment.  In some embodiments, an SMA therapy
disclosed herain {g.g., an SMA therapy comprising apitegromab} produces a 8-20 point or greater
increase i a HFMSE score relative to a baseline scuore after at least 12 months of treatment. ih some
embodiments, an SMA therapy disclosed herein {e.g.. an SMA therapy comprising apilegromab)
produces at least @ 7 point increase in a HFMSE score relative {o a baselineg score after at lsast 12
manths of reatment.

{279]  In some embodiments, an improvemeant ina motor funclion score (e.q., @ HFMSE or RHS score)
may be positively correlated with SMA severily and/or the length of reatment time with an SMN
corvector therapy {e.¢., nusinersen). in some embodiments, an improvement in a motor function score
{e.g., a HFMBE or RHS scuare} may be inversely correlated with age andior characteristics of advanced
disease. in some embodiments, a characteristic of advanced disease includes scoliosis andfor joint
contractures, In some embodiments, joint contracture can ocowr due 1o shortening of muscles, tendons,
ligaments, causing deformity and symploms include pain and loss of movemant in the joint. In some
embodimants, @ method of treating SMA comprises adminisiering apitegromab therapy, either as
monotherapy or in conjunction with {or in combination with} another therapy, o a patient lacking
scoliosis andfor joint contracture, In some embodiments, apitegromab s used for treating SMA, either
as monotherapy or in conjunction with {or in combination with} another therapy, in a patient lacking
scoliosis andior joint contraciure,

[286] In some embodiments, the SMA therapy comprises intravencus administration of greater than
2 mgikg and up o 20 mo/kg of apitegromaby every 4 waeks or monthly.  In some embodiments, the
SMA therapy comprises infravenous gdministration of abowt 20 mgikg of apitegromab every 4 weeks
or monthly. in some embodiments, an SMA therapy disclosed herein (2.g., an SMA therapy comprising

apitegromab} may achieve disease stabilization such that a palient’s motor function is maintained over
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fime, or in other words, prevented from declining, against the natural history of the dissase, which
pradicts prograssion over ime. In some embodiments, a net zero change In motor function scores over
an appropriate baseline reflects disease stabilization. In some embodiments, an SMA therapy disclosed
herein (e.g., an SMA therapy comprising apitegromab) stabilizes disease progression, such that a
HFMSE score or & RHS score measured at 8 months or 12 months after initiation of the treatment is no
fess than a baseline or no more than a 0.1, 0.2, 0.3, 0.4, or 0.5 point decline, and wherein the baseline
is obtained at or prior to initiation of the treatment. In some embodiments, an SMA therapy disclosed
herein {e.g.. an SMA therapy comprising apitegromab) stabilizes disease progresaion, such that an
RHS score comprises less than a 1 point, 2 point, or 3 point decline in the RHS score relative fo a
bassling score after al least 12 months of treatment. In some embodiments, the SMA therapy
comprises intravenous administration of greater than 2 ma/kg and up to 20 mg/kg of apitegroniab every
4 weeks or monthly. In some embodimeants, the SMA therapy comprises intravenous adiministration of
about 20 mgikg of apitegromab every 4 weeks or monthly. In some embodiments, the SMA therapy
comprises administering & therapeutically affective amount of apitegromals such that the administration
is suffictent to increase the motor function of the subjsct by at least 1 milestone according fo the WHO
Mator Developmeantal Milestones. In some embodiments, the SMA therapy comprises administering a
therapeudically effective amount of apitegromab such that the adminisiration is sufficient to increase the
mator function of the subject by 1, 2, or 3 milesiones according o the WHO Motor Developmenial
Milestones. In some embodiments, the WHO Motor Developmental Milesiones include one or more of
ability to walk independently, ability to stand independently, standing with assistance, hands and knees
crawling, andior walking with assistance.

{281] In some embodiments, an SMA therapy disclosed herain (e.g., an SMA therapy comprising
apitegromab} may help maintain the diseass sialus in a patient population that receives apitegromab,
as compared o control group that does not. Maintenance of the disease status refers o preventing
further deterioration of affected muscle, for example as assessed by changes in motor funclion over
time, in these patients. In some embodiments, treatment may slow the disease progression, e.g., as
assessad by a slower rate of change in disease funclion as compared {o a suilable baseline (e.g., an
untreated patient). Tharefore, even where no improvement in motor function test scores is shown, the
apitegromab may provide clinical benefits by countering disease progression. Thus, such clinical
benefits may present as a longer period of time observed where the patiend population freated with the
apitegromab maintains prior test scores, or shows a slower rate of detrease in scores over time, as

compared {o a control group.

[282] In some embodiments, an SMA therapy disclosed herein (e.g., an SMA therapy comprising
apitegromab} may slow the progression of the disease, e.g., by delaying a decrease in motor function
as measured by a decreased score by HFMSE or RHS, and/or by delaying a transition from ambulatary
to non-ambulatory, delaying the need for respiratory aid or intervention, etc.

{283] Based on the surprising degree of clinical benefit achieved by selective inhibition of myostatin
v human patients as demonstrated herein, tis contemplated that different myostatin-selective inhibltors
{other than apitegromab) may be used in the frealment of SMA or other muscle disorders. Accardingly,
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the present disclosure includes a myosiatin-selactive inhibitor for use in the treatment of a8 muscle
disorder, such as SMA, in a human subject, wherein oplionally, the subject is further treated with a
muotor neuwron-directed therapy, wherein further aptionally the molor neuron-directed therapy comprises
an SMN upregulator therapy, such as SMN2 upregulator therapies and SMN1 gene therapies.

Biological Effects of Treatment

{284] An SMA therapy disclosed herein {(g.g., an SMA therapy comprising apilegromab) may be
suitable for the treatment ot any form of SMA, particularly later-onsel forms of SMA, ina human subject.

{285] Patient populations who may benefit from the therapies described herein include those with
noh-ambulatory SMA and those with ambulatory SMA.  In some embodiments, an SMA therapy
disclosed hevein is considered for non-ambulatory forms of SMA, such as type 2 and non-ambulatory
type 3 SMA. In other embodiments, an SMA therapy disclosed herein is considered for ambulatory
forms of SMA, such as ambudatory typs 3 SMA

[288] QCenotype-based diagnosis allows for the identification of patients carrying an SMA genetic
mutation, including those who may be pre-symplomatic {hot manifesting obvious disease phenotypes).
in some embodiments, 2 sublect suitable for treatment with the SMA theraples disclosed herein has a
direct diagnosis of a mutation in SMN1 {e.g., a chromosomal direct diagnosis of 5g SMA). in some
smbodiments, the subject has a diagnosis of 5g SMA, in addition to a diagnosis based on motor
phenotype.

[287] In some embodiments, the subject having SMA s 2 years of age or older. In some
embodiments, the subject having SMA is 8 to 21 vears old.  Clinical effects of an anti-profiatent
myostatin anfibody (e.g., apitegromab), administered alone or in conjunclion with an SMN upregulator,
can be monitored andlor evaluated for effectiveness by varnious means. Exemplary such biologically
beneficial effects are provided herein. Beneficial biclogical effects in & subject can be achieved by
administration of an anti-proflatent myostatin antibody {(e.g.. apitegromab) as a monotherapy or in
conjunclion with an SMN upregulator.  In some embodiments, apifegromab as a monotherapy or in
conjunction with an SMN upregulator is administared in an amount effective fo cause one or more of
the blologicat effects described below.,

{288] The ability to assess functional scales that can be reliably measured in SMA patients may be
used in fracking patienis’ disease progression as well as effects of therapy over time. Whilst muscle
function may be assessed by physiclogical measurements, such as muscle strength and furce
generation, motor funclional scales monitor dissase progression in ways that relale fo patients’
functionality in everyday life and carries more meaning and refevance than a measure that guantitates
strangth per se. in some embodiments, a patient in nead of treatment or being freated for SMA is
svaluated using a functional scale, such as any one or more of the motor funclional assessment tesis
or furnctional outcome measures described herein {e.g., one or more of HFMSE, RHS, BMWT, WHO
Motor Milestones, RULM, 30-second Sit-to-Stand, Endurance Shuttle Nine Hole Peg Test [ESNHPT],
andior Endurance Shuitle Box and Block Test [ESBBTY).
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[288] In some embodiments, a patlent with SMA {e.g., later-onset SMA) is svaluated using the
Revised Hammersmith Scale (RHS). In some embodiments, administration of the RHS includes the
Timed Rise fromt Floor and 10-meter Walk/Run tests.  In soms embodiments, the RHS is a3 36-item
clinical assessment for physical abilities of patients with type 2 S8MA, and ambulatory and non-
ambulatory patients with type 3 SMA. The RHS includes 33 #tems that are graded on a scale of 0, 1,
2, where 0 denotes the lowest level of ability/function and 2 denotes the highest leval of ability (Ramsey
etal {2017} PLoS One. 12(21e0172346). The remaining 3 items are scored 0, 1, where 0 denotes an
inability and 1 denotes an ability {0 achigve. The maximun: achievable score is 68,

{298] In some embodiments, 3 patient o be treated with apitegromab (e.g., a patient with ambulatory
SMA) has a baseline RHS score of 26 or grealer prior 1o treatment. In some embodiments, the patient
has a bassline RHS score of 83 or below.  In some embodiments, the patient has a baseline RHS
score which ranges between 26-83. In some embodiments, the patient has ambulalory SMA, e.q.,
ambutatory type 3 SMA.

[291] In some embodiments, a patient with SMA (e.q., later-onset SMA) is evaluated using a 10~
meter Walk/Run test. In some embodiments, the 10-meter Walk/Run test is an enhanced function of
the RHS used for ambulatory patients with type 3 SMA. The 10-metler Walk/Run test is a measure of

the time faken {o walkirun 10 meters.

{282] In some embodiments, a patient with SMA (2.q., later-onset SMA] is evaluated using 2 Timed
Rise from Floor fest. in some embodiments, the Timed Rise from Floor test'is an enhanced function of
the RHS used for ambulatory patients with type 3 SMA. The Timed Rise from Floor fest is a measure

of the time taken to rise to standing from the floor.

{293] Insome embodiments, a patient with SMA (e.g., later-onset SMA} is evaluated using a 8-minute
Walk Test (BMWT). The 8MWT is an assessment of exercise capacity and fatigue that has been used
in clinfcat studies of ambulatory later-onset SMA patients (Young et al. (2018). Muscle Nerve. 54{5),838-~
842). Patients are directed fo walk along a 25-meter course as fast as possible over 8 minutes. The
minute distances and total distance walked over 6 minutes are measured.

{294] In some embadiments, a patient with SMA {e.g., later-onset SMA) is evaluated using & 30-
second Sitto-Stand Test. The 30-second Sit-fo-Stand Test is used by researchers and clinicians as
an assessment of functional lower imb sirength {Jones of al. {1988) Res Q Exere Sport. 70:113-118).
The test was modified for the ambulatory SMA population based on research of the modified 30-second
Sit-to-Stand being a reliable, feasible fool for use in a general geriatric population with a lower level of
function {MeAilister and Palombaro {2018). J Gerialr Phys Ther. 3(0%1-6) and was related fo fall risk in
institutionalized veterans {Applebaum et al, (2017). PLoS One. 12{5).e0176348; Le Berre st al. (2018)
Parcept Mot Skills. 123:138-152). The test measures the maximal number of times the patient can
fransition from sitting 1o standing in 30 seconds.

[295] In some smbodiments, a patient with SMA {g.4q.. laler-onsel SMA) 15 evalualed using the
Hammersmith Functional Motor Scale Expanded (HFMSE) (Main M, Kairon H, Mercuri E, Muntoni F.
The Hammaersmith functional motor scale for children with spinal muscular atrophy: a scale to test ability
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and monitor progress in children with limited ambulation. Eur J Pasdialr Neural, 2003;7{4):1585-8). In
some embodimants, the HEMSE s usad to assass the physical ahilities of patients with type 2 and type
3 SMA (O'Hagen et al. (2007} Neuromuscul Disord. 17(9-10).683-897; Glapaman &t al. (2011} J Child
Neurol. 26(12)1498-1807). In some embodiments, the HFMSE is used fo evaluate non-ambulatory
SMA patients. The HFMSE consists of 33 items fo assass an individual's ability to perforny various
activitiss, including:

Plinthichair sitting

Long sitting

One hand to head in sitting
Two hands fo head in sitting
Supine to side-lying

Rotls prone {o supine over R
Rofls prone to suping pverbL
Rolls supine to prone over R
2. Rolls supine to prone over L
10, Sitting to lying

11. Props on forearms

12. Lifts head from prone

13. Prop on extended arms

14. Lying to sitting

18, Four-point kneeling

16. Crawling

17. Lifts head from supine

18. Supporting sfanding

19. Stand unsupported

20. Stepping

21. Right hip flexion

22. Left hip flexion in supine

23. High kneeling to right half kneel
24, High kneeling o left half kneel
25, High kneeling to stand leading with left feg
28. High kneeling to stand leading with right leg
27. Stand fo sit

28, Squat

28. Jump 12 inches forward

30, Ascends stairs with rail

31. Descends stairs with rail

32. Ascends stairs without rait

33. Descends stairs withold rail

S Bl

[298] Quality and execution of each movement for the parameters listed above are graded on a scale
of 0, 1, 2, where 0 denocles unable, 1 denotes performed with modification or adaption, and 2 denocies

without modification or adaptation. The maximum achievable score is 68

{2971 In some embodimenis, a patient to be treated with apliegromab (e.g.. a patient with a non-
ambulatory fornt of BMA, such as type 2 or non-ambulatory type 3 SMA) has a baseline HFMSE score
of 12 or greater prior to treaiment. In some embiodiments, the patient has a baseline HFMBE score of
44 or below. In some embodiments, the patient has a basealing HFMSBE score which ranges beltween
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12-44. in some embodiments, the patient has a non-ambulatory form of SMAL In some embodiments,
the patient has type 2 SMA. I some embodiments, the patient has non-ambulatory type 3 SMA.

{208] In some embodiments, a patient with SMA {e.g., later-onset SMA) is evalualed using the
Revised Upper Limb Module {RULM). The RULM is a 20-tem assessment of upper limb function in
non-ambulatory SMA patients {young children as well as adulis) (Mazzone of al. (2017) Muscle Nerve.
85(6):869-874). The 19 scored items lest functions that relate {o everyday life, such as placing hands
from lap, pressing a button, and picking up a token. The flems are scored O, 1, 2, where 0 denoles
unable, 1 denoles able with modification, and 2 denotes able with no difficulty.  The maximurs score
achievable is 37. in some embodiments, the RULM is used to evaluate non-ambulatory SMA patients.
in some embodiments, the RULM is completed by patients who are 30 months of age or older, e.g., at
the time of the haseline assessment.

{298] In some embodiments, 8 patient with SMA (e.g., Iater-onset SMA} is evaluated using World
Health Organization (WHO} Motor Development Milestones. The WHQ Mullicentre Growth Reference
Study (MGRS) generated growth curves for assessing the growth and devslopment of infants and
young children around the would {de Onis et al. (2004) Food Nutr Bull. 25 SupplS1-88). The MGRS
had as s primary objective the construction of curves and related fools to assess growth and
development in children from hirth fo & years of age. Anocther feature of the MGRS is that it included
the collection of ages of achisvement of motor milestones, including gross motor development
milestones such as sitting withowt support, hands-and-knees crawling, standing with assistance,
watking with assistance, standing alone, and walking alone {(Wijnhoven &t al. (2004) Food Nuty Bull,
25(1 Supply837-45, WHO Multicentre Growth Reference Study Group (2008) Acta Paedialy
Suppl450:86-85). In some embodiments, WHO MGRS performance criteria for gross motor
development are wiilized to assess mator davelopment milestones, e.g., inpatients with typs 2 and non-
ambulatory type 3 SMA.

{308] In some embodiments, a patient with SMA {g.g., later-onset SMA)} is evaluated using the
Endurance Shuttle Nine Hole Peg Test {ESNHPT). The ESNHPT is an endurance test for severely
affected patients with SMA. Patlents are instrucied 1o repeatedly perform the original 9 Hole Peg Test
at 75% of their individuat maximum speed, The shutties refer to the set speed marked by auditory cues,
with the tast ending when the patient missed 2 consecutive beeps. Primary cutcome parameter is “time
to fimitation (Thim)," the time a task can be mainiained at the pre-set intensily. Maximum test duration
is 20 mimies (Stam of al. (2018) BMJ Open. 8{7):a019832). in some embodimants, the ESNHPT is
used to evaluata non-ambuiatory SMA patients. in some embodiments, the ESNHPT is completed by
patiants who are 8 ysars of age or older.

{301] In some embodiments, a patient with SMA {g.g., later-onset 8MA) s evaluated using the
Endurance Shuttle Box and Block Test (ESBBT). ESBBT is an endurance test for moderately affected
patients with SMA. Patients are instructed 1o repeatedly perform the original Box and Blook Test at
75% of thekr individual maximum speed. The shutties refer 1o the set speed marked by auditory cues,
with the test ending when the patient missed 2 consecutive beeps. Primary sutcome parameter is “time
fo fimitation (THm),” the time a {ask can be maintained at the pre-set intensity. Maximal test duration is
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20 minutes {Stam et al. (2018} BMJ Open. 871019832}, In some ambodiments, the ESBBY is used
to sevaluate non-ambulatory SMA patients. it some embodiments, the ESBET s completed by patients
who are 8 years of age or older,

{302] In some embodiments, a pallent with SMA (e.g., Iater-onset SMA) is evaluated using the
Padiatric Evaluation of Disability inventory Computer Adaptive Test (FEDICAT). In some embodiments,
a caregiver {who may or may not be a pareni andior legal guardian} completes the PEDICAT
assessment. In some embodiments, the PEDICAT assessment is not administered {o the patient or if
a caregiver is hot present. The PEDICAT s a questionnaire completed by the caregiver that assesses
the patient’s ability fo perform dally funcltions (Haley et al. (2008} Arch Phys Med Rehabll. 86(5):932-
839). in some embodiments, the PEDICAT is filled out by the caregiver in a location where they are
not watching the patient perform any funclional assessment tests. The answers are scored on a 4-
point scale {unable to easy). The test is suitable to assess function in newboms to Z1-year-olds.
Properties of the PEDICAT have been studied in the SMA population. A Rasch analysis with rasults
published in 2016 revealed that the distribution of ahilities for the Mobility and Daily Activities domains
of the PEDICAT are best represented in the type 2 and type 3 populations {Pasternak et al. (2018}
Muscle Nerve. 54(61:1097-1107}.

{303] In some embodiments, a pafient with SMA {e.g., iafer-onset SMA) is evaluated using the
Patient-reported Outcomes Measurement information System (PROMIS). The PROMIS is a person-
cenierad measure intended to be completad by the patient or parent proxy without help frony anvene
{Ader (2007) Med Care. 5(51:81-82). The fatigue profile domain measures a range of symptoms, from
mild subjective Teslings of tiredness to an overwhelming, debilitating, and sustained sense of
exhaustion. The self-report measures are suitaide for children 8-17 years old and the parent proxy
report measures are suited for childran 5-17 years old. Patients age 18 through 21 may complate an
adult forny of PROMIS. In some embodiments, the PROMIS is completed by patients who are b years
of age or older.

Methods, Uses, and Compaositions for Treating SMA

{304] Invarious embodiments, apilegromab therapy is adnuinistered (alone or in combination with at
feast one additional therapy} in an amount to achisve an average serum concantration {Cyeugn} of
between about 25 and 250 micrograms per milliliter. iIn some embodiments, apitegromab therapy is
adrministered (alone or in combination with at least one additional therapy} in an amount {0 achieve an

average serum conceniration {Cwad) 0f between about 28 and 700 micrograms per mifliliter.

[308] In some smbodiments, the present disclosure provides a method of freating SMA in a human
subject, comprising administering to the subject a compesition comprising apitegromab by infravenous
infusion every 4 weeks or monthly for at least 8 months or 12 months in an amount sufficient o prevent
or delay a reduction in 3 Revised Hammersmith Score (RHS) score relative 10 a haseline score prior to
freatment.  In some embodiments, the present disclosure provides a composition comprising
apitegromab for use in freating SMA in 3 human subject, wherein the subject is administered
apitegromab by infravenous infusion every 4 weeks or monthly for at least 8 months or 12 months inan
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amount sufficient o prevent or delay a reduction in a RHS score relative to a baseline score prior o
freatment, In some embodiments, the present disclogure provides use of a composition comprising
apitegromab for treating SMA in a human subject, wherain the subject is administered apitegromab by
infravenous infusion every 4 weeks or monthly for at least 8 months or 12 months in an amount sufficient
to prevent or delay a reduction in a RHS score refative 1o a baseline score pior (o treatment. In some
embodimants, the present disclosure provides use of aplitegromab in the manufacture of a composition
for freating SMA in a human subject, wherein the subject is administered apitegromab by intravenous
infusion avery 4 waeks or monthly for at least & months or 12 months in an amount sufficiant to prevent
or delay a reduction in a RHS score relative to a baseling score prior to treatment.

[308] In some embodiments, the SMA is later-onset SMA. In some embodiments, the SMA is
ambudatory fype 3 SMAL In some embaodiments, the subject is 8 1o 21 years old. In some embodiments,
the sufficient amount is a dose of greater than 2 mg/kg and up to 20 mg/kg, optionally about &, 10, 15,
or 20 mgfkg. In some embodiments, the sufficient amount is a dose of 10 mg/kg or 20 mgikg
apitegromab every 4 weeks or monthiy,

{3071 Insome embodiments, the apitegromab is administered in an amount to stabilize or produce a
fess than 0.4 point decrease in an RHS score, e.g., after at least 12 months of reatment. In some
embaodiments, the apitegromab is administered in an amount o produce an at lgast 0.2 poind mean
increase in a RHS score relative to a baseline score priorio traatment, oplionally a 0.3 point, 0.5 point,
at feast 0.7 point, at least 1 point, at least 2 point, or at least 3 point mean increase in a RHS scare
relative {0 a baseline, &.g., 8 mean incraase in a cohort of at least 11 subjects. In some smbodiments,
the apitegromab is administered in an amount to produce an at least 1 point mean increase in a RHS
score relative {0 g baseline, eg., a mean increase in & cohort of at least 11 subjects.  in sonve
embodimants, the apitegromab is administered in an amount to produce an al feast 3 point mean
increase in 8 RHS score refative 10 a baseling, &.g., a mean increase in a cohest of at least 11 subjects.
In some embodiments, the apilegromab is administered in an amount to stabilize an RHS8 soore, e.g.,
as svaluated affer al least 12 months of ireaiment relative 1o basadine.  In some embodiments, the
apitegromab is administered in an amount to imit a reduction in an RHS score, .., as evaluated after
at feast 12 months of reatment relative o baseline, of about 0.5, 0.4, 0.3,0.2 or 0.1.

[308] In some smbodiments, the subject is treated with an SMN upreguiator therapy. In some
embodiments, the SMN upregulater therapy is nusinersen, risdiplam, andfor onasemnogene
abeparvovec. Insome embodiments, the SMN regulator therapy Is nusinersen. In somie embodiments,
the subject initiated the SMN upregulator therapy at or after the age of 5. In some embaodiments, the
apitegromab is administered in an amount to siabilize an RHE scorg, 8.¢., as evaluated after at least
12 months of treatment relative to haseline. In some embodiments, the apitegromah is administered in
an amount to limit a reduction i an RHS scare, ©.¢., as evaluated after at least 12 months of treatment
refative to baseling, of about 0.5, 04, 0.3, 0.2 or 1. In some embodiments, the apitegromab is
administered in an amount to produce an at least (.3 point mean increase in a RMS score relative to g
baseline, e.g., @ mean increase in a cohort of at least 11 subjecis. In some embodiments, the
apitegromab is administerad in an amount to produce an atl jeast 0.3 point mean increase in a RHS
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score relalive o a baseline, &.q., 3 mean increase in a cohort of at ivast 11 subjects, after & weeks. In
some smbodiments, the amount is a dose of 20 my/kg apitegromab every 4 weeks or manthly.

{309] In some embodiments, the subject is not treated with an SMN upregulator therapy. In some
ernhodiments, the apitegromab s administered in an amount o siabilize an BRHS score, e.g., as
evaluated after af lfeast 12 months of treatment relative to baseling. In some embodiments, the
apitegromab is administered in an amount {o imit a reduction in an RHS score, e.g., as evaluated after
at least 12 months of freatment relative o baseline, of about 0.5, 04, 03, 0.2 or 0.1 In some
embodiments, the apitegromab is administered in an amount o produce an at least 0.7 point mean
increase in a RHS score relative {o a baseline, &.g., a mean increase in a cohort of at feast 11 subjects.
in some smbodiments, the apitegromab is administerad in an amount fo produce an at least 0.7 point
mean increase in & RHS score relative (0 a baseline, &.9., & mean inwreass in g cohort of at least 11
subjects, afler § weeks. In some embodiments, the amount is a dose of 20 mgfkg apitegromab every
4 weeks or monthiy.

{318] In some embodiments, the apifegromab is adminislerad in an amount to achieve a serum
concentration {Cuawgn) of at feast about 100 micrograms per millifiter, e.g., about 100 to 500 micrograms
per milliliter (g.g., about 100, 200, 300, 400, or 500 micrograms per milliliter}, £.¢., as determinad in an
average over at least a 12-month course of treatment. In some embodiments, the serum concentration
{Coougr} i about 100-450 micrograms per millitter. In some embodiments, the amount is a dose of 20
mg'kg apitegromab every 4 weeks or monthly.

[311]  In some embodiments, the apitegromab is administered v an amount {0 achieve a serum
concentration (Ceax) of al feast about 300 micrograms per milliliter, e.g.. as determined In an average
over at least a 12-month course of treatment. In some embodiments, the serum concentration (Cmay}
is at least about 300-1100 micrograms per milliliter, e.g., 300-800. In some embodiments, the serum
concentration {Twe) is al least 500 micrograms of apitegromab per milliliter (e.g.. atfeast 800, 700, 800,
890G, 1000 micrograms par milliliter or greater). In some embodiments, the serum concentration is
between about 600-1000 micragrams per milliliter. In some embuadiments, the serum concentration is
a steady-sfate serum conceniration. In some embodimants, the apitegromaly is administered in an
amount to achieve a steady-state serum conceniration after about 112 davs. 0 some embodiments,
the amount is a dose of 20 mglkg apitegramaly evary 4 weeks or monthly,

[312] In some smbodiments, the apitegromab is administered in an amount sufficient to achieve a
target engagement as measwred by a serum lalent myostatin concentration of at least about 100
nanograms per mifliliter,. as determined at steady state over the course of at least 12 months of
freatment, In some embodiments, the apitegromab is administered in an amount sufficient to achieve
a target engagement as measured by a serum latent myostatin concentration of at least about 250
nanograms par millifiter, as determined at steady state over the course of at least 12 months of
freatment. In somea embodiments, the apitegromab is administered in an amount sufficient to achiave
a target angagement as measured by a serum latent myostatin concentration of at legst about 400
nanograms per millifiter. In some embodiments, the apitegromab is administered in an amount sufficient

fo achieve 8 target engagement as measured by a serum latent myostatin concentration of at least 500
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nanograms per mulfiliter (e.q., at least 500, 550, 600, 650, 700, 750, 80Q, 850, 500, 850, 1000, 1050 or
1100 nanograms per mifliitar).  In some embodiments, the serum latent myostatin concentration is
between about 5§50-2400 nanograms per milliliter. In some embodiments, the serum {atent myostatin
concentration is a steady-state concentration measured at trough. In some embodiments, the amount
is a dose of 20 mgikg apitegromab every 4 weeks or monthiy.

[313] In some embodiments, the apitegromab is administered in an amount to achiave one or more
of the following in the subject: refaining motor function as compared to a dedline in 8 control, delaying
disease progression, delaying or preventing an ambulatory fype 3 SMA patient from becoming non-
ambulatory, delaying or preventing need for respiratory aid or intervention, reducing the rate of a decline
in one or more maotor function scores as compared {0 a control, andfor maintaining at least net zero
change in ane or more motor function scores as compared o a bassline. in some embodiments, the
amount is a dose of 20 mg/ky apitegromab every 4 waeks or monthly,

[314] In some embodiments, the present disclosure provides a method of freafing SMA in a human
subject, compnsing administering fo the subject a composition comprising apitegromab and a
composition comprising an SMN upregulator, wherein the subject is administered apitegromab by
intravenous infusion every 4 weeks or monthly for at least 6 months or 12 months ih anamount sufficient
{o produce an atieast 0.8 or 1 point mean increase in a Hammersmith Functional Motor Scale Expanded
{HFMSE} score relative to a baseline score prior 1o freatment, .g., & mean increase inn a cohort of at
least 13 or 14 subjects. In some embodiments, the present disclosure provides a composition
comprising apitegromab for use in freating SMA in a human subject racelving an SMN upregulator,
wherein the subject is administered the apitegromab by intravenous infusion every 4 weeks or monthly
for at least 6 months or 12 months in an amoun sufficlent to produce an at least 8.5 or 1 point mean
increase in a HFMSE score relative 1o a bassling score prior 1o treatment, €.9., 8 mean incraase in a
cohort of at least 13 or 14 subjects. In some embodiments, the present disclosure provides uss of a
composition conmprising apitegromab for freating S8MA In a2 human subject receiving an SMN
upraguiator, wherein the subject is administerad apitegromals by intravenous infusion every 4 weeks or
maonthly for at least 6 months or 12 months in-an amount sufficient to produce an at least 0.5 or 1 point
maan increase in a HFMSE score relative {0 a baseline score prior to treatment, e.q., @ mean increase
it 2 cohort of at least 13 or 14 subjects. in some embodiments, the present disclosure provides use of
apitegromab In the manufaciure of & composition for treating SMA In 3 human subject receiving an
SMN upregulator, wherein the subject is administered apitegromab by intravenous infusion every 4
weeks or monthly for at least 6 months or 12 months in an amount sufficient to produce an atisast 05
or 1 point mean increase in @ HFMSE score relative 1o a baseline score prior to freaiment, 2.¢., 2 mean
mncrease in a cohort of at least 13 or 14 subjects

{318] In some ambodiments, the SMA is later-onset SMA. In some embodiments, the SMA is type 2
SMA. In some embodiments, the SMA is non-ambulatory typs 3 SMA. In some embodiments, the
subject is 5 to 21 vears pid. In some embodiments, the SMN upregulator therapy 8 nusinersen,
risdiplam, and/or onasemnogene abeparnvovec. in some embodiments, the SMN upregulator therapy
5 nusinersen. in some embodiments, the sufficient amount is a dose of greater than 2 mg/kg and up
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fo 20 mg/kg, oplionally about &, 10, 15, or 20 mg/kg. In some embodiments, the sufficient amount is a
dose of 10 mg/kg or 20 mg/kg apitegromab every 4 weeks ot monthly.

{316] In some embodiments, the apitegromab is administered in.an amount to produce an at least
0.8 point or 1 point increase in a HFMSE score relative to a baseling, e.g., 8 maan increase in a cohort
of at least 13 or 14 subjecls, after 18 weeks. In some embodiments, the apitegromab is administered
in an amount to produce an atleast 2 point, at least 3 point, at least 4 point, or at least § point increase
in & HFMSE score relative to a baseline, e.g., 8 mean increase in a cohort of at least 13 or 14 subjects.
In some embodiments, the apitegromab is administered in an amount fo produce an at least 3 point
increass in @ HFMSE score relative fo a baseline, e.g., a mean increase in a cohort of at least 13 or 14
subjects. In some embodiments, the apitegromab is administered in an amount o produce an at least
5 poirg increase in @ HFMSE score relative to a baseline, e.g.. a mean increase in a cohort of at least
13 or 14 subjecis, In some embodiments, the amount is a dose of 20 mglkg apitegromab every 4 weeks
or monthly.

[317] In some embodiments, the apifegromab is adminislered in an amount fo achieve a serum
concentration {Cmax) of at least about 300 micrograms of apitegromab per milliliter, e.q., at least about
400, 500, 800, 700, 800, 200, 1000, or 1100, In some embodiments, the apitegromah 18 administared
in an amount 1o achieve a serum concentration of at feast 800 micrograms of apitegromab per mifliiter
{e.q., al least 800, 700, 800, 800, 1000 micrograms per millifiter or greater). in some embodiments, the
serum concentration is between about 800-1000 micrograms per mililiter. In some embodiments, the
serum concentration is a steady-state serum concentration. In some embodiments, the apitegromab is
administered in an amount {o achieve g steady-stale serum concentration after about 112 days. In
some embiodiments, the amount is a dose of 20 mgikg apitegromab every 4 waaks or monthly.

{318] In some embodiments, the apitegromab is administered in an amount o achieve a serum
concentration {Ceaugs) of at least about 100 micrograms per milliliter, €.g.. at least abowt 200, 300, or
400 micrograms per mifliliter, i some embodiments, the amount is 8 dose of 20 mg/kyg apitegromab
evary 4 weeks or monthly.

{318] In some embodiments, the apitegromab is administerad in an amount sufficient to achieve a
target engagement as measwred by a serum lalent myostatin concentration of at least about 280
nanograms per milliliter, &.g., atteast about 400 or 500 nanograms per millifiter {e.g., af least 800, 550,
600, or 850 nanograms per milliliter). In some embodiments, the serum latent myosiatin conceniration
is between about 550-1650 nanograms per milliliter, it some embodiments, the serum latent myostatin
congeniration Is a steady-stale concentration measured at trough. In some embodiments, the amount
is a duse of 20 myfky apitegromiab every 4 wesks or manthly.

[320] In some embodimants, the apifegromab is administered in an amount {o achieve one or more
of the following in the subject retaining motor function as compared o a decline in a control, delaying
disease pragression, delaying or preventing an ambulatory type 3 SMA patient from becuming non-
ambudatory, delaying or praventing need for respiratory aid or intervention, reducing the rate of a decline
i one or more motar function scores as compared o a contrel, andfor mainiaining at least net zero
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change in one or more motor funchion scores as compared (o 8 baseline. In some embodimends, the
amount is a dose of 20 my/kg apitegromab every 4 waeks or monthiy.

{321} In some embodiments, the present disclosure provides a method of treating SMA in a human
subject, comprising administering o the subject a8 composition comprising apltegromab and a
composition comprising an SMN upregulator, wherein the subject is administered apifegromab by
infravanous infusion every 4 weeks or monthly for at least 8 months or 12 months in an amount sufficient
to produce an at least 2 point mean increase in a HFMSE score relative to a baseline scare prior to
freatment, £.q., 8 mean increase in a cohort of at least 8 or 8 subjects, and wherein the subject initiated
the SMN upregulator therapy before the age of 5. In some embodiments, the present disclosure
provides a composition compnising apitegromab for use in freating SMA in a human subject receiving
an SMN upregulator, wherein the subject is administered apllegromab by intravenous infusion every 4
weeks or monthly for at least & months or 12 months in an amount sufficient to produce an at least 2
point-maan increase in a HFMSE score relative fo @ baseline score prior 10 freatment, e.g., 2 mean
increase in a cohort of at least 8 or @ subjects, and wherein the subject initiated the SMN upregulator
therapy before the age of 5. In some embodiments, the present disclosure provides use of a
composition comprising apitegromab for treating SMA in & human subject receiving an SMN
upreguiator, wherein the subject is administered apitegromab by intravenous infusion every 4 weeks or
manthly for af least 8 months or 12 months in an amount sufficlent {o produce an at least 2 point mean
increase i a HFMSE score relative {o a baseline score prior 1o treatmant, e.g., 2 mean increase in a
cohort of at least 8 subjects, and wherein the subject initiated the SMN upregulator therapy before the
age of 5. In some embodiments, the present disclosure provides use of apitegromab in the manufacture
of & composition for treating SMA in a human subject receiving an SMN upregulator, wherein the subject
is gdministered apitegromab by intravenous infusion avery 4 wesks or monthly for at least 8 months or
12 months in an amount sufficient to produce an at least 2 point mean increase in a HFEMBE score
relative to a baseline score prior to freatment, e.g., a mean increase ina cohort of at least 8 or 9 subjecis,

and wherein the subject initiated the SMN upregulator therapy before the age of 5.

[322] In some smbodiments, the SMA is later-onset SMA. in some ambadiments, the SMA s type 2
SMA. In some embodiments, the subject is 2 years of age or older. In some embadiments, the SMN
upraguiator therapy s nusinersen, risdiplamy, andfor onasemmogens abeparvovec. v sonte
embodiments, the SMN upreguiator therapy is nusinersen. in some embodiments, the sufficient amount
is a dose of greater than 2 myg kg and up to 20 mgikg, optionally about 5, 10, 15, or 20 mg/kg. in some
embodiments, the sufficient amourd is a dose of 10 mg/kg or 20 mg/kg apitegromab every 4 weeks or
monthly.

{323] In some embodiments, the apitegromab is administerad in an amount to produce an at least 2
point mean increase in.a HFMSE score relative o a baseling, £.¢., a2 mean increase in a cohort of at
least 8 or 9 subjects, after 8 weeks or after 12 months. In some embodiments, the apitegromab is
administered in an amount (o produce an at least 3 point, at least 4 point, at least § point, at least 6
point, or at least 7 point mean increase in a HFMSE score relative to a baseling, .9, & mean increase
i a cohort of at least S or § subjects, e.g., affer at least 12 months of freatment. In some embodiments,
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the apitegromab is administered in an amount to produce an at least 3 point mean increase in a HFEMSE
score relative to a basseling, £.¢., 2 mean increase in a cohort of at least 8 or B subjects. I some
embodiments, the apitegromab is administered in an amount to produce an al least § point mean
increase in a HFMSE score relative 10 & baseline, e.g., a mean increase in a cohort of at lsast 8 or 8
subjects. in some embodiments, the apitegromal: is administered in an amount to produce an at least
& point mean increase in g HFMSE score relative to a bassling, e.g., 2 mean increase in a cohort of at
feast 8 or 8 subjects. In some embodiments, the apitegromab is administered in an amount 1o produce
an at lsast 7 point mean increase ina HFMSE score relative 1o @ baseling, 8.¢.. a mean increase in a
cohort of atieast 8 or 9 subjects. in some embodiments, the amount is a dose of 20 mglkg apitegromab
every 4 weeks or monthly.

{324] In some embodiments, the apdegromab is administerad i an amount to achieve & serum
conuentration {Cweg of al least about 25-1100 micrograms of apitegromaby per miflititer.  In some
embodimants, the apetigromab is administered at 2 mg/kg to obtain 8 serum concentration of about 25~
55 micrograms per milliiter. In some embodiments, the apetigromab is administered al greater than 2
mg/kg and up fo 20 mg/kg to obtain a serum concentration of about 280- 1100 nicrograms per milliliter.
in some ambodiments, the serum concentration is 800 micrograms of apitegromab par milliliter {e.g.,
atleast 800, 700, 800, 900, 1000 micragrams per milliliter or greater). I some embodiments, the serum
concentration is between about 630-1000 micragrams per milliliter. In some embodiments, the serum
conentration is a steady-siste serum concentration.  In some ambaodiments, the apitegromab is
administered in an amount {0 achieve a steady-siate serum concentration after about 112 days or after
about five half lives. In some embodiments, the amount greater than 2 mg/kg and up to 20 mg/kg is-a
dose of 20 mg/kg apitegromab every 4 waeks or monthly. In some smbodiments, increasing the dose
of apitegromab yields a dose response in serum concantration (Crad), 8.9, increasing the dose ten fold
from 2 mgfkg and up to 20 mgfkg yields a ten fold increase in Cren.

{328] In some embodiments, the apitegromab is administered in an amount to achieve a serum
concentration {Cueusn} of 3t least about 25 micrograms of apitegromab per milliliter, e.g., at Isast about
50, 100, 200, 300, or 400 micrograms of apitegromab per millifiter. I some embodiments, the
apetigromab is administerad at 2 mg/kg o oblain a serum concentration of abowt 25-55 micrograms
per milfiliter. In some embodimants, the apetigromab is administered at greater than 2 mgfkg and up fo
20 mg/kg to oblain a serum concentration of about 100400 micrograms per millilifer. in some
embodimants, the armount greater than 2 mg/kg and up fo 20 mg/kg is 2 dose of 20 mg/kg apitegromab
every 4 weeks or monthly. In some embodiments, increasing the dose of apitegromab yields a dose
response i serum concantration {Cueugr), €.9., increasing the dose ten fold from 2 mgikg and up 1o 20
mgikg vields a ten fold increase in Crouge.

{326] In same ambodiments, the apitegromad is administered in-an amount sufficlent to achieve a
target engagement as measwrad by @ serum falent myostatin concentration of &t least abowt 250
nanograms per milliliter, e.q., at least about 400 nanograms per milliliter or 500 nanograrms per millifiter
{a.9., atleast 800, 550, 600, or 650 nanograms per milliliter). In some embodiments, the serum latent
myosiatin concentration is bebween about 550-1100 or 800-1000 nanograms per milliliter.  In some
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embodiments, the serum [atent myostatin concerdration 1s a steady-siate concentration measured at
trough. in some embodiments, the amount is a dose of 20 mglkg apitegromab every 4 weeks or
muonthly.

{327} In some embodiments, the apilegromab is adminisiered in an amount to achieve one or more
of the following in the subjsct refaining motor function as compared o a decline in & control, delaying
disease progression, delaying or preventing an ambulatory type 3 8MA patient from hecoming non-
ambulatory, delaying or preventing need for respiratory aid or intervention, reducing the rate of a decline
n one of more motor function scores as compared to a controd, and/or maintaining at least net zero
change in one or morg mofor function scores as compared o a baseline. o some embodiments, the

amount is a dose of 20 mg/kyg apitegromab every 4 weeks or monthly.

{328] In some embodiments, the present disclosure provides a method of treating SMA, comprising
administering to a patient population & composition comprising apitegromab, wherein the patient
popuiation is administered apitegromab by infravenous infusion every 4 wesks or monthly for al least &
months or 12 months in an amount sufficient to increase a clinical response rate {praportion of
responders) in the patient population, and wherein the clinical response rate is measured by a 8-minute
Walk Test andior a 30-second Si-to-Stand Test.  In some ambodiments, the present disclosure
provides a composition comprising apifegromab for use in freating SMA, wherein a patient population
is administered apitegromab by infravenous infusion every 4 weeks or monthly for at feast 8 months o
12 months in an amount sufficient to increase a clinical response rate {proportion of responders) i the
patiant population, and wherein the clinical response rate is measured by a G-minute Walk Test andior
a 30-second Sit-to-Stand Test. In some embodiments, the present disclosure provides use of a
composition comprising apitegromab for treating SMA, wherein a patient population is administered
apitagromab by intravenous infusion svery 4 weeks or monthly for at least § months or 12 months inan
amount sufficient to increase a clinical response rate {proportion of responders} in the patient
poputation, and wherein the chinical response rate is measured by a S-minute Walk Test and/or a 30-
second Sit-to-Stand Test. in some embodiments, the present disclosure provides use of apitegromab
in the manufacture of a composition for tresting SMA, whersin a patient population is administered
apitegromab by Intravenous infusion every 4 weeks or monthiy for at least 8 months or 12 months in an
amount sufficient to increase a clinical responsa rate {(proportion of responders) in the patient
poputation, and wherein the clinical response rate is measured by a G-minute Walk Test andfor a 30-
second Sit-to-Stand Test.

{329] In some embodimants, the patient population is a later-onset SMA population.  In somie
enibodimants, the patient population is an ambulatory type 3 SMA population. In some embodiments,
the patient population comprises human subjects 5 to 21 yvears old. In some smbodiments, the patient
population is treated with an SMN upregudator therapy. In some embodiments, the SMN upregulator
therapy is nusinersen, risdiplam, andfor onasemnogene abeparvovec. fisome embodiments, the SMN
reguiafor therapy is nusinersen. In some embodiments, the patient population initiated the SMN
upregulator therapy after the age of 5. In some embodiments, the sufficlent amount is a dose of greater
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than 2 mg/kg and up to 20 ma/kg, optionally about 5, 10, 15, or 20 mg/kg. In some embodiments, the
sufficient amount is a dose of 10 ma/kg or 20 mg/kg apitegromab every 4 weeks or monthiy.

{3301 In some embodiments, the apitegromab is adminisiered in an amount {0 achieve a serum
concentration of at least 600 micrograms of apiiegromab per millliliter (e.g., al least 600, 700, 800, 800,
1000 micrograms per millilifer or greater). In some embodiments, the serum conceniration is between
about 600-1000 micrograms per milliliter. In some embodiments, the serum concantration is a sieady-
state serum concentration. In some embodiments, the apitegromab is administered in an amount 10
achieve g steady-state serum concentration afier about 112 days. In some embodiments, the amount
is a dose of 10 mg/kg or 20 mg/kg apitegromab every 4 weeks or monthly.

[331] In some embodiments, the apitegromab is administered in an amount sufficient to achieve a
farget engagement as measured by a serum fatent myostatin concentration of at least 500 nanograms
per milliliter {(&.g., & least 500, §80, 600, or 650 nanograms per millifitar). v some embodiments, the
serum latent myostatin conceniration is between about 550-1100 or 600-1000 nanograms per millifiter.
In some embodiments, the serum latent myostatin concentration is a sleady-state concentration
measured at trough. In some embodiments, the amount is a dose of 10 mgikg or 20 mgfkg apitegromab
every 4 weeks or monthly.

{332] In some embodiments, the apitegromab is administered in an amount to achieve one or more
of the following in the subject: retaining motor function as compared to a decline in a control, delaying
disgase progression, delaying or preventing an ambulatory type 3 SMA patient from becoming non-
ambulatory, defaying or preventing need for respiratory aid or intervention, reducing the rate of a decline
in one or more motor function scores as compared 1o a control, andfor maintaining at least net zero
charnge in one o more motor function scores as compared 10 @ bassline. I some embodiments, the
amount is a dose of 10 mg/kg or 20 mo/kg apitegromab every 4 weeks or monthly.

{333] In some embodiments, the presant disclosure provides a method treating SMA, comprising
administering to a patient population a composition comprising apitegromab, whergin the patient
poputation is administerad apitegromab by intravenous infusion every 4 weeks or monthly for at least &
months or 12 months in an amount sufficient to increase a clinical response rate {proportion of
responders) in the patient population, and wharein the clinical response rate is measured by Revised
Upper Limb Module (RULM) andfor World Health Organization (WHO; milestones.  In some
embodiments, the present disclosure provides a composition comprising apitegromab for use in treating
SMA, wherein a patient population is administered apitegromab by intravenpus infusion every 4 weeks
or monthly for at least 6 months or 12 months in an amount sufficient to increase a clinical response
rate (proportion of responders) in the patient population, and whersin the clinical response rate s
measured by RULM andior WHO milestones. In some embudiments, the presemnt disclosure provides
usg of 8 composition comprising apitegromab in treating SMA, wherein a patient population is
administered apitegromab by infravenous infusion every 4 weaks or monthly for at least 6 months or 12
manths in an amount sufficlent to increase a clinical rasponse rate (proportion of responders) in the
patient population, and wherein the clinical response rate is measured by RULM andfor WHO

milestones. I some embodiments, the present disclosure provides use of apitegromsb in the
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manufacture of a compaosition for {realing SMA, wherein a patient population is administered
apitegromab by intravenous infusion every 4 weeks or monthly for at least 8 months or 12 months inan
amount sufficient o increase a clinical response rate {proportion of responders) in the patient
poputation, and wherein the clinical response rate is measured by RULM and/or WHO milestones.

[334] In some embodiments, the patient population is a later-onset SMA population.  In some
embodiments, the palient population is a type 2 SMA population. In some embodiments, the patient
poputation is a non-ambulatory type 3 SMA population. In some embodiments, the patient population
comprises human subjecis ages 2 or older. In some embodiments, the patient population comprises
human subjects 5 to 21 years old. Insome embodiments, the patient population is treated with an SMN
upregulator therapy. in some embodiments, the SMN upregulator therapy is nusinersen, risdiplam,
and/or onasemnogene abeparvoves. In some embodiments, the SMN regulator therapy is nusinersen.
In some embodiments, the sufficient amount is a dose of greater than 2 mg/kg and up o 20 mgfkg,
optionally about 5, 10, 15, or 20 mg/kg. In'some embodiments, the sufficient amount is a dose of 10
mgfkg or 20 mgikg apllegromab every 4 weeks or monthiy,

{335] In some embodiments, the apitegromab is administered i an amount to achieve a serum
conceniration of at feast 600 micrograms of apitegromab per milliliter {g.g., at least 800, 700, 800, 904,
1000 micrograms per milliliter or greater). In some embodiments, the serum concentration is betwesn
about 8001000 micrograms per milliliter. In some embodiments, the serum concentration is a steady-
state serum concantration. In some embodiments, the apitegromab is administered in an amount to
achieve a steady-state serum concentration after about 112 days. In some embodiments, the amount
is a dose of 10 mo/kg or 20 mg/kg apitegromab every 4 weeks or monthly.

{336] In sume ambodiments, the apitegromab is administerad in an amount sufficient to achieve a
target engagement as measured by a serum latent myostatin concentration of at least 500 nanograms
per millifiter {(e.g., at least 500, 850, 600, or 850 nanograms per milliliter). in some embuadiments, the
serum latent myostatin concentration is belween about 550-1100 or 600-1000 nanaograms per millifiter.
in some embodiments, the seram latent myostatin concentration is a steady-siale conceniration
measured at frough. In some embodiments, the amount is a dose of 10 mglkg or 20 mgikg apitegromab
every 4 weeks or monthly.

[337] In some embodiments, the apitegromab is administered in an amount to achieve one or more
of the following in the subject retaining molor function as compared 1o a decline in a control, delaying
disease progression, delaying or preventing an ambulatory type 3 SMA patient frony becoming non-
ambuiatory, delaying or praventing need for respiratory aid or intervention, reducing the rate of a decline
in one or more motar function scores as compared 1o a contrel, andior mainiaining at least net zaro
change in one of more motor function scores as compared 10 @ baseline. It some embodiments, the
amount is a dose of 10 mgfkg or 20 mg/kg apitegromab svery 4 weaeks or monthly.

{338] In some embodiments, the present disclosure provides & method of treating later-onset SMA
in a human subject who is 2 years of age or older, comprising administering a dose of greater than 2
ma/kg and up fo 20 mgkg apitegromal o the subject by ntravenous infusion monthly. in some
embodiments, the present disclosure provides apitegromab for use in frealing later-onset SMA in a
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human subject who is 2 years of age or older, wherein a dose of graater than 2 mg/kg and up to 20
mg/kg of the apitegromab is administered by intravenaus infusion monthly. In some embodiments, the
present disclosure provides use of apitegromab for treating later-onset SMA in a human subject who' is
2 vears of age or older, wherein a dose of greater than 2 mgikg and up to 20 mgikg apitegromab is
administered by intravenous infusion monthly. In some embodiments, the present disclosure provides
use of apitegromab i the manufacture of a composition for treating later-onset SMA in a humar subject
who is 2 years of age or older, whersin a dose of greater than 2 mg/kg and up o 20 mgikg apitegromab
is administered by intravenous infusion monthiy,

[339] In some embodiments, the apitegromab is administerad at a dose of 10 mg/kg or 20 mgikg
monthly. In some embodimeants, the apitegromab is administered as an adjunctto an SMN upreguiator
therapy. insome embaodiments, the apitegromab is adminisiered as an adjunct {o an SMN upreguiator
tharapy comprising nusinersen,

[340] In some embodiments, the apilegromab is adroinisiersd in an amount to achieve a serum
conceniration of at least 600 micrograms of apitegromab per milliliter {&.q., at least 800, 700, 800, 800,
1000 micrograms per milliliter or greater). In some embodiments, the serum concentfration is between
about 600-1000 micrograms per milliliter. In some embodimenis, the serum concentration is a steady-
state serum concentration. In some embodiments, the apifegromab is administerad in an amount to
achieve a sieady-state serum concentration after about 112 days. iIn some embodiments, the amount
is a dose of 10 mgikg or 20 marky apitegromab monthiy.

[341] In some embodiments, the apitegromab is administered in an amount sufficient fo achieve a
farget engagement as measured by a serum fatent myostatin concentration of at least 500 nanograms
per mitliliter {e.q., at least 300, 550, 600, or 850 nanograms per milliliter). in some embodiments, the
serum fatent myosiatin conceniration is batween about 550-1100 or 800-1000 nanograms per millifiter.
in some embodiments, the serum lalent myostatin concentration is a steady-stale conceniration
measuwred al frough. In some embodiments, the amount is a dose of 10 mgikg or 20 mgikg apitegromab
manthiy.

{342] In some embodiments, the apitegromab is administered inan amount to achieve one or more
of the following in the subject: refaining motor function as compared 1o a dacling in a conbrol, delaving
disease progression, delaying or preventing an ambulatory type 3 SMA patient from becoming non
ambulatory, delaying or preventing need fur respivatory aid or intervantion, reducing the rate of a decline
in one or more motor function scores as compared 1o a control, andfor maintaining at least net zero
change in one of more motor function scores as compared fo a basefine. In some ambodiments, the
amount is a dose of 10 my/kg or 20 mg/kg apitegromab monthiy.

{343] In some embodiments, the present disclosure provides a method of treating later-onset SMA
in & human subject, comprising administering fo the subject more than 2 mg/ky and up o 20 mgfkg (10
mg/ky - 20 m/kg. e.g., e.g.. 10 mafkg or 20 madkg) of apitegromab every 4 weeks ormonthly, wherein
the subject initiated a molor neuron-directed therapy for SMA before the age of 5, and wharein tha motor
neuron-directed therapy increases SMN1T or SMN2 expression. In some embodiments, the present
disclosure provides apitegromab for use in traating later-onset SMA in a human subject, wharein the
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freatment comprises administering to the subject more than 2 mg/kg and up o 20 mg/kg of apitegromab
evary 4 weeks or manthly, wherein the subject initiated a motar neuron-directed therapy for SMA before
the age of 5, and wherein the motor neuron-directed therapy increasas SMN1 or SMN2 exprassion. In
some embodiments, the present disclosure provides use of apitegromab for treating later-onset SMA
in a human subject, wherein the traatment comprises administering to the subjact more than 2 mglkg
and up {0 20 my/kg of apitegromab avery 4 weeks or monthly, wherein the subject initiated a motor
newran-directed therapy for SMA before the age of 5, and wharein the motor neuron-directed therapy
increases SMN1 or SMN2 expression. I some embodiments, the presant disclosure providaes use of
apitegromyab in the manufacture of & compusition for freating later-onset SMA in a human subject,
wherein the treatment comprises administering to the subject more than 2 mgikg and up o 20 mg/kg
of apitegromab every 4 weeks of monthiy, wherein the subject initiated a motor newron-directed therapy
for SMA before the age of 5, and wharein the motor newron-directad therapy increases SMN1 or SMN2
expression.

[344] In some embodiments, the freatment results in at least a 2 point mean increase in a HFMSE
score relative 1o a baseline score prior {o reatment, .4, 2 mean increass ina cohort of atleast B8 or 8
subjects, after & months or 12 months. In some embodimants, the motor neuron-directed therapy is
nusingrsen, risdiplam, and/or onasemnogane abeparvoves. In some embodiments, the motor neuran-
directed therapy is nusinersen. In some embodiments, the apitegromab is administered by intravenous
infusion. In some embodiments, the apitegromab is administered at a dose of graater than 2 mgikg
and up to 20 mgikg every 4 weeks or monthly. I some embodiments, the apitegromiab is administered
at a dose of 10 mgkgor 20 mg/kg every 4 weeks or monthly. In some embodiments, the later-onset
SMA patient is also categorized as a type 2 SMA, type 3 SMA, or type 4 SMA patient. In some
embodimants, the type 3 SMA s ambulatory or non-ambulatory,

{345] In some embodiments, the apitegromab s administered in an amount o achigve a serum
concentration of af least 800 micrograms of apitegromab per milliliter (2.g., at least 800, 7084, 800, 900,
1000 microgrars per nilfiiiter or greater). in some ambodiments, the serum concentration is between
about 800-1000 micrograms per milliliter. In some embodiments, the serum concentration is a sieady-
state serum concantration. In some embodiments, the apitegromab is administered in an amount to
achisve a steady-siate serum concentration after about 112 days. In some embodiments, the
apitegromab is administered in an amount sufficient to achieve a target engagement as measured by 8
serum latent myostatin concentration of at least 500 nanograms per mifliliter {e.g., at least 50Q, 550,
600, or 850 nanograms per mifliliter). In some embadiments, the serum latent myosiatin concentration
is between about 550-1100 or 600-1000 nanograms per milliliter.  In some embodiments, the serum
latent myostatin congentration is a frough concentration. In some embodiments, the apitegromab is
administered it an amount o achieve one or more of the following in the subject retaining motor
function as compared {0 a decline in a control, delaying disease progression, delaying or preventing an
ambulatory type 3 SMA patient from becoming non-ambulatory, delaying or preventing need for
respiratory aid or intervention, reducing the rate of a decline in one or more motor funclion scores as
compared 10 a control, and/or maintaining at least net zero change in one or more motor funclion scores
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as comparad 10 a baseline. In some embodiments, the amount is a dose of 10 mg/kg or 20 mg'kg
apitegromab avery 4 waeks or monthiy.

{348] In some embodiments, the present disclosure provides a method of treating SMA in a human
subject who did not receive an SMN upregulator therapy before the age of 5, comprising administering
fo the subject a dose of greater than 2 mg/kg and up o 20 molkg {e.q.. 10 mgikg or 20 mg/kg) of
apitegromab every 4 weeks or monthly, wherein the apitegromab siabilizes disease progression, such
that a HFMSE score or g RHS score measured at 6 months or 12 months after initiation of the treatmeant
s no less than a baseline or no more than a2 0.1, 0.2, 0.3, 0.4, or 0.5 point decline, and wherein the
baseline is obtsined at or prior to initiation of the treatment. In some embodiments, the present
disclosure provides apitegromiab for use in freating SMA in @ human sulbject who did not receive an
SMN upreguiator therapy before the age of 5, wharein the reatment comprises administering to the
subject & dose of greater than 2 mgikg and up to 20 mg/kg (e.g.. 10 mgikg or 20 mg/kg} of the
apitegromab avery 4 weeks or monthly, whevein the apitegromab stahilizes diseasse progression, such
that a HFMSE score or a RHS score measurad at 8 months affer initiation of the treatment is no less
than a baseling, and wherein the baseline is obtained at or prior to initiation of the treatment. In some
ambodiments, the present disclosure provides use of apitegromab for freating SMA in a human subject
who did not receive an SMN upragulator therapy before the age of 8, wherein the freatment comprises
administering to the subject a dose of greater than 2 mg/kg and up lo 20 mg/kg {&.4g., 10 mgkg or 20
mgikg) of the apitagromab every 4 weeks or monthly, whersin the apitegromab stabilizes disease
progression, such that a HFMSE scorg or a RHS score measured at 8 months after initiation of the
freatment is no less than a baseline, and wherein the baseline is obiained at or prior to initiation of the
freatment. In some smbodiments, the present disclosure provides use of apiiegromab in the
manufacture of a compaosition for treating SMA In a human subject who did not receive an SMN
upreguiator therapy before the age of §, wharein the treatment comprises administering to the subject
a dose of greater than 2 mg/kg and up 1o 20 mg/kg {e.g.. 10 mgikg or 20 myg/kg} of the apilsgromab
every 4 weeks or monthly, wherein the apitegromab siabilizes disease progression, such that a HFMSE
score of a RHS score measured at 8 months after initiation of the treatment is no less than a baseling,

and wherein the baseline is oblained af or prior to initiation of the treatment.

{347] In some embodiments, the apitegromab is administered by intravenous infusion. In some
embodiments, the apitegromab is administered at a doss of 10 mg/kg every 4 weaeks or monthly. In
some embodiments, the apitegromab is administered at a dose of 20 ma/kg every 4 weeks or monthly.

[348] In some embodiments, the apitegromab is administered in an amount to achieve a serum
concentration of al least 800 micrograms of apitegromab per milliliter {g.g., at least 800, 700, 800, 800,
1000 micrograms per milliliter or greater). In some ambodiments, the serum concentration is between
about 800-1000 micrograms per milliliter, In some smbodiments, the serum concentration is 3 steady-
state serum concentration. In some embodiments, the apitegromab is administerad in an amount to
achieve a steady-state serum conceniration after about 112 days. In some embodimants, the
apitegromab is administered in an amount sufficient to achieve a target engagement as measured by a
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sarum latent myostatin concentration of at least 500 nanograms per millililer {e.q., at least 500, 550,
800, or 650 nanograms per miltiliter). In some ambodiments, the serum latent myestatin concentration
is between about 550-1100 or 8001000 nanograms per milliliter. In some embodiments, the serum
fatent myostatin concentration is a irough concentration. in some embodiments, the apitegromab is
administered in an amount o achieve one or more of the following in the subject; retaining motor
function as compared fo a decline in a control, delaying disease progression, delaying or preventing an
ambulatory type 3 SMA patient from becoming non-ambulatory, delaying or preventing need for
respiratory aid or intervention, reducing the rate of a decline it one or more moter funclion scores as
comparad 1o a control, and/or maintaining at least net zero change in one or more motor function scores
as compared 1o a baseling. In some embodiments, the amount 18 a dose of 10 mg/kg or 20 mgikg
apitagronyab avery 4 wesks or monthiy.

{349] In some embodiments, the presant disclosurs provides apitegromab for use in the freatment of
fater-onsat SMA in 2 human subject, wherein the freatment comprises adminisfering apitegromab inan
amount 1o achieve a maximum serum concentration of at least 800 micrograms of apitegromaly pey
milliliter {8.q., at least 600, 700, 800, 800, 1000 micrograms per milliliter or greater).

{350] In some embodiments, the maximum serum conceniration i al feast 800 micrograms per
milliiter.  In some embodiments, the maximum serum concentration is between about 6001000
micrograms per millifiter. In some embodiments, the serum concentration is a steady-state serum
concentration.  In some embodiments, the amount is a dose greater than 2 mg'kg apitegromab. in
some embodiments, the amount is a dose of greater than 2 mg/kg and up to 20 mygfkg apitegromab,
optionally about 5, 10, 15, or 20 mg/kg, administered by infravenous infusion every 4 weeks or monthiy.
in some embodiments, the amount is a dose of 10 mgfkg or 20 mg/kg apitagromab administered by
intravenous infusion every 4 weeks or monthly. In some emboedimants, the apitegromab is administerad
i an amount sufficient to produce an at least 1 point mean increase in g HFMSE score relative to a
basaline score priof fo treaiment, 8.g., a mean increase in @ cohort of gt least 8 or 8 subjects. Insome
embiodimants, the apitegromab is administered in an amount sufficient to produce an at lsast 2 point
mean increase in @ HFMSE score relative to a baseline score prior 1o treatment, e.¢., @ mean increase
iy & cohort of at least 9 subjects. In some embodiments, the later-onset SMA patient is a type 2 or type
3 SMA patient, and optionally wherein the subject is on an SMN upregulator therapy, and optionally
wherein the subjec! iniflated the SMN upregulator therapy before the age of &.

{381] In some embodiments, the present disclosure provides apitegromab for use in the treatment of
later-onset SMA in a human subject, wherein the freatmernt comprises administering apitegromal in an
amount sufficient 1o achieve a targel engasgement as measuwred by a serum latent myostatin
concentration of at least 500 nanograms per millililer {e.g.. at least 500, 550, 800, or 850 nanograms
per milliliter}.

{382] Insome embadiments, the sarum latent myostatin concentration is between about 550-1100 or
600-1000 nancgrams per millilter. I some embodiments, the seruny latent myostatin concaniration is
a steady-state concentration. In some embodiments, the amount is a dose greater than 2 mg/kg
apitegromab. in some embodiments, the amount is a dose of greater than 2 mg/kg and up o 20 mo/kg
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apitegromab, optionally about 5, 10, 18, or 20 mg/kg, administered by intravenous infusion every 4
weeks of monthly, In soma embodiments, the amount is a dose of 10 mgikg or 20 mo'ky apitegromab
administered by intravenous infusion every 4 weeks or monthly. In some embodiments, the
apitegromab is administered in an amount sufficient to produce an at least 1 point mean increase in a
HFMSE score reiative to a baseline score prior to freatment, e.g., @ mean increass in a cohort of at
least 8 or @ subjects. In some embodiments, the apitegromab is administered in an amount sufficient
to produce an at least 2 point mean increase in a HFMSE score relative to a basefine score prior to
freatment, e.0., @ mean increase in a cohort of af least 9 subjects. In some embodiments, the later-
onset SMA is in a patient categorized as having type 2 or type 3 SMA, and optionally wherein the subject
is on an SMN upregulator therapy, and oplionally wherein the subject initiated the SMN upregulator
tharapy before the age of &

[353] In some embodiments, the present disclosure provides a composition comprising apitegromab
for use in the ireatment of SMA in a human subject, wherein the treatment comprises administration of
apitegronyab at a dose sufficient fo achieve at least 600 micrograms per milliliter of serum exposure,
which produces a clinical benefit characterized by motor function improvement, disease stabilization,
or delay in disease progression. In some embodiments, the irealment comprises intravenous
administration of the composition at abiout 10 mg/kg or about 20 mgikg apitegromab.

[354] In some smbodiments, the dose is about 10 mgikg or about 20 mgikg administered
intravenously every 4 weeks or monthly. Insome eambodiments, the SMA s a later-onset SMA, wherein
optionally the later-onset SMA is type 2 SMA, typa 3 SMA, or type 4 SMA, wherain further optionally
the type 3 SMA is ambulatory or non-ambulatory.  In some embodiments, the SMA is a later-onsst
SMA, whersin optionally the ater-anset SMA is phenotypically characterized by symplom onset of six
maonths of age or later. In some embodiments, the SMA is a later-onset SMA, whereain optionally the
later-onset SMA is genolypically characterized by having two or more copies of the SMNZ gene,
wherein optionally the subject carries 2. 3, 4, 5, or 6 copies of the SMNZ2 gene.

{355] Insome embodiments, the human subject initiated an BMN upregulator therapy before the age
of 5, wherein optionally the subject has a baseline HFMBE score of between 12-44 or 14-42 prior o or
at the time of initiation of the apitegromab freatment. in some embodiments, the human subject injtiated
an SMN upregulator therapy at or after the age of 5, wherein optionally: a) the subject has a baseline
HFMSE score of between 13-39, and/or i) the sublject has a baseline RHS scove of between 44-62,
prior 1o or at the time of initiation of the apitegromab treatmant.  In some embodiments, the human
subject is not treated with an SMN upregulator therapy, wherein optionally the subject has a baseline
RHS score of between 28-63,

{356] In some embodiments, the motor funclion nprovement comprises an at least 1 point increase
over a bassfine it a molor function assessment score after six months of realment with the
apitegronmab.  In some embodimants, the motor function improvement comprises an at least 2 point
crease over @ baseling in a motor function assessment score affer six months of treatment with the
apitegromab. In some embodiments, the molor funclion improvement comprises an at least 3 point
ncrease over a baseling in a8 motor funclion assessment scofe after six months of treatment with the
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apitegromab. I some embodiments, the molor function improvement comprises an at least 4 point
increase over a baseline in a molor funclion assassment soore affer six months of reatment with the
apitegromab. In some embodiments, the molor function improvement comprises an at feast 5 point
increase over a baseline in a motor funclion assessment score after six months of freatment with the
apitegroniab. In some embodiments, the disease stabilization comprises no net loss in a motor function
assessment score after six months of freatment with the apitegromab, wherein oplionally, the subject
is classified in a patient population that statistically manifests disease progression characterized by a
decling in a motor function assessmaeant score over a 12 month period. It some embodiments, the motor
function assessment score is a HFMSE score or a RHS score.

[387] In some embodiments, the present disclosure provides a method of achieving a target
saturation in a SMA patient using apitegromab, the method comprising administering to the SMA patient
about 10 mgfkg or about 20 mgkg of apitegromab by intravenous infusion every 4 weeks or monthly.

[358] In some embodiments, the present disclosure provides a method of achieving a target
saturation in a SMA patient using apitegromab, the method comprising adminisiering fo the SMA patient
apitegromab at a dose sufficient to achieve at least 800 micrograms per milliliter of serum exposure,
wherain oplionally the apitegromab is administerad by intravenous infusion avery 4 weeks or monthiy.

{3591 In some embodiments, the present disclosure provides a method of treating ambulatory SMA
in 3 human subject, the method comprising administering to the subject & composifion comprising
apitegromab by intravenous infusion avery 4 weeks or monthly for at feast 8 months, wharein the subject
has a baseline RHS score of at least 26 prior 1o or atinitiation of the apilegromab treatment, and wherein
the apifegromab treatment that achieves a serum exposure of at feast 800 micrograms per millititer of
apitegronab is sufficient to improve or stabilize the disease. In some embodiments, the subject initiated
an SMN upregulator therapy at or after the age of B, in some embodiments, the baseline RHS score is
no greater than 83,

[3680] In some embodiments, the present disclosure provides a method of treating fype 2 or non-
ambulatory type 3 SMA in a human subject, the method comprising administering o the subject a
composition comprising apitegromab by intravenous infusion avery 4 weeks or monthiy for at feast six
months, whersin the subject initiated an SMN upreguiator therapy at or after the ags of 5, and wherein
the subject has & baseline HFMSE score of at least 13, no greater than 38, or both (belween 13-38}
prior to or at inifiation of the apitegromab treatment that achieves a serum exposure of at lsast 800
micrograms per milliliter. In some embuodiments, the composition is sufficient to achieve at feast 1 point
increase in the HFMSE score over the baseline after six months,

{361] In some embodiments, the present disclosure provides a method of treating fype 2 or non-
ambulatory SMA in a human subject, the method comprising administering to the subject a composition
comprising apitegromals by intravenous infusion every 4 weeks or monthly for at least six months,
wherain the subject initiated an SMN upregulator therapy prior to the age of 5, and the subject has a
bassline HFMSE score of at least 12, no greater than 44, or both {between 12-44) prior o or at initiation
of the apitegromab treatment that achieves a serum exposure of at least 800 micrograms per milliliter.
In some embodimants, the compasition is sufficiant o achisve an al least 1 point or 3 point increass in
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the HFMGSE score over the baseline affer six months. In some embodiments, the apitegromab is dosed
at about 20 mg/kg.

{382] In some embodiments, the present disclosure provides a selective myostatin inhibitor for use
in the treatment of lster-onset SMA In a human patient, wherein the human patient has a non-
ambulatory form of 8MA, wherein the patient has a baseline HFMSE score ranging 12-44, and wherain
the patient is freated with an SMN upregulator therapy, wherain optionally, the selective myostatin
inhibitor is an antibody that specifically binds a latent myostatin complex, thereby preventing release of
mature myostatin. In some embodiments, the selective myostatin inhibitor is a neutralizing antibody or
a ligand trap that binds mature myostatin.

{383] In some embodiments, the present disclosure provides a selective myostatin inhibitor and an
SMN upregulator for use in the freatment of later-anset SMA in a human patient, wharein the patient
has a baseling HFMSE score of no more than 44, wherein optionally, the selective myastatin inhititor
is an antihody that specifically binds a latent myostatin complex, thereby preventing release of mature
myostatin, wherein further optionally, the SMN upregulator is an SMN2 upregulator andfor an SMN1
gane therapy. In some embodiments, the seleclive myostatin inhibitor is 2 neutralizing antibody or a

figand trap that binds maturs myostatin,

{364] In some embodiments, the prasent disclosure provides a composition comprising apitegromab
for use in the treatment of SMA in a8 human subject, wherein the treatment comprises intravenous
adminisiration of the composition 1o the subject at a dose of greater than 2 mg/kg and up to 20 myfkg
of apitegromab every 4 weeks or monthly, wherein the subject initiates or initiated an 8MN upregulator
therapy before the age of & In some embodiments, the SMA s later-onset SMA.  In some
smbuodiments, the subject has fwo or more copies of the SMNZ gene. In some embodiments, the SMA
is type 2 SMA, wherein optionally, the subject has 2-4 copies of the SMN2 gene. In same embodiments,
the subject is non-ambuiatory. In some embodiments, the subject is 2 years of age or older. Iy soma
embaodiments, the subject is genetically identified as a carrier of a mutation in the SMN1 gene, whergin
optionally, the subject is asymptomatic or symptomatic of SMA. In some embodiments, the subject has
a baseline HFMSE score of at least 12, prior to or af the tinte of receiving a first dose of apitegromab.
In some embodiments, the composition is administerad lo the subject in an amount sufficient to achleve
sustained (steady-state) target engagement of at least about 250 ng/mb of serum latent myostatin, In
some embodiments, the amount or dose of apitegromab is 10 mg/kg or 20 mgkg. In some
embodiments, the subject has received at least 4 doses of the SMN upregulator therapy at the time of
receiving a first dose of apitegromab. In some embodiments, the subject has type 2 SMA. In some
embodiments, the apitegromab is administered in a dosa sufficient to produce atleasta 5 point increase
i a HFMSE score relative to a baseline score after al least 12 months of reatment.  In some
embodiments, the apitegromab is administered in 3 dase sufficient {o praduce g 6-20 point or greater
increase in a HFMSE score, and preferably at least a 7 point increase, relative 1o a baseline score after
at least 12 months of treatment.  In some embodiments, a composition comprising apitegromab is

infravenously dosed at 20 mg/kg every 4 weeks or mondhly. In some embodiments the composition
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comprising apitegromab is infravenously dosed at 10 mgfkg svery 4 weeks or monthly. In some
embodiments, the composition is formulated at a concentration of about 50 mgimi..

{3658] Insome embodiments, the present disclosure provides a method of obtaining anat least 7 point
increase in a HFMSE score in a human subject, relative to 2 baseline score, comprising administering
1o the subject & composition comprising abaut 10 mg/kg or 20 mg/kg of apitegromab by intravenous
infusion every 4 weeks or monthly for at least 12 months, wherein the subject has later-onsat SMA and
initiated treatment with nusinersen before the age of &

{388] In some embodimeants, the present disclosure provides a method for monitoring treatment of
SMA in a human subject, comprising administering fo the subject a composition comprising
apitegromab by intravenous infusion every 4 weeks or monthly in an amount greater than 2 mg/kg and
up 10 20 mgikg; and detecting a serum latent myostatin concentration, wherein a serum latent myostatin
concentration of af least about 250 ng/mib indicales treatment sfficacy, wherein the subject has later-
onset (optionally type 2) SMA and initiated treatment with nusinersen before the age of 5. In some
embodiments, the subject is non-ambulatory. In some embodiments, the subject is 2 years of age or
older. In soma embodiments, the apitagromab is administered at a dose of 10 mg/kg or 20 mgrkg every
4 weeks or monthly. In some embodiments, the method further comprises administering an additional
dose of apitagromab to the subject having a serum latent myostatin concentration of at least about 250
ngimb.

[387] In some embodiments, the prasent disclosure provides a method of traating SMA in a8 human
subject, compnising administering o the subject a composiion comprising apitegromab, wherein the
apitegramab is administared every 4 weeks or monthly in an amount of greater than 2 mg/kg and up to
ahout 20 mg/kg {e.g., 10 mgfkg or 20 mg/kg), wherein up to three consecutive doses of the apilegromab
may be skipped if the subject has a serum iatent myosiatin cancentration of at least about 250 ngimi.,
wherein the sulzject has late onset SMA and initiated an SMN upreguiator therapy before the age of 5.
in some embodiments, the apitegromiab s administered by infravenous infusion. i some
ambodiments, the subject is non-ambulatory and/or has type 2 BMA. In some embodiments, the subject
is 2 years of age or clder.

[368] In some embodiments, the present disclosure provides a method of treating SMA in a2 human
subject, comprising administering to the subject a compostion comprising a selective myostatin
nhibitor, optionally wherein the selective myostatin inhibitor is an antibody that selectively binds to
proflatent myostatin, and wherein the selective myosiatin inhibitor is administerad in an amount to obtain
a serum latent myostatin concerstration of at lsast about 100 ng/ml or preferably at least about 250
ng/mi at steady state in the subject, wherein the subject has later-onset (oplionaily type 2) S8MA-and
inftiated an SMN upregulator therapy before the age of 5 In some embodiments, the serum
concantration is a steady siate concentration. In some embodiments, the subject is non-ambudatory.
In some embodiments, the subject is 2 years of age or older. in some embodiments, the selective
myostatin inhibitor is apitegromab.  In some embodiments, the apilegromab is administered by
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infravenous infusion. In some embodiments, the apitegromab is administered at a dose of 20 mg'kg
evary 4 weeks or monthiy,

{368] In some embodiments, the present disclosure provides a composition comprising apitegromab
for use in the treatment of SMA in a human subject, wherein the treatment comprises infravenous
adminisiration of the composition to the subject at a dose of greater than 2 mg/kg and up 10 20 mgikg
of apitegromab every 4 weeks or monthly, wherein the subject is treated with an SMN upregulator
therapy, wherein the subject initiales or initlated the SMN upregulator therapy at or after the age of 5.
In some embodiments, the SMA is type 2 BMA or fype 3 SMA, wherein optionally, the subject has 2-4
copies of the SMN2 gene. In some smbodiments, the subject has non-ambulatory type 3 SMA. In
some embodiments, the subject is genetically identified as a carrier of a mutation in the SMN1 gene,
wherein opfionafly, the subject is asymptomatic or symptomalic of SMA. In some embodiments, the
subject has a baseline HFMSE score of at least 13, prior fo or al the time of receiving a first dose of
apitegromab. In sorne embodimentds, the composition s administered o the subject in an amount
sufficient to achieve sustasined (steady-siate) target engagement of at least abowt 100 ng/mb or
preferably at least about 250 ng/mtb of serum latent myostatin.  In some embodiments, the dose of
apitegromab is 10 mg/kg or 20 mglkg. In some embodiments, the subject is 8-21 years old. In some
embodiments, the apitegromab 5 administered in a dose sufficient {o achieve no or minimal reduction
in a HFMSE score refative to a baseline score after at least 12 months of realment. In some
embodiments, the apltegromab is administered in a dose sufficient to produce an at jeast 1 point
incraase in a HFMSE score refative to a haseline score, and prefarably at least a 3 point increase, afier
12 months of treatment. In some embodiments, the dose of apitegromab is 20 mgfkg.

[370] In some embodiments, the present disclosure provides a mathod of siabilizing disease
progression in a human subject having non-ambulatory SMA, comprising administering 1o the subject
a composition comprising apitegromab by intravenous infusion avery 4 weeks or monthly for at least 12
months, wherein the subjest initiates or initiated the SMN upregulator therapy at or after the age of 5.
In some embodiments, the apitegromab is administerad in a dose sufficient to achieve no or minimal
reduction in @ HFMSE score relative o a baseline score afier at least 12 months of treatment. Insome
embodiments, the apitegromab is administerad in a dose of about 20 mgrkg.

{371 In some embadiments, the present disclosure provides a compaosition comprising apitegromab
for use in the tregtment of SMA in a human subject, wherein the treatment comprises infravenous
administration of the compusition to the subject at a dose of greater than 2 mg/kg and up to 20 mglkg
of apitegromab every 4 weeks or monthly, wherein the subject has ambulalory SMA, and wherain
optionally, the subject has notreceived an SMN upregulator therapy. In some embodiments, the subject
has ambulatory type 3 SMA, wherein optionally, the subject has 3 or more copies of the SMN2Z gene.
In some ambadiments, the subject is genstically identified as a carrier of 3 mutation in the SMN1 gene,
wherein optionally, the subject is asymptomatic or symplomatic of SMA. In some embodiments, the
subject has a baseline RHS score of at least 26, prior 1o or at the time of receiving a first dose of

apitegromab.  In some embodiments, the composition is admirustered 10 the subject in an amourt
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sufficient to achieve susiained (siteady-state) target engagement of al least about 100 ng/mi or
preferably at least about about 250 ng/mb of serum fatent myosiatin, In some embodiments, the dose
of apitegromab is 10 mg/kg o 20 mg/kg. In some embodiments, the apitegromab is administered ina
dose sufficient to stabilize an RHS score refative fo a baseline score after at least 12 months of
treatment. in some embodiments, stabilizing the RHS score comprises less than a 1 point, 2 point, or
3 point decline in the RHS score relative fo a baseline score.  In some embodiments, the dose of
apitegromab is 20 mg/kg. In some embodiments, the subject initiated SMN upregulalor therapy at or
after the age of 5.

{372] In some embodimeants, the present disclosure provides a method of preventing or delaying loss
of ambulation in a humat subject having SMA, comprising administering a composition comprising
apitegromab to the subject at a dose of greater than 2 mg/kg and up to 20 mgikg of apitegromab every
4 weeks or monthly for at least 12 months, wherein the subject has ambulstory SMA, and wherein
optionally, the subject has nol received an SMN upreguiator therapy. In some embodiments, the palient
has ambulatory type 3 SMA. In some embodiments, the progression is assessed by a delay in
ambulatory-lo-non-ambulatory transition following 12 months of apitegromab ireatment, relative to the
natural Ristory of an ambulatory SMA patient population.  In some embodiments; the progression is
assessed by a slower rate of or lesser degree of decline in a motor funclion score over a baseline
following 12 months of apilegromab treatment, relative fo the natural history of an ambulatory SMA
patient population. In some embodiments, the composition is formulated at a concentration of abowt
80 ma/ml apitegromab. In some embadimeants, the SMN upregulator therapy comprises nusinarsen,
onasempnogene abeparvovec-xiol, andfor tsdiplam. In some embodiments, the SMN upreguiator
tharapy comprises nusinersan.  In some embodiments, the SMN upregulator therapy comprises
intrathecal administration.

{373] In some embodiments, the present disclosure provides an SMN upregutator therapy and a
muscle-directed therapy for use in the treatment of SMA in a human subject, wherein the freatment
comprises initiation of the SMN upregulator therapy prior to the age of 5, and wherein the muscle-
directed therapy comprises infravenous administration of a composition comprising apitegromab avery
4 weeks or monthiy at a dose of greater than 2 mg/kg and up 1o 20 mgikg, wharsin oplionally the dose
of apitegromab is about 10 mg/kg. I some embodiments, the composilion comprising apitegromab is
formulated at a conceniration of about 50 mg/mil. In some embodiments, the SMN upregulator therapy
COMPrises husinersen, onhasemhogens abeparvovec-uuiol, andfor risdiplam.

[374] In some embodiments, the present disclosure provides a method for treating later-onset SMA
in @ human subject, the method comprising intravengusly administering to the subject a2 composition
comprising apitegromab at a therapeutic dose of greater than 2 and up to 20 mgfkg every 4 weeks or
monthly, wherein the composition is formulated at a concentration of about 50 mgimbl.  In some
embodiments, the therapeutic dose is 3 dose sufficient fo achieve a steady-state serum concentration
of at least about 100 ng/mb or preferably at least about 250 ng/ml of latent myostatin.  In some

embodiments, the subject hag 2-4 copies of the SMN2 gene. I some embodiments, the subject has
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fype 2 SMA. In some embodiments, the subject has or had the ability {o sit up at age 12 months and
facks or lacked ability to walk at age 18 months. In some embodiments, the subject has non-ambulatory
type 3 SMA. In some embodiments, the subject lost ability to walk by 18 months of age. I some
ervhodiments, the sobject has 3-8 coples of the SMNZ gene. In some embodiments, the subject has
ambulatory type 3 SMA.  In some embodiments, the subject has retained ability to walk at age 18
months, Iy some embodiments, the subject undergoes an ambulatory-to-non-ambulatory transition
after 18 months of age. [n some ambodiments, the subiject is freated with an SMN-directed therapy. In
some embodiments, the subject initlates or initialed the SMN-directed tharapy prior to age 5. In some
embodiments, the subject initiates or initiated the SMN-directed therapy at age 5 or older. I some
embodiments, the SMN-directed therapy is an SMN1-directed therapy and/or an SMNZ-directed
therapy. in some embodiments, the SMN1-directed therapy is a gene therapy. in some embodiments,
the gene therapy comprises & viral veclor comprising an SMN1 gene replacement.  in some
embodiments, the SMN2-directed therapy is or comprises a splice-modifying agent.  In some
embodiments, the splice-modifying agent comprises a nucleic acid that binds an SMNZ2 exon, theraby
modifying splicing of the sxon. In some embodiments, the splice-modifying agent comprises a low
matecular weight compound that binds an SMN2 exon, thereby maodifving splicing of the exon. in some
embodiments, the therapeutic dose is sufficient to cause enhanced motor function in the subject after
12 months of the apitegromab therapy, wherain optionally the motor function is assessed by HFMSE ar
RHS. In some embodiments, the enhanced motor function comprises an increase in a motor function
soore over a baseline, whersin oplionally the increase is at least 1 point, 3 points, 5 points, or 10 points.
in some embodiments, the baseline comprises a mator funclion score assessed following an SMN-
directed therapy. I some embodiments, the baseline comprises a motor function score assaessed in a
subject who has not received an SMN-directed therapy. In some embodiments, the therapeutic dose
is sufficient to cause a delay in disease progression, relative fo the natural history of a SMA patient
popuiation to which the subject is calegorized.

[375] In some embodiments, the present disclosure provides a compositicn conyxising apitegromab
for use in the treatment of later-onset SMA in & human subject, whereln the trestment comprises
intravenous administration of the composition o the subject at a therapeutic dose of greater than 2 and
up to 20 mglkg every 4 weeks or monthly, wherain optionally the compaosition is formulated at a
concentration of abowt 50 mgiml., wherein further oplionally, the therapeutic dose is sufficlent fo achieve
a steady-state serum concentration of at least about 100 ng/mb or preferably at feast 250 ng/mb of
latent myostatin.  In some embodiments, the subject has 2-4 copies of the BMN2 gene. in some
embodiments, the subject has lype 2 SMA. In some embodiments, the subject has or had the ability fo
sit up at age 12 months and lacks or lacked ability 1o walk at age 18 months. In some embodiments,
the subject has non-ambulatory type 3 SMA. In some embaodiments, the subject lost ability to walk by
18 months of age. In some embodiments, the subject has 3-6 copies of the SMN2 gene. In some
embodiments, the subject has ambulatory type 3 SMAL In some embodiments, the subject has relained
ahility to walk at age 18 months. In some embodiments, the subject undergoes an ambulatory-to-non-
ambulatory transition after 18 months of age. In some embodimants, the subject is treated with an
SMN-directed therapy. In some embodiments, the subject initiates or initiated the SMN-directed therapy
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prior {o age 5. In some ambodiments, the subject initiates or initiated the SMN-direcled therapy at age
8 pr older. in some embodimants, the SMN-directed therapy is an SMN1-directed therapy andfor an
SMNZ-directed therapy. In some embodiments, the SMN1-directed therapy is a gene therapy. Insome
embodiments, the gene therapy comprises a viral vector comprising an SMN1 gene replacement. In
some embodiments, the SMNZ-directed therapy is or comprises a splice-modifyving agent. i some
embodimants, the splice-modifying agent comprises a nucleic acid that binds an SMN2 exon, thereby
modifying splicing of the exon. in some embodiments, the splice-modifying agent comprises a fow
molecular weight compound that binds an SMN2 exon, thereby modifying splicing of the exon. In some
embodiments, the therapeutic dose is sufficient to cause enhanced mator function in the subject after
12 months of the apitegromab therapy, wherein optionally the motor funclion is assessed by HFMSE or
RHS. In some embodiments, the enhanced molor function comprises an increase in & motor function
scare ovar a baseline, wherein optionally the increase is at teast 1 point, 3 points, & points, or 10 points,
In some embodiments, the baseline comprises a molor function score assessed following an SMN-
directed therapy. In some ambodiments, the baseline comprises a moter function score assassad in a
subject who has not received an SMN-directed therapy. In some embodiments; the therapeutic dose
is sufficient o cause a delay in disease progression, relative 1o the natural hisiory of a SMA patient
popudation fo which the subjact is calegorized.

[378] In some embodiments, the present disclosure provides a method for treating non-ambulatory
or lateronset SMA In a human subject in need thereof, the method comprising intravenously
administering to the subject apitegromab at a QAW (e, evary 4 weeks) or monthly dosage of greatar
than 2 mg/kg and up to 20 mgrkg. Insome embodiments, the monthly dosage is 10 mg/kg administered
via intravenous infusion. . In some embodiments, the monthly dosage is 20 my/kg administerad via

infravenaous infusion.

{377] In some embodimeants, the present disclosure provides a method for treating later-onset SMA
in & hurnan subject in need thereof, the method comprising intravenously administering fo the subject
apitegromab in an amount sufficient o achieve a steady-state serum latent myostatin concentration of
at least about 10, 20, 30, 40, 60, 80, 100, 200, 300 or 400 ngimL

[378] In some embodiments, the present disclosure provides a method for reating non-ambulatory
or later-onse! SMA In a human subject in need thereaf, the method comprising intravenously
adrinistering to the subject apitegromab i an amount sufficient to achieve g steady-state serum fatent

myostatin concentration of al feast about 250 ngémi.

[379] In some embodiments, the present disclosure provides a mathod for slowing progression of
SRAA i 8 human subject with ambulatory SMA, the method comprising intravenously administering {o
the subject apitegromab at a 4W {i.e., every 4 weeks} or monthly dosage of greater than 2 mg/kg and
up to 20 mglkg. Insome embodimants, the subject has ambulatory type 3 SMA. in some embodinments,
the progression is assessed by a delay in ambulatory-fo-non-ambutatory ransition following 12 months
of apitegromab treatment, relative to the natural history of an ambulatory SMA patient population. In
some embodiments, the prograssion is assessed by g siower rate of or lesser degree of decline in a
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motor function score over a baselineg following 12 months of apitegromab treatment, relalive o the
natural history of an ambulatory SMA patient population.

{380] I will be readily apparent to those skilled in the art that other sultable modifications and
adaptations of the mathods of the invention described herein are obvious and may be made using
suitable squivalents without departing from the scope of the invention or the embodiments disclosed
herein. Having now described the invention in detall, the same will be more cleary understood by
reference fo the following examples, which are included for purposes of illustration only and are not

intended o be limiting.
EXAMPLES
Example 1. Active Treatment Study of Apitegromals in Patients with Later-Onset SMA

{381] In SMA, there are now three approved SMN upregulators available to help address the
underlying genetic defect that causes SMA, but patients may still have significant impairments in motor
function. With such SNIN upregulators {also knhown as SMN correctors) now avaifable to help stabilize
the SMA disease course, a complementary muscle-directed therapy aimed at driving improvements in
motor function is desirable. n addition fo improving motor function, such a therapy woulld have a safety
profite that enables chronic dosing, including in a pediatric population, have a low drug administration
burden, and may be applicable broadly across the SMA population.

{382] Apitegromab, a fully human monocional antibody thai binds to human proflatent myostatin, is a
muscle-directed therapy intended to complement the disease-stabilizing benefits of SMN upregulators.
By targeling the latent form of myostatin, apitegromab is able {o avoid closely related growth factors
that play varying roles outside of muscle biology.

[383] Toevaluate the salety and efficacy of apitegromab in later-onset SMA patients {e.g., type 2 and
type 3 SMA patients) age 2 through 21 years old, patients are administered apitegromab on fop of an
approved SMA treatment or apilegromab as monotherapy. With the exception of the monotherapy
patients, all patients receive background nusinersen. Such patients are required o be past the loading
phase of treatment, and these patients had received an average of about § maintenance doses of
nusinersen, which translates to about 2 years of reatment, before anrolling into the study, Even after
2 years on nusinersen, the bassline HFMSE scores for these patients continued o be in the fow to mid
20s.

{384] In this study {(also referred to as "TOPAZ", ClinicalTrials.gov identiffer: NCTO3921628),
approximately 58 male and female patients with later-onset SMA are envolled across 3 separate parallel
subpopulations subsequently described as cohorts, Patienis receive apitegromab every 4 weeks or
monthly during the 52-week Treatment Periad, with patients in Cohorts 1 and 2 directly assigned high
dose {20 mg/ky) apitegromab and patients in Cohort 3 randomized 1:1 double-blind between low dose
{2 mg/kg) and high dose (20 mg/kg} apitegromah.
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»  Cohort 1, N=23: Ambulatory type 3 patients, age 5 through 21 years old, approximately 10 of
whont are not receiving an approved SMA freatment, as well as patients already receiving an
approved SMA traatment that had been staried afier the patient turhed 8 years old.

= Cohort 2, N=15: Type Z and non-ambulatory type & patients, age 5 through 21 years ok,
already receiving an approved SMA treatment that had been started after the patient turned 5
years old,

s {Cohort 3, N=20: Type 2 patients, age 22 years old, already receiving an approved SMA
freatment that had been started before the patient twumed § yaars old.

[385] During the Scregning Period, all patient screening and sligibility determinations are conducted
aftar informed consent {and, as required by local authorities, patient informed assent) has been
provided and within 28 days prior to first dose.  Screening molor function outcome measures are
conducted at feast 7 days prior o the first dose.  All subseguent motor funclion cutcome measures are
conducted within 96 hours prior o dosing.  Information obtained in the Screening Period provide a
“freatment baseling” {also referrad to as a “baseline’).

{386] Patlents are monitored through 2 hours post-dose.  Following each Treatment Period dose,
patients are contacied within 7 days for a safety check-in. Patients are seen in dlinic 14 days after the
first Treatment Period dose. Afler the second dose, visits accur every 4 weeks or monthly through the
end of the study. Patients that complete the B2-week Treatment Period have the option to enrcll info
an Extansion Period, for an additional 52-week peried. There is no break between the completion of
the Treatment Perlod and the start of the Exiension Perlod. Upon signing consent for participation in
the Extension Period, patients complete the Trealment Period Day 364 (Visit 15) and immaediately begin
the Extension Period Day 364 (Exdension 1) on the same day.

{387] Patients who complete the 52-week Treatment Peariod and chaose not to enrall in the Exdension
Pericd are followed for a 12-week safety Follow-up Perind after Day 3684 {Visit 18). Patients who
complete the Extension Period are Tollowad for a 12-week safely Follow-up Pericd after Day 728
{Exiension 14). Patients are monitored throughout the Treatment Period, Extension Period, and Follow-
up. Period for safely.

1 STUDY DESIGN
.1 Quverall Study Design

{388] Inan aclive treaiment study of apitegromab in patients age 2 through 21 years old with later-
onset SMA, patients receive apilegramab as monatherapy or in addition o an SMN upregulator therapy
approved for SMA (Table §). The siudy errolls approximately 55 SMA patients across 3 separate
paratiel subpomuilations subsequently described as cohorts:

»  Cobort 1, N=Z0: Ambulatory type 3 patients, age 5 through 21 years old, at least 10 of whom
are not receiving an approved SMA treatment, as well as patients already receiving an
approved SMA treatment that had been started affer the patient turned 5 vears old.
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[389]

Cohort 2, N=15: Type 2 or non-ambulatory type 3 patients, age § through 21 years old, already
receiving an approved SMA treatment that had been started after the patient turmed 5 years
old.

Cohort 3, N=20: Type 2 patients, age %2 years old, already receiving an apgroved SMA
treatment that had been started before the patient turned 5 years okd.

Patient participation in the study consists of 3 parts, Screening, Treatment, and Follow-up:

During the Screening Period, all patient screening and efigibilily determinations are conducted
after informed consent (and, as required by local suthorities, patient informed assent) has been
provided and within 28 days prior to first dose.  Screening motor function oulcome measures
are conductad at least 7 days prior o the first dose. All subsequent motor function outcome
measures are conductad within 28 howrs prior to dosing.

During the 52-week Treatment Period, patients enrolied in Cohorts 1 and 2 receive high dose
{20 mgikg) apitegromab and patients enrolled in Cohort 3 are randomized {1:1) in g blinded
manner to receive either low dose {2 mglkg) or high dose (20 mg/kg) apitegromab (FIG. 1}. All
freatments are administered by IV infusion over approximately 2 hours once avery 4 weeks or
monthly. The first dose Is administered on Day 0 and the final dose on Day 338, for a total of
13 doses. There is a £7-day window around each dosing visit, with a minimum of 21 days and

a maimum of 35 days between doses.

Patients are monitored at the study site through approximately 2 hours post-dose. if there are
no acute reactions following the first two doses for a patient, and if determined safe o do so,
the infusion duration can be changed 1o less than two hours but no shorter than 1 hour.

Following each dose, patients are contacted by the site within 7 days as a safety chech-in.
Patients are seen in clinic 14 days after the first dJose. After the second dose. visits ocour every
4 weeks or monthly through the end of the study (Table 8). Al dosing and motor function
oulcome measures are conducted at the study site during the Treatment Period.

The fast Treatment Period visit is on Day 364 {Visit 15).

Patients who complete the 52-week Treatment Period have the option fo enroll info the
Extension Period for an additional 52 weeks (FIG. 2). There is no interruption in dosing belween
Treatment and Extension Periods. The first dose is administered on Day 364, following
completion of the Treatment Period at Visit 15, and the final dose is administered on Day 700,

for a total of 13 doses.

All treatments are administered by intravenous (IVY infusion over approximately 2 hours once
every 4 weeks or monthly. There is a £7-day window around each dosing visit, with & minimum
of 21 days and a maximum of 35 days belween doses.

Patients are monitored at the study site through approximately 2 hours post-dose. The infusion
duration can be no shorter than 1 hour.
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3. Palienis who complete the 52-week Treatment Period and choose not o enroll in the oplional
Exiension Period are followsd for a 12-wask safely Follow-up Perlod after Day 364, Patients
who complete the S2-week Extension Period are followed for 8 12-week safety Follow-up
Period after Day 728,

1.2 Treatment Assignment

{390] Eligible patients in Cohorts 1 and 2 recedve high dose (20 mg/ky) apitegromaly. Patients in
Cohort 3 are randomized 1:1 fo low {2 mg/kg) or high dose {20 mg/kg) apitegromab without stratification.
Patients enrolfed in the optional Extension Period may or may not continue o receive the same dose
they received during the Treatment Period as determined by the interim andfor primary analysis.
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Table 8. Motor Function Qutcome Measures

Cohort 1 Cohorts 2and 3

= Revised Hammarsmith Scale (RHS) s  Hammersmith Functional Motor Scale

«  S-minute Walk Test (BMWT) Expanded {(HFMSE)

s 30-Second Sit-to-Stand «  World Health Organization {WHO} Motor

« 10-mater Walk/Run (fromt RHS) Development Milestones

« Timed Rise from Floor {from RHS) « Revised Upper Limb Module {RULM)

+  Endurance Shutlle Nine Hole Peg Test

{ESNNHPT) or Endurance Shuttle Box and
Block Test (ESBBTR

3 Patients who scorg £3 on Hem A of the RULM at Screening perform the ESNHPT at Screening and
all subsequent assessments, while patients who score >3 on itent A of the RULM at scraaning perform
the ESBBT at screening and all subsequent assessments. If patiert maxes out of an endurance fest,
the PT Advisory Board is consulted to potentially change assessment designation. ® The motor function
outcome measures are videotaped o ensure that they are being conducted properly and consistently
by the physical thevapists, upon consant.

1.3 Safety Oversight and Stopping Rules
1.3.1  Safety Surveillance

[391] Bafety daila are reviewed approximately every 12 weeks, and on an ad hoo basis as needed,
throughout the duration of the study {inclusive of Treatment and Extension Periods) o assess patient
safety.

132 Pharmacokinetic Criteria for Dose Adjustment

{392] PK and PD data ara reviswed for each cohort as part of 8 prespecified interim analysis {rafer
1o Section 8.4}, Drug exposure and target angagement levels in SMA patients are evaluated in order
{0 compare them {o the levels seen in @ prior Phase 1 heaithy adill study. Data from mulliple cohoris
may be combined as necessary and are provided by a bicstatistician. Based on these results, and
taking Into consideration any available safety data, cohart-specific dose levels may be adjusted. Any
adjustment in dose level does not changes the frequency of dosing {l.e., evary 4 weeks or monthly} and
the highesi dose does not exceed 30 mg/kg, as tested in the Phase 1 study.

13.3 Study Stopping Rules

{393] Dosing in the study may be suspended at any time for an emergent safely concern untif the
svent{s) are completely evaluated and an appropriate cowrse of action is recommended,

{394] Recommendations may be made to restar! dosing and continue the study with no changes,
continue the study with changes o the protocol, terminate the study, ot require more data, inpul, and
deliberation prior to making a decision. Criteria for study tetmination are based on the assessment of
safely concerns that may arise during the conduct of the study or from data from the apiiegromab
preclinical and clinical program. The study may be discontinued at any time by diseration, or f it is
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determined that further drug exposure would pose an undue risk to patients. If the siudy is terminated
pramaturely, patients continue {0 be followed for 12 weeks after their final dose.

1.34 individual Stopping Rules

[395] Dosing for any individual patient may be suspended ar discontinued if the patient experiences
a apitegromab-related serlous adverse event (SAE), or a apitegromab-related, clinically significant non-
serious AE that warrants suspension of discontinuation from further dosing for that patient's well-being.
For patients who have had their dosing suspended, dosing may resume only after their AL has resolved
and only if it would be considerad safe to do so. For patients who have discontinued dosing, the patient
continues to be followad for 12 weeks after their final dose or until the resolution of any angoing clinically
significant AE, whichever cocurs later. {(For the definition of AE resolution, refer to Section 52.1)

{396] Dosing of apitegromab for an individual patient may also be suspended or discontinued for
safety concerns other than those described above if the patient's safety may be threatened. Any single
event of combination of events that may jeopardize the safety of the patient or the reliability of the data
is evaluated.

{397] Patients who develop either an SAE or gther toxicity meeting the individual stopping criteria are
carefully monitored, which may include the following:

«  Additional clinical laboratory tests andfor ather clinical investigations
«  Additional visits or extended duration of follow-up
= Obtaining a specialist consudtation

2 SELECTION AND WITHDRAWAL OF PATIENTS

2.1 Patient Inclusion Criteria

1. Age 5 through 21 years ofd at the time of Screening for Cohorts 1 and 2; Age 22 years old at
the tirne of screening for Cehort 3.

2. Estimated life expectancy >2 years from Screening.

3. informed consent document signed by the patient If the patient is legally an adult, i the patient
is fegally a minor, informed consent document signed by the patient’s parent or legal guardian
and patient’s oral or written assent obiained, if applicable and in accordance with the regulatory
and hegal requiremants of the participating focation.

4. Documenied diagnosis of 5g SMA,

5. Diagnosad as later-onset (8.4., type 2 or type 3) SMA prior o racelving any treatment with
tharapy approved for SMA,

6. Non-ambulatory patients are able to sit independently (sits up straight with head srect for at
least 10 seconds; does not use arms or hands fo balance body or support position) per World
Health Organization (WHO) motor milestones definition at Screening. Patients who never had
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=t

10

11.

12.

13

14.

15.

the ability to walk independently are classified as type 2. Patients who previously had the abilily
1o walk unaided are classified as type 3.

Ambulatory patients have the ability to independently ambulste without aids or orthotics over
10 meters at Screening.

For Cohort 1, RHS score no greater than 63 at Screening.
For Cohorts 2 and 3, HFMSE score no less than 10 at Sereening.

Receiving the same background SMA therapy (e.g., on an approved SMN upregulator therapy
stich as nusinersen, of not on any SMA therapy) for at least & months prior to Scraening and
anticipatad to remain on that therapy throughotat the duration of the study.

a. i receiving the SMN upregulator therapy nusinersen, completad the loading regimen
and initiated maintenance dosing (i.e., completed at feast one maintenance dose) with
at least 4 weeks after the first mainienance dose having elapsed prior 1o Screening.

Nutritional status stable over the past 8 months and anticipated to be stable throughout the
duration of the study.

Have no physical imilations that would prevent the patient from undergoing molor function
osutcome measures thraughout the duration of the study.

Able fo recaive study drug infusions and provide blood samples through the use of a peripharal
IV, or a long-term IV access device that the patient has placed for reasons independent from
the study (i.e,, for background medical care and not for the purpose of receiving apitegromab
in the study), throughout the duration of the study.

Able to adhere to the protocol, including travel to the study center and completing all study

procedures and study visits.,

For patients who are expected to have reached reproductive maturlly by the end of the study,
adhere {0 study specific conlraception reguirements:

a. Females of childbearing potential {see Seclion 5.1.7.4 for definition) have a negative
pregnancy test at Screening and agree to employ highly sffective contraceptive
measures (failure rate of 1% or less per year when used consistently and correctly) for
the duration of the study and for 18 weeks following the last dose of study drug.
Effective contraception methods ave restricted to combined {estrogen and progestogen
containing) hormonal contraception associated with inhildtion of ovulation {oral,
intravaginal, ransdermal}, progestogen-only hormonal contraception associated with
inhibitionr of ovulation {oral, injectable, implantable}, intrauterine device {(IUDY,
intrawterine hormone-releasing system { US), bilateral tubal occlusion, vasectomized
partner, or sexual abstinence. In the context of this guidance, sexual abstinence is
considered a highly effective method ondy If defined as refraining from heterosexual
intercourse during the entire pericd of risk associated with the study treatments. The
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10.

11

refiability of sexual abstinence needs to be evaluated in relation 1o the duration of the
study and the preferred and usual lifestyle of the patient.

b, Male patients with female partners of childbearing polential are abstinent or agree fo
empioy the use of a condom with or without spermicide throughout the duration of the

study and for 18 weeks following the last dose of study drug.
Patient Exclusion Criteria
Uise of tracheostomy with positive pressure

Use of chronic daytime non-invasive ventilatory support for >16 hours daily in the 2 weeks prior
to dosing, or anticipated o regularly receive such daylime ventilator support chronically over

the duration of the study.

Any acute or comorbid condition interfering with the well-being of the patient within 14 days of
Screening, including active systemic infection, the need for acule treatment or inpatient

observation due {0 any reason.

Severe scoliosis and/or coniractures at Screening. Based on clinical judgement, any scaliosis
or contraciures present is stable over the past 8§ months, anticipated to be stable for the duration
of the study and not prevent the patient from being evaluated on any functional cutcome
measures throughout the duration of the sfudy.

Pregnant or breastfeeding.

Major arthopedic or other interventional procedure, including spine or hip surgery, considered
fo have the potential fo substantislly mit the ability of the patient to be evaluated on any
functional cutcome measures, within 6 maonths prior to Screening, or anticipated for the duration
of the study

Prior history of a hypersensitivity reaction to a8 mAb or recombinant protein bearing an Fo
domain {such as a soluble receplor-Fo fusion protein}, apitegromab. or excipients of
apitegromab.

Use of systemic corticosteroids within 60 days prior to Screening. Inhaled or fopical steroids
are allowad,

Treatment with investigational drugs within 3 months or 5 half-ives, whichever is longer prior
o Scraening.

Use of therapies with polentially significant muscle effects {such as androgens, insulindike
growth factor, growth hormone, systemic beta-agonist, botulinum foxin, or muscle relaxants or
muscle-enhancing supplements) or polentially significant neuromuscular effects {such as
acetylcholinesterase inhibitors) other than an approved SMN upregulator therapy within 80
days prior to Screening.

Use of valproic acid within 60 days prior to Screening.
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12. Patient has any other condition, which in the opinion of the Investigator may compramise safety
or compliance, would preciude the patient from successiul complation of the study, or interfare
with the interprefation of the results.

2.3 Patient Withdrawal Griteria

{398] Patients may withdraw consent at any ime. Participation in the study may be terminated at
any time without the patient’s consent. A patient may be withdrawn from the study for any of the
following reasans:

+  Protocel vislation
= Serious or intolerable AE {see Section 1.3.4)
»  Clinically significant change in a laboratory parameter (see Section 1.3.4)
s Sponsor or investigator decision
»  Patient andior parent or guardian request
2.4 Patient Rescreening, Replacement, and Over-enroliment

[388] A patient who is determined 1o be eligible based on screening assessments and experienceas
an acute or comorbid condition that causes a detay in their Baseline visit and first infusion {Day 0} may
remain eligible up to an addiional 14 days after the end of the Screening Period without having to
rescrean. The patient may proceed with entering the Treatment Perind after the resolution of the event
and if deemed safe fo do so. Screening palients who experignce an acute dlinical event that resulls in
a delay of more than 14 days oulside of the Screening Perind rascreen in order to determing eligibility.

[408] Patients who withdraw from the study for non-safely related reasons before recaiving 4 dosas
of apitegromab and undergoing 2 post-dose HFMSE or RHS assessments may be replaced.

[404] Patients who are in the Screening Feariod at the fime a cohort has enrolied s required number
of patients may continue o be enralled after they are determined o be aligible.

{402] In order to preserve the robusiness of the analyses, the additional patients may be envolled inlo
a cohort as a result of patients in that cohort who significantly change their background approved SMA
freatment while on study (e.g., a patient discontinues nusinersen or beging a new approved freatment
as part of standard of care for their SMA).

2.5 Patient Enroliment into the Optional Extension Period

{403] Patients who choose fo enrodl info the Extension Period should review and sign the informed
consant form prior to parforming any assessments being conducted on Day 364 (Visit 15). A patientis
determined to be eligible for enroliment into the Extension Period after completion of the 82Z-week
Treatment Penod.
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3 STUDY TREATMENT
33 Studdy Drug Description

[404] Apitegromab drug product is & clear, colorless to slightly vellow solution, essentially free from
vigible pasticulates, The drug product formulation doas not contain excipients of animal origh.

[408] Apitegromab is a slerile, preservative-free, liquid stored in a 6R clear, USP/ER Type |
borosilicate glass vial with a 20 mm FluroteoB-coated, bromabutyl rubber stopper, and 20 mm crimp
seal with a royal blue fiip-off cap. Apitegromab is sierile filtered and filled o provide sufficient volume
for withdrawal. Each vial is intended for single use administration only. Apitegromab is stable at 2 {o
8°C.

3.2 Study Drug Preparation and Administration

{408] Instructions for preparation of each IV dose of study drug are provided. Preparation and
dispansing of the study drug are handied by the site pharmacy. Instructions for safe handling of the
study drug are provided.

{407] Apitegromab is administered to patients at one of two dose levels: 20 mg/kg and 2 mgikg,
according to the cohort assignments (Section 1.2). Doses are diluted in normal saline and administered
by 1V over 2 hours {(+10-minute window). if there are no acule reactions following the first twa doses
for a patient, and if it is determined that it would be safe 1o do so, the infusion duration can be changed
to less than two hours but no shortar than 1 hour

[408] All doses are administered via peripheral IV {or via long-term IV access device such as a
peripherally inserted cenlral catheter or port, if the patient has such a device for their background
madical care). The placement of a new long-term IV access device is not part of this study. not required
for participation, and should not be conducted if the only reason for it is 1o recelve apitegromab.

{408] I an acute reaction occurs, further dosing is suspended, and the risk represented by the acute
reaction is evaluated, Such an evaluation incorporates consideration of the nature of the event,
relatedness o the drug, and seriousness and severily of the svent.

{410] Intervention for patients who experience an acute infusion reaction should be performed in
accordance with standard procedures and may include restarting the infusion al a slower rate,
ferminating the infusion, administration of medications, or other medically supportive measures, as

necessary,
3.3 Randomization and Blinding

{411] Cohorts 1 and 2 are direclly assigned to the 20 mg/kg dose of apitegromab while Cohort 3
patients are randomized (11} in a double-blind manner {o receive either 2 myikg or 20 mglkg
apitegromab via an interactive Web-based Randomization System (IWRS),

{412] With the exception of the Pharmacist, all are blinded o Cohort 3 apitegromab dose level
assignments as specified here. The site Pharmacist remains unblinded throughout the duration of the

study. Individuat efficacy data is blinded until prespecified interim analysis are performed (see Section
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g.4). Efficacy data not included as part of the interim analyses remaing biinded until the Treatmant
Pariod database lock or desmed necessary. Salect personnel have acesss to efficacy data o ensure
study ovarsight.

[413] For unblinding procedures, refer to Section 5.7.1.5. Based upon interim analysie at 6 months
{Day 168) and/or primary analysis at 52 weeks {Day 364), the assignment and blind designation in
Cohort 3 may remain the same or change.

34 Study Drug Compliance

{414] Study drug is administerad under the supervision of qualified personnel. The study site is
required 1o adhere to all applicable laws, regulations, and guidelines including, but not limited to, the
United States (US) Code of Federal Regulations (CFR), the International Councit for Harmonisation
{ICH) of Technical Requirements for Registration of Pharmaceuticals for Human Use, the Health
insurance Portahility and Accountability Act of 1998, as well as any applicable local and federal
ragulations.

35 Study Drug Packaging and Labeling

[418] Study drug is supplied, packaged, and iabeled according o applicable iocal and regulatory

requirements for investigational studies.
38 Study Drug Storage and Accountability

[418] Al supplies of apitegromab are stored refrigerated {(2°C fo 8°%C/36F fo 48°F) in the carton and
protected from light, in a securely locked area, and accessible to authorized persons only, untll nesded
for dose preparation.

[417] Accwrate accountability records of the investigational product are maintained throughout the
clinical study. The site Pharmacist inventories the investigational product received and maintains
records of disposition of the drug, including dates, quantity, and use. All dispensing and accountability
records are available for review. Study drug accountability is verified during on-site monitoring visits.
Al the end of the study, a final accountability of alf study drugs is conducted.

3.7 Study Drug Disposal and Return

{418] Following accountabiiity of study drug by a study monitor, used vials may be destroyed at the
site according to local standard operating procedures {SOPs) containing well-documented destruction
procedures. Unused vials should be returned (e.g., o its designated storage location) for final
disposition.

18 Coneomitant Treatment

{419] Concomitant treatment or interventional procedures that are medically indicated for any AEs
the patient experiences during the study or that are provided as part of standard supportive care for the
patient, is permilied by discretion and supersedes any of the restrictions oullined in this protecol.

[420] Patienis may receive an approved SMA treatment in sccordance with the cohort they are
gnroffed into (Section 1.2). Palients are expecied o remain on the same background SMA therapy
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{a.q.. on an SMN upregulator therapy such as nusinersen, or not on any SMA therapy) for al least &
months prior to the first dose of study drug and throughout the duration of the study. Investigators who
conternplate changing a patient's standard of care treatment for their SMA are encouraged to discuss

this in advance.

[421] Patienis that receive the SMN upregulator treatment, nusinersen, receive their maintenance
doses at least 24 hours after receiving apitegromab, ot at least 14 days prior to any scheduled
apitegromab study drug administration visit.  Any change in the timing of the patient's nusinersen
freatment that would falf within 14 days prior 1o the scheduled apitegromab adminisiration is discussed
in advance.

{422] Investigational therapies are not permitted 3 months {or § half-lives, whichever is longer) prior
{o Sereening and throughout the duration of the study.

{433] The concomitant use of the following drugs or producis has the potential to interfere with the
assessment of reatment effect in this study. Accordingly, the use of the following is prohibited from

Scraening through the final visit.

« Livevaccinations within 14 days of any study visit wheare motor function autcome measures
are conducted.

+  Systemic corficostercids. Inhaled and topical steroids are allowed.

= Any therapy with potentially significant muscle effects (such as androgens, insulindike
growth factor, growth hormone, systemic beta-agonist, bolulinum foxin, muscle relaxants
or muscle-enhancing supplements) or potentially significant neuromuscular sffects (such
as acelylcholinesierase inhibilors) other than an approved SMN upreguiator therapy.

+ Valproie acid.
4 ASSESSMENT OF EFFICACY, PHARMACOKINETICS, ARD PHARMACODYNAMICS
4.1 Efficacy Endpoints

[424] Primary, secondary, and tertiaty efficacy endpoints are assessed at the times indicated in
Table 6 and Table 7. The efficacy endpoints for each cohort are outlined in Table 8. Functional
oulcome measures {e.g., HFMSE/RHE, 8MWT, WHD Motor Milesiones, RULM, 30-second Sit-o-
Stand, Endurance Shuttle Nine Huole Peg Test [ESNHPT), andior Endurance Shuttle Box and Block
Test [ESBBT]) are conducted and assessed by the Physical Therapist. Reguiraments for the order of
assessments, duration of assessments, and rest periods between assessments ‘are outlingd in a
separate Physical Therapist training manual

[425] Study procediures are not conducted for patients who develop an AE {e.g., musculoskeletal
injury} during the study, rrespective of refatedness o study drug, that would make # unsafe to perform
a functional outcome assessment. Upon resclution of the AE, and i it s safe to do so, performance of
that study procedure is resumed at the next scheduled assessment as indicated in Table § and Tabls
7.
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PEDICAT
Change from Baseline in the
PROMIS Fatigue Questionnaire

Cohort 1 Cohorts 2 and 3
Primary: Change fron Baseline in the RHS {otal | Change from Bassline in the HFMSE
score at Day 364 (V15) fotal score at Day 364 {(V15)
Secondary: s+ Change from Baseline inthe RHS | ¢ Change from Bassling in the
total score at other prespecified HFMSE total score at other
timepoints. prespecified timepoints.
»  Proportion of patients achieving + Proportion of patients achieving
varous magnitudes of change in various magnitudes of change in
RHS score from Baseline HFMSE score from Baseline
«  Change from Basaline in the » Change from Baseline in the
eMWT RULM total score
« Change from Basaline in the 30- s Proportion of patients achieving
second Sit-to-Stand various magnitudes of change in
« Change from Baseling in the 13- RULM from Baseline
meter Walk/Run {from the RHS) »  Change from Baseline in the
Co numiber of WHO motor
»  Change from Baseline in the development milestones atiained
Timed Rise from Floor (from the sveiop
RHS) «  Proportion of patients who aitain a
new WHQ molor development
milestone relafive to Baseling
Tertiary: »  Change from Baseline in the + Change from Baseline in time to

fimitation on the ESNHPT or
ESBBT

Change from Baseline in the
PEDICAT

Change from Baseline in the
PROMIS Fatigue Questionnaire

Cohort 3 only:

Time to therapsutic effect
{delineated in the Statistical
Analysis Plan {SAP]) as compared
hetwaean fow and high dose
apitegromab

GRWT = G-minute Walk Test ESBBT = Endurance Shuttle Box and Block Test; ESNHPT = Endurance
Shutile Nine Hole Peg Test; HFMSE = Hammersmith Functional Motor Scale Expanded; PEDICAT =
Pediatric Evaluation of Disability Inventory Computer Adaptive Test;, PROMIS = Patient-Reported
Outcomes Measurement Information Sysiem; RHE = Revised Hammersmith Scale; RULM = Revised
Upper Limb Moduie; SAP = Statistical Analysis Plan; WHO = World Health Organization.

4.1.1

Efficacy Parameters

4.1.1.1 Revised Hammersmith Scale {(RHS)
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[428] The RHS is performed for the ambulatory patient subgroup {Cohorl 1), Administration of the
RHS includes the Timad Rise from Floor and 10-meter Walk/Run tests. The RHS is a 36-item olinjcal
assessment for physical abifities of patients with type 2 SMA, and ambulatory and non-ambulatory
patients with type 3 SMA. The RHS includes 33 items that are graded on a scale of 0, 1, 2, where 0
denotes the fowest level of abilityfunclion and 2 denotes the highest level of abllity {(Ramsey et al.
{2017} PLoS One. 12(2)eD172348). The remaining 3 items are scored @, 1, whare { denotes an
inability and 1 denotes an abilily to achieve. The maximum achievable score is 69,

£.1.1.2 10-meter Walk/iRun

{4271 The 10-meter Walk/Run test is an enhanced funclion of the RHS used for ambulatory patients
with type 3 SMA. it is a measure of the time taken to walkirun 10 meters.

4.1.1.3 Timed Rise from Floor

{428] The Timed Rise from Floor fest is an enhanced function of the RHS used for ambulatory
patients with type 3 SMA. It is a maasure of the time taken to rise o standing fram the floor.

4.1.1.4 &-minute Walk Test (8MWT)

{4291 The GMWT is an assessment of exercise capacily and fatigue that has been used in clinical
studies of ambulatory later-onsel SMA patients {(Young et al. (2018). Muscle Nerve. 54(51:836-842).
Ambulatory patients in Cohort 1 complete the 8MWT. Patients are directed to walk along a 25-meter
course as fast as possible over 6 minutes. The minute distances and tolal distance walked over 8
minutes are measured.

4.4.1.5 30-second Sit-fo-Stand

{430] The 30-second Si-io-Stand Test is used by researchers and clinicians as an assessment of
functional lower limb strength (Jones et al. (1899) Res Q bxerc Sport. 70:113-119). The test was
modified for the ambulatory SMA population based on research of the modified 30-second Sit-io-Stand
being a reliable, feasible tool for use in a general geriatric population with a lower level of funclion
{McAllister and FPalombaro {(2018). J Getialtr Phys Ther. 0(031-8) and was related fo fall dsk in
institutionalized veterans {Applebaum et al, (2017). PLoS One. 12{5)e0176948; Le Berre el al, (2016)
Percept Mot Skills. 123:138-182). The test measures the maximal number of times the patient can

fransition from sitting to standing in 30 seconds.
4.1.1.6 Hammersmith Functional Motor Scale Expanded (HFMSE)

{431] The HFMSE assesses the physical abilities of patients with type 2 and type 3 SMA {O'Hagen
et al. {2007} Neuromuscul Disord. 17(9-10):883-697; Glanzman ef al. (2011} J Child Neurol
26(12).1499-150Q7} and is performed for non-ambulatory patient subgroups (Ceohorls 2 and 3). #
consists of 33 items to assess an individual's abifity to perform various activities, including:

1. Plinth/chair sitting

2. Long sifting

3. One hand o head in sitting
4. Two hands to head in sifting
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Supine to side-lying

Rolls prone 1o supine over R
Rolls prone to supinhe over L
Rolls supine {o prone over R

9. Ruolls supine fo prone over L.

10. Sitting to lying

11. Props on forearms

12. Lifts head from prone

13. Prop on exiended arms

14, Lying to sitting

15. Four-point kneealing

16. Crawling

17. Lifts head from supine

18. Supporting standing

18. Stand unsupported

20. Stepping

21, Right hip flexion

22. Leff hip flexion in suping

23. High knesling to right half kneel
24, High kneeling to left half kneel
25. High kneeling to stand leading with left leg
26. High kneeling to stand leading with right leg
27. Stand to sit

28, Sgquat

24, Jump 12 inches forward

30. Ascends stairs with rail

31, Descends stairs with rail

32, Ascends stairs without rail

33. Descends stairs without rait

? oo O

{432] Quality and execution of each maovement is graded on a scale of 0, 1, 2, where U denotes
unable, 1 denotes performed with modification or adaption, and 2 denotes withoul modification or

adaptation. The maximum achievable score is 66,
4.1.1.7 Revised Upper Limb Module (RULM)

{433] The RULM is a 20-tem assessment of upper limb function in non-ambulatory SMA patients
{young children as well as adults) (Mazzane et al (2017) Muscle Nerve. 55(6).882-874). The 18 scored
ftems test functions that relate to everyday life, such as placing hands from {ap, pressing a button, and
picking up a token. The items are scored 0, 1, 2, where O denotes unable, 1 denotes able with
modification, and 2 denotes able with no difficulty. The maximum score achievable is 37. Non-
ambulatory patient subgroups {Cohorls 2 and 3) perform the RULM. The RULM is completed by
patients who are 30 months of age or older at the time of the baseline assessment.

4.1.1.8 WHO Motor Development Milestones

{434] The World Haalth Qrganization (WHO) Multicentre Growth Reference Study performance
criterfa is willized 10 assess motor development milestones of patients with type 2 and non-ambuiatory
tvpe 3 SMA enrolled in Cohort 2 and Cohort 3.
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4,1.1.9 Endurance Shuttle Nine Hole Peg Test (ESNHPT)

[435] The ESNHPT is an endurance test for severely affecied patients with SMA. Patienis are
instructed to repeatedly perform the original 8 Hole Peg Test at 75% of their individual maximum speed.
The shuttles refer 1o the set speed marked by auditory cues, with the test ending when the patient
missed 2 consecutive beeps. Primary outcoms paramster is "time 1o Himitation (Tlim},” the time a task
can be mainiained at the pre-set intensity. Maximum test duration is 20 minutes {Slam et al. {2018}
BMJ Open. 8(71e019832). Non-ambulatory patients who score £3 on Htern A of the RULM at Screening
perform the ESNHPT at Soreening and all subsequent assessments. The ESNHPT is completed by
patients who are or will turn 8 years of age or older during the study.

£.1.1.10 Endurance Shuitle Box and Block Test (ESBBT)

[436] ESBBTY is an endurance lest for moderately affecied patients with SMA. Patients are instructed
io repeatedly perform the oniginal Box and Block Test at 75% of thelr individual maximum speed. The
shuttles refer to the sel speed marked by auditory cues; with the {est ending when the patient missed 2
consecutive beeps.. Primary outcome parameter is “time o fimitation {Thm),” the time a task can be
maintained at the pre-sel intensity. Maximal test duration is 20 minutes (Stam et al. {(2018) BMJ Open.
8(71e018932). Non-ambulatory patients who score >3 on ftern A of the RULM at Screening perform
the ESBBTY at Screening and sll subsequent assessments. The ESBBT is completed by patients who
are or will turn 8 years of age or cider during the study.

4.1.1.11 Pediatric Evaluation of Disability inventory Computer Adaptive Test (PEDICAT)

[437] A caregiver (who may or may not be a parent andior tegal guardian} completes the PEDHCAT
assessment. The PEDICAT assessment should not be administered if 3 caregiver is not present. The
PEDICAT assessment should not be administered to the patient. The PEDICAT is a guestionnaire
completed by the caregiver thal assesses the patient’s ability to perform daily functions (Haley ef al.
{2005} Arch Phys Med Rehabil. 86(5):932-838}. The PEDICAT is filled out by the caregiver in a location
where they are not watching the patient perform any funclional assessment {ests. The same caregiver
should fill out the assessment throughout the study duration. The answers are scored on a 4-point
scale {unabie o easy). The testis suilable lo assess funclion in newborns to 21-year-olds. Properties
of the PEDICAT have been studied in the SMA population. A Rasch analysis with results published in
2018 revealed that the distribution of abiliies for the Mobility and Daily Activities domains of the
PEDICAT are best represented in the type 2 and type 3 populations (Fasternak of al. {2016} Muscle
Nerve. 54{6).1007-1107).

4.1.1.12 Patient-reporied Qutcomes Measurement Information System {(PROMIS)

{438] The PROMIS is a person-centered measure intended to be complated by the patient or parent
proxy without help from anyone (Ader {2007) Med Care. 5(5):81-82). The fatigue profile domain
measures & range of sympioms, from mild subjective feelings of tiredness to an overwhelming,
debilitating, and sustained sense of exhaustion. The selfreport measures are sultable for children 8-
17 years old and the parent proxy report measures are suited for children §5-17 years old. If a caregiver
completes this form, the same caregiver completes the form thwoughout the study duration. Patients
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age 18 through 21 complete an adult form of PROMIS. The PROMIS is complated by patients who are
orwill turn & yvears of age or oider at the time of the baseline assessmant.

4.2 Pharmacokinetics (PK) Blood Sample Collection

{438] Blood samples for the measuremant of apilegromab concentrations are oblained prior to study
drug infusion as indicated in the schedule of gssassments in Table & and Table 7. The 2-hour {(+30
minute window) postdose (from the stop of the infusion) sample collection on Day 0. Day 140, Day
336, and Day 700 is collected via peripheral venipuncture.

{440] Each collected sample is split into approximately equal volume sample sets to aliow for
retesting, if required. Aliguots from the PK blood samples may be usead for additional immunogenicity
or PD festing as appropriate, and Baseline samples may be used to support PR, PD, andfor anti-drug
antibody {ADA) assay validation.

43 Pharmacadynamics (PD) Blood Sample Collection

[441] Blood samples are collected for the measurement of latent myostatin lgvels. These blood
sampies are obtained prior to infusion as indicated in the schedule of assessments in Table & and
Table 7. The 2-hour {+30 minute window} post-dose {from stop of infusion) sampile collection on Day
0 is coliected via peripheral venipuncture.

{442] Each collected sample is split inlo approximately squal volume sample seis to allow for
retesting, i required. Aliguots from the PD blood samples may be used for additional PK or
immunogenicity testing as appropriate, and Baseline and post-dose samples may be used to support
PK, PD, andior ADA assay validation.

4.4 immunogenicity Blood Sample Collection

[443] Blood samples for the measurement of anti-apitegromab antibodies are obtained prior o
infusion as indicated in the schedude of assessments in Table 6 and Tahle 7.

[444] Each collected sample is sphit into approximalely equal volume sample sais to allow for
retesting, if requived. Aliguots from the immiunogenicity samples may be used for additions! PK or PD
testing as appropriate, and Bassline samples may be used 1o support PK, PD, andior ADA assay

validation.

§ ASSESSMENT OF SAFETY
54 Safety Parameters

511 Demographic/Medical History

[445] Patient demographics and medical history are recorded on the source document and electranic
case report form (@CRF). Demographic characteristics include age, sex, race, and ethnicity. Medical
history caplures the patient's SMA history as well as current and past relevant medical stalus {surgeries,

allergies, and concomitart medications).

512 Vital Signs
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[446] \Vital sighs are performed according to the schedule of assessments provided in Table 8 and
Table 7. Routine vital sign assessments include heart rate, blood pressure, and respiratory raie to be
coltected pre-infusion, every 15 minutes (5 minutes) during the infusion from the start of the infusion,
atthe end of the infusion, and 1 and 2 hours {£15 minutes) post-infusion. Body temperature is colfected
pre-infusion.

§.1.3 Weight and Height

[447] Weight and height are collected according to the schedule of assessments provided in Table §
and Table 7. Weight is collected within 48 hours of each dose in order to calculate weight-based dosing
and height is collected at visits where the motor function outcome measures are conducted, Standing
height is collected for alf individuals who are able {o independently stand. Surrogate height may be

estimated using ulna length # the patient is norv-ambulatory or neeads standing suppott.
§1.4 Physical Examination

{448] A complete physical examination is performed according to the schedule of assessmenis
provided in Table 6 and Takle 7. The findings of sach examination are recorded on the source
documents and eCRF. The physical examination includes an assessment of the following: general
appearance, skin, lymph nodes, head-eves-gars-nose-throat, neck, abdomen, exiremities, and the
respiratory, cardiovascular, musculoskeletal, and neurologic body systems.

5186 Electrocardiogram

{448] A 12-lead slectrocardiogram (ECG} is collecied at the times indicated in Table 8 and Table 7.
ECGs are performed with the patient having rested for at least & minutes before each reading. ECGs
are performed in triplicate, sach approximately 1 1o 2 minutes apart. On infusion days, ECG is collected
within 2 houwrs prigr {0 the start of the infusion. ECGs are sent to g central reading vendor for

azsessment.
5.1.8 Concomitant Medications

{450] All concomitant medications are coliected from the time the patient signs the ICF through
12 weeks after the final dose.

517 Laboratory Assessments

[451] Laboratory testing (elighility screening, serum chemistry, hematology, wurinalysis, and
coagulation, PK and PD sample draw, and anti-drug antibody testing) is performed using established
methods at the imes indicated in Table & and Table 7. When muitiple sample collection types are
performed at the same assessment time polnd, the samples are drawn in the following order (depending
on what sample types are io be collecled at that ime point}. laboralory safety samples (hematology,
coagulation, serum chemistry, urinalysis), PK, PD, anti-drug antibodies. Aliguots from the PK, PD, and
anti-drug antibody samples may be retained as back-up for retesting if necessary. The total blood draw
for each patient who completes the 82-.week Treatment Period, is approximataly 158 mi.. Patiends who
dao not enroll into the Extension Period and complete the 12-week safety Follow-up Period have

approximately 28 mb of additional blood drawn.
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[452] The tots!l blood draw for each patient who completes the 52-week Exiension Period is
approximately 77 mb.  Patients who then complefe the 12-week safely Follow-up Peried have
approdimately 13 mlb of additionat blood drawn.

[483) Anti-Drug Antibody (ADA} Testing. Standard procedures are used o assess ADA in patient
samples. Briefly, an initial screening step generates a positive or negative result in terms of ADA
rasponse. A bridging assay may be used o detect ADA {Le., an electrochemiluminescent assay that
uses labeled versions of apitegromab o form a “bridge” between the two arms of an anti-apitegromab
antibody). A bridging assay may offer e.g., improved sensitivily, as compared to other detection
methods {g.g., a radiional ELISA). Sampiles that screen negative are considered fo lack ADA and
sampiles that screen positive, in some instances, proceed o a confirmatory assay.

{4541 In the confirmalory assay, samples are fesfed with and without spiking in apifegromab. Spiked
apitegromnab can bind fo any ADA present in a sample. When compared o an un-spiked sample, the
specificity of the response to apitegromab can be confirmed. Samples confirmed as having a posilive
response fo apitegromab may be re-assayed using serial difutions (o assess the relative strength {ie.,
titer) of the antibody response. This value is typically represented as the highest dilution of a patient
sample that still has a positive response in the confirmatory assay.

{455) Inotherinstances, the confirmatory assay is sKipped and titering dala is used to confirm positive
ADA responses. Samples with low fiters {i.e., Hers under a predefined threshold, e.g.. under &
threshold of 1:32 dilution) are considersd negative and samples with high fiters {L.e., tlers above a
predefined threshold, e.g., above a threshold of 132 dilution} are considered positive. A liter threshaold
of 1:32 dilution may be used 1o assess ADA response in samples. Titering information can be collected
simultaneousty.

§.4.7.1 Hamatology and Coagulation
{458] The following hematology and coagulation parameters are assessed:

+«  HMemoglobin

« Red blood cell count

*  Hematoorit

« White blood cell count with differential

*  Absolute platelet count

+  Mean corpuscular hemoglobin

+« Mean corpuscular hemoglobin concentration
»  fean corpuscular volume

»  Activated partial thromboplastin time {APTT)

«  Prothrombin Time/international Normalized Ratic (PT/INR)
5.1.7.2 Blood Chemistry

{4571 The following blood chamistry parameters are assessad:
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51.7.3

{458)

Albumin

Alaning aminotransferase
Alkaling phosphatase
Aspartate aminotransferass
Bilirubin {fotat and direct)
Blood urea nitrogen
Calcium

Carbon dioxide

Chioride

Creatinine

Creatine phosphokinase
Gamma-glutamyl transferase
Glucose

Pragnancy {females only)
Lactate dehydrogenase
Magnesium

Phosphate

Potassium

Sodium

Total cholesteral

Total protein

Triglycerides

Uric acid

Urinalysis

The following urinalysis paramelers are assessed:
Bilirubin

Blood microscopy (if urinalysis is abnormal)
Glucose

Ketones

Nitrite

pH

Protein

Specific gravity
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§5.1.7.4 Pregnancy Testing

[488] A female is considered of childbearing potential, following menarche and until becoming
postmenopausal unless permanently slerile.  Permanent slerflization methods include hysterectomy,
bilateral salpingectomy and bilateral cophoreciomy. A postmenopausal siate is defined as no menses
for 12 months without an alternative medical cause

{460] Pregnancy testing is conducted for females of childbearing potential at the times indicated in
Table 6 and Table 7. A urine or serum testis acceptable however, positive urine tests are confirmed

with serurm testing.

{481] Patlents who become pragnant during the study should not receive further study drug and
shiould be followed according o the procedures outlined in Section 5.7.1.3.

5.2 Adverse and Serious Adverse Events
5214 Definition of Adverse Events
5.2.1.1 Adverse Event

{462] An adverse avent {AE} is any untoward medical ocourrance in a patient or alinical study patient
administered a pharnmaceutical product that does not necessarily have to have a causal relationship
with the freatment administered. An AE gan, therefore, be any unfavorable or unintended sign
{including an abnormal laboratory finding}, syrptom, or disease temporally associated with the use of
a medicinal product, whether or not related to the medicinal product.

= AEs may he new events or may be pre-existing conditions that have bacome aggravated or
have worsened in severity, seriousness, or frequency from Baseling al any time during the

study.

»  AEs may be clinically significant changes from Baseling in physical examinalion, laboratory
tests, or other diagnostic investigation.

[463] Treatment-emergent adverse events (TEAES) are AEs that start affer the first dose of study
drug or start prior to the administration of study drug and worsen in severity/grade ot relationship to the

investigational medication after the administration of study drug.

[464] Any medical condition already present at Screening should be recorded as medical history and
not be reported as an AE unless the medical condifion or signs or symploms present changes in
severity, frequency, or sericusness at any time during the study. In this case, it should be reported as
an AE.

5.2.1.2 Serious Adverse Event

[465] An SAE is any adverse experience occurring at any dose that resulis in any of the following

outcomes!

s Death

117



WO 2022/093724 PCT/US2021/056517

+ Life-threatening experience; Note: “Life-threatening” refers to a situalion in which the patient
was at immediate risk of death at the time of the event; it does notrefer o an event that might
have caused death f it were more severe,

« Inpatient hospitalization or prolongation of existing hospitalization. The following are exchuded
as per this criterion:

o Emergency room visits/hospilal admissions for AEs less than 24 hours in duration do
not meet SAE criterion unless they meet any of the other SAE criferia in this list

o Aschaduled or elective hospitalization for medical/surgical procedure planned prior to
informed consent for a pre-existing condition that has not worsened from Baseline
during patticipation in the study. However unexpecied complications andior
prolongation of hospitalization that ocowr during elective surgery should be recorded
as AEs and assessed for seripusness. Admission to the hospital for sociat or situational
reasons {i.e., no place 1o stay, too far away to come for hospital visils, resplte care} is
not considered inpatient hospitalization.

+ Persistent or significant disability or incapacity or substantial disruption of the ability to congduct
normal life functions

«  Congenital anomaly or birth defect

+ s considered to be an important medical everd. imporiant medical events arg those that may
not be immeadiately life-threatening or resull in death or hospitalization but may jeopardize the
patient or may require infervention to prevent one of the culcomes fisted in the definition ’bove.
Examples of such medical evenis include allergic bronchospasm requiring intensive ireatment
in anemergency room or at home, blood dyscrasias or convulsions that do not result in inpatient
hospitalizations, or the development of drug dependeancy.

§.2.1.3 Dosing Errors

{468] Al dosing erors (including, but not limited 1o, route of administration and wrong dose)} are
reported as protocol deviations. A brief description should be provided in the deviation report, including
information about whether the patient was symiptomatic or not. Dosing detalls should be captured in
the eCRF

{467] Anoverdose is definad as a significant variation from the recommendedischedulad dosage for
a product. The dosing for this study is canducied in a controlied clinical setting and an overdose is not
articipated. However, in the svent of an accident, for this study, an overdose of apitegromab is
considered & dose that {s at least 2-fold higher than 20 mgikg.

[468] Overdoses are not considered AEs and should not be recorded as an AE in the eCRF unless
an AE or an SAE occurs. All averdoses (regardiess of whather or not they result in an AE) are recorded
on an overdase form and reported within 24 hours of the site becoming aware of the overdose. fan
overdose results in an SAE, both the SAE and overdase forms are completed and reported.
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§5.2.1.4 Pregnancy

[468] Pregnancy is not an AE, however, i a female patient or female pariner of 3 male sfudy patient
becomes pregnant during the conduct of the study, Medpace is notified according to the procedures
provided in Section £.7.1.3. A patient hecoming pregnant while on study drug is immediately withdrawn
from further dosing and followed according to the praceduras provided in Section 57.1.3.

§.2.1.5 Treatment-emergent Adverse Event

{4701 An AE is treatment-emergent if the onset ime is after administration of the first dose of study
drug threugh the finat follow-up visit or, in the event that onset time precades study drug administration,
the AE increases in severity during the safety Follow-up Perind.

53 Adverse Event Manitoring

[471] Each patient is monitored for the cccurrence of AEs, including SAEs, from the signing of the
informed Consent Form (ICF) through the final follow-up visil

« Patienis are questioned andior examined for evidence of AEs. The questioning of patients with
regard to the possible oceurrence of AEs is generalized such as, "How have you been fesling
sirce your last visit?” The presence or absence of specific AEs should nol be elicited from
patients.

» Patients having AEs are monftored until resolution or stabilization {in the case of persistent
impairment), or untilt the event becomes chronio i nature, or the patient diss.

«  AEsz, actions izken as a result of AEs, and follow-up results are recorded in the eCRF as well
as in the patient's source dosumantation. Follow-up laboratory resulls should be filed with the
patient's source documentation.

[472] For any SAEs or AEs that require the patient 1o be discontinued front dosing, relevart clinical
assessments and laboralory tests are repeated as clinically appropriate, untit final resolution or
stabilization of the event(s). Patlents continue o be followed through 12 weeks after the final dose.

[473] Al safely laboratory analyses are performed at a central laboratory. The clinical laboratory
values are reported and reviewed for clinical significance and consideration of abnormal values as
potential AEs.

531 Relationship to Study Drug (Causality Assessment)

{474] The relationship of any AE {including SAEs} {o the use of the investigational product, as related
ar not related, is assessed based on clinfcal judgment and using all available information, and may

include consideration of the following factors:
» The teraporal sequence from study drug administration
«  Underlying, concomitant, infercurrent diseases

»  Concomitant use of other drugs
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»  Whether the manifestations of the AE are consistent with known actions or loxicity of the
investigational product

+  Exposure (o physical and/ior mental strasses
» The pharmacology and pharmacekinetics of the study drug

« The AE resolved or improved with decreasing the dose or stopping the use of the investigational
praduct (dechallenge). Judgment should be used if muitiple products are discontinued at the
same time.

{475] The causal relationship between the study drug and the AE is assessed using one of the
fotfowing categories:

» Not Related: Faclors consistent with an assessment of Not Related may include;

o Temporal relationship is facking {e.g., the event did not occur within a reasonable time
frama folimwing administration of the study drug); or

o Other causative factors more likely explain the svent {e.g., @ pre-existing condition,
other concomitant medications)

+ Related: Factors consistent with an assaessment of Refated may include:

¢ There is a positive temporal relationship {e.g., the event ocourred within a reasonable
time frame following administration of study drug)

o

The AE is more likely explained by the investigational product than by another cause
{e.g., the AE shows a pattern consistant with previous knowledyge of the investigational

product or the class of the investigational product).
5.4 Assessment of Expectedness

{476] As part of the regulatory reporting requirements, an assessment of expectedness
{expectediunsxpecied from the perspective of previously observed, not on the basis of what might be
anticipated from the pharmacological praperties of 3 medicinal product} for AEs is parformed. Adverse
ragctions are considered unexpeacted f the nature, serfousness, severity or ouicome of the reaction(s)
is not consistent with reference safaty information.

5.5 Common Terminology Criteria for Adverse Events

[477] Clinical and laboratory AEs are graded using the National Cancer Institute {NCH Common
Tarminology Critaria for Adverse Events (CTCAE), Varsion 5.0,

[478] The term "severg’ is often used o describe the infensily {severity} of a specific event {as in
mild, moderatle, or severe myacardial infarction}; the event itself, however, may be of relatively minor
medical significance {such as severe nausea). This is not the same as “serious,” which is based on
patient/event oulcome or action criteris usually associated with avenis thal pose a threat to a patlient’s
fife or functioning.
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5.8 Recording Adverse Events

{479] Each patient is monitored for the oocurrence of AEs, including SAEs, from the signing of the
ICF through the final folfow-up visit. Patients andfor thelr legal guardians are questioned, and the
patients may be examined for evidence of AEs. Patients having AEs are monitored with relevant clinical

assessments and laboratory tesis.

{480] Foreach AE, the requested information is evaluated and recorded in the eCRF and the patient’s
source documentation.

56.1 instructions for Recording AEs in eCRF
5.6.1.1 Recording Diagnosis Versus Signs and Symptoms

[481] I a patient reports signs and symploms that represent a medical diagnosis/syndrome, the final
diagnosis/syndrome should be recorded in the eCRF rather than each sign and symplom (e.g., cough,
runny nose, fever = upper respiratory infection). However, if a medical diagnosis cannot be made, then
each sign or symptom should be recorded as an individual SAE or AE, as appropriate.

5.8.1.2 Abnormal Laboratory Values or Vital Signs

[482] Prolocol defined iaboratory values and vital signs should not be reported as AEs unless the
abnormal laboratory value or vital sign meets al least one of the following:

= Requires an adjustment in the study drug(s) or discontinuation of treatment;
«  Reguires medical or surgical intervention;

s [s associated with accompanying signs/symptoms that are not considered part of a pre-existing
diagnosis or syndrome {or if considered part of 8 pre-existing diagnosis or syndrome, is

associated with disease worsening); or
» |5 considered clinically significant
57 Reporting Serious Adverse Events
571 Serious Adverse Event Reporting
8.7.1.1 initial Raports

[483] All SAEs ocourring from the time of informed consent through the final study visit are reported
fo Medpace Clinical Safely within 24 hours of the awareness of the octurrence (this refers 10 any AE
that meets any of the aforementioned serlous criteria).  All SAEs considered related o study drug
occurring afler the study are reported.

[484] Toreportan SAE, the SAE form is completed electronically in the electronic data capture {(EDC)
system for the study. When the form is completed, Medpace Safety personnel are notified electronically
and retrieve the form. Any supporting documentation {e.q., discharge summary, diagnostic resulis) are
redacted by the site and sent to Medpace Clinical Safety.

§.7.1.2 Follow-up Reports
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[485] SAEs are followed untll resolution, siabilization {in the case of persisient impairment), or until
the event becomes chronic in nature, or the patient dies. SAE resolution is defined as:

¢ Resolved with or without residual effects

«  Arstun to Baseline for a pre-existing condition

» Laboratory values have returned to Bassling or stabifized

«  Nofurther improvement or worsening of the event is expected

+ Falal cutcome - if an awlopsy is performed, the autopsy report should be provided as soon as
i is available.
[488] Within 24 hours of receipt o awareness of follow-up information, the SAE form is updated
elactronically in the EDC system for the study and any supporling documentation {e.g.. patient
discharge summary or autopsy reports) is submitted to Medpace Clinical Safety. All supporting patient
docuntentation is redacted for personal details as per Good Clinical Practice {GCPY. f itis not possible
o access the EDC system, refer {o the procedures nutlined above for inflial reporting of SAEs.

§.7.1.3 Reporting Pregnancies

[487] If a female patient or the female pariner of 8 male patient becomes pregnant dusing the course
of the study, the pragnancy is reported to Medpace Clirdcal Safety within 24 hours of awarenass of the
svent. Medpace Clinical Safety then forward the paper Exposure in Utero {EIU) form for completion.
The EIU form is completed and sent back o Medpace Clinical Safety within 24 hours, Consent to

collect pregnancy information {including the status of the newbiorn, if applicable) is oblained.

[488] The patientor pariner should be followed untit completion of the pregnancy, whenaver possible.
COnee the outcome of the pregnancy is known, the follow-up BIU form should be completed and sent to
Medpace Clinical Safely within 24 hours. Al the completion of the pregnancy, the oulcome of the
pregrancy is documented. i the oulcome of the pregnancy meets the criteria for immediate
classification as an SAE {i.e,, posipartum complication, spontaneous abortion, stillbirth, neonatal death,
or congenital anomaly), the procedures for reporting an SAE are followed.

5.7.1.4 Reporting to Institutional Review Board/independent Ethics Committee
[488] Any expedited reponis are reported {o the local IRB or {EC, per local reporting reguiations.
574.5 Unblinding a Patient’s Treatment During the Study

{49401 In the event of a drug-related, serious, unexpected AE, Medpace clinical safely may provide a
Cohort 3 patient’s dose level for the purpose of regulatory authority agency raporting.

{491] Because all patients in the study receive apitegromab, unblinding of a Cohort 3 patient’s dose
level {i.e., high versus low dose) is discouraged. inthe event of a drug-refated SAE, if deemed madically
necassary in order to provide patient care, the patient’s dose level may be obtained frony the IWRS
systam,

§,7.2 Expedited Reporting to a8 Regulatory Health Authority
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[492] The expedited reporting of relevant safely information {o concerned health authorities and to all
investigalors is managed in accordance with local laws and regulations.

] STATISTICS
6.1 General Methodology

{4931 Al analyses are performed under OCF standards using @ prospective SAP.  Analyses are
conducted using Statistical Analysis System {SAS) (Version 8.4 or fater, Cary, North Carolina).

[484] The study 8 regarded as 3 separate cohorls; therefore, no Type | error is allocated towards
separate cohort festing. No formal stalistical testing is applied for the interim analysis and no alpha

spending fs applied. Two-sided 85% confidence intervals are reported.

[495] There is an interim analysis conducted when prespecified enroliment {(see below) and treatment
duration have been reached for all three cohorls (see Section 6.4}, the final analysis is conducted once
each cohort completes the 82-waek Treatment Period. Biostatistics Data Review Mestings are heid for
the final analyses in order to distinguish betweesn major and minor protocol violations. Both Per-Protocol
and intention-to-Treat ({17 ) populations are analyzed, with the ITT population being the primary analysis
population,

6.2 Analysis Strategy

{488] Al prespecified safaty and efficacy endpoints are analyzed by cohort and by dose group for
Cohort 3. All patients with any post-baseling data are included in the interim and primary analyses. in
addition, safety and efficacy data for the high dose are analyzed for different cohort/dose combinations
taking cohorl, dose level, and receiving background SMA therapy into consideration. For the change
from Baseline analyses (fo utilize the patient as their own control for response analyses), the last
observation before the first dose is used as the Baseline. Cohort 3 low versus high dose treatment
outcomaes are also evaluated for the time fo response as a desoniptive outcome.

6.2.1 Safety Analyses

{4971 Safety dais are evaluated for vital signs, laboratory outcomes, concomitant medications, ECGs,
and AEs. Glinically significant outcomes are noted. Vital signs and laboratory putcomes are evaluated
using paired ests within cohorts and unpaired esis beiwesn the two dose groups for Cohort 3;
correspanding 2-sided 95% confidencs intervals {Cls) are computed as well for the paired and unpaired
differences. Similar analyses for different cohort/dose cambinations are explored. AEs are coded in
the Medical Dictionary for Regulatory Activities (MedDRA}, the emphasis is on treatment-emergent
adverse events (TEAEs), the TEAE lype, incidence, severity, relationship, onsel and resolution time is
displayed descriptively; the incidence rate is assessed using an exact binomial test for single groups
and using a Fisher's Exact test 1o compare low varsus high dose treatment groups within Cohort 3.
Times to first TRAE avent, first related TEAE, and first severe TEAE are displayed using a Kaplan-Msier
fifetable.

6.2.2 Efficacy Analyses
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[498] Efficacy data are evaluated for mulliple measures with confinuous endpoints {e.g., HFMSE
score, RHE score, RULM score, efc) at time poinis specified in Table 6 and Table 7. The primary
endpoints and other efficacy continuous endpoints are analyzed using paired Hests within cohorts and
unpaired tests between the two dose groups for Cohort 3; corresponding 2-sided 95% Cls are
computed as well for the paived and unpaired differences. Similar analyses for different cohortfdose
combinations are explored. Efficacy data are further explored by longitudinal models addressing
popuiation and by subject variation with time, dose, and dose time interaction as covariates, with age,
nusinarsen freatment duration, and screening HFMSE score added as poltential covariales.  Any
changes in the analysis as specified in the protoroel are delineated in the SAP.

[498] The HFMSE, RHS, and WHO motor development endpoints are further categorized in order o
assess the specific distributions of the change from Baseline (waterfall displays of unit changes from
Baseline} and the proportion of patienis reaching cerfain milestones. The proportion and 95%
confidence interval based on Wilson method are reported.

{500] Waterfall charts are generated o display the distribution of improvement from Baseline for
HFMSE, RHS, RULM, and other unii-based measures at post-Baseline milestonas in support of efficacy
and future study planning.

{501}  Time to outcome improvement is assessed using Kaplan-Meiler lifelables and a jog rank test to
compare time fo efficacy for Cohort 3 low versus high dose,

8.2.3 Pharmacokinetic and Pharmacodynamic Analysis

{802] Apitegromab concentrations and parameters and circulating latent myostatin concentrations
are determined using blood sanmysies collected before and after dosing through the final follow-up visit.
Apitegromab concentrations are listed and summarized in {abular forrnats using descriptive siatistics
and plotted against fime points by cohorl. The latent myostatin concentrations are listed for sach patient
and summarized by cohort.

824 Anti-Apitegromab Antibody Analysis

{5803] Anti-drug antibody data are listed and simmarized in tabular format using descriptive statistics.
Caonfirmed positive samples are further tested for the presance of newdralizing activity.

83 Sample Size Rationale

{504] Sample sizes for each cohort were based on practical considerations. Sample sizes of 15-20
patients for each cohort provide 80% powaer to reject the null hypothesis involving mean changes from
Baseline within each treatment group relative to prespecified allernative hypothesis using a paired t-
test with two-sided 5% Type | error. Table 10 presents the effect sizes within dose groups that can be
detected with 80% power and two-sided 5% Type | error as well as the effect sizes thal reject the null
hypothesis of no difference according to two-sided p=0.05. As illustralion, assuming a 2.5 unit standard
deviation (SD} for the change frony Basedine for HFMSE, a mean 1.7-unit improvement for HFMBSE
{n=20} and 3 mean 2-unil improvement for HFMSE {n=15) can be detected with 80% power while a

124



WO 2022/093724 PCT/US2021/056517

mean 1.2 unit improvement in HFMSE (n=20) and a mean 1.3-unit improvement in HFMSE reaches
two-sided p=0.05 (ndes out a 0 as the two-sided 85% Cl for the change from Bassling).

Tabie 10. Paired T-est: Reject Null Hypothesis No Mean Change from Baseline

B0% Powar Two-sided p=0.05
Test significance level, 0.05 0.05 .05 0.05
o
Effect size, e = [A-Qy| { 0.66 0778 0.482 0.543
s
n {after losses) 20 15 20 15

[B08] In addition, the total sample size for Cohort 3 {n= 20) provides 80% powar to reject the null
hypothesis of no mean change from Baseline against the praspecified difference between doses for a
clinically meaningful improvement at a two-sided 5% Type | error for 8 1:1 randomization (high dose
versus low dose).

[506] Table 11 presents the effect size which could be detected with 80% power and a bvo-sided 5%
Type | error as well as the effect sizes required o reject the null hypothesis of no change from Baseline
for comparing Cohort 3 low versus high dose. If the SD of the change from Baseline is 2.5 units for
HFEMSE, then a mean 2.4-unit difference bebveen low and high dose will reach two-sided p=0.05 (rules
ot 0 as the lower fwo-sided 85% Cl as the mean difference between dose groups).

Table 11, Unpaired T-Test: Reject Null Hypothesis: No Mean Difference from Baseline

80% Power Two-sided p=0.45
Two-sided significance lavel, « 0.08 0.05
Effect size, e = |{As-Hol / s 1.328 {.928
i per group {after losses) 10 10

7 INTERIM EFFICACY AND SAFETY RESULTS
7.1 Summary

{5071 Interim efficacy and safely data demonstrate proof-of-concept in patients with type 2artype 3
SMA, subpopulations which together reprasent ovear 88% of the patients living with SMA. Treatment
with apitegromab led to improvements in Hammersmith scale scores (primary efficacy endpoint) in all
three cohorts of patients (Table 12} The majority of patients achieved at least a 1-point gain, which is
meaningful on an individual level. A substantial proportion of patients in each cohort also achieved at
least a 3-point gain, which is highly clinically meaningful and otherwise uncommon occurrence in any
given patient. No safety signals were identified following six months of treatment.

[508] At the six-morth interim analysis timepoint, mean increases from baseline in Hammersmith
scale scores were ohserved in all three cohoris {67% of total patients achieved 21 point improvement
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in Hammersmith scores). A subslantial proportion of patients in sach cohort achiaved a 23 point
increase in Hammersmith scores (35% of total patients achieved 23 point increase in Hammersmith
scores). A dose response was also chserved in the double-blind, randomized portion of the study
{Cohort 3), with efficacy increasing with dose. Numerically greater improvements in HFMSE scores
were ohiserved for the high-dose army as compared o the low-dose arm across all evaluated timepoints.
The high dose arm of Cohort3 altained a 5.8 point mean improvement from baseline in the
Hammersmith Functional Motor Scale Expanded (HFMSE) as compared to the low dose arm, which
atiained 2 2.4 point mean improvemnent at the six-month interim analysis fimepoint. This observed dose
response was supporied by PR and PD data.

Table 12.
L Non-Ambulatory Patignis
Ambulatory Patienis ‘ .
Nl T {Hammersmith Functional Molor Scala
{Revised Hammersmith Scalg) Expanded)
Cohort 1 Cohort 27 Cohort 3°
Pooled 20 mgfkg 20 mgfkg + 20 mgikg + 2 mglkg + 20 nlg/kg
(n=23) monotherapy | nusinersen nusinersen nusinersen susinersen
{n=11) =12y {n=14} {r=9) ‘ .
{n=9}
Mean
change : : o
from “-52(;)‘*" 0.7(-25,40) | 0.3(-14,20) | 14(01,27) | 24(-0.9, 58) 5‘%‘;"”
baseline ) T
{85% Ch
# (%)
patients
achieving | 12/23 {52%) | 7/11 (84%) B2 {42%) | 10714 (71%) 8/9 (BT%) | O/9 (100%)
21-pt
ncrease
# (%)
patients
achievitng B/23 {26%) 4/11 {36%) 20112 {(17%) 314 {21%;) 419 {(449%) £/9 (67%)
z3-p
increase

* 3 patients (1 in Cohort 2 and 2 in Gohort 3) each missed 3 doses of apitegromab and the six-month
interiny analysis tmapoint due to site access restrictions; the six-month Imepoint from these patients
was not included in the interim analysis.

{509]
stabilization on nusinersen freatment, such as Cohort 2, a mean improvement in the HFMSE from

Surprisingly, 7 & patient population where patients {ypically experience motor function

baseline was obsearved upon freatment with apitegromab. Furthermore, substantial proportions. of
patients meeting this high bar were observed in each of the 3 cohorts. Altaining a 3-point improvement
in any given patient is g high bar outcome and is rare to observe. Most patients across the study
experfenced improvement as measured by at least a 1-point improvement from baseline. Gaining
fmprovements in the ability to perform motor tasks is important for patients living with SMA, and
improvements in motor function as measured by HFMSE or RHS could meaningfully impact sach
patient’s life.
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7.2 Baseline Demographics and Characteristics

{510] Baseling demographics and characieristics are shown in Table 13,
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7.3 Cohort Analyses
731 Cohort3

{511] This randomized, double-blind, portion of the study enrolied patients with type 2 SMA who had
initiated treatment with an approved SMN upreguiator {nusinersen) before 5 years of age. These
patients had been on nusinersen for about 2 vears. Even with nusinersen, the bassiineg mean HFMSE

score for these palients was in the fow-20s,

{812] Twenly patients were randomized in a 111 ratio to receive the low dose (2 mg kg apitegromab
Q4W} or high dose {20 mgikg apiiegromab Q4W), both treatment arms are in conjunction with an
approved SMN upregulator therapy (nusinersen). Two patients {one in high dose arm and one in low
dose arm)} each missed three doses of apitegromab and the six-month interim analysis timepoint due
to site access resirictions; the sik-month timepoint rom these patients was notl included iy the interim
analysis. The primary objectives of the cohort are to assess safely and the mean change from basaling
n HFMSE.

[813] At baseline, patients in the high dose arm had a mean age of 3.8 years {range 2-6 years) and
mean HFMSE score of 23.5 (range 14-43) out of a total possible score of 66 points, while patients in
the fow dose arm had a mean age of 4.1 years old {range 2-6 vears) and a mean HFMSE score of 261
{range 12-44}.

[514] At the six-monih interim analysis timepoint;
+ Mean change from baseline in HFMSE score:
20 mg/kg dose {n = 8); +5.6 points {98% Cl of +2.5, +8.7}
o 2 mgikg dose (n = @) +2.4 points (95% Cl of -0.8, +5.8)
+« Proportion of patients attaining 21 point increase in HFMSE score:
20 myfkyg dose: 100% {(8/9)
2 mgfkg dose: 87% {6/9)
s Proportion of patients aliaining 23 point incraase in HFMSE score:
o 20 mgikg dose: §7% (B/9)
o 2 myky dose: 44% {(4/9)
« Proportion of patients attaining 25 point increase in HFMSE score:
20 mglkg dose: 58% {5/}
o 2 mgikg dose: 33% {3/9)

{515] In the high-doss arm, 100% of patients attained at least & 1 point improvement as compared o
67% with low dose. Looking at the high bar of 3-point improvement, 87% of patients in the high-doss
arm achieved this threshold compared {0 44% in the fow-dose arm. More than half of the patients in

the high dose arm achieved at least a § point increase from baseline. Grealer improvement achisverd
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with high dose: Patients treated with high dose (20 mg/kg) achieved numarically greater improvements
from haseline in HFMSE scores as comparad o the low dose (2 mgfkg) at all assessed timepoints
{weak 8, week 16, and the six-month interim analysis timepoint) {Table 14; FIG. 3A-B). Numerically
greater improvements with high dose were observed both in terms of mean change from baseline and

in proportions of patients altaining =3 point increase in HFMSE score.

Table 14,
Type 2 SMA Apitegromab low dose Apitegromab high dose
yp {2 mgikg) + nusinersen {n=9} | {20 mgikg) + nusinersen {n=9)
Mean change from haseline ‘ :

in HEMSE (95% Cl) 24 {-0.9, 58} 586(25,87
# {%) patients achigving e fa o
>1-pt increase in HFMSE 6/8 (67%) 9/9 (100%)
# (%) patients achieving p 0 -
23-ptincrease in HFMSE 479 (44%,) 6/9 (67%)

T i
# (o) patients achieving 319 (33%) 579 (56%)

25-pt ncrease in HFMSE

{5186}
scores progressively increased over the siv-month treatment period. Twelve-month data may provide
additionat insights evaluating the polential for durability of effect and for further motor function gains.

Flateau in improvemerd appears 1o not have yet heen reached. Improvements in HFMSE

{817] PKand PD results are supporfive of the observed dose resparnse i efficacy:

»  Treatment with the high dose led to higher levels of drug exposure than with the low dose.
Apitegromab exhibited a PK profile consistent with that commonly observed with monoclonal
antibodies, and drug exposure was dose proportional {FIG. 4).

«  Treaiment with bigh dose achieved higher lavels of target engagenient, and tragtment with low
dose did not aitain full target saturation (FIG. 5).

7.3.2 Cohort2

{&18] This open-label, single-anm cohort enrofled 15 patfents with a mean age of 11.7 vears old
{range 8-19 years) with type 2 or non-ambulalory fype 3 SMA and who are already receiving treatmeant
with an approved SMN upregulator. This is a patient population for which SMN upregulator therapy
alane historically appears to primarily offer motor function stabilization rather than improvement. This
patient population had been treated with nusinersen for about 2 years before enroliing in the study and
had a baseline HFMSE score in the mid-20s.

{519]
upregulator therapy (nusinersen). At baseline, patients had a mean HFMSE score of 287 {range 13-

Patlents are {reated with 20 mgfkg of apitegromab Q4W in conjunction with an approved SMN

39) out of 3 total possible score of 6. One patient missed three doses of apitegromab and the six-~
sronth interim analysis imepoint due to site access restrictions; the six-maonth timepaoint from this patient
was not included in the interim analysis. The primary objeclives of the cohort are {0 assess safety and
the mean change from baseline in HFMSE,
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[520] In this patient population in which background SMN therapy is genarally expected o primarily
offer motor funclion stabilization, apitegromab showed consisient improvemeants in HFMSE scoras
{Table 15, FIG. BA-B). 71% of the patients in the cohort achieved at least a 1-point increase in HFMSE
while 21% of the patienls achieved at least a 3-point increase. Al the six-month interim analysis
timepoint:

»  Maan change from baseline in HFMSE score {n = 14} +1.4 points (95% Cl of +0.1, +2.7)
« Proportion of patienis attaining 21 point increase in HFMSE score: 71% (10/14)

+  Proportion of patients afiaining 23 point incraase in HFMSE score: 21% (3414}

« Proportion of patients altaining 25 point increase in HFMSE score: 14% (2/14)

»  improvemants in HFMSE scores progressively increasad over the six-month treatment pearicd,
and a plateau in improvement appears 10 not have yet been reached. Twelve-month data may
provide additional insights svaluating the potential for durability of effect and for further motor

function gains.

Table 15.
Type 2 and . . . ‘ - .
Non-Ambulatory Type 3 SMA Apitegromab (20 mg/kg) + nusinersen (n=14}
Mean change from bagseline in HEMSE (85% Cly 1401, 2.7

# (%) patients achieving 21-pt increase in HFMSE 10/14 (7T1%)

# {%) patients achieving 23-pt increase in HFMSE 314 (21%)

# (%) patients achieving z5-pt increase in HFMSE 2014 {14%)
7.3.3 Cohort1

{521] This open-label, single-arm cohort enrolled 23 patients with ambulatory type 3 SMA. Patients
are treated with 20 mgikg of apitegromab Q4W either as a monotherapy or in conjunction with an
approved SMN upregulator therapy (nusinersen). This is a patient population for which SMN
upregulator therapy alone historically appears o primarily offer motor function stabilization rather than
improvement. The primary obiectives of the cohort are to assess safety and the mean change from
baseline in Revised Hammersmith Scale (RHS).

{522] At baseling, patients across both subgroups of patients had a mean age of 12.8 {range 7-21
vears) and a8 RHS score of 49.6 {range 26-83} out of a tolal possible score of 69, Patients in the
apitegromab monctherapy group had a mean age of 12.1 years old {range 7-18 years) and a mean
RHS score of 47.6 {range 26-83). Patienis in the group treated with apitegromab and receiving an SMN
upregulator (nusinersen) had a mean age of 13.1 {range 7-21 years) and a mean RHS score of 51.3
frange 43-82) One patient discontinued from the trial for reasons assessed {o be unrelated o

apitegromab but was included in the intenit-lo-treat interim analysis.
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[523] Al the six-month interim analysis timepoint

»  Mean change from bassline in BHS score:

¢ Apitegromab pooled {n = 23): +0.5 points {858% Cl of -1.2, +2.2}

PCT/US2021/056517

Apitegromab mongtherapy (n = 11} +0.7 points (88% Cl of -2.5, +4.0)

Apitegromab + nusinersen {n = 12 +0.3 points (85% Clof -1.4, +2.0)

»  Proportion of patients aftaining 1 point increase in RHS score:

o Apitegromab pocled: 82% {12/23)

o Apitegromab monotherapy: 84% (7111}

o Apitegromab + nusinersert 42% (5/12)

«  Proportion of patients attaining 23 point increase in RHS scora:

Apitegromab pooled: 26% (6/23)

o Apitegromab monotherapy: 36% {(4/113

o Apitegromabr + pusinersen: 17% (3112}

«  Proportion of patients attaining 25 point increase in RHS score:

Apitegromab pooled: 9% (2/23)

Apitegromab monotherapy: 8% (111)

Apitegromab + nusinersen: 8% {1/13)

[524] Improvements in RHS were ohserved with both apitegromab monotherapy and as add-on to
background nusinersen (Table 16, FIG. 7A-B). 52% of the patients saw an improvament, as measured
by at least a 1-point increase in RHS at the interim analysis timepaint, and about 26% of the patients
achieved at least a 3-point increase. Natural history indicates considerable helerogeneity in ambulatory
population, with declines in molor function over time in many patients. Observed comparable effects

between monotherapy and add-on arms suggest that clinical effects are due to apitegromab.

Table 18.
Ambulatory Apitegromab Apttegromab {20 mg/kg) Apitegromab (20 mg/kg)
Type 3 SMA pooled (n=23) monatharapy (n=11} + nusinersen (n=12}

Mean change
from baseline in
RHS (95% Ci)

0.5(-1.1,2.2)

0.7 (-2.5, 4.0)

0.3 (-1.4, 2.0}

# (%) patients
achisving z1-pt
increase in RHS

12123 (62%)

7H1 (84%)

5112 {(42%)

# {%) patients
achieving 23-pt
increase in RHS

6/23 {(26%)

4711 (36%)

2042 (17%)
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# (%} patisnts
achieving 28-pt 2i23 (8%) 111 {8
increase in RMHS

3
=

112 {8%)

74 Additional Secondary Endpoints

[8258] Interim analysis results showed initial trends for improvements in motor function as measured
by Revised Upper Limb Module {(RULM) and World Health Organization (WHO) motor developmental
mifestones for non-ambulatory patients.  No meaningful improvements were observed in timad motor
tests of ambulatory type 3 patients.

7.5 Overall Safety and Tolerability

[526] No safety signals were identified during the six-month iterim analysis {Table 17). The
incidence and ssverity of adverse events were consisient with underlying patient population and

background therapy.
Table 17,
Apitegromab Apitegromab
Treatment-emergent Total
adverse events {TEAEs) 2 m{g’igﬂ?ase 20 m{%’:?ﬂ?ﬂ§& {n=58)
Any TEAE G {90%) 40 {83.3%) 49 (84.5%)
Any Sarious TEAE 0(0.0%) 1{2.1%:;3 1 (1.7%)
Any TEAE leading fo study 5 5y vy
drug discontinuation 0 (0.0%) 1{2.1%) 1{1.7%:;3
Ay Grade 3 (sevare) or . , ‘ A
¥ e %E Suere) 0 (0.0%) 0 (0.0%) 0 (0.0%)

{527] The five most frequently reported TEAEs were headache, upper respiratory tract infection,
pyrexia, nasopharyngitis, and cough.

[528] One patient {Cohort 1) with a prior history of upper respiratory infections experienced a serious
TEAE of Grade 2 viral upper respiratory tract infection leading to hospitalization. The event resolved
without sequelae and was assessed as unrelated 1o apitegromab.

{528] One patient {Cohort 1) discontinued from the study due to Grade 2 muscle fatigue that started
price to initiation of dosing with apitagromab. The event was assessed as unralated o apitegromab.

[830] Two patients {Cohort 1} had gait inability that was considered a significant disability {both Grade
3). Events remain ongoing. The svent was assessed as unrelated to apitegromab.

{831] One patient {Cohort 1) was hospitalized with post lumbar punciure syndrome {Grade 2). The
gvent was resolved without sequelae and was assessed as unrelated 1o apitegromal.

[832] One patient (Cohort 1) presented with post lumbar punclure syndromes {(non-serious Grade 3).
The event was resolved without sequelae and was assaased as unrelated fo apitegromab.
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[533] One patient (Cohort 3) receiving 2 mg/kg apitegromab was hospifalized due {o adenocidal and
tonsillar hypertrophy and scheduled adenotonsillectomy {Grade 2). The svent was resolved without
sequalae and was gesessed as unvelated o apitegromab.

{534] One patient (Cohort 1) with Grade 2 leg muscle fatigue {developed prior to enreliment) withdrew
consent affer approximately two months in the trial.

{835] Treatment-emergeni adverse events {TEAESs) with incidence >5% at six-maonth interim analysis
are fisted in Table 18. No grade 3 (severe) or higher adverse events were reported.
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8 12-MONTH EFFICACY AND SAFETY RESULTS
8.1 Summary

[538] The efficacy and safely of infravenous apitegromaby dosed every four weeks (Q4W) was
evaluated over a 12-month treatment pertod.  Consistent with the six-month interim analysis, the 12-
month lop-line efficacy and safety data further demonstrate proof-of-cancept in patients with type 2 or
type 3 SMA

[§37] With the exception of the monotherapy patients, all palients were receiving background
nusinersen {Table 13). Such patients were required 1o be past the loading phase of treatment, and
these patients had received an average of aboul § maintenance doses of nusinersen, which translates
1o roughly two years of treatment, before they enrolled in the study. The baseling HFMSE scores for
Cohorts 2 and 3 were in the low to mid 20s even affer two years of treatment with nusinersen. These
patients had been treated with nusinersen for an average of about 3 years at the end of the 12-month
freatment period.

[838] Cohort 1 (20 mg/kg apitegromab monotherapy ot in conjunction with nusinersen, ambulatory
type 3 patients 7-21 years of age) observed a mean change from baseline in Revised Hammersmith
Scale (RHS) of 0.3-point decline (Table 23). The majority of patients {87% (13/23) of patients)
maintained or improved their motor function as reflected by a >0-point change from baseling in RHS
seore. This efficacy signal may suggest a potential clinical effect of apitegromab in & patient population
that is otharwise generally expacied to dedling (Coratli et al. {2020} American Netrology Association,
88:1108-1117)

[839] Cohort 2 {20 mglkg apitegromab in conjunclion with nusinersen, type 2 and non-ambulatory
type 3 patients 8-19 years of age) observed a mean change from baseline in Hammeramith Funclional
Motor Scale Expanded (HFMSE) of 0.8-point improvement {Table 22} at the end of the 1Z-manth
freaimant period. 84% {9/14) of patients attained >1-peint increase from baseling and 28% (4/14) of
patients attained >3-point increase from baseline. These results demonsirate the potential durability of
the improvements in motor function observed at the six-month interim analysis. Since this is a patient
population for which motor function improvemant over a 12-month imeframe would generally not be
axpecied, these data also demonsirate the potential additional therapeutic potantial of apitegromab
{Mereuri et.al. (2018} N Engl J Med. 378:825-835; Mercuri gt al. {2018} Neuromuscut Disord, 28(2).126-
131}

{840] Cohort 3 {2 or 20 my/kg apitegromab in conjunclion with nusinersen, type 2 patients 2-8 years
of age who initiated nusinersen <8 years of age) observed a maean change from baseling in HFMSE of
7. 1-point and 5.3-point improvements in the 20 mgfkg dose and the 2 mgikg dose arms. respectively
{Talde 21). Across the full cohort, 59% (10/17) of patients altained >5-point increase and 35% (6/17)
of patients attained »10-point increase from baseline. These resulls demonstrate further improvemants
in mator function relative 1o the six-month interim analysis.

{5341] WHO Motor Developmental Milastones, representing major functional stage achievemaents that
are substantially more challenging than HFMSE, were gained by 7 of 35 nen-ambulatory patients,
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including 3 patients who initialed background nusinersen therapy later in life (25 years of age). Buring
the chronic maintenance phase of nusinersen, 12 months of apitegromab treatmant led to 20% of the
patisnts gaining 21 new WHO Motor Davelopmental Milestone in cohort 2 (3/15) and cohort 3 (2/10 in
2 mgikg arm and 2110 in 20 my/kg arnm). This was observed in patients 2-8 years of age and in patients
8-18 years of age. Five patients achieved 1 new WHO Motor Developmental Milestone, including one
patient who gained the ability to walk independently and one patient who gained the ability to stand
independantly. One patient in cohort 2 gained 2 new WHQ Motor Developmentat Milestones (standing
with assistance and hands and knges crawling) and one patient in cohort 3 {20 mg/kg atm) gained 3
new WHQ Motor Developmental Milestones {standing with assistance, hands and knees srawling, and
walking with assistance). Mean number of WHO Motor Developmental Milestones at baseline was 1.4
for cohort 2, and 1.6 for cohort 3 high-dose army, and 1.8 for cohort 3 low-dose anm.

{542] A dose response continued to be obsetved in relation lo clinical efficacy (HFMSE
improvements) and {arget engagement (falent myostalin concentrations). While both doses (2 and 20
mglky) vielded high levels of target engagement, the 20 mgfkg dose vielded retatively higher lavels than
the fow dose.

{843] Regarding PK, dose proportional increases in exposure were observad for Ceex and AUCw
across aff doses evaluated at 12 months. There was litle o no accumudation cbserved for Ceax {12~
fold increase). Area under the serum concantration-time curve {AUC) was computed utilizing the finsar
trapezoidal approdimation method, For AUCw, thare was an observed accumulation between the first
and 8P dose across all cohorls, as well a3 hetween the first and 13" dose. However, there was fittle 1o
no accumulation in AUCw between Dose € and Dose 13, which was expected since steady siate was
reached by Dose 8. Thers was no observed target-madiated drug disposition {TMDD) at either of the
two studied doses {2 or 20 mg/kg). Howsver, there was larger variability in the concentrations in the 2
mg/kg group. Terminal elimination rate and half-life were calculated by log-linear regression of the
terminal phase of the mean concentration versus time profiles {ideat i adjusted » 0.78). Mean half-life
ranged between 8.4-31.7 days for Cohert 1, 6.92-33.5 days for Cohort 2, 5.67-41 days for Cohort 3 (2
mgikg}, and 12.3-37.5 days for Cohort 3 (20 mgfkg). There was sparse sampling for this dala. There
was a significant correlation between age and clearance, with younger patients having significantly
lower clearance than older patients. There was also a correlation between weight and clearance, with
heavier patlents having higher clearance. Clearance was found 1o increase with increasing age. Full
PK parameters were only calculated from data for Visit 1, 7, and 13. Comparison of trough values were
utilized for all other doses.

{544] Regarding PO, haseline latent myostatin concentrations were lower inall SMA cohorts than in
healthy adults. There was & significant correlation between weight and baseline latent myostatin
concentrations, with heavier patignts having higher baseline latent myostatin concentrations. Cohaort 4
had the highest average baseline latent myostatin concentrations across all measured timepoinis.
Cohort 2 and Cohort 3 {20 mg/kg) had similar latent myestatin concentrations throughout the duration
of the study. Cohort 3 (2 mgfkg) had the lowest overall latent myostatin concentrations and the loweast
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fold-change from baseline. The largest fold-change in latent myostatin from baseline was observed in
Cohort 3 (20 mgfky) followed by Cohort 2, and Cohort 1.

[545] The incidence and severity of adverse evenis were consistent with the underlying patient
population and/or background therapy {(nusinersen), with the five most frequently reporied treatment-
emergent adverse events being headache, pyrexia, upper respiratory tract infection, cough, and
nasopharyngitis. Anti-drug antibodies were present at fow titers in three out of the 58 enrolled patiants.
These ADAs had no apparent impact on drug exposure and were not associated with any
hypersensilivity reactions. No safely signals for apitegromab were identified as part of the 12-month
{op-fine analysis.

{848] All analyses were prespecified in the Slatistical Analysis Plan {(SAP). The primary efficacy
intentdo-treat analysis (N=58 at baseling, n=54 at 12 months) exciuded four patienis after they missed
three consecutive doses each due 10 site access restrictions (all at same study site). The per protoco!
analysis (N=48) was similar to the primary efficacy intent-lo-treat analysis but excluded additional
patients who had protocol deviations considered major, such as >20% missed dosss or the use of
prohibited concomitant medication. The sensitivily analysis (N=58) was conducted to assess the
robustness of the primary efficacy intent-to-treat analysis by also including the fowr addiional patients
excluded from the primary analysis in the stalistical assessment.  The sensitivity analysis included all
patients in the study {including patients with three missed dosas).

{547] CQwerall, the 12-month fop-line resullts suggest that apitegromab may offer therapeutic potential
for improving motar function in patients with later-onset SMA. The safely profile of apitegromab, as of

the 13&-month {op-fine readout, supports the potential for chironic dosing in a pediatric SMA population.
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8.2 Cohort Analyses
821 Cohort3

[548] This randomized, double-blind, paraliel arm portion of the study enrolied patients with type 2
SMA, age 2 years and older, who had initiated irealment with an approved SMN upregulator
{nusinersen) before 5 vears of age. Twenly patients were randomized in a 111 ratio o raceive the low
dose {2 mg kg apilegromab Q4W) or high dose (20 mg/ky apitegromab Q4W). Both treatment arms
ware in conjunction with an approved SMN upregulator (nusinersen). Three palients (fwo in high dose
arm and one in low dose arm) each missed three consecutive doses of apitegromab due to site access
restrictions and were excluded from the pre-specified, primary intent-o-treat analysis. The primary
olijectives of Cohort 3 were to assess safety and the mean change from baseline in HFMSE following
12 months of reaiment.  Patients on average had raceived approximately 2 yvears of treaiment with
nusinersen at bassline and approximately 3 years at the end of the 12-month treatment period.

{849] Clinical data from the CHERISH study and the SHINE extension study offer background
insights into the clinical course of patients with nor-ambulatory later-onset SMA treated with nusinersen,
including patients who initiated treatment at 8 voung age. Most nusinersen-treated patients in the
CHERIGH study were under 5 years of age at the time of therapy initiation.  in the CHERISH study,
patients who received nusinersen experienced a mean HFMSE improvement of almost 4 poinis during
the first 15 months of treatment. Beyond this initial 15 months of nusinersen treatment, when patients
rollad over into the SHINE study, these patients privnarily had motor function siabilization or only a
modest and gradual mean improvement over the subsequent long-ferm phase of nusinersen freatment
{FiG. 8, which is reproduced from Willlams et al. Minimal clinically important differences of the
Expanded Hammersmith Functional Motor Scale in later-onset spinal muscular atrephy: results from
the phase 3 CHERISH trial. Presented ab 31st Annual Meeting of the American Academy of Managed
Care Pharmacy; 25-28 March 2019; San Disgo, CA, USA. Incontrast, patients in Cohart 3 of the current
study (who had been receiving nusingrsen priorto study initiation) exhibited further mean increases in
HFMSE score when treated with adjunclive apitegromab therapy over a 12-month peried rather than
the expected siabilization of HFMSE scores based on data from the CHERISH and SHINE studies.

{8650] Cohort 3 efficacy data demonsirate sizable further improvements in mator function at 12
months, in patients who had initiated SMN-directed therapy before 5 years of age. The mean changs
from baseline in HFMSBE scores was a 7.1-point and a 5.3-point improvemant for the 20 mgikg and 2
mgikg arms, respectively (Table 21, FIG. 8A-D). A majority of type 2 non-ambulatory »age 2 patients
{83%; experienced > 3-point improvements in HFMSE, which is often considerad fo be a clinically
meaningful improvement. Notably, 8 7.1-point increase was observed in type 2 non-ambulatory >age 2
patients during the praviously reported plateau in response to chronic nusinersen treatment {Dagbay
KB et al. J Biol Chem. 2020; 205(16):5404-5418). The majority (§9%) of patients in the whole of Cohort
3 achieved at least a S-point increase in HFMSE and 35% of patients achisved greater than a 10-poind
increase in HFMSE over baseline. One patient experienced a 20-point gain and another patient an 18-
point gain. Of note, at the six-month interim analysis, only one patient had greater than a 10-point
mprovement from baseline in HFMBE score. These observed improvements in motor function for both
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the high and low dose apilegromab arms were greater than expected with nusinersen alone. These
results provide evidence of the therapeulic potential of apilegromab in SMA, and demonstrate that
further improvemants in HFMSE scores occurrad between the si-month interim analysis and the 12-
month top-line analysis in both the 20 myg/kyg and 2 mg/kg dose arms. The per protocol and sensitivity
analyses showed resulis similar 1o the primany infent-to-treat analysis. Further, dose response was
observed in patients from both the 2 mgikg arm as wall as the 20 mgikg arm with increased benefi
observed as aarly as around 2 months folfowing adminisiration of apitegromab (FIG. 25; type 2 non-
ambulatory =age 2 cohort).

[551] The difference in both the magnitude and latency to improvement provides svidence supporting
a role of apitegromab in benefitting patients beyond the underiying SMN enhancing treatment, which
sublects had bean on for an average of 2 years,

{552} Efficacy data from non-ambulatory patients also demonstrated improvements in motor function
at 12 months as measurad by the revised Upper Limb Motor (RULM) finclion scores. The mean change
from baseline in RULM scores was +1.0, with a 88% gonfidence interval of -1.7 o 3.7, for the pooled
20 my'kg and 2 my/kg arms. Further, 33% (3/9) of the patients in the 2 mg/kg arm and 20% (2/7} of the
patients in the 20 mo/kg arm achieved a 2 2-poind improvement in RULM function relative 1o baseline,
whare a 2-point inorease in RULM is often considersd to be clinically meaningful.

Table 21.
. Apitegromab Apitegromab
Type 2 SMA ‘;?’;;23’&‘;‘?% low dose (2 mgikg) | high dose {20 mg/kg) +
P + nusinersen {n=9} nusinersen {n=8}

Mean change from
haseline +8.2 (#2.2, +10.1) +5.3 (1.5, +12.2) +7.1 (1.8, +12.5)
in HEMSE (95% C1)

# (%) patients achieving
xi-pt increase in 14117 (B2%) 719 {78%) 718 (BB%)
HFMSE

# (%) patients achiaving
23-pt increase in 1007 (58%:) 5/9 (56%) 58 (83%)
HFMSE

& (%) patients achieving
25-pt increase in 10017 (859%;) 5/9 (58%) 5/8 (83%}
HFMSE

# (%) patients achieving
z10-pt increase in /17 (35%} 39 (33%:) 3/8 (38%)
HFMSE

822 Cohont2

{5531 This open-label, single-arm cohorl anrolled 15 patients with type 2 or non-ambulatory type 3
SMA, hetween the ages of 5 and 21, who had initialed trealment with an approved SMN upregulator
{nusinersan) after 8 years of age. Patients were treated with 20 mg/kg of apitegromab QW in
conjunction with an approved SMN upregulator {nusinersen). One patient missed three consecutive
doses of apitegromab due 1o site access rastrictions and was exciuded from the pre-specified, primary
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intentto-treat analysis. The primary objectives of Cohort 2 were 1o assess safely and the mean change
from baseling in HFMSE following the 12-month treatment perond.

{554] This is a patient population for which SMN upregulator therapy alone historically appears to
primarily offer motor function stabilization, rather than improverment. Clinical data from the nusinersen
CHERISH study in non-ambulatory Iater-onset SMA offers background insights info this patient
population. In the CHERISH study, in the subset of patients who started on nusinersen at the age of §
years or older, there was a mean HFMSE decline of »0.5 poinis after 18 months of reatment, and less
than 15% of patients atiained a 3-point or greater increase in HFMSE score (Mercuri etal (2018) N
Engl J Med. 378:625-635, eg., at Figure 2A). A majority of patients in this study did not experience
HFMSE improvements and rarely achisved a 23-point increase. in a separate study, natural history
data showed that for patients who are 5 years of age or older, there is 2 mean decling in HFMSE scores
over the cowrse of 12 months, Furthermore, less than 5% of patients achieved a 3-point or greater
increase in HFMSE score (Mercuri et al. (2018) Neuromuscul Disord. 26(2):126-131).

{555} In confrast, in Cohort 2 of the current study, improvement in mean HFMSE at 12 months were
observed, with @ majority of patients achieving 1-point increase. Efficacy data demonstrated
improvement of motor function from baseline. The mean change from baseline in HFMSE scores was
0.8 points {Table 22; FIG. 10A-C). Potential durability of effect from the six-month interim analysis was
obsarved, as nine patients demonstrated an improvement in HFMSE score af the 12-month timepoint,
as compared 1o 10 patients at the six-month interim analysis. The majority (64%) of patients achisved
at least a fepdint increase in HFMSE. A sizeable portion {(43%) of patienis achieved at lnast a 2-point
increase in HFMBE and (28%) of patients achieved at least 8 3-point increase in HFMSE frony baseline
after 12 months of treatment, which is a rare outcome in this patient population. Furthar, 14% of the
patiants achieved at least a3 4-point improvement, 14% of the patients achieved at least a 5-point
improvement, and 7% of the patients achieved at least a 6-point improvement in HFMSE scores. 29%
of the patients with sxperienced » 3-point improvements in HFMSE; an improvement of 3-point or higher
iy HFMSE scores is often considered clinically meaningful {(FI1G. 10C; type 2/3 non-ambulatory; age 5~
21 cohort}.

{556] Efficacy data from non-ambulatory patients also demonstrated improvemants in mator function
at 12 months as measured by the revised Upper Limb Motor (RULM) function scores. The mean change
from baseline in RULM scores was +1.2, with a 85% confidence interval of -0.5 to 2.9. Further, 36%
{514} of the patients a 22-point in RULM function relative 1o baseling, where a 2-point increase in RULM
is considered o be clinically meaningful.

{587] Additionally, i is contemplated that among patients who started on SMA upregulatoricorrector
therapy at the age of & years or older, HEMSE increases following apitegromaly treatment may be more
pronounced in patients that are £ 12 years of age. Twelve-month efficacy results showed that, in
patients aged 5-12 {cohort 2}, 75% {B/8) of patients altained >1-pointincrease of HFMSE from baseline
and 50% {4/8) altained >3-point increase of HFMBE from baseline. In non-ambudatory patients, a2 mean
improvement in HFMSE score of +1.8 (-1.3, 4.8) was observed in palients aged 5-12 as compared to 3
maan improvement in HFMSE score of +0.6 {-1.4, 2.7} overall. An analysis of 12-month HFMSE
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changes and the duration of prior nusinersen therapy in non-ambulatory patients showed minimal
correlation (FIGs. 22A-8), suggesting that HEMSE increases observed are more atributable to
apitegromab than nusinersen treatment. Together, these results suggest the therapeutic potential of
apitegromab for improving motor funclion in a patient population that is otherwise not expected to
improve on average, regardiess of the number of maintenance doses received.  Sensitivity analysis
showed results similar to the primary intent-to-freat and per profocol analyses. The primary efficacy
endpoint improvements in HFMSE score were additive and may be synergistic with the background
therapy utilized in this study.

[558] Posthoo analyses of cohort 2 and cohort 3 data showed that patients under 12 years old and/or
patients with stable disease decline had higher improvements in HFMSE change from baseline
following apitegromab treatment (FiGs. 23A-D). FIG 23D shows HFMSE change from baseline in
pooled cohorts of non-ambudatory patients treated with apitegromab 20 mgikg or 2 mglkg; data excludes
4 patients who sach missed 3 doses of apitegromab due {o COVID-18-related site access restrictions
and were not included in the primary (intent-lo-treat) analysis. HFMSE improvements observed across
age range of pooled non-ambulatory patients showed greater clinical benefit associated with initiation
of apitegromab freatmant at an earlier age. itis contemplatad that further strafification of patients based
on the age of initiation of SMN upregulatorfcorrector therapy may be helpful In identifying a patient
popuiation that is particularly responsive o apitegromab treatment. For instance, in some embodiments,
patients who are under the age of 12 and who initiated SMN upreguiator/corrector therapy {e.g.,

nusinarsen or risdiptam) before the age of 5 may be particularly respansive to apitegromab treatment.

[559] Pooled data from non-ambulatory type 2 and type 2/3 patients demonstrated an fnwverse
correlation between greater improvements in HFMSE scores and the presence of scaliosls and/for joint
contracture in patients such that greater increasas in HFMSE scores were phserved in non-ambulatory
patients who were not symplomatic for scoliosis or joint confractures (FIG. 24A}. Patients who skipped
3 consecutive doses due o site restrictions due to COVID-19 were excluded; 3D Scoliosis (7.7) min-7,
max 20, 8D {5.4) min -7, max 13; SD Contracture {7.1) min-3, max 20, 80 {2.3) min -7, max 13,

{566] One patient in Cohort 2 {a different patient than the one who missed three consecutlive doses
of apitegromab due to sile access restrictions, as noled above} was ideniified as having received
concomitant treatment with an acetylcholinesterase inhibitor before and during the study, which was
not permitted by the study profocol. This patient experienced a 7-point decline in HFMSE scors at the
12-month timepoint. in the per protocol analysis, which excluded this patient in aceordance with the
prespecified approach, the mean change front baseling in HFMSE score for Cohort 2 was a 1.2-point
improvement.
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Table 22,
Type 2 and Apitegromab (20 myikg) + nusinersen
Non-Ambulatory Type 3 SMA fntent-to-treat (n=14) Per protocol™ (n=13)
Mean change from baseline in HFMSE (88% Ci) +0.6 {-1.4, +2.7) +1.2{-05, 2.9}
# {%) patients achieving 21-pt increase in HFMSE 8/14 (84%) 813 {69%)
# (%} patients achigving 23-plincreass in HFMSE 4114 {28%) 4113 (31%:)
# (%) patients achieving =5-pt increase in HFMSE 2114 (14%) 2113 {15%)

* One patient was freated with an acetyleholinesterasa inhibitor, which was not parmitted by the study
protacol.

8.23 Cohort1

{561] This open-fabel, single-arm cohort enrolied 23 patients with ambulatory type 3 SMA between
the ages of Sand 21. Patients were treated with 20 mg/kg of apitegromahb Q4W either as a monotherapy
or in conjunclion with an approved SMN upregidator {nusinersen). The prinvary objectives of Cohort 1
were {0 assess safety and the mean change from baseline in Revised Hammersmith Seale (RHS)
following the 12-month traatment period.

{862] This is a palient population for which SMN upregulator therapy alone historically appears (o
primarily offer molor function stabilization rather than improvement. Ambulant SMA patients show
improved motor function untit about age § years, 8 slowly declining phase untll adolescence, then a
steeper decline around pubserty and unlil age 20. Since the age around puberly appears o be the most
vuinerabte period, stabilization of motor funclion may therefare provide an important therapeutic benefit
{C Vuilterot et al. Archives of Physical Medicine and Rehabiltation 2013;94:1555-81).

[563] Although the clinical efficacy of SMN upregulater therapy alone in this patient population has
nat been well-established or characterized, natwral history date from a longituding! shudy offer
background insights. The longitudinal study indicates that patiants with ambulatory type 3 SMA
commonly  experience motor function declines, which in some cases are severg {e.g., loss of
ambulation} {Coratli et al. (2020) American Neurology Association, 88:1109-1117, e.g.. al Figwre 1), In
that study, 130 patients with ambulatory type 3 SMA {with some patients lost to follow-up over time)
had a mean age of 10.05 and a mean HFMSE score of 52.81 at baseline. Atthe 12-month assassment,
the mean change in HFMBSE from baseline was -1.74 points and 11 patients had lost ambulation {mean
age of ambulation loss was 10.21 years (8D28.43)). Relative stability with modest functional
improvement was observed in patients unill 7 vears of age, followed by a steeper decline in subsequent
Years.

[564] In the current study, in Cohort 1 (pocted population), there was a mean decling in RHS at 12
months, but a majority of patients maintained or improved in RHS score from baseline. The mean
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change from baseling in RHS score was a §.3-poird decling {Table 23; FIG. 11A-C). The Cohart 1
efficacy dala suggest a polential clinical effect of apitegromab in this patient population, as 57% of
pocled patients observed g mainfenance oF improvament in RHS score (>0-point change from
basaline), 22% of pooled patients achieved at least a 3-point increase in RMS score from baseline, and
17% of ambudatory patients with lype 3 SMA expetienced » 3-point improvements in RHS score from
the baseline. A RHS score improvement of » 3-points is often considered clinically meaningful. The per
protocol and sensitivity analysas showead resulls similar {o the primary intent-io-ireat analysis.

{565] Pooled RKS scores from ambulatory fype 3 patients also demonstrated an inverse correlation
between greater improvements in RHS scores and characleristics of scoliosis or joint contractures such
that greater increases in RHS scores were observed in ambulatory patients who were not limited by
scoliosis oF joint contractures (FIG. 24B). Patients who skipped 3 consecutive doses due to site
restrictions due to COVID-19 were excluded; 8D Scoliosis (0.7} min-4, max 4, 8D {-~1.5} min -12, max
8; 8D Contracture {1.1) min-2, max 4, 8D {-1.5) min -12, max 8.

Tahle 23.
Ambulatory Apitegromalbs Apitegromab (20 mglkg) | Apitegromab {20 mg/ky)
Type 3 SMA pooled (n=23} monotherapy (n=11} + nusinersen {(n=12)

Mean change
from baseline in
RHS (98% Cf)

324, 14

0.4 {39, +3.1)

Q320 +14)

# {%) patients
achigving 20-pt
increase in RHS

1323 {57%)

8111 (55%)

7112 (58%)

# (%) patients
achisving x1-pt
increase in RHS

/23 {39%)

4111 {36%)

5/12 (42%)

& (%) patients
achieving 23-pt
increase in RHS

523 (22%)

311 (27%)

2012 (17%)

# {%) patients
achiaving 25-pt
increase in RHS

1723 (4%)

1711 (9%)

0112 {0%)

8.3 Overall Safety and Tolgrability

{566] No safely signals were identified during the 12-month treatment period (Table 24}, The

incidence and severity of adverse events were consistent with the underlying patient population andlor

background therapy.
Tabie 24.
Apitegromab Apitegromab
Treatment-emergent Total
adverse events {TEAEs) 2 m{géi;%ﬁc;ase . n;?‘ﬁ(fg;‘iose (n=58)
Any TEAE 9 (90%) 44 (91.7%) 53 (91.4%)
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Any Serious TEAE 1 (10.0%) 4 (8.3%) 5 (8.6%)
Any TEAE leading fo study o oz ¢ o3
drug discontinuation 0 (0.0%; 1 2.1%) t(LT%)
Any Grade 3 (severe) of 0 (0.0%) 3 (6.2%) | 3 (5.2%)

higher TEAE

{867] The five most frequently reported TEAEs were headache {(24%), pyrexia (22%), upper
respiratory tract infection (22%), cough {22%), and nasopharyngitis (21%) {Table 25}

[568] Five palients experienced a serious TEAE, which were all assessed as unrelated o
apitegromab. One additional patient {Cohort 1) presented with a non-serious Grade 3 post lumbar
punciture syndrome.  This event resolved without sequelae and was assessed as unvelated o
apitegronyab.

[668] One patient {Cohott 1} discontinued from the study due o Grade 2 muscle faligue that started
prior to initiation of dosing with apilegromab. The event was assessed as unrelated to apitegromab.

{670] Anti-drug antibodies {ADA) were present at low fiters following apitegromab freatment in three
oul of 88 enrolled patients. No apparent impact on drug exposure was observed, nor were the ADA
associated with any hypersensitivily reactions. In one patient, ADA was observed only once during iast
visit, in another patient it was observed 2 fimes and in the third patient low ter ADA persisted over 200
days. There was larger variability in the concentrations of apilegromab in the 2 mg/kg group possibly
caused by ADA. There is no apparent effect on the clearance of apitegromab in these patients. There
was no observed largel-mediated drug disposition {TMDD) at either of the two studied doses (2 or 20
mokgl
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84 PK/PD

{571] Pharmacokinetic {(PK} and pharmacodynamic {PD) resulls are supportive of a continued dose
rasponse in efficacy. A dose-proportional and sustained drug sxposure was observed folfowing chronic
administration of apitegromab (FIG. 12A-B). The 20 mgfkyg dose achieved numerically greater mean
improvemants from baseline in HFMSE scores redative to the 2 mg/kg dose across alt of the assessed
fimepoints.  The clinically observed dose response was consistent with the pharmacodynamic {target
engagement) rasults. Both the 20 my/kg and 2 mg/kg doses vielded high levels of target engagement
{>100-fold increase from baseline)}, with the 20 mgfkg dose exhibiting a relatively higher absolute leval
of target engagement (FIG. 13} Cdhort 1 had the highest average baseline falent myostatin
concentrations. Target engagement was plotted against change in HFMSE score for patients receiving
the 2 mgikg and 20 mgky doses in conjunction with nusinersen (FIG. 14}

{672] FiG. 154 shows a comparison between baseline latent myosiatin concentrations in healthy
adult volunteers (SAD and MAD) vs. Coharts 1, 2, and 3. Baseline iatent mvostatin concentrations
ware significantly higher in the healthy adult volunteers than in the coharts. This correlation may be
associated with both weight, as well as disease state. FiGs. 18B-C show fold change in latent myostatin
concentrations in healthy adull volunteers {(SAD) and Cohorls 1, 2, and 3. Increases in serum fatent
myostatin concentrations following freatment may indicate target engagement by apitegromab, e.g., in
skeletal muscle. Such target engagement may correlate with disease severity, weight, age, SMA type
andfor functional efficacy measurements.

[673] FIG. 18 shows a correlation belween baseline latent myostalin concentration and weight in
healthy adult voluntesrs (SAD and MAD) vs. Cohorts 1, 2, and 3. Baseling latent myosiatin
concentrations were correlated with patient weight. Overall, the greater the palient weight, the higher
the baseline latent myostatin concentration. FIG. 17 shows a linear regression for the correlation

between clearance and weight in Cohorts, 1, 2, and 3.

{&74] Fi(5. 18 shows g linear regression for the correlation between clearance and age in Cohorts, 1,
2,and 3. Clearance increased with increasing age. Younger patients had significantly siower clearance
than older patients.

8.5 Latent Myostatin as a Pharmacodynamic or Predictive Biomarker

[B78] FIG. 26 shows analysis of the relationship between improvement in motor function as measured
by change of HFMBE zoores with respect o age, fold-change in latent myostatin levels (comparing
level at baseline and after apilegromab administration), and pharmacokinetic concentration of
apitegromab, based on data collected on day 365 following apitegromab treatment from patients with
type 2 SMA, FIG. 26A shows strong correlation between change in HFMSE score and age (n=23,
p=0.0043}). The dala suggest that within the patient populations with laler onset SMA, myostatin-
selective inhition may particularly benefit younger patients. FIG. 288 shows a positive correlation
batween fold change of iatent myostalin levels {LM fold) and the PK concentration of apitegromab
{n=14, p=0.0088), indicating that serum latent myostatin levels serve as atarget engagement biomarker
for myostatin inhibilors that farget proflatent myostatin, FiG. 26C shows a strong positive comrelation
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between age-normalized changs in motor function and age-normalized fold change in latent myostatin
(LM} levels. FIG. 26D shows a positive correlation between change in age-normalized change in mofor
function and age-normalized LM Fold/PK coancentration (n=14, p=0.0084).

[676] FIG. 27A shows the relationship between change in HFME score and baseline latent myostatin,
FIG. 278 shows a significant correlation bebtween age-normalized baseline latent myosiatin levels and
age-normalized change in motor function (p<0.0001). This observation suggesis that baseline latent
myostatin levels are indicative of efficacy.

g LIST OF ABBREVIATIONS AND DEFINITIONS OF TERMS

[877] The following abbreviations and spacialist terms are used throughowt this examples:

SGMWT S-minute Walk Test

ADA Anti-Drug Antibody

AE Adverse Event

APTT Activated Partial Thromboplastin Time
ASDO Antisense Oligonuciectide

CFR Code of Federal Regulafions

CHO Chinese Hamster Quary

ECG Flectrocardiogram

eCRF Electronic Case Report Form

EDC Electronic Data Capture

EiU Exposure in Utero

ESNHPT Endurance Shuitle Nine Hole Peg Test
ESEBY Endurance Shuttle Box and Block Test
FDA Food and Drug Administration

Gop Gaood Clinical Practice

GOF! Growth Differentiation Factor 11

GLP Good Laboratory Practice

HFMSE Hammersmith Funclional Motor Scale Expanded
ICF informed Consent Form

ICH international Coungil for Harmonisation
IEC independent Ethics Committes

g4 immunoglobulin G4

IRB Institutional Revigw Board

Y infention to Treat

IV Infravenous

IWRS Inferactive Web-based Randomization System

LOSMEANS Least Square Means
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mAb Monoclonal Antibody

MAD Multiple Ascending Dose

MedDRA Medica! Dictionary for Regulatory Activities
NOAEL No-Observed-Adverse-Effect Lavel

PD Pharmacodynanics

PEMCAT Padiatric Evaluation of Disability Inventory Computer Adaplive Test
PK Pharmacokinetic{s}

PT/ANR Frothrombin Time/internationat Normalized Ratio
PROMIS Patient-Reported Oulfcomes Measuremeant information System
RHS Revised Hammersmith Scale

RULM Revised Upper Limb Module

SAD Single Ascending Dose

SAE Serious adverse event

SAP Statistical Analysis Plan

SAS Statistical Analysis Bystem

8Sb Standard Deviation

SMA Spinal Muscular Atrophy

ShN Survival Motor Newron

SOP Standard Operating Procedure

SRK-015 Anti-probyostatin antibody (apitegromab)

SST Safety Surveitlance Team

TEAE Treatment-emergent Adverse Evant

WHO World Haalth Organization

Example 2. Preclinical Safety Assessment and Toxicokinetics of Apitegromab for the
Treatment of Muscle-Afrophying Disease

[878] A comprehensive set of preclinical studies using apitegromab, including pharmacology and
pharmacodynamic assessments and /o wivo foxicology and toxicokinetic (TK) studies in adult
cynomolgus monkeys and adult and juvenile rats, was performed. /o vilro studies confirmed the ability
of apitegromat to inhibit the activation of promyostatin, Toxicology studies, in which apitegromab was
dosed in monkeys for 4 weeks and i adult rats for up to 208 weeks, showed that weskly indravenous
administration achieved susiained serum exposure and farget engagement, and was well-folerated,
with no treatment-related adverse findings af the highest doses tested of up to 300 mafkg. Additionally,
results from an 8-week juvenile ral study showsd no adverse sffects on any endpoint, including
neurodevelopmental, motor, and reproductive ouicomes at 300 mg/kg.  In sumimary, nonclinical
pharmacology, pharmacekinetic, and toxicology date demonstrated that apegromab is a selective
inhibitor of myostatin activation that does not exhibit toxicities ohserved with other myostatin pathway
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inhibitors. These dala support the conduct of ongoing clinical studies of apitegromab in both adult and
pediatric {>2 years} patients with spihal muscular atrophy (SMA}.

MATERIALS AND METHOQDS

Test Article and Vehicls

[579] Fuor the in vitro studies, apitegromab was produced by transiently transfecting Expi233™ cells
with heavy and lght chain expression vectors (Pirruccello-Straub et al. (2018) Sci Rep. 8(11:2202). For
the rat and cynomolgus monkey studies, apitegromab was expressed in a Chinese Hamster Ovary
{CHOj cell line that stably expresses the heavy and light chains. Apitegromab was provided as a stock
solution al a nominal concentration of 530 mg/mib in buffer and stored at -80 to -8 “C. Ths vehicle
control was matched but without the antibody.

in Vitra Pharmacalogy and Tissue Cross-Reactivity

[B80] Sequsnce homology for the myastatin prodomain and maiure growth factor. The seguence
identity of human, cynomeolgus monkey, and rat myostatin prodomains and mature growth facior peptide
were obtained from the UniProt Database (References Q14783, QBEJBS, 0353 12) {LiniProt Consortium
gt al. (2021) Nugleic Acids Res. 4%{D13:D480-D488). A pairwise alignmeni was performed using
ClustalOmega (Madeira ef af. {(F018) Nucleic Acids Res. 47(W1)WE36-W5B4 1} using the mature protein
sequence without its predicled signal peptide, followed by analysis of the percent sequence identity.

[581] Apdegromab binding affiniffes. The binding affinity of apitegromab for human, cynomolgus
monkey, and ral promyostatin isolorms was measured using binlayer interferometry {ForteBio Octet
QKe} following methods previously described {Pirruccelio-Straub &t al. {(2018) Sci Rep. B{112282).
Briefly, in the binding experiments, apitegromab was immobilized on human Fe caplure tips (FortéBio),
and the association and dissociation of sach species’ promyosiatin was evaluated. All baseline steps,
loading of biotinylated antigens, and antibody association and dissociation sleps were performed in 1x
kinetice buffer containing PBS pH 7.4 with 0.002% Tween 20 and 0.01% BSA. Association proceeded
for 300 seconds and dissociations were then performed in 11X kinetics buffer for at least 800 seconds.
Data analysis was performed on FortéBio Data Analysis software version 8.2, A 11 globat fitting model
considering both assoclation and dissociation was then utilized for the single concentration Kb
determination for each antigen antibody/construct pair.

[882] Fromyosiatin aclivalion assay. Ability of apitegromab to inhibit the adlivation of human,
cynomotgus monkey, and rat promyostatin was measured in a previously desuribed cell-based
activation assay {(Pirruccelio-Straub et al. (2018) Sci Rep. 8(1):2282). A sample of human, cynomolgus
monkey, or rat promyostatin at 500 nM was incubated with varying amounts of apitegromab fo
equilibrium.  This mixture was then incubated at 37 °C for 16 hours with cell suparnatants confaining
recombinantly overexpressed proprotein convertase (Furin/PACES or PSCKS) and a tolloid protease
{(BMP-1 or mTLL2Y. The extent of proteclylic release of the mature myostatin growth factor was
assessed by adding samples 1o a culture of 2837 cells, which contain a siably integrated piGL4 plasmid
{Promega, Madison, Wi} responsive 1o the SMAD activation. Cells were incubated with the myostatin
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reaction for 8 hours, followed by delection of luciferase expression using BRIGHT-GLOTM reagent
{Promega, Madison, Wi} according to manufacturer’s instructions.

[583] Tissue cross-reactivily study (TCR). A GLP tissue cross reactivily study in human tissues that
evaluated the potential on~ and off-arget tissue binding of apitegromab was conducied per ICHSS (R1})
at Charles River Laboratories in Reno, NV. Apitegromab was applied two concentrations {oplimal =
5.0 and high = 28.0 ug/mL) {o cryosections of 2 panal of normal human tissues, at least 3 donors per
fissue and 38 tissues (sourced from the Special Pathology Services (SPS) Human Tissue Bank). The
fissue panels used included all tissues on the suggested list from the EMEA guidelines document for
{he development and characterization of monocional antibodies and all of the issues recommended by
the FDA/Center for RBiologics Evaluation and Research {CBER) (EMEA, “Guideline on development,
production, characterization and specification for monocional antibodies and related products” (Annex
Iy, 2016; FDA/CBER, "Points to Consider in the Manufacture and Testing of Monoclonal Antibody
Products for Human Use,” 1887). A human IgG4 lambda antibody was used as the control article, to
evatuate the specificity of apitegromab. Additionally, the Flp-in T-Rex 293 cell line {invitrogan, Cat, No.
R78007) was transfected with a DNA construct to express proflatent myosiatin as a positive controf and
usad without transfection as a negative control. Localized binding of apitegromab in the cellular lissue
samples was performad using a biotinylated antihuman 1gG4 senendary antibody.

in Vive Toxicology and Toxicokinetic Studies in Cynomalgus Monkeys and Rals

[584] The in vive toxioology studies were conducied at Covance Laboratories in Madison, Wi except
for the juvenile rat toxicology study, which was conducted al Covance Laboratories in Greenfield, IN.
All studies followed applicable International Conference on Harmonisation of Technical Reguiraments
for Registration of Pharmacewticals for Human Use (ICH) guidelines and were conducted in compliange
with United States Food and Drug Administration (FDA) GLP Regulations (21 CFR Part 58). Protocols
were reviewed and approved by an institutional animal care and use committee (JACUC). Histology,
microscopic avaluation, and bone densitometry of the femur tissue was conducted by Charles River
Laboratories Montrzal ULC, Senneville, QC, Canada, in compliance with the Drganisation for Economic
Co-operation and Development {OECD) Principles of Good Laboratory Practice. For the juvenile rat
study, developmental neurotoxicity histology was conducted at Tox Path Specialists (TPS) in Frederick,
MD and developmantal neurotoxicity pathology was conducted (non-GLP) by GEMpath, ine. in
Longmont, CQ. For the 26-week rat study, radiograph evaluation (non-GLP) was conducted by a
gualified consultant for Veterinary Diagnostic Imaging in Madison, WL The study designs are
strnmarized in Table 26

{588] Cynomolgus Monkey Toxicology Study. Male and female cynomolgus monkeays {24 o 50
months of age) were randomly assigned to reatment groups and group housed in stainfess steel cages
in & controlled environment (20 o 26 °C; 30 o 70% relative humidity; 12-hour ight and dark cycles).
Animals were offered cage enrichment devices and food, Certified Primate Diet No. 5048 (PMI Nutrition
international Certified LabDisi®) one to two times dally, anid tap water ad libituny.

{586] Aduft and Juvenile Rat Taxicology Studies. Male and female Sprague Dawley (SD) rats {adul
studies, & o § weeks of age; juvenile study, PND 21 for F1 developmental arm and 15-16 weeks of age
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for the mating arm) were randomly assigned to trealment groups. In adull studies, all animals were
group housed and in the juvenile study F1 animals were individually housed starting on PND 21, naive
males for mating were individually housed (except when pairing), and naive femalas wers group housed
{except when pairing and during gestation). Housing was in polycarbonate cages with Diamond Soft®
bedding i a controlled environment (20 o 26 °C; 30 to 70% relative humidity; 12-hour fight and dark
cycles) except during mating where animals were placed in stainless sieel, wire boltom cages. Food,
Certified Rodent Digt No. 2014C or 2018C {Envige RMS, Inc.} and fap water were offerad ad libitum,
and animals were provided cage-enrichment devices.

[587] Safelyandother Spegialized Evalualions. Al foxicology studies evaluated the following general
endpoints: moriality, clinical observations, body weights, food consumptlion. General clinical
observations of animals were performed twice dally and cageside observations were conducted 20 3
hours post-dose to assess acute toxicity in monkeys and once daily in rals. Delailed observations were
performed weaeakly on dosing days. Food consumption was measured once daily in monkeys, once
weekly in adult rats, and every 3-4 days {corresponding to body weight intervals) for juvenile arimals.
Body weight was measured once weekly for monkeys and adult rats and every 3-4 days in the juvenile
study. All studies also included clinical pathology (hematology, serwm chemistry, coagulation, and
urinalysis) and anatomic pathology {gross and microscopic} evaluations with additional collection of
sketatal muscle weights for the biceps femoris and gastrocnemius. Blood samples were collected for
toxicekinetic, anti-drug antibody (ADA} and target engagement {serum lalent myostatin} analysis. Other
safety evaluations performed for the monkey and adull rat studies included ophthalmic exaninations
{both species), and for the mankey only, vital-sign measurements, electrocardiograms, neurclogic
exams; and measurements of respiration rate and heart rate.

[888] The following specialized andpoints ware evaluated in the 28-wesk rat study: functional
observational battery (FOB), locomotor activity assessments, in vive radiographic image evaluation
{fernur head and femur neck), ex vivo bone mineral content and densiometry by peripheral quantitative
computed tomography (pQCT), and histopathology of the femur,

[589] The following specialized endpoints were svaluated in the juvenile rat siudy: development
fandmarks, anatomic and developmental neurotoxicty (BNT) and neuropathology, male and female
fertility endpoints, neurcbehavioral findings and ex vive bona analyses of the famur (i.e., mineral content
and densitometry by pQCT, radiography, fength, histopathology). DNT pathology examination invalved
an gssassment of numerous sections from the brain, spinal cord, dorsal root ganglia, and nesve,
including key neural structures as listed in the “best practice” recommendations for nervous system
sampling during nonclinical toxicity studiss (Bolon et al. {2013} Toxicol Pathol, 41:1028-1048; Bolon st
al. {2018) Toxicol Pathol. 46:372-402).
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{5901 Quantification of Apdegromab in Cynomolgus Monkey and Sprague Dawley {SD} Ratl Serwmn.
Serumn samples werg analyzed for the presence of apitegromab using an ELISA validated in both
cynomuolgus monkey and SD rat serum. Assay plates were coated with recombinant promyuostatin and
blocked with a solution of boving serum albumin (BSA). Serum samples were difited fo the minimum
requived dilution (MRD) {1:100} or further 10 ensiwre the analyle was within the quantitative range of the
assay. The diluted samples were then incubated onthe assay plate. Bound apilegromab was detected
using a goat-antihuman horseradish peroxidase (HRP) reagent, and the assay signal was generated
using tetramethylbenzidine (TMB). The standard curve was fitted to a S-parameter fogistic function with
1Y 2 weighting. The quantitative range is 200 to 10,000 ng/ml apitegromab in serum. For all studies,
sample analysis was conducted (GLP) af Bidlogics Development Services in Tampa, FL.

[591] Detection of Anbispitegromab Antibodies i Cynomuolgus Monkey and 3D Rat Serum. Serwmn
samples wers assessed for the presence of anti-drug antibodies (ADA) against apitegromab using an
electrochemiluminescent {ECL} bridging-format plate-based assay. Samples were acidified with 100
mM acetic acid to dissociate any ADA complexes, followed by naulralization with a Tris buffer and
incubation with biotinviated and ruthenium-conjugated apitegromab. The neulralized samples were
than incubated on streplavidin-coated assay plates, and the assay signal was measwed. Samples that
resulted in assay signals above an establishad cut-point value were then assayed in a confirmatory
assay, in which excess apitegromab was added to the neutralized sample 1o show immunodepletion of
the assay signal. This assay was validated for use in both cynomoigus maonkey and SD rat serum,
using an MRD of 1:20. The sensitivity was measured at 4.23 ng/mb in the SD rat assay and 23.5 nginik.
in the cynomolgus monkey assay. For all sfudies, sample analysis was conducted (GLP)} at Biologics
Development Services in Tampa, FL.

[892] Quantification of Latant Myostatin in Cynomolgus Monkey and SD Rat Serum, Latent myostatin
concentrations were quantified using a qualified ECL assay that selectively detects total latent myostatin
{i.e., bound and unbound}. The gualification of this assay in cynomolgus monkey serum is described
it Cote et al. (2020} SLAS Discov Adv Sci Brug Discov. 25(1):85-103, and that protocol was used hare
without modification. A version of this assay was also gualified in SD rat serum. The assay sensiivity
was 10 ng/mb of latent myostatin in serum and achieved a drug tolerance of up 1o 1 mg/mb of
apitagromab. For all studies, latent myostatin was measured (non-GLP) at Scholar Rock, Ine. in
Cambridge, MA.

{593] Toxicokinetics. Toxicokinetic parameters were caloulated for each study using Phoenix
WinNonLin {Certara, Princaton, NJ). Noncompartmeantal analysas ware performed using an [V bolus
dose adminisiration route, nominal dose levels, and nominal sampling times. Concenirations that were
below the limil of quantitation (<200 ng/ml) were treated as 0 for descriptive statistics. Area under the
curve {AUC) assessments were calculated using the linear trapezoldal rule. Terminal halflife (V4 was
estimated by log-lingar regression of the terminal phase of the mean concentration versus time profiles,
Al least 3 points clearly visible in the terminal phase, an 12 adjusted value >0.7, and a time interval of
at jeast 3 half-lives were used to characlerize hali-life. Accumulation ratio {AR) was calculated as [Cres
or AliCaase on the last day of dosing] / {Crax or AUCs.10e 0n the first day of dosing] for all sfudies except
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the 4-week cynomalgus monkey study. In that study, AR was calculated using the day 22 values rather
than the last dosing day.

RESULTS

Species Selection for Toxicology Studies

[594] Frior to initiating the in vivo foxicology studies, rat and cynomolgus monkey were evaluated as
the appropriate rodent and nonrodent species for assessing apitegromab toxicity, per ICH 56 and 88
guidelines (FDA, Guidance for Industry: 88 Nonclinical Evaluation for Anficancer Pharmaceuticals.
Silver Spring, MD 20993: FDA, 2010; FDA, Guidance for Industry: S8{R 1} Preclinical Safety Evaluation
of Biotechnology-Derived Pharmaceuticals, Silver Spring, MO 200903 FDA, 2012). The ability of
apitegromab to increass and sirengthen muscle mass has previously been demonstrated in preclinical
pharmacology studies in healthy animals and in multiple rodent models of muscle atrophy, including
wo models of SMA {Pirruccelio-Straub et al. (2018) Sci Rep. 8(11.2282; Long et al. (2018) Hum Mal
Genel. 28(711078-1088). For the studies described here, the sequence idantity of myostatin prodomain
was compared and the in vitro binding and activity of apitegromab was confirmed acrass human, rat
and cynomolgus monkey.

{895] AMdyostatin prodomain has similar sequence idestity and binding fo apitegromab across species.
Apitegromab selectively binds to the human myostatin prodomain and not (o other closely related TGFR
family growth factors, notably GDF-11 and aclivins {Pirruccelio-Straub et &l {(2018) Sci Rep. 8{1).2292).
Human and rat myostatin prodomains share 94.5% sequence homalegy, while the sequence identity
batwaen the human and cynomolgus monkey myostalin prodomain is 98.7% (Table 273, Similarly, the
sequence of the mature myosiatin growth factor in human, rat and cynomolgus monkey share high
sequence identity. Furthemmore, apitegromab has similar binding affinity to promyostatin across human,
rat and cynomolgus monkeys, ranging from 2.00010° M 1o 4.86x10% M (Table 27), suggesting
patentially similar activity of apitegromab across these species.

Table 27. Myostatin Prodomain Sequence identity / Promyostatin Binding Affinity Across
Specias

Prodonin Binding Affinity to
Species {% Identity) promyostatin®
Rat Moukey Ko (V)
Human 44.9% 99 7% T4
Rat - 45.2% 20x100
Mankey - - 4865100

“‘promyosiatin conlaingd approximately 10~15% latent myostatin

[696] Apitegromab inhibits proteolytic activation of promyosiatin. In vitro activity of apitegromab was
assessed using a previously describad a cell-based activily assay (Pirruccello-Straub et al. (2018} Sci
Rep. 8{1)22892). To confitm similar inhibilory aclivity of apitegromalb across species, the assay
measured the ability of apitegromab fo block the profeoiyiic activation of human, cynomolgus mankey
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and rat promyostatin to the mature myostatin growth factor. The s values for each promvyaostatin form
were caloulated from the resulling curve fits.  Apitegromab inhibits proteolytic activation of human
promyostatin (ICso = 1017 nM), and also prevents aclivation of cynomolgus promyosiating (ICse = 584
nit) and of rat promyostatin (ICss = 153 nM) (FIG. 18).

Human Tissue Cross-Reactivity of Apdegromab

{887] Apitegromab does nof exhibit off-target binding it @ human Hissues. To evaluste the polential
on- and off-target tissue binding of apitegromab, a GLP tissue cross resclivity study was conducted
using a full pangl of human tissues from three different human donors (ICHSE (R1}). Apilegromab
bound to positive and negative contral cell lines; however, it did not show specific positive staining in

any human tissue.

in vive Safety Assessment of Apilegromab in Cvnomolqus Monkeys and Rats

{598] Four-week BLP{oxicology studies were conducted in cynomolgus monkeys and rats {o suppart
the inftiation of a Phase 1 clinical study (Barrett et al. {2021) Abstract 253, 24% Annual International
Annual Congress of the World Muscle Society, Copenhagen, Denmark). Additional repeat-dose GLP
studies were conducted in rats, which included a juvenile rettoxicity study to support dosing in pediatric
populations and a long term, 28-week toxicity study in adult animals.

{898] Four-wesk Toxicology Study in Cynomolgus Monkeys. Male and femals cynomolgus monkeys
ware administered apitegromab once weekly by [V bolus at doses of O (vehicle), 10, 30, and 100 mgikg,
on Days 1, 8, 15, 22, and 28 {5 doses total) for 4 weeks of the dosing phass, followed by a 4 week
{ireatment-free} recovery phase. Na moriality was observed on the study and all animals survived unti
the schaduled necropsy. There were no apitegromab-related adverse effects on clinical observations,
food consumption, aphthalmic examinations, clinical chemistry, hematology, coagulation, or urinalysis.
Muscle mass {gastrocnemius and biceps) was slightly higher in apitegromab-ireated animals comparsd
fo control animals, slithough the effects facked a dose response and showed individual variability.
Bafaty pharmacology  endpoints (e, neurolpgical examinations, respiration rates, and
electrocardiography) demonstrated no treatment-related effects. No apitegromab-refated macroscopic
ofr microscopic findings were observed in the dosing or recovery phase animals. Overall, there were
na freatment-related adverse findings observed on any endpoint evaluated and the NOAEL was 100

mgfkg, which was the highest dose tesisd.

{600] Fourweek Toxicology Study in Aduff SD Rats. Male and female rals were administered
apitegromab once weekly by IV bolus at doses of O {vehicle}, 10, 30, and 100 mgfkg, on Days 1, 8, 15,
22, and 29 (5 doses total} for 4 weeks of dosing phase, followad by a 4-week (reatment-free) recovery
phase. No apitegromab-related mortality was observed. There weare no apitegromab-related advarse
effects on clinical observations, food consumption, ophthalmic examinations, hematology, coagulation,
or urinalysis. Apitegromab-related hody weight increases were observed in animals administered 210
mg/ky that did not correlate with higher food consumption but did correlate with increased skeletal
muscle weights, at termination. Specifically, anatomic pathology findings were limited o weight

increases for skeletal muscle tissues (left biceps, righl biceps. left gastrocnemius, or right
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gastrocnemius) of all groups administered apitegromab, that occasionally reached significance, with a
mean effect that rangad from approximately 3-32% over conirols; however, there were no microscopic
correlates.  Increased muscle mass was an anticipated pharmacological effect of apitegromab, an
antibody that targets promyostatin and latent myostalin, as previously reporied in healthy and disease
aninal models {Pirruccello-Straub et al. (2018) Sci Rep. 8{11:2222; Long et al. {2018} Hum Mot Ganet.
28{711076~-1089). Several minor apifegromab-related clinical chemistry findings (e.g., mildly higher
globulin concentration, mildly higher fotal protein concentralions and lower atbhumincglobulin (AXG)
ratios) were observed at the end of the dosing phase, predonsinately in animale administered 100
mg/ky, and most exhibited svidence of reversibility. Increases in globulin concentrations may have
been related 1o the high levels of apitegromals (a0 igG4 immunagliobuling in circulation. No treatment-
related adverse findings were obsarvad on any endpoint evaluated and the no observed adverse effect
level (NQAELY was 100 mgikg, which was the highest dose tested.

{801] Twenty Six-week Toxicology Study in Adult S0 Rafs. Rats wers selected as the single toxicity
species for further toxicology assessmant of apitegromab because of similar results {Le., no foxiclty
observed) in the 4-week rat and cynomolgus monkey toxicology studies, per ICH S6 {R1) {Cavagnaro
etal. (2002) Nat Rev Drug Discav, 1{8):489-475; FDA, Guidance for Industry: S8{(R1) Praclinical Safety
Evaluation of Bictechnology-Derived Pharmaceutivals. Sitver Spring, MD 20883 FDA, 2012}

Apitegromab was administered by V-bolus at doses of 30, 100, and 300 mg/kg once weekly to male
and famale rats, for 26 weeks for a total of 27 doses. No apitegromab-related moriality was observed.
Thera ware no adverse apitegromab-related affecte on clinical observations, food consumption, clintcal
chamistry, hematology, ophthalmic examinations, functional chservational battery (FOB) testing, bone
mineral density (femur), in vivo radiography (femur), macroscopic pathology and microscopic pathology
evaluations. Similar to the 4-week rat study, apltegromati-related clinical chemistry effects were lmited
o minimally bigher tolal protein and globulin concentrations and anatomic pathology findings were
lirnited to slight increases in skefetal muscle weights (lef and right biceps brachi). The skeletal muscle
mass increases occurrad iy alf apilegromab-treated groups, rangad from approximately 15-33% over
confrols and correlated with microscopic findings of minimal to slight hypertrophy of muscle fibers.
These muscle changes persisied during the recovery phase but weare not dose-responsive {Pirruccetio-
Straub et al. (2018} Soi Rap. B(112282; Long &t al (2018) Hum Mol Genet. 28{7)1078-1088).
Administration of apitegromab once weekly by IV bolus administration for up fo 28-weeks was well-
tolerated in adult 8D rats and the NOAEL was the highest dose tested of 300 mgkg.

{602] Juvenile Toxicology Study in S0 Rats. To support the dosing of pediatric patients { = 2 years
of age) with SMA, a juvenile ral GLP foxicology study was conducted. Juvenile rats were dosed for 7
weeks from postnatal day {PNB} 21, the equivalent of a 2-year old human, untit PND 63, when animals
are sexually mature, and the development of major organs and the immune systerm are genarally
complete (FDA, "811 Nonglinical Safely Testing in Support of Development of Paediatric Medicines”
202035 The siudy design also incorporated neurcloxicology, fertiity, and reproductive and
devaiopmental toxicology endpoints to investigate the effects of myostatin pathway inhibition on young
animal development and reproductive biglogy {Table 26).
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[603] In this study, apitegromab was admunistered by IV bolus admindstration atl weekly doses of 30,
100, and 300 mgfkg. There weare no apitegromab-related effects observed on mortality, clinicat
observations, food consumption, clinical pathstogy, ophthatmic examinations, and anatomic pathology
evaluations. No apitegromab-refated effect was observed on mean body weight or weight gain inmales;
howsver, an apitegromab-related, non-adverse, significant increase it mean body weight gain was
noted for females over the entire dosing period {PND 21 through 83} that persisted info the recovery
phase for some animals. Several clinical pathology findings were observed in apitegromab-ireated
juvenile rats, though due lo their overall small magnitude, none were considered adverse. These
included minimally o mildly higher lotal protein and/or globulin concenirations, which resulted in
minimally lower albumin:giobulin ratio in both sexes adminisiered 2100 mg/kg/doss, mildly lower
triglyceride concentration v males administerad 300 mg/kg/dose and minimally lower sodium
congentration in males adniinistered 2100 mg/kgidose and females administered 300 my/kg/dose. The
changes in globulin may have been due to apitegromab in circulation. Similar to the studias performed
iy adult animals, in apitegromab-treated males and famales there was an increase in absolute muscle
weighis {hiceps and/or gastrocnemiug), with a mean effect that ranged from approximately 13-28%
over controls, and with no apparent micrascapic correlates or dose respanse. Additionally, no adverse
toxicity was observad for any of the specialized study endpaints including anatomic and developmental
neyurotoxicity {DNT) and neurohistopathology, neurchehavioral evaluations (acoustic startle, lncomotor
activity, or Morris water maze), developmental sexual landmarks, and bone analyses (densitometry,
radiography, femur length, and femur histopathology). Lastly, following the breeding of treated males
and females with naive animals, apitegromab had no adverse effects on reproductive parameters
{festrous cycles, reproductive performance, fecundity, fertility, sperm assessment), however, an
apitegromab-related increase in meaan body weight was observed during gestation for some females.
Administration of apitegromab once weekly by IV bolus administration, from PND 21 1o PND 63 {7 doses
total}, was well-tolarated in juvenile 3D rats and the NOAEL was the highest dose tested of 300 mglkg.

Mullti-dose Toxicokinetics of Apifegromab in Cynomolgus Monkevs and Rals

[804] The apitegromab multi-dose TK profile, TX parameters, and anfi-drug antibodies were
evaluated in the 4-week studies in adult rats and eynomuolgus mankeys, the 28-week study ity adult rais,
and the juvenile rat study. In all studies, systemic exposurs to apitegromab was confirmed in treated
animals (FIG. 20A-D}. The Cre: and AUCe s parameters increased dose proportionally with increasing
dose level and showed accumulation afler multiple doses {Table 28). Additionally, there were no
differences in apitegromab exposure batwaen male and female animals. Across all studies and dose
groups, apitegromab showed minimalto-ne sex-differences in kinetics, achieved dose-proportional

exposwre, and demonstrated accumulation following multiple doses.

{6058] Mulii-dose TK in Cynomolgus Monkeys (4-weeks). Male and female cynomolgus monkeys
were administered § IV bolus doses of apitegromab at dose levels of 10, 30, and 100 mgikyg, on Days
1,8, 15, 22, and 28. The TK parameters were determined after day 1 and day 22, Cuu was observed
at the first sampling point of 1 hour following dosing in all dosed animals, with the exception of day 22
where one animal in 100 my/kg group had a Crex Observed at 48 houwrs affer dosing (Table 28). The
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{% for apitegromab was not measured n this study due 10 3 lack of a distinct elimination phase.
Exposure, as assassad by apilegromab Cres and AlUCGo.1ss, demonstrated a dose-dependent inorease
on days 1 and 22 and was approximately dose propottionat from 10 to 100 mgikg. suggesting that the
farget was fully saturated. Animals maintamed exposure throughout dosing and recovery perods (FIG.
20A) and accumulation was observed at all doses from day 1 on day 22 (Table 28). No animals
developed ADA foliowing apitegromab administration at any dose.

[608) AMudii-dase TK in Aduft Sprague Dawley Rats (4-weeks). Male and female rals were
administered & iV bolus doses of apitegromab at dose levels of 10, 30, and 100 mg/kg, on Days 1, 8,
15, 22, and 29. The TK parameters were determined affer day 1 and day 29, Crax was observed at
the first sampling point of 1 hour in all groups on both days and apitegromab attained a {% ranging from
326 to 358 hours on day 29 {Table 28}, Exposure, as assessed by apiegromab Crew and AUCo sy,
demonstrated & dose-dependent increase on days 1 and 28 and was generally dose proportional from
10 to 100 mgikyg, suggesting that the target was fully saturated. Animals maintained exposure
throughout dosing and recovery periods and accunulation was ohserved at all doses, following wesekly
administration (FIG. 20B}. Two females, one in the 10 mgikg group and ane in the 30 mgikg group,
were ADA-negative for all intervals in the dosing phase bul were ARA-positive on Days 15 and 20 of
the recovery phase, which corrglated with lower concentrations of apitegromab measured for these
animals following the Day 28 dose (compared with other animals in the group).. All other animals were
ADA-negative throughout the study.

{667] Mudti-dose TK in Adull Spragus Dawilgy Rals {(26-weeks). Male and famale rals weare
administered 27 IV bolus doses of apitegromab at dose levals of 30, 100, and 300 madkg for 28 weeks.
The TK parametars wera determined after day 1 and day 183. Cnax was obsarved at the first sampling
pont of 1 hour in all groups on both days and apitegromab attained a t¥4 ranging from 256 to 346 howrs
on day 183 {Table 28). Exposure, as assessed by apitegromab Gua: and AUCo+ss, demonstrated a
dose-dependent increase and was generally dose propotlional,  Animals maintained exposure
throughout dosing and recovery pariods and accumutation was observed at alt doses, following weekly
administration (FIG. 20C). in the 30 mg'kg group, ADA were detected in one male (on day 43) and two
females {one each on day 42 and day 89). Serum concentrations of apitegromab were not affected for
the male hut both females showed decreased exposure. ADA were not detected at any interval in any
animal in the 100 and 300 myg/fkg dose groups.

{60B] Multi-dose TK in Juvenile Sprague Dawley Rats. The PK profile and paramsters of
apitegromab were svaluated in the mult-dose TK rat juvenile study. Juvenile male and femalg rats
were adminisiered 7 1V bolus doses of apitegromab at dose levels of 30, 100, and 300 mg/kg from PND
21 to PND 83. The PK parameters were determined after PND 21 and PND 63, Cwss was observed at
the first sampling point of 1 hour in all groups on both days and apitegromab attained a t% ranging from
265 1o 330 hours on PND 83 {Table 28). Exposure, as assessed by apitegromab Cree and AUCo-188,
demonsirated a dose-dependent increase and was generally dose proportional.  Animals maintained
exposure throughout dosing and recovery periods and accumuiation was obsetved at all doses,
following weekly adminisiration (FIG. 20D}, Al animals were determined to be ADA-negative.
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Target Engagement with Apitegromab in Cynomiolgus Monkey and Rals

{608] Target engagement with apilegromab was determined by measuring serum fatent myostatin
fevels across the dosing and recovery phases of the study (FI1G. 21A-D). The baseline levels of latent
myostatin ranged from 20-100 ng/mb across all studies. In all studies, after an inifial dose of
apitegromab, serum latent myostatin concentrations increased over baseline and remained at this
elevated conceniration throughout the dosing and recovery phases. The absolute leval of latent
myostatin achieved afier dosing intreased with increasing dose but was not dose proportional. As with
apitegromab exposure, there was a notable change in latent myostatin concentrations associated with
confirmed ADA responses. ADA posilive animals were excluded from the group averaged values.
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SUMMARY

{6810] Predincal oxictlogy and TK studies (Table 1} were conducted fo characterize the safety and
sxposure profile of apitegromab {Pirruccelio-Siraub et al. (2018) Sci Rep. 8(1):2282).

{611] Nonclinical safety data from the 4-week toxicology studies in both rats and cynomolgus
monkeys showad that apilegromab was well-lolerated when administered by 1V bolus injection once
weekly for 4 waeks at doses up to 100 mgikg. Apitegromab was also well-iolerated in both a 26-week
study in adult rats and an S-week study in juvenile rats, each of which had a NOAEL of 300 mg/kg, the
highest dose fested.

{6812] The studies with apitegromab did not idantify alterations in the weight or histopathiclogy of the
estes in adult and juvenile rats or in adult monkeys, and there were no apitegromab-related effects on
caudal epididymat weight, sperm muolility, concentration, or morpholagy in the juvenile rat study. Fertility
sndpoints were also investigated in the juvenile rat study as a functional putcoms, {o determing any
potential reproductive effects caused by promyostatin inhibition.  Apitegromiab had no effect on fertility
parameters such as estrous cyclicity, reproductive performance, and fecundity in juvenile rats. These
data suggest that apitegromab can circumvent the potential off-target reproductive organ effects
observed with nonspecific myostatin inhibitors.

[613] The impact of apilegromab treatment on the FOB, lecomotor activity, and developmental
neurohisiopathology was evaluated in juvenile rats.  There were no apitegromab-related adverse
observations on any of these endpoints, confirming that in juvenite rodents, the spexific inhibition of
iatent myostatin by apitegromab does not result in any undasirable impact on the CNS.

{614] The impact of apitegromab on cardiovascular histopatholegy andfor physiclogy was evaluated
it rats and monkeys. There were no apitegromab-related changas in the weight and histopathology of
the heart. Moreover, apitegromab did not have any adverse impact on heart function, as determined
by quantitative and qualitative assesament of electrocardiograms. These datg suggest that specific
targeting of promyustatin and latent myostatin is not associated with any unwanted cardiac toxicitiss in
rats and monkays.

{61581 The effects of apitegromab on bone were evaluated iy adult and juvenile animals. Apilegramab
did not alter bone mineral densily, bong length, bone histopathology and showad no effect on
radiographic observations. No apitegromab-related adverse effects on bons parameters werg
observed in any of the safety assessments.

{818] The muiti-dose TR profife of apitegromab in rats and monkeys indicated systemic exposure in
all animals with approximate dose proportionality and accumulation of drug after multiple dosas.
Apitegromab exposures achieved in toxicology studies were sufficient o produce pharmacodynamic
sffacts, as evidenced by the increase in skeletal muscle mass in treated animals. Furthermare,
increases in circulatory levels of fatent myostatin indicated the ability of apitegromab o engage and
saturate the target.
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[817] Overall, the in vivo toxicology assessment of apitegromab demonsirated a favorable safely
profile with no toxicity identified in chronic studies of up to 26 weeks ity adult rats and 8 weeks in juvenile
rats, at up to 300 mg/kg. The nonclinical toxicology data complament the preclinical pharmacology

studies in mouse models of SMA.

Example 3. Trial to Evaluate the Efficacy and Bafety of Apitegromab in Patients with Later-
Onset Spinal Muscular Atrophy Who Are Being Treated with Nusinersen or Risdiplam

[818] The purpose of this Phase 3 trial is o assess the safety and efficacy of apitegromab compared
with placebo for improving motor funclion in patients with later-onset spinal muscular atrophy (SMA)
who are raceiving background therapy with nusinersen or sisdiplam.  Survivor motor neuron (SMN)
upregulator therapies have been shown {o significantly improve clinical outcomes by preventing or
reducing the decline in motor funclion, however, patients may cortinue to suffer from substantial motor
functional impairment because targeted SMN upregulator therapies focus on SMiN-dependent
pathways and do not dirsctly impact skeletal muscle to reverse the atrophy that has already taken place.
Consequantly, there remains an unmet madical need for a complementary therapeutic muscle-directed
therapy that may addrass muscle atrophy and thereby improve motor fuhction in patients with SMA.
Through its novet mechanism of action as a selective inhibitor of myostatin activation, apitegromab has
the potential to produce a clinically meaningful effect on motor function in a broad population of patients
with SMA who are being treated with background SMN upreguiator therapies.

{618] Thig trial will be conducted in patients 2 through 21 vears of age af screening, who have been
diagnosed with laler-onset SMA {f.e., Type 2 and Type 3 SMA) and are receiving an approved SMN
upregutator therapy o confirm the sfficacy and safety of apitegromab as an adjunctive therapy to
nusinersen and evaluate the efficacy and safety of apilegromab as an adjunctive therapy to risdiplam.
Since both nusinersen and the SMN upregulator risdiplam treat the SMN protein deficiency in SMA by
increasing the production of functional SMN protein, previously reported positive results aobserved with
nusinersen support investigating apitegromab as an adjunclive therapy.

Patient population

[820] Patients will mest prespecified inclusion criteria that include that they are age 2 through 21 at
sergehing and have a life expectancy of at least two years from screening, They must have a
documented diagnosis of 5q SMA and bave been diagnosed with later onset, ie., Type 2 or Type 3
ShA before receiving either nusinersin or risdiplam. Patignts must be nonambulatory at screening and
able to sit independently according to WHO motar milestones at soreening.  Patients must have
complated sither at least ten months of dosing with nusinersin or at least six months of dosing with
riadiplam priov 1o screaning. Patients must have an HFMSE score 210 and <45 at screening and have
na physical imitations that would prevent them from undergoing motor function outcoms Mmeasres.
Patients must be able {o receive study drug infusions and provide blood samples intravenously and
female patients of reproductive age must agraa to adhere to contraception.

{821] Exclusion ¢riteria include having received onasemnagene abeparvovec-xiol al any tine;

previous treatment with apitegromab; a prior history of severe hypersensitivity reaction or intolerance
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fo SMN upregulator therapies; and a prior history of a hypersensitivity reaction to @ monocional antihody
or recombinant protein bearing an Fo domain, apilegromab, or excipients of apitegromab. Exclusion
criteria also include a requirement for invasive ventilation or tracheostomy; nulritional status that was
not stable over the past six months and is not andicipated fo be stable throughout the trial; medical
necessity for a gastric/inasogastric feeding tube, where the majority of feeds are given by this route; and
major orthopedic or other interventional procadure, including spine or hip surgery having the potential
to substantially limit the ability of the patient fo be evaluated on any motor function oulcome megsures
withinn i months before screening or anticipated during the tial.  Exelusion ciiteria further include
freatment with other investigational drugs in a clinical tial within three months or five hall- fives,
whichaver is longer, prior fo scraening: use of valproic acid or hydroxyurea within 80 days before
screening: use of theraples with polentially significant muscle effects or potentially significant
neuromuscular effects other than approved SMN upregulator therapy within 60 days before screening;
use of systemic corficosierids within 60 days before screening (inhaled or fopical steroids are
permitted}; any acute or comorbid condition interfering with the well-being of the patient within seven
days before scresning. including active systemic infection, the need for acute freatment, or inpatient
obsearvation due (O any reason; severe contractures or scoliosis at screening; use of chronic daytime
nonhinvasive ventilatory support for more than 16 hours daily in the two weeks before dosing, or are
anticipated to reguilarly recedve such daytime ventilator suppont chranically throughout the triad; pregnant
or breastfeeding; and any other condition or clineally significant laboratory result or ECG value that, in
the opinion of the Investigator, may compromise safety or compliance, would preciude the patient from
successiul completion of the trial, or interfere with the interprefation of the resuits.

Trial Design

{822] The irial will include Screening, Treatment, and Safely Follow-up Periods. Patients will be
randomized o receive 10 mgikg or 20 mgikg apitegromab or placsbe by intravenous (V) infusion.
Approximately 204 male and female patients with later-onset SMA will be randomized into efther the
Mainy Efficacy Population (2 through 12 years old at scresning) or the Exploratory Subpopulation (13
fhrough 21 vears old at screening). Patients in the Main Efficacy Popuiation will be randomized
separately from the patients in the Exploratory Subpopulation,

{623] For the Main Efficacy Population, approximately 156 patients who are 2 through 12 years old
at screening will be randomized 1:1:1 double-blind fo receive apitegromab 10 my/ky, apitegromab 20
mgfkg. or placebn every four weeks dunng a S2-week Treatment Perind. Randomization for the Main
Efficacy Population will be stratified by type of background therapy {L.e., nusinersen or risdiplam) and
age af initiation of SMN upregulator therapy (25 and <5).

{624] For the Exploratory Subpopulation, a maximium of 48 patients who are 13 through 21 years old
at screening will be randomized 2:1 double-blind to receive apifegromab 20 mglkg or placebo every
four weeks during the 5Z2-week Treatment Period. Randomization for the Exploratory Subpopulation
will be stratified by the type of background therapy {i.e., nusinerssen or risdiplam).
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[625] During the Screening Periad {day -28 through day -1) screaning and eligibility determinations
will be conducted after informed consent has been provided. Screening motor funclion outcome
measures will be conducted a minimum of seven days before the first dose.

{836] The Treaiment Period commences on day 1. After dosing, patienis will be monitored for
hypersensitivity reactions and after each dose patients will be contacted by the site by telephone within
seven days for a safely check-in. Patient site visits will occur every four weeks through the and of the
Treatment Period. Activily assessments in the Treatment Period will include the Pediatric Evaluation
of Disability nventory-Computer Adapted Test (PEDH-CAT} the Patient Reported OQOulcomeas
Measuremeant information System Fatigue Short Form (PROMIS), the Asssssment of Caregiver
Experience with Neuromuscular Disease (ACEND]} Questionnaire and the Columbia~Suicide Severity
Rating Scale {C-88RS). The PEDI-CAT is a questionnaire completed by the caragiver that assess the
patient's abilily to perform daily functions and is suitable to assess funclion in newbom to 21 year old
ShiA patients. The PROMIS is a person-centered measure of fatigue symptoms sultable for patients 5
years or older. It is seif reported by patients sight years or older and by their proxies if the patient is
under eight years old. The PROMIS measures synmiptoms ranging from mild subjective feelings of
tiradness fo overwheiming, debilitating and susiained sense of exhaustion. The C-SSRS measures

suicidal ideation and behavior and treatment emergent suicidal ideation and behavior.

{6271 Two dose levels (10 mgikg and 20 mgfkg) will be evaluated for the Main Efficacy Population as
comparad {o placebo. The Exploratory Subpopiation will be given a dose of 20 mg/kg or placebo every
four weeks or monthly. All adminisirations of apitegromab will be via intravenous infusion.

{628] All patients, including those randomized o the placebo group, will continue to receive an
approved SMA treatment (e, nusinersen or risdiplam}. Patients are expected {0 have remained on
the same background SMA therapy from at least ten months before screening for nusinersen or at least
six months before screening for risdiplam and throughout the duration of the trial. Patients who recaive
nusingrsen must receive their maintenance doses at isast 24 hours after recaiving sfudy drug, or at
least 14 days prior o any scheduled study drug administration visit. Any change in the timing of the
patient's nusinersen treatment that would fall within 14 days prior to the scheduled administration of
study drug should be discussed with the Medical Monitor in advance.

[629] Patients who complete the Treatment Period (12-month assessments at Visit 14} may be
offerad the option to enter an extension rial at that time. Patients who chooss not to enroll in the
exiension Wrial will be followed for a 20-week Safaty Follow-up Perind after Visit 14,  Activity
assessments in the Seafely Follow-up Period will also include PEDICAT, PROMIS, ACEND
Questionngire and C-S8RS,

{630] Total trial participation for an individual patient will consist of appraximately four weeks for
screening, 52 weeks of trial visits and twenty weeks of safety follow up.

{631] An interim analysis will be conducted when at least 50% of the patients in the Main Efficacy
Papulation complete the Visit 14 assessments, The trial may claim early efficacy at the interim analysis
if the boundary based on the prespecified alpha spending funclion is crossed. i sarly efficacy is
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claimed, the tnal will be stopped, treatment assignment will be unblinded for both the Main Efficacy
Population and the Exploratory Subpopulation, and all patients will be offerad the option to enter an
exiension trigl. If early efficacy is not claimed, the trial will continue as double-blind randomized until
alf patients in the Main Efficacy Population complete the 12-month assessments to hurther characterize
the efficacy and safety profile.

[632] The primary analysis of this trial will be performed using data from a “Main Efficacy Population,”
e, patients who are 2 through 12 years old at screening. Focusing on the Z- through 12-year age
range as the Main Efficacy Population facililaies a reliably powered frial, while investigation of
apitegromab’s effect on a broader age range can be achieved through an Exploratory Subpopulation
analysis in a 13- through 21-year age rangs.

Efficacy and Safety Assessments

{633] The motor function outcome measwes 10 be tested are the HFSME, the WHO Motor
Davelopment Milestones and the RULM. Al patients wilt perform the HFSME, which consists of 33
ftems graded on & scale of 0, 1 and 2, where 0 denotes unable, 1 denotes performed with modification
or adaption and 2 denctes performance without modification or adaption. Al patients will also perform
the WHO Motor Development Milesiones assessmaent, which are a set of six gross motor milestones
that are universal and fundamentatl to acquiring the ability 1o walk independently, Patients who are &t
feast 30 months of age at screening will perform the RULM, a 19 em assessment of upper limb function
in nonambudatory patients which tests funclions that relste to everyday life.

{634] Safety assessments will include demographics and medical history, vital signs, weight and
height, physical examination, electrocardiogram, and concomitant medications will be collected and
docurented.  Clinfeal laboratory testing will include serum chamistry, hematology, urinalysis, and
coagulation, PK and PD sample draw, pregnancy and ADA testing; they will be performed using
established methods. Because risdiplam is a cenfral nervous system interventional suicidal ideation
and behavior risk monitaring will be performed. The C-58RS will be uysed for patients six years of age
and older and the Very Young Child/Cognitively impaived Version of the C-S8RE will be used for
patients who are four {o five years old.

{635] The efficacy of apitegromab will be assessed by the change in the HFMSE iotal score from
haseline to 12 months compared with placebe. The primary outcome is the difference in HFMSE mean
change from baseling fo 12 months in the intended fo treat {1TT) population in the Main Efficacy
Fopuiation treated with apitegromab vs. placebo. The ITT pepulation is defined as all randomized
patients in the Main Efficiency Population, even f the patient does not receive the correct freatment or
otherwise does not follow the protocol. The primary hypothesis of interest is whether apitegromab 20
myg'kg has superior efficacy compared with placaebo in patients from 2 through 12 years old freated with
background SMN upreguiator therapies. |f superionity is demonstrated with the 20 mg/kg group, the
hypothesis of whether apitegromab 10 mgfkg has supsrior efficacy compared with placebo in patlients
from 2 through 12 years old treated with background SMA upreguiator therapies will be lested o
determine the biclogically optimal dose.
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[638] A secondary endpoint, the propottion of patients with a greater than or equal to three point
change front baseline in the HFMSE folal score at 12 months, will be comparad between the
apitegromab 20 mg/kg (andfor 10 mgkg) group vs. placebo using a logistic model, adjusting for baseline
HFMSE total score and the stratification factors at randomization.

Pharmacokinstics, Pharmacodynamics and immunogenicity

{637] Whole blood samples will be collected to evaluate the phannacokinetics {PK) of apitegromab,
including measuring the serum concentration, on Treatment Period days 1, 29, 113, 188, 225, 281, 337
and 365 and at the end of the Follow-up Perind. Once emerging PK data have besn collected and
analyzed, the PK sample schedule may be adjusted to reflect a decreass in the number of samples o
be collected.

[638] Whole biood will be collected for pharmacodynamic studies (PD} and immunogenicity
assessments at the same time that PK samples are collected. Patient confidentiality will be maintained
and apitegromaly concentration information that would unblind the reatment assignment will not be
reported o investigative sites or to blinded personnsl undil the treatment assignment has been
unblinded. The PD of apitegromab will be evaluated by measuring serum circulating latent myostatin
concentration. Once emerging PO data have been collected and analyzed, the PD sample schedule
may be adjusied o reflect a decreasea in the humber of samples 1o be collected.

{6398] Serum samples will be screened for antibodies that bind to apitegromab and the titer of
sonfirmed positive samples will be reported. Other analyses may be performed to verify the stability of
any detected antibodias 1o apitegromab andior to further characterize the immunogenicily of
apitegromab. The detection and characterization of antibodies to apitegromab will be performed using
a validated gssay method, All samples collected for detection of antibadies to apitegromab will also be
evaluated for apitegromab serum concentration fo enable inferpretation of the antibody data. Antibodies
may be further characterized and/or evaluated for their ability to neulralize the activity of apitegromab.
Samples may be stored for a maximum of fifteen years or according to local regulations following the
fast patient’s tast visit to enable further analysis of immune responses {o apitegromab.

Objectives and Endpoints
Main efficacy poputlation

{640] An objective is to assess the efficacy of apitegromah compared  with placebo using the
HFMBE in patients 2 through 12 years old. The endpointis a change in baseline in HFMSE total score
at twelve months

{641] An objective is 1o assess the efficacy of apltegromab compared.  with placebo based on the
number of patients with clinical improverent in patients 2 through 12 vears-old. The endpoint is the
proportion of palients with 23-point change from baseline in the HFMBE {otal score at 12 months.

[642] An objective is lo assess the efficacy of apitegromab compared  with placebo by measuring
changes in upper limb function using the Revised Upper Limb Module {RULM) in patients 2 through 12
years old. The endpoint is the changs from baseline in RULM total score at 12 months.
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[643] An objective is to assaess the efficacy of apitegromab compared  with placebo by measuring
changes in number of World Health Organization {WRO) motor development milestones in patients 2
thraugh 12 vears old. The endpoint is the change from baseline in the number of WHO motor

development milestones attained at 12 months.

{844] An objective is to further assess the efficacy of apiegromab compared with placebo by
evaluating changes in additional motor funclion oulcome measures and changes in HFMSE at other
prespecified fime points in patients 2 through 12 years old. The endpoinds are (i) the proportion of
patients achieving various magnitudes of change in HFMSE score from baseline at 12 months; (i} the
proportion of patients achieving various magnitudes of change in RULM seore from baseline at 12
months; {ili) the proportion of patients who attain a new WHO motor development milestone relative to
baseling at 12 months; (iv) the change from baseling in HFMSE total score at other prespecified time
points; (v} the change from baseline in RULM {otal score at other prespecified time points; and {vi} the
change from baseline in the number of WHO motor development milesiones altained at other
prespecified time points.

[645] An objective is 1o assess the efficacy of apitegromab compared with placebo by measuring
changes from baseline in motor function acrass the ireatment period using the HFMSE in patients 2
through 12 vears old. The endpoint is change from basaling in HFMSE tolal score across time during
the 1Z-month treatment period.

{646] An objective is {o assess the ime 1o therapeutic effect of apitegromab compared with placebo
using the HFMSE in patients 2 through 12 years old. The endpoint is time to therapeutlic effect (23~
point change from baseline in HFMSE {otal score) comparad between apitegromab and placebo.

{647] An objective is to evaluate the effects of apitegromab on patienticaregiver-reported disability,
fatigability, and suicidal ideation and behavior in patients 2 through 12 years old. The endpoints are (i}
change from baseling in PEDICAT, (i) change from baseline in the PROMIS fatigue guestionnaire; (i)
change from haseline in ACEND; and {iv) change from baseline in C-88RS.

Main efficacy population/exploratory subpopulation

{6481 An objective is to assess the safety and tolerabifity of apitegromab in all randomized patients
with later-onset SMA who receive at least ane dose of apitegromab. The endpeoint is the incidence of
freatment-emeargent adverse svents (TEAES) and sericus adverse avents (SAEs) by sevarity.

{8481 An ohisctive is to characterize the pharmacokinetics (PK) of apitegromab in all randomized
patients with later-onset SMA who receive at least one dose of apitegromab. The endpoint is the
apitegromaby concentration in serum from blood samples.

[650] Anobjective is to evaluate the pharmacodynamic (PD) effecis of apitegromab in all randomized
patients with later-onset SMA who receive at least one dose of apitegromab. The endpoint is the level
of circulating latent myostatin concentrations in blood samplas,
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[851] An objective is {o evaluate the immunogenicity of apitegromab in all randomized patients with
fater-onzel SMA who receive at least one dose of apilegromal. The endpoint is the prasence o
absence of antidrug antibody (ADA) against apitagromab in serum from blood samples.

{852] An objectiveis io assess the efficacy of apitegromab compared with placebo using the HEFMSE
in patients 13 through 21 vears ol and in patients 2 through 21 years old. The endpoint is the change
from baseline in HFMSE {otal score at 12 months.

{653] An objective is to assess the efficacy of apitegromab compared with placebo based on the
number of patients with clinical improvemernt in patients 2 through 21 years old. The endpoint is the
proporiion of patients with 23-point change from baseline in the HFMSBE total scere at 12 months.

{654] An objective is (o assess the efficacy of apitegromiab compared with placebo by measuring
changes in upper limb function between baseline and the end of the realment period using the RULM
in patients 13 through 21 years old and in patients 2 through 21 years old. The endpoint is the change
in baseling in RULM lotal score at 12 months.

{655] An objsctive s to assess the efficacy of apitegromab compared with placebo by measuring
changes in the number of WHO motor development milestonaes in patients 13 through 21 years old and
in patients 2 through 21 years old. The endpoint is the change from baseling in the number of WHO
motor development milestones attained at 12 months.

{656] An objective is 1o assess the efficacy of apitegromaly compared with placeiio by evaluating
changes in additional motor function pulcome measuras and changes in HFMSE at other prespecified
tima points in patients 13 through 21 years old and in patients 2 through 21 years ofd. The endpainis
are (1) the proportion of patients achigving various magniludes of change in HFMSE score from basaline
at 12 months; (i} the proportion of patients achisving various magnitudes of change in RULM score
from baseline at 12 monihs; (i)} the proportion of patienis who attain a new WHO motar development
milestone refative to baselineg at 12 months; {iv) the change from baseline in HFMSE total score at other
prespecified time points; {v) the change from baseling in RULM fotal score at other prespecified fime
points; and (vi) the change from baseline in the number of WHO motor development milestones attained

at other prespecified ime points.

{6571 An objective is to assess the efficacy of apitegromab compared with placebo by measuring
changes from basealing i moter function across the treatment period using the HFMSE in patients 13
through 21 years old and in patients 2 through 21 years old. The endpoint is the change from baseline

in HFMBE {otal score across time during the 12-month treatment period.

{688] An chjective iz 0 assess the time to stabilization of effect of apitegromab compared with
placebo using the HFMBE in patients 13 through 21 years old. The endpoint is the time 10 decline (at
feast a ~3-point change from baseling in HFMSE lotal scora) compared between apifegromab and
placebo.

{659] An objective is 10 assass the time to therapeutic effect of apitegromab compared with placebo
using the HFMSE in patients 2 through 21 years old. The endpoint is the time to therapeutic effect (21-
paint change from baseline in HFMSE iotal score} compared between apitegrornab and placebo.
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[680] An objective is to svaluale the effects of apitegromab on fatigabilily, caregiver-reporied
disability, and suicidal ideation and behavior in patlienis 13 through 21 years old and in patients 2
thraugh 21 years old. The endpoinis are {i) the change from baseline in PEDI-CAT,; (if) the change from
baseline in PROMIS fatigue guestionnaire; {iiiY the change from baseline in ACEND; and (iv) the change
from basefine in C-88RS.

EMBODIMENTS

1. A method of treating SMA in a human subject. comprising administering o the subject a
composition comprising apitegromab by intravenous infusion svery 4 weeks or monthiy for a least 8
months in an amount of greater than 2 mg/kg and up to 20 mg/kg that is sufficient to prevent or delay a
reduction in a Revised Hammersmith Score (RHS) score relative to a baseline score prior to reatment.

2. A composition comprising apitegromab for use in freating SMA in a human subject, wherein the
subject is administerad apitegromab by intravenous infusion eveary 4 weeks or monthly for at least 8
months in an amount of greater than 2 mgfkg and up to 20 mokg thal s sufficient to prevent or delay a
raduction in 2 RHS score relative to a baseling score prior to freatmeant.

3. Use of a composition comprisityg apiegromab for treating SMA in @ human subject, whersin
the subject is administered apitegromab by intravenous infusion every 4 weeks or montidy for at least
6 months in an amount of greater than 2 mg'kg and up 1o 20 mgfkg that is sufficient to prevent or delay
a reduction in a RHS score relative to a baseline score prior to treatment.

4, Use of apitegramab in the manufacture of a composition for treating SMA in a human subject,
whaerein the subject is administerad apitegromab by intravenous infusion svery 4 weeks or manthly for
at least & months in an amount of greater than 2 mgfkg and up to 20 mglkg that is sufficient to prevent
or delay a reduction in a RHS score relative to a bassling score prior to treatment.

5. The method of embodiment 1, the composition for use of embodiment 2, or the use of
embodimant 3 or 4, wherein the SMA is later-onset SMA,

G. The method, composition for use, or use of any one of embodiments 1 fo §, wherein the SMA
is ambulatory type 3 SMA,
7. The method, composition for use, or use of any one of embodiments 1 to 8, wherein the subject

is 5 to 21 years old.

8. The method, composition for use, or use of any one of embodiments 1 to 7, wherein the
sufficient amount is a dose of greater than 2 mgikg and up to 20 mgfig, optionally about §, 10, 15, or
20 mgikg.

8. The method, composition for use, or use of any cne of embodiments 1 to 8, whergin the
sufficient amount is & dose of 10 mgfkg or 20 mg/kg apitegromab every 4 waeks or monthly.
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10Q. The method, composition for use, or use of any one of embodiments 1 to 8, wherein the
apitegromab is administered in an amount fo produce an at least 0.2 point mean increase in a8 RHS
score refative to a baseline score prior o treatment, optionally a 0.3 point, 0.5 point, at least 0.7 point,
at least 1 point, at least 2 point, or at least 3 point mean increase in a RHS score refative (o a baseline,
e.4., in a cohort of at least 11 subjects.

11 The method, composition for use, or use of any one of embodiments 1 to 10, wherein the
subject is treated with an SMN upregulator therapy.

12. The method, composition for use, or use of embodiment 11, wherein the SMN upregutator
therapy is nusinersen, risdiplam, andfor cnasemnogene abeparvovec.

13. The method, composition for use, or use of embaodiment 11 or 12, wherein the SMN regulator
therapy is nusinersen.

14. The method, composition for use, or use of any one of embodiments 11 to 13, wherein the
subject initiated the SMN upregulator therapy at or afler the age of 5.

18, The method, composition for use, or use of any one of embodiments 11 fo 14, wherein the
apitegromab is administered in an amount {o produce an at least 0.3 point mean increase in a RMS

score refative 1o g baseline, e.g., in a cohort of at least 11 subjects.

18. The method, composition for use, or use of any one of embodiments 11 1o 15, wherein the
apitegromab is administered in an amount fo produce an at least 0.3 point mean increase in a RHS

scora relative 1o a baseling, e.g., in a cohort of at lsast 11 subjects, after & weeks.

i7. The method, composition for use, or use of embodintent 15 or 18, wherein the amount is a dose
of 20 mgikg apitegromab avery 4 weeks or monthly.

18. The method, composition for use, or use of any one of embodiments 1 fo 10, wherein the

subject s not reated with an SMN upregulator therapy.

18, The method, compasition for use, or use of embodiment 18, wherain the apllegromab i
administered in an amount to produce an at least 0.7 point mean increase in @ RMS score relative to a
baseling, e.g., in a cobort of at lsast 11 subjects.

20. The method, composition for use, or use of embodiment 18 or 18, wherein the apitegromab is
administered in an amount 1o produce an at least 0.7 point mean increase tn a BHS score relativeto a

baseling, 2.g., in & cohort of at least 11 subjects, after 8 weeks.

21. The method, composition for use, or use of any ong of embodiments 18 to 20, wherein the
amount is a dose of 10 mg/kg or 20 mg'kg apitegromab gvery 4 weeks or monthly.
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22. The method, composition for use, or use of any one of embodiments 1 to 21, wherein the
apitegromab is administered in an amount to produce an at least 1 point mean increase in a RHS scare
relative (o a baseline, e.g., in a cohott of at least 171 subjects.

23, The method, compuosition for use, or use of any ane of embodiments 1 1o 22, wherein the
apitegromab is administered in an amount to produce an al least 3 point mean increase in a RHS score
relative to a baseline, e.q., in a cohort of at ieast 11 subjects.

24, The method, composition for use, or use of any one of embodiments 1 to 23, wherein the
apitegromab is administered in an amount to achieve a serum concentration of at least 800 micrograms
of apitegromab per milliliter (e.g., at least 600, 700, 800, 800, 1000 micrograms per milliliter or greater).

28, The methad, composition for use, or use of embodiment 24, wherein the serum concentration
is between about 800- 1000 micrograms per miltiliter.

8. The method, composition for use, or use of embodiment 24 or 25, wherein the serum
concentration is a steady-state serum concentration.

27, The method, composition for use, or use of any one of embodimants 1 1o 26, wherein the
apitegromab is administered in an amount to achieve a steady-state serum conceniration after abowt
112 days.

28. The method, composition for use, or use of any one of embodiments 1 o 27, wherein the
apitegromab is administered in an amount sufficient to achieve a target engagement as measured by a
serum latent myostatin concentration of at least 500 nanograms per millilter {e.q.. at least 500, 550,
600, or 650 nanograms per millititer).

28. The method, composition for use, or use of embodiment 28, wherein the serum latent myostatin
conceniration is between about 550-2400 nanograms per milliliter.

38. The method, composition for use, or use of embodiment 28 or 28, wherein the serwm latent
myosiatin concentration is a steady-state concantration meagsured at trough.

31 The method, composition for use, or use of any one of embodiments 1 fo 30, wherein the
apitegromab is administered in an amount {0 achieve one or more of the following in the subject
retaining molor function as compared 1o a decline in & control, delaying disease progression, delaying
or preventing an ambulatary type 3 SMA patent from becoming non-ambulatory, delaying or preventing
nead for respiratory aid or intervention, reducing the rate of a decline in one or more motor function
scores as comparad o a control, and/or mainiaining at least net zere change In one or more mator
function scores as compared 1o a baseline.

32. The method, composition for use, or use of any one of embodiments 24 to 31, wherain the

amount is a dose of 20 mg/kg apitegromab every 4 weeks or monthiy.
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33. A method of treating SMA in & human subject, comprising adminisiering 1o the subject a
composition comprising apitegromab and a composition comprising an SMN upreguiator, wharein the
subject is administered apitegromab by infravenous infusion avery 4 weeks or monthly for af least 6
months i an amount of greater than 2 mo/kg and up to 20 mg/kg that is sufficient to produce an at least
1 point mean increase in 2 Hammersmith Functional Motor Scale Expanded (HFMSE) score relative to
a baseline score prior to treatment, e.g., in a cohort of at least 14 subjects.

34. A composition comprising apitegromab for use In treating SMA in 3 human subject receiving
an SMN upreguiator, wherain the subject is administerad the apitegromab by infravenous infusion every
4 weeks or monthly for at feast 6 months in an amount of greater than 2 mg’kg and up 1o 20 mgikg that
is sufficient fo produce an at least 1 point mean increase in a HFMSE score refative 1o a baseline score

prior fo treatment, e.g., in a cohort of at least 14 subjects.

35, Use of a composition comprising apilegromab for treating SMA in & human subjec! receiving
an SMN upregulator, wherein the subject is administered apitegromab by intravenous infusion every 4
weeks of manthly for at least 6 months in an amount of greater than 2 mgrkg and up to 20 mg/kg that
is sufficient to produce an atleast 1 point mean increase in @ HFMSE score relative to a baseline score

prior {0 reatment, e.g., in @ cohort of at least 14 subjects.

38. Use of apitegromab in the manufacture of a composition for treating SMA in a human subject
receiving an SMN upregulator, wherein the subject s administered apitegromab by intravenous infusion
svery 4 wesks or monthly for at least § months in an amaunt of greater than 2 mgfkg and up to 20
mgikg that is sufficient to produce an at least 1 point mean increase in a HFMSE score relative 1o a
baseline score prior {o treagtment, e g., in g cohort of at jeast 14 subjects.

37. The mathod of embodiment 33, the composition for use of embodiment 34, or the use of
embodiment 356 or 3G, wherein the SMA is later-onsel SMAL

38. The method, composition for use, or use of any ong of embodiments 33 to 37, wherein the SMA
is type 2 SMA.
39. The method, camposition for use, or use of any ong of embodiments 33 to 37, wherein the SMA

is non-ambulatory type 3 SMA.

4. The method, composition for use, or use of any one of embodiments 33 1o 39, wherein the

subject is 5 to 21 years oid.

41, The method, composition for use, or use of any one of embuodiments 33 fo 40, wherein the SMN
upregulator therapy is nusinersen, risdiplam, andfor onasemnogenea abeparvovee,

42, The method, compaosition for use, or use of any one of embodiments 33 fo 41, wherein the SMN
upreguiator therapy is husinersen.
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43. The method, composition for use, or use of any one of embodiments 33 {o 42, wherein the
sufficiant amount is 3 dose of about 5, 10, 15, or 20 mg/kg.

44, The method, composition for use, or use of any one of embodiments 33 to 43, wherein the
sufficient amount is a dose of 10 mg/kg or 20 mgikg apitegromab every 4 weeks or monthly.

45, The method, composition for use, oruse of any one of embodiments 33 1o 44, wherein the
apitegromab is administered in an amount 1o produce an at least 1 point mean increase in a HFMSE
seore relative to a baseline, e.g.. ih a cohort of at least 14 subjects, afier 16 weeks.

48, The method, composition for use, or use of embodiment 45, wherein the amount is a dose of
20 mgikg apitegromab every 4 weeks o manthiy.

47, The method, composition for use, or use of any ong of embodiments 33 to 48, wherein the
apitegronab is administerad in an amount o produce an at least 2 point. at least 3 point, at least 4
point, or at lzast 5 point mean increass ina HFMSE score relative to a baseline, e.g., in @ cohon of at
least 14 subjects.

48. The method, composition for use, or use of any one of embodiments 33 fo 47, wherein the
apitegromab is administered in an amount 4o produce an af feast 3 point mean increase in a HFMSE

score refative 1o g baseline, e.g., in a cohort of at least 14 subjects.

48 The method, composition for use, or use of any one of embadiments 33 to 48, wherein the
apitegromab is administered In an amount lo produce an at least 5 point mean increase in a HFMSE
score relative to a baseling, &.4., in a cohort of at least 14 subjects.

50, The mathod, composition for use, of use of any one of embodiments 33 to 49, wherein the
apitegramab s administered in an amount to achieve a serum concentration of at least 800 micrograms
of apitegromal: per milliliter {e.g., atleast 600, 700, 800, 800, 1000 micrograms per milliliter or graater).

51. The method, composition for use, or use of embodiment 50, wherein the serum conceniration
s between about 600-1000 micrograms per milliliter.

52, The method, composition for use, or use of embodiment 50 or 51, whersin the serum
concentration is a steady-state serum concentration.

83. The method, composition for use, or use of any one of embodiments 33 to §2, wherein the
apitegromiab is administered in any amount to achieve a steady-state serum concentration after abowt
112 days.

54. The method, composition for use, or use of any ong of embodiments 33 to 53, wherein the
apitegromab is adninistered in an amount sufficient to achiave a farget engagement as measured by a
serum latent myostatin concentration of at least 800 nanograms per milliliter {e.q., at least 500, 550,
800, or 850 nanograms per milliliter).
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85, The method, composition for use, or use of embodiment 54, whereir the ssrum latent myostatin
concentration is between abowt 550-1650 nanograms per milliliter.

58, The method, composition for use, or use of embodiment 54 or 55, wherein the serum latent
myostatin concentration is a steady-state concentration measured at trough.

57. The method, composition for use, or use of any one of embodiments 33 to 58, wherein the
apitegromab 15 administered in an amount to achieve one or mare of the following in the subject
refaining molor function as compared 10 a decling in a control, delaying disease progression, delaying
or preventing an ambulatory type 3 SMA patient from becoming non-ambuulatory, delayving or preventing
need for respiratory aid or intervention, reducing the rate of a declineg in one or more motor function
scores as compared to a control, andfor maintaining at least net zero changs iy one or more motor
function scares as compared o a baseline,

58, The method, composition for use, or use of any ong of embodiments 47 to 57, whearein the
amount is a dose of 20 mg/ikg apitegromab every 4 weeks or monthly.

58. A methad of treating SMA iIn a human subject, comprising administering o the subject g
compaosition comprising apitegromaly and a composition coraprising an SMN upregulator, wherein the
subject is administered apitegromab by intravenous infusion avery 4 wegks or monthly for at least 6
maonths in an amount of greater than 2 mgikg and up to 20 mg/kg that is sufficient {o produce an at least
2 point mean incraase in a HFMSE score refative to a baseling scorg prior to treatment, 2.¢., in a cobort
of at least 9 subjects, and wherein the subject infflated the SMN upregulator therapy before the age of

5.

60. A composition comprising apilegromab for use in trealing SMA In a human subject recelving
an SMN upregulator, wherein the subject is administered apitegromab by intravenous infusion evary 4
weeks of monthly for at least & months in an amount of greater than 2 mg/kg and up to 20 mgkg that
is sufficient fo produce an at least 2 point mean increase in a HFMSE score relative 1o a baseline scare
prior to treatment, e.g., it a cohort of at least 8 subjects, and wherein the subject initiated the SMN
upraguiator therapy before the age of 5.

&1, Use of a composition comprising apitegromab for reating SMA in a hurnan subject receiving
an SNVIN upreguilator, wherein the subject is administered apitegromab by intravenous infusion evary 4
weeks or monthly for at least 6 months in an amount of greater than 2 mg/kg and up to 20 mgikg that
is sufficient fo produce an at least 2 point mean increase in a HFMSE score relative to a baseline score
prior to treatmeant, e.g. in a cohort of at least 8 subjects, and wherein the subject initiated the SMN
upraguiator therapy beforg the age of 5.

82, Use of apitegromab in the manufacture of a composition for treating SMA in a human subject
receiving an SMN upregulator, wherein the subject is administered apitegromab by infravenous infusion
every 4 weeks or monthly for at least & months in an amount of greater than & mgikg and up to 20
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mgfkg that is sufficient to produce an at least 2 point mean increase in a HFMSE score relative to a
baseline score prior (o treatment, 2.9., in a cohort of atieast 9 subjects, and wherein the subject initiated
tha SMN uprequlator therapy before the age of 5.

63 The method of embodiment 59, the compasition for use of claim 60, or the use of claim 81 or
€2, wherein the SMA is later-onset SMA.

B4, The method, composition for use, or use of any one of embodiments 59 to 63, wherein the SMA
is type 2 SMA,
65. The method, composition for use, or use of any one of embodiments 59 to 84, whearein the

subject is 2 years of age or older.

68, The method, composition for use, or use of any one of embodiments 52 {0 65, whergin the SMN
upreguiator therapy is nusinersen, risdiplany, and/or onasemnogene abeparvovec.

&7. The method, composition for use, or use of any one of embodiments 52 1o 66, wherein the SMN

upregulator therapy is nusinersen.

68 The method, composition for use, or use of any ane of embadiments 59 1o 67, wherein the
sufficient amount is a dose of about 5, 10, 15, or 20 mgfkg.

69, The method, compeosition for use, or use of any one of embodiments 58 to 68, wherein the
sufficient amount is a dose of 20 mg/kg apitegromab every 4 weeks or monthly.

70. The method, composition for use, or use of any one of embodiments 59 to 89, wherein the
apitegromab is administered in an amount 10 produce an at lgast 2 point mean increase in a8 HFMSE
score relative to a baseline, e.g., in a cohort of at lsast § subjects, after 8 weeks.

71 The method, composition for use, or use of embodiment 70, wherein the amount is a dose of
10 mg/kg or 20 mgfkg apitegromab every 4 weeks or manthly.

72. The method, composition for use, or use of any one of embodiments §9 fo 71, wherein the
apitegromab s administered in an amount to produce an at least 3 point, at least 4 point, or at lsast §
point mean increase in a HFMSE score relative o a baseline, £.g., in a cohort of at least  subjects.

7a The method, composition for use, or use of any ane of embadiments 59 10 72, whereain the
apitegromab is administered in an amount fo produce an at feast 3 point mean increass in a HFMSBE
score relative to a bassling, &g, in a cohort of at least 9 subjsets.

74. The method, composition for use, or use of any one of embodiments 58 to 73, wharein the
apitegramab is administersd in an amowt 1o produce an at ieast § point mean increase in a HFMBE
score relative 1o a baseline, 2.g., In a cohort of at least 9 subjects.
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5. The method, composition for use, or use of any one of embodiments 89 {o 74, wherein the
apitegromab is administered in an amount to achieve a serum concentration of at least 800 micrograms
of apitegromab per milliliter (e.g., at least 600, 700, 80O, 900, 1000 micrograms per mifliliter or greater).

78. The method, composition for use, or use of embodiment 75, wharein the senun concantration
is between about 800-1000 micrograms per milliliter.

7. The method, composition for use, or use of embodiment 76 or 78, wherein the serum
cohceniration is a steady-siate serum gonceniration.

78. The method, composition for use, or use of any one of embodiments 59 to 77, whearein the
apitegromab is administered in an amount to achieve a steady-state serum conceniration after about
112 days.

79. The method, composition for use, or use of any ong of embodiments 59 to 78, wherein the
apitagromab is administered in an amount sufficient to achieve atarget engagement as measured by a
serum latent myostatin concentration of at least 500 nanograms per millilter {e.g., at least 500, 580,
600, or 850 nanograms per milliliter).

&Q. The method, composition for use, or use of embodiment 78, wherain the serum {atent myostatin

congentration is between about 550-1100 or 600-1000 nanograms per milliliter.

B1. The method, compaosition for use, or use of embodiment 79 or 80, wherein the serum latent

myostatin concentration is a steady-state concantration measured at trough.

82, The method, composition for use, or use of any ane of embodiments 58 to 81, wherein the
apitegromab is administered in an amowt o achieve one or more of the following in the subject
retaining motor function as compared 10 a decline in a contral, delaying diseass progression, delaying
or preventing an ambulatory type 3 SMA patient from becoming non-ambulatory, delaying or preventing
need for respiratory aid or intervention, reducing the rate of a declineg in one or more motor function
scores as comparad to a control, andfor maintaining at least net zero change it one of more maotor
function scares as compared 10 @ baseline.

83, The method, composition for use, or use of any oneg of embodiments 72 1o B2, wherein the
amount is a dose of 10 mgikg or 20 mglkg apitegromab every 4 weeks or monthly.

84. A method of treating SMA, comprising administering to a patient population @ composition
comprising apitegromab, wherein the patiend population is administered apitegromab by intravenous
nfusion every 4 weeks or monthly for at least & months in an amount sufficlent to increase a clinical
response rate (proportion of responders) in the patient popudation, and wherein the clinical response

rate is measured by a 6-minute Walk Test andior a 30-second Sitio-Stand Test.
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85. A composition comprising apitegromab for use in treating SMA, wharein a patient population is
administered apitegromab by inkravenous infusion every 4 weeks or monthly for at least 8 months in an
amount sufficient o increase a clinical response rate {proportion of responders) in the patient
popuiation, and wherein the clinical response rate is measured by a &-minute Walk Test andior a 30-
second Sit-io-Stand Test.

88. Use of & composition comprising apitegromab for treating SMA, whevein a patient population is
administersd apilegromab by intravenous infusion avery 4 weeks or monthiy for at lgast 6 months inan
amount sufficient o increase a dinical response rate {propottion of responders) in the patient
poputation, and wherein the clinical response rate is measured by a §-minute Walk Test and/or a 30-

second Si-to-Stand Test.

87. tse of apitegromab in the manufacture of a composition for reating SMA, wherein a patient
population is administered apitegromabs by infravenous infusion every 4 weeks or monthly for al least §
months in an amount sufficlent to increase a clinical response rate {proportion of respondarsy in the
patient population, and wherein the dlinical response rate Is measured by a B-mimute Walk Test andfor
a 30-second Sit-to-Stand Test.

B8. The method of embodiment 84, the composition for use of claim 85, or the use of claim 86 or
87, wherein the patient population is a later-onset SMA population.

89, The method, composition for use, or use of any one of embodiments 84 to 88, wherein the
patient popudation is an ambulatory type 3 SMA population.

80, The method, composition for use, or use of any ong of embodiments 84 to 89, wherein the
patient population comprises human subjects 5 1o 21 years old.

91. The method, composition for use, or use of any one of embodiments 84 fo 80, wherein the
patient population is freated with an 8NN upregulator therapy.

8z The method, composition for use, or use of embodiment 91, wherein the SMN upregulator
therapy is nusinersen, risdiplam, and/or onaseminggene abeparvovee,

3. The method, compaosition for use, or use of embodiments 81 or 82, wherein the SMN regulator

therapy is nusinersen,

84, The method, composition for use, or use of any one of embodiments 81 to 83, wherein the
patient popuiation initiated the SMN upregulatar therapy after the age of &.

95, The method, composition for use, or use of any one of embodiments 84 to 84, wherein the
sufficient amount is a dose of greater than 2 mg/fkg and up 1o 20 mgikg apitegromab, optionally abowt
5, 10, 15, or 20 mgikg.

182



WO 2022/093724 PCT/US2021/056517

96. The method, composition for use, or use of any one of embodiments 84 {o 85, wherein the
sufficient amount is a dose of 10 ma/kg or 20 mg/kg apitegromab every 4 weeks or monthiy.

g7. The method, composition for use, or use of any one of embodiments 84 to 98, wherein the
apitegromab is administered in an amount to achieve a serun concantration of at least 800 micrograms
of apitegromab per millliter (a.g., atleast 600, 700, 800, 800, 1000 micrograms per milllliter or greater).

88. The method, composition for use, or use of embodiment 87, wherein the serum concentration
is betwesn about 800-1000 micrograms per milliliter.

89. The method, composition for use, or use of embodiment 87 or 98, whergin the serum

concentration is a steady-siate serum concentration.

106.  The method, composition for use, or use of any one of embodiment 84 1o 88, whergin the
apitegromab fs administared in an amount to achieve a steady-state serum concentration after about
112 days.

101,  The method, composition for use, or use of any one of embodiments 84 fo 100, wherein the
apifegromab is administered In an amount sufficient to achiave a target engagement as measured by a
serum latent myostatin concentration of at least 800 nanagrams per milliliter {e.g., at least 500, 550,

600, or 850 nanograms per milliliter).

102. The method, composition for use, or use of embodiment 101, wherein the serum latent
myostatin concentration is between about 850-1100 or 600-100{ nanograms per milliliter.

103, The method, composition for use, or use of embadiment 101 or 102, whergin the serum latent
myostatin concentration is a steady-state concantration measured at trough.

104,  The method, composition for use, or use of any one of ¢ embodiments aims 84 to 103, wherein
the apitegromab is administered in an amount to achieve one or more of the following in the subject:
retaining motor funclion as compared 10 a decline in a control, delaying disease progression, delaying
or preventing an ambulatory fype 3 SMA patient from becoming non-ambulstory, delaying or preventing
need for respiratory aid or intervention, reducing the rate of a decline in one or more motor function
soores as compared o a control, and/or maintairning at least net zero change in one or more molor
function scores as compared o a baseline.

135.  The method, composition for use, or use of any one of embodimants 97 to 104, wherein the
amount is a dose of 10 mg/kg or 20 mogfkg apilegromab every 4 weeks or monthly.

1068. A method treating SMA, comprising administering fo a patient population 2 composition
comprising apitegromab, wherein the patient population is administered apitegromab by infravenous
infusion every 4 weeks or monthly for at least & months in an amount of greater than 2 and up to 20
mgfkg that is sufficient to increase a clinical response rate {proportion of respanders) in the patient
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population, and wherein the clinical response rate is measured by Revised Lipper Limb Module (RULM)
and/or World Health Crganization (WHO) milestones.

107, Acomposition comprising apitegromab for use in freating SMA., wherein a patient population is
administered apllegromab by intravenous infusion every 4 weeks or monthly for af least § months in an
amount of greater than 2 and up 10 20 mgikg that is sufficient to increase a ¢linical response rate
{proportion of responders} in the patient population, and wherein the clinical response rate is measured
by RULM andlor WHO milestonss.

108, Use of a composition comprising apitegromab in treating SMA, wherein a patient population is
administerad apitegromab by infravenous infusion every 4 weeks or monthly for at lsast 8§ months inan
amount of greater than 2 and up 1o 20 mg/kg that is sufficient to increase a clinical response rale
{proportion of rasponders} in the patient population, and wherein the clinical respanse rate is measured
by RULM and/or WHO milestonas,

109,  Use of apitegromab in the manufacture of a composition for freating SMA, wherein a patient
population is administered apitegromab by intravenous infusion every 4 weeks or maonthly for atleast 6
months in an amount of greater than 2 and up to 20 mg/kyg that is sufficient to increase a clinical
response rate (proportion of responders) in the patient population, and wherein the clinical response
rate is measured by RULM andfor WHO milestones.

113, The method of embodiment 106, the composition for use of claim 107, or the use of claim 108
or 108, wherein the patient population is a later-onset SMA population.

111.  The method, composition for use, or use of any ong of embodiments 108 to 110, wherein the
patient poputation is a type 2 SMA population.

112, The method, composition for use, or use of any one of embodiments 108 {o 110, wherein the
patient population is a non-ambulatory type 3 SMA popuiation.

113, The method, composition for use, or use of any one of embodiments 106 to 112, wherein the
patient population comprises human subjects ages 2 or older.

114, The method, composition for use, or use of any one of embodiments 108 to 113, wherein the
patient population comprizas human subjects § to 21 years old.

115, The method, composition for use, or use of any one of embodiments 106 o 114, wherein the
patient popuiation is treated with an SMN upregulator therapy.

1168.  The method, composition for use, or use of embodiment 118, wherein the SMN uprequiator
therapy is nusingrsen, risdiplam, and/or anasemnogene abeparvovec,

117.  The method, composition for use, or use of embodiment 115 or 116, wherein the SMN regulator
therapy is nusinersen.
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118, The method, composition for use, or use of any one of embodiments 108 to 117, wherein the
sufficiant amount is 3 dose of about 5, 10, 15, or 20 mg/kg.

119, The method, composition for use, or use of any one of embodiments 106 to. 118, wherein the
sufficient amount is a dose of 10 mg/kg or 20 mg/kg apitegromab every 4 weeks or monthiy.

120. The method, composition for use, or use of any one of embodiments 108 to 118, wherein the
apitegromab is administered in an amount to achieve a serum concentration of at least 800 micrograms
of apitegromab per milliliter (2.g., atleast 600, 700, 800, 8900, 1000 micrograms per milliliter or greater).

121,  The method, composition for use, or use of embodiment 120, wherein the serum conceniration
is between about 600-1000 micrograms per milfiliter.

122, The method, composition for use, or use of embodiment 128 or 121, wharein the serum
concentration is a steady-state serum concentration.

123, The method, composition for use, or use of any one of embodiments 106 {o 122, wherein the
apitegrornab is administersd in ah amount {0 achisve a steady-state ssrum concentration after about
112 days.

124, Tha method, composition for use, or use of any one of embodiments 108 1o 123, wherein the
apitegromab is administered in an amount sufficient to achigve a target engagement as measured by a
serum latent myostatin concentration of at least 500 nanograms per millilter {.g., at least 500, 550,
800, or 850 nanograms per millifiter}.

125, The method, composition for use, or use of embodiment 124, wherein the serum latent
myostatin concentration is between about 550-1100 or 800-1000 nanograms per milliliter.

126.  The method, composition for use, or use of embodiment 124 or 125, wherein the serum latent

myostatin concentration is a steady-slate concentration measured at trough.

127.  The method, composition for use, or use of any one of embodiments 106 o 126, wherein the
apitegromab is administered in an amount o achieve one or more of the following iIn the subject
retaining motor function as compared te a decline in a control, delaying disease prograssion, delaying
or praventing an ambulatory typa 3 SMA patient from becoming non-ambulatery, delaying or praventing
need for respiratory aid or intervention, reducing the rate of a decline in one of more moler function
scores as compared o g contrgl, andfor maintaining at least net zero change in one or more motor
function scores as compared {0 a baseline,

128.  The mathod, composition for use, or use of any one of embodiments 120 o 127, wherein the
amount is a dose of 10 my/kg or 20 my/kg apitegromab every 4 weeks or monthiy.
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128. A method of ireating later-onsal SMA in 8 human subject who is 2 years of age or older,
comprising administering greater than 2 and up o 20 mg/kg apitegromab o the subject by intravenous
infusion monthiy.

130G, Apitegromab for use in reating later-onset BMA in a human subject who is 2 years of age or
older, wherein greater than 2 and up 1o 20 mgikg of the apitegromab s administered by intravenous
infusion monthiy.

131, Use of apitegromab for treating later-onset SMA in a human subject who is 2 years of age or
older, wherein greater than 2 and up to 20 my/kg of the apitegromatby is administered by intravenous
infusion monthly.

132. Use of apitegromab in the manufacture of a composition for freating later-onset SMA in a
human subject who is 2 years of age or older, wherein greater than 2 and up 1o 20 mg/kg of the
apitegromab is 1o be administerad by intravenous infusion roonthly.

133. The method of claim 129, the apitegromab for use of embodiment 130, or the use of claim 131
or 132, whargin the apilegromab is administered at a dose of 5, 10, 15, or 20 mgfkyg monthly or every
four weeks, preferably 20 mgfkg monthly or avery four weeks.

134, The method, apitegromab for use, or use of any one of embodiments 128 to 133, wherein the
aptegromab is administerad as an adjunct 1o an SMN upreguiator therapy and/or the subject has fype
2 SMA, ambulatory type 3 SMA, non-ambulatory type 3 SMA, or type 4 SMA,

135, The method, apitegromab for use, or use of any ong of embodiments 128 to 134, wherein the
apitegromab is administered as an adjunct to an SMN upregulator therapy comprising nusinersen.

136. The method, apitegromab for use. or use of any ong of embodiments 129 to 135, wherein the
apitegramab is administered in an amount to achieve & serum concantration of at least 800 micrograms
of apitegromab per milliiter (e.g., at least 600, 700, 800, 900, 1000 micrograms per milliliter or greater).

137. Themethod, apitegromab for use, or use of embodiment 136, wherein the senim concentration
5 between about 800-1000 micrograms per milliliter.

138.  The mathod, apilegromab for use, or use of embodiment 136 or 137, wherain the serum
concentration is a steady-state serum concentration.

138. The method, apitegromab for use, or use of any one of embodiments 129 to 138, wherein the
apitegromab is administerad in an amount {o achieve a steady-state serum concentration afler about
112 days.

140.  The method, apitegromab for use, or use of any one of embodimeands 128 to 138, wherein the

apitegromab is administered in an amount sufficient to achieve a target engagement as measured by a
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sarum latent myostatin concentration of at least 500 nanograms per millililer {e.q., at least 500, 550,
800, or 850 nanograms per milliliter).

141, The method, apitegromab for use, or use of embodiments 140, whersin the serum latent
myostatin concentration is between about 550-1100 or 800-1000 nanograms per millilifer.

142,  The method, apitegromab for use, or use of embodiments 140 or 141, wherein the serum latent

myostatin concentration is a steady-state concentration measured at trough.

143,  The method, apitegromab for use, or use of any one of embodiments 128 1o 142, wherein the
apitegromab is administered in an amount fo achieve one or more of the following in the subject
retaining motor function as compared to a decline in 8 control, delaying disease progression, delaying
or preventing an ambulatory type 3 SMA patient from becoming nor-ambulatory, delaying or preventing
need for respiratory aid or intervention, reducing the rate of a decline in one or more motor function
seores as compared o a control, and/or maintaining at least net zero change in one or more molor
function scores as compared 1o a baseline.

144.  The mathod, apitegromab for use, or use of any one of ambodiments 136 to 143, wherain the
amaunt is a dose of 10 mgikg or 20 mgikg apitegromab manthiy.

143, A method of treating later-onsel SMA in g hurman subject, comprising administering o the
subject more than 2 mg/kg and up 1o 20 mgikg of apitegromab every 4 weeks or monthly, wherein the
subject initiated a motor neuron-directed therapy for SMA before the age of 5, and wherein the motor
neuran-directed therapy increasas SKMNT or SMNZ exprassion.

148, Apitegromab for use in frealing later-onset SMA in a human subject, wherain the freatment
comprises administering to the subject more than 2 mgrkg and up 1o 20 mg/kg of apitegromab every
4 weeks or monthly, wherein the subjest inillated a motor neuron-direciad therapy for SMA before the
age of §, and wherein the motor newron-directad therapy increases SMNT or SMN2 expression, wharein
optionally, the subject has any type of SMA and is up to 2 years of age and has received an SMN
therapy, or, the subject has type 1 SMA with up o 3 copies of the SMNZ gene and has received an
SMN therapy.

147. Use of apitegromab for treating later-onsel SMA In a human subject, wherein the treatment
comprises adntinistaring to the subject more than 2 mgfg and up to 20 mgikg of apitegromab every
4 weeks or monthly, wherein the subject initiated a motor neuron-directed therapy for SMA before the
age of §, and wherein the motor neuron-directed therapy increases SMN1T or SMN2 expression.

148, Use of apitegromab in the manufacture of a composition for treating later-onset SMA in a
human subject, wherein the ireatment comprises administering to the subject more than 2 mgrkg and
uprio 20 madkg of apitegromab every 4 weeks or monthly, wherain the subject initiated a motor neuron-
directed therapy for SMA before the age of 5, and wherein the motor neuron-directed therapy increases
SMNT or SMNR exprassion.
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148, The method of embodiment 145, the apitegromab for use of claim 148, or the use of claim 147
or 148, wherein the treatment resulls in at laast a 2 point mean increase in a HFMSE score refative to
a baseline score prior to treatment, e.g., in a cohort of at least 9 subjects, after 8 months.

150G, The method, apitegromab for use, or use of any one of embaodiments 145 fo 148, whersin
the maotor neuron-directad therapy s nusinersen, risdiplan, and/or onasemnogene abeparvovec.

151, The method, apilegromab for use, or use of ahy one of embuodimenis 145 to 150, wherein
the motor newran-dirgcied therapy is nusinersen.

152, The method, apilegromab for use, or use of any one of ambodiments 145 1o 151, wherain the

apitegromab is administered by intravenous infusion.

183,  The method, apitegromab for use, or use of any one of embuodiments 145 o 152, wherein the
apitegroniab is administered at a dose of greater than 2 mgikg and up o 20 mgikg every 4 weeks or
muonthly.

154,  The method, apllegromab for use, or use of any one of embodimenis 145 to 153, whersin the
apitegromab is administered at a dose of 10 mgikg or 20 my/kg every 4 weeks or monthly.

185, Tha method, apitegromab for use, or use of any ong of embodiments 145 to 154, wherein the
fater-onset SMA is type 2 SMA, type 3 SMA, or type 4 SMA.

15868, The method, apitegromab for use, or use of embodiments 155, wherein the type 3 SMA is
ambulatory or non-ambulatory.

157, A method of treating SMA in a human subject who did not receive an SMN upregulator therapy
before the age of 5, comprising administering to the subject greater than 2 mg'kg and up to 20 mg/kyg
of apitegromab every 4 weeks or monthly, wherein the apitegromab siabilizes disease progression,
such that 8 HFMSE score or a RHS score measured at & months after initiation of the treatment is no

less than a baseling, and wherein the baseline is obtained at or prior o initiation of the treatment.

158.  Apiegromab for use in trealing SMA in a human subject who did not receive an SMN
upreguiator therapy before the age of 5, wherein the freatment comprises administering to the subject
greater than 2 mg/kg and up to 20 my/kyg of the apitegromab every 4 waeks or monthly, wherein the
apitegromab stahilizes disease progression, such that a HFMSE score or a RHS score measured at 6

months after initiation of the freatment is no less than a baseline, and wherein the baseline is obtained

at or prior o ihitiation of the treatment,

158, Use of apitegromab for freating SMA in a human subject who did not receive an SMN
upregulator therapy before the age of 5, wherein the treatment comprises administering 1o the subject
greater than 2 mg/kg and wp to 20 mgikg of the apitegromab every 4 wesks or monthly, whersin the

apitegromab stabilizes disease progression, such that a HFMSE score or a2 RHS score measured at §
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months afier initiation of the freatment is no less than a baseline, and wherain the baseline is obtained

at or prior to initiation of the reatment.

160,  Use of apitegromab in the manufacture of 3 composition for treating SMA in a human subject
who did not recelve an SMN upregulator therapy before the age of 5, whergin the freatmant comprises
administering to the subject greater than 2 mg/kg and up to 20 mg/kg of the apitegromab every 4 weeks
or monthly, wherein the apitegromab stabilizes disease progression, such that a HFMSE score or a

RHS score measwred at 6 months after iniliation of the reatment is ho less than a bassling, and wherein

the baseline is oblained af or prior fo initiation of the treatment.

161. The method of claim 157, the apiegromab for use of embodiment 1588, or the use of
enibodiment 158 or 180, wherein the apitegromab is administered by intravenous infusion.

162.  The method, apitegromab for use, or use of any one of embodiments 157 to 161, wherein the
apitegromab is administered at a dose of 10 mgrkg or 20 mglkg every 4 weeks or monthiy.

163. The method, apitegromab for use, or use of any one of embodiments 145 {o 162, wherein the
apitegromab is administered in an amount to achieve a serum concentration of at least 800 micrograms
of apitegromab per milliliter (e.g., at least 600, 700, 800, 900, 1000 micrograms per milliliter or graater).

164.  The method, apitegromab for use, or use of embodiment 163, wherein the serum conceniration

is between about 600-1000 micrograms per milliliter.

165.  The mathod, apitegromab for use, or use of embodiment 183 or 184, whergin the serum
concentration is 3 steady-state serum concentration.

166.  The method, apitegromab for use, or use of any one of embodiments 145 o 185, wherain the
apitegromab is administered in an amount {o achieve a sleady-state serum concentration afler about
142 days.

167. The method, apitegromab for use, or usa of any one of embodiments 145 to 168, wherein the
apitegromab is administered in an amount sufficient to achieve a target engagement as measured by a
serum latent myostatin concentration of at least 800 nanograms per milliliter {e.q., at least 500, 550,

800, or 850 nanograrns per millifiter}.

188. The method, apitegromab for use, or use of embodiment 167, wherein the serum latent
myosiatin concentration is between about 550-1100 or 600- 1000 nanograns per milliliter.

169, The method, apitegromab for use, or use of embodiment 187 or 168, wherein the serum latent

myostatin concentration is a trough concandration.

174, The method, apitegromab for use, or use of any one of embodirments 145 {0 169, wherein the
apitegromab is administered in an amount to achieve one or more of the following in the subject
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retaining motor funiction as compared {0 a decline in a control, delaying disease progression, delaying
or preventing an ambulatory type 3 SMA patient from becoming non-ambulatory, delaying or praventing
need for respiratory aid or intervention, reducing the rate of a decline in one or more motor function
scores as compared fo a control, and/or maintaining at least net zero change in one o more motor
funiction scores as compared (o a bassline.

171, The method, apitegromab for use, or use of any ong of embodiments 183 to 170, wherein the
amount is'a dose of 10 mg/kg or 20 mgikg apitegromab svery 4 weeks or monthly.

172, Apitegromab for use iy the treatment of fater-onset SMA in a human subject, wherein the
freaiment comprises administering apitegromab in an amount o achieve a maximum serum
concentration of at least 600 micrograms of apitegromat: per millifiter {e.g., at least 600, 700, 300, 200,
IR0 micragrams per milliliter or greater).

173.  The apitegromab for use of embodiment 172, wherain the maximum serum concenfration is at
least 600 micrograms per milliliter.

174. The apitegromalb for use of embodiment 172 or 173, whersin the maximum serum
concentration is between about 800-1000 micrograms per milliliter.

175,  The apitegromab for use of any one of embodiments 172 to 174, wherein the serum
concentration is a steady-siate serum conceniration.

176. Apitegromab for use in the treatment of later-onsat SMA in & human subject, wherein the
freatment comprises adminisiering apitegromab in an amount sufficient to achieve g target engagement
as measurad by a serum latent myostatin concentration of al least 800 nanograms per milliliter (e.g., at

feast 500, 550, 600, or 650 nanograms per milliifter).

177.  The apitegromab for use of embodimant 178, wherein the serum latent myostatin concentration
is between about 850-1100 or 600-1000 nanograms per miliiliter.

178.  The apitegromab for use of eambodiment 178 or 177, wherein the serum latent myostatin

concentration is a steady-state concentration.

178, The apitegromab for use of any one of embodiments 172 to 178, wherein the amount is a dose
greater than 2 mg/kg apitegromab.

180.  The apitegromab for use of any one of embodiments 172 to 179, wherein the amount is a dose
of greater than 2 mg/kg and up to 20 mgikg apilegromab, optionally about 5, 10, 18, or 20 mg/kg.
administered by intravenous infusion every 4 weeks or monthly.

181.  The apitegromab for use of any one of embodiments 172 o 180, wherein the amourt is a dose
of 10 mg/kg or 20 myfky apitegromab administered by intravenous infusion every 4 weeks or monthiy.
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182. The apitegromab for use of any one of embodiments 172 {o 181, wherein the apitegromab is
administered in an amount sufficient fo produce an at least 1 point mean increass in a HFMSE score
relative {0 a baseline scove prior (o freatment, e.q., in a cohort of at least 9 subjects.

183. The apitegromab for use of any one of embodiments 172 to 182, wherein the apitegromab is
agminisierad in an amount sufficiant to produce an at least 2 point mean increase in a HFMSE score
ralative to a baseline score prior to treatment, 8.g.. in a cohort of af least 9 subjects.

184,  The apitegromab for use of any one of embodiments 172 (o 183, wherein the later-onsel SMA
s ype 2 or type 3 SMA, and oplionally wherein the subject is on an SMN upregulator therapy, and
optionally wherein the subject iniliated the SMN upregulator therapy before the age of 5.

188,  Apitegromab for use in the freatment of SMA in & human subject, wherein the treatment
comprises administering apitegromab at a dose sufficient to achieve at least 600 micrograms per
miffiliter of serum exposure, which produces a clinical benefit characterized by mofor function
improverment, disease stabilization, or delay in disease progression.

186.  The apitegromal: for use of ambodiment 185, wherein the dose is greater than greater than 2
mglkg and up to 20 mgikg, optionally about 5, 18, 15, or 20 mg/kg, oplionally abouwt 10 mgikg or 20
mg/kg, administered every 4 weeks or manthly.

187.  The apitegromab for use of embodirpent 188 or 188, wherein the SMA is type 2 SMA, type 3
SMA, or type 4 SMA, whersin further optionally the type 3 SMA is ambulatary or non-armbulatory.

188.  The apitegromab for use of embodiment 185 or 186, wherein the SMA is 3 later-onset SMA,
wharein optionally the later-onset SMA is phenolypically characterized by symptom onset of six months
of age or later.

188, The apitegromab for use of embodimant 185 or 186, wherein the SMA is a later-onsel SMA,
wherein aptionatly the later-onset SMA is genolypically characterized by having two or maore copies of
the SMN2 gene, wherein optionally the subject carrias 2, 3, 4, 5, or & copiss of the SMN2 gene.

190, The apilegromab for use of any one of embodiments 185 1o 188, wherein the human subjedt
initiated an SMN upregulalor therapy before the age of 5, wherein opfionally the subject has a baseline
HFMSE store of betwsen 12-44 or 14-42 prior to or at the time of initiation of the apitegromab freatment.

191, The apitegromab for use of any one of embodiments 185 {o 189, wherein the human subject
nitiated an SMN upreguiator therapy at or after the age of §, wherein oplionally: a) the subject has a
baseline HFMSE score of between 13-38, and/or b} the subject has a haseline RHS score of betwaen
44-62, prior to or st the time of initlation of the apitegromab treatment.
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192, The apitegromab for use of any one of embodiments 185 to 188, wherein the human subject is
not treated with an SMN upregulator therapy, wherein optionally the subject hag a baseline RHS score
of betwesn 26-83.

193, The apitegromab for use of any one of embodiments 185 to 192, wherein the motor function
improvement comprises an ai least 1 point increase over a baseling in 3 motor funclion assessment
score after siX months of treatment with the apitegromab.

194, The apitegromab for use of any one of embodiments 183 to 183, whergin the motor function
mprovement comprises an at feast 2 point increase over a baseline in a motor function assessment
scors after st months of treatment with the apitegromab.

185, The apitegromab for use of any one of embodiments 185 fo 184, wherein the motor funclion
improverment comprises an at least 3 point increase over a baseline in a motor funclion assessment

soore affer six months of reatment with the apitegromab.

188.  The apilegromab for use of any ona of embodiments 185 o 185, wherein the motor function
improvement comprises an af lsast 4 point increase over a baseline in a maotor function assessment
score afler six months of traatment with the apitegromab.

197.  The apilegromakb for use of any ong of embodiments 185 to 186, wherein the motor funclion
mprovement comprises an af least § point increase over 3 baseling in a motor funclion assessment
score after six months of treatment with the apitegromab.

198. The spitegromab for use of any one of embodiments 188 to 197, wherein the disease
stabilization comprises no net loss in 8 motor funclion assessment score affer six months of treatment
with the apilegromab, wherein optionally, the subject is classified in a patient population that statistically
manifests disease progression characterized by a decline in a molor function assessment score over a
12 mouth period.

198.  The apitegromab for use of any one of embodiments 183 to 198, whersin the maotor function
assessment scorg is a HFMSE score or a RHS score.

200. A method of achieving a target saturation in 8 SMA patient using apitegromab, the method
comprising administering to the SMA patient at least 20 mgfky of apitegromab by infravenous infusion
every 4 weeks or monthly.

201, A method of achieving a target saturation in a SMA patlent using apitagromab, the method
comprising administering o the SMA patient apitegromab st a dose sufficient fo achieve at least
800 micrograms  per milliliter of serum exposure, wherein the apitegromab s administered by

intravenous infusion every 4 weeks or monthly,
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202, Amathod of treating ambulatory SMA in a human subject, the method comprising administering
to the subject a composition comprising apitegromab by intravenous infusion svery 4 weeks or monthly
for at least 8 months, wherein the subject has a baseline RHS score of af least 28 prior 1o or at initiation
of the apitegromab treatment, and wherein the apitegromab treatmend that achieves a serum exposure
of at least 800 micrograms per millititer of apitegromab is sufficient to improve or stabilize the disease.

203,  The method of embodiment 202, wherein the subject initialed an SMN upreguilator therapy at
or after the age of 5.

204.  The method of embodiment 202 or 203, wherein the baseline RHS scors is no greater than 83,

208, A method of trealing type 2 or non-ambulatory type 3 SMA In 8 human subject, the method
comprising administering to the subject a composition comprising apitegromab by infravenous infusion
svery 4 weeks or monthly for at feast six months, wherein the subject initiated an SMN upregulator
therapy at or after the age of §, and wherein the subject has a baseline HFMBE score of at least 13, no
greater than 38, or both (between 13-39) prior to or at initiation of the apitegromab treatment that
achieves a serum axposure of at least 800 micrograms per miifiliter,

206.  The methad of embodiment 205, wherein the composition is sufficient to achieve at least 1 point
ncraase in the HFMSE sgore over the baseline after six months.

207, Amethod of treating type 2 or non-ambitatory 5MA In a human subject, the method comprising
administering o the subject a composition comprising apitegromab by intravenous infusion every 4
weeks or monthiy for at fegst six months, wherein the subject initiated an SMN upregulator therapy prior
tothe age of 8§, and the subject has a baseline HFMSE score of at least 12, no graater than 44, or both
{between 12-44) prior fo or at inifiation of the apitegronab treatment that achieves a serum exposure
of at teast 600 micrograms per milliliter.

208.  The method of embodiment 207, wherein the composition is sufficient {o achieve an at least 1
paint or 3 point increase in the HFMSE score over the baseline after six months.

20%.  The method of any one of emibodiments 202 10 208, wherain the apitegromab is dosed at about
20 mglkg.

210, A selective myostatin inhibitor for use in the treatment of later-onset SMA in a human patient,
wherein the human patient has a non-ambulatory form of SMA, wherein the patient has a baseline
HEMSE score ranging 12-44, wherein optionally the selective myostatin inhibifor is at a dosage of
greater than 2 mgikg and up 1o 20 mgfky every four weeks or monthly, and wherein the patient is treated
with an SMN upreguiator therapy, wherein optionally, the selective myostatin inhibilor is an antibody
that specifically binds a latent myostatin complex, thereby preventing refease of mature myostatin,
wherein optionally the select myostatin inhibitor s apitegromab or a variant thereof,
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211, A seleclive myosiatin inhibitor and an SMN upregulator for use in the treaiment of later-onsat
SMA In 2 human patient, wharein the patient has a baseline HFMSE scorg of no more than 44, wherein
optionally, the selective myostatin inhibitor is an antibody that specifically binds g latent myostatin
complex, thereby preventing release of matre myostatin, wherein further optionally, the SMN
upregulator is or comprises an SMM2 upregulator andior an SMN1 gene therapy, whetein optionally
the selactive myostatin inhibitor is at a dosage of greater than 2 mgfkg and up 1o 20 mglkg every four
weeks of monthly, wherein further optionally the antibody is apitegromab or a vaviant thereot.

212, The method, apitegromab for use, or use of any one of claims 1-211, wherein the SMA patient
who meets ong or more of the following criteria: has a documented diagnosis of 5g SMA and later-onset
{iype 2 or 3) SMA prior to receiving a therapy for SMA; is non-ambulatory and able fo sit independently,
e.q., per WHO motor milestones definition; is ambulatory and able to independertly ambulate without
aids over 10 meters in 30 seconds or less; has a Revised Hammersmith Scale score of less than or
equal to 83 and/or a Hammersmith Functional Motor Scale Expanded score of 10 or greater; does not
use {racheostomy with positive pressure or shronio daytime non-invasive ventilatory support for greater
than 16 hours daily within two weeks prior to freatment; does not have any acute or comorbid condition
interfering with the well-being of the patient within two weeks prior (o treatment; does nol have severe
scoliosis or contractures; andfor does not use systemic corticosteroids, valproic acid, or therapies with
potential muscular or neuromuscular effects within 80 days except an SMN upregulator.

213.  The method, apitegromab for use, or use of embodiment 212, wherein therapies with potential
muscular of neuromuscular effects include androgens, insulin-like growth faclor, growth hormone,
systemic bela~agonist, botulinum toxin, muscle relsxants, muscle enbancing supplements or
acelylcholinesterase inhibitors.

214, The method, apitegromal for use, or use of ambodiment 212 or 213, whergin the patient has
a documented diagnosis of 8q SMA and iater-onset (ype 2 or 3) SMA prior to recaiving a therapy for
SMA and meets one of move additional oriterial is non-ambulatory and able to sit indepandently, eg.,
per WHO motor milestones definition; is ambulatory and able 1o independently ambulate without aids
aver 10 meters in 30 seconds or less; has a Revised Hammersmith Scale score of less than or equal
to 63 andfor a2 Hammersmith Functional Motor Scale Expanded score of 10 or greater, does not use
fracheosiomy with positive pressure or chronic daytime non-invasive ventilatory support for greater than
18 hours daily within two weeks prior to treatment; does not have any acute or comorbid condition
interfering with the well-being of the palient within two weeks prior {o reatment; does not have severe
scoliosis of contractures; andfor does not use systemic corticostercids, valproic acid, or therapies with
potential muscular or neuromuscular effects within 80 days except an SMN upreguiator.

215, A composition comprising apilegromab for use in the treatment of SMA in a2 human subject,
wherein the treatment comprises intravenous administration of the composition to the subject at a dose
of greater than 2 mg/kg and up 10 20 mgikg of apltegromab every 4 weeks or monthly, wherein the
subject inttiates or inliated an SMN upregulator therapy before the ageof 5.
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218.  The composition for use according {o embodiment 215, wherein the SMA is later-onset SMA.

217.  Thea compuosition for use according to embodiment 218 or 218, wharein the subject has twa or
more copies of the SMNZ gene.

218, The composition for use according to any one of embodiments 215 to 217, wherein the SMA 1
type 2 SMA, wherein optionally, the subject has 2-4 copies of the SMN2 gene.

218, The composition for use according to any one of cla embodiments ims 218 to 218, wherain the

subject is non-ambulatory.

220, The composition for use according o any one of embodiments 215 to 219, wherein the subject
is 2 years of age or older.

221, The composition for use according to any one of embodiments 215 {o 220, wherein the subject
is genetically identified as a carner of a mutation in the SMN1 gene, wherein optionally, the subject is
asymptomatic or symplomatic of SMA.

222 The composition for use according to any one of embodiments 215 to 221, wherein the subject
has a baseline HFMSE score of atfeast 12, prior fo or at the fime of receiving a first dose of apitegromab.

223, The composition for use according to any one of embodiments 218 to 222, wherein the
composition is administered to the subject in an amount sufficient {o achieve sustained {steady-state)
target engagement of at lsast about 250 ng/mL of serum latent myostatin.

224,  The composition for use accarding to any one of embodiments 215 to 223, wherein the dose of
apitegromabs is 10 mg/kg or 20 mg/kg.

225 The composition for use according o any one of embodiments 215 to 224, wherein the subject
has received at least 4 doses of the SMN upregulator therapy at the time of recelving a first dose of
apitegromab,

228.  The compaosition for use according o any one of embodiments 215 {o 225, wherein the subject
has type 2 SMA.

227, The composition for use according to any one of embodiments 215 fo 228, whersin the
apiiegromab is administered in 3 dose sufficient {o produce at least a 5 point increase in @ HFMBE
score relative to a baseline score affer at least 12 months of treatment,

228 The composition for use according to any one of embodiments 215 to 227, wherein the
apitegromab is administered in a dose sufficient to produce a 8-20 point or greater intrease in a HFMSE
score, and preferably at leasta 7 point increase, relative 1o @ baseline score after at least 12 months of
freaiment.
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228,  The composition for use according to embodiments 228, wherein the dose of apitegromab is
20 my/kg every 4 weeks or monthly.

230,  The composition for use acoording o any one of embodiments 215-220, wherein the subjectis
able to sit but has never gained the ability to walk, wherein further optionally, the subject is between 2-
18 years of age.

231.  The composition for use according fo any one of embodiments 215-229, wherein the subject
has 2 or more copies of the SMN2 gene, wherein the subject is asymptomatic (or pre~symptomatic)and
has received a SMNT gene therapy before the age of 2, wherain optionally the SMNT gene therapy
comprises onasemnogene abeparvovec-xiol, wherein further optionally, the subject has 2 copies of the
SMN2 gene, 3 copies of the SMNZ gene, or 4 coples of the SMNZ gene.

232. The composition for use according fo any one of embodiments 215-229, wherein the subject
has 2 copies of the SMN2 gene, wherein the subject has gained the ability to it or hold head when
lving on the stomach.

233, The composition for use aceording to any one of embodiments 215-228, wherein the subject
has 2 copies of the SMN2 gene, whevein the suliject has gainad the ability to roll aver.

234.  The gomposition for use according o any one of embodiments 215-222, wherein the subject
has 2 copiag of the SMN2 gene, wherein the subject has gainad the ability to sit with support.

235. The composition for use according to any one of embodiments 215-228, wherain the subject
has 2 copies of the SMN2Z gene, wherein the subject has gained the ability fo sit without support.

236.  The composition for use according fo any one of embodiments 215-228, wharein the subject
has 2 copies of the SMN2 gene, wherein the subject has gained the ability 1o pull himselffherself up to
stand.

237, The composition for use according fo any one of embodiments 215-228, wherein the subject
has 2 copies of the SMN2 gene, wherein the subject has gained the ability to crawl.

238.  The composition for use according to any ong of embodiments 215-228, wherein the subject
has 2 copies of the SMN2 gene, whevein the subject has gainad the ability to walk with assistance.

238.  The compaosition for use according to any one of embodiments 215-229, wherein the subject

has 2 copies of the SMN2 geng, wherein the subject has gainad the ability to walk independently.

240, A method of oblaining an at least 7 point increase in a HFMBE score in a human subject,
relative {0 @ baseline score, comprising administering to the subject a compasition comprising about 20
mg'kg of apitegromab by intravenous infusion evary 4 weeks or monthly for at least 12 months, wherein
the subject has later-onset SMA and initiated freatment with nusinersen before the age of 5.
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241, Awmethod for moniforing treatment of SMA in 8 human subject, comprising adnunisterning fo the
subject a8 composition comprising apitegromab by infravenous infusion evary 4 weaks or monthly inan
amount greater than 2 mg/kg and up to 20 my/kyg; and detecting a serum latent myostatin concentration,
wherein a serum latent myostatin concentration of at least about 250 ng/mb indicates treatment efficacy,
wherein the subject has later-onset {optionally type 2) SMA and injtiated freatment with nusinersen
before the age of 5.

242, The method of embodiment 241, wherein the subject is norvambulataory.
243, The method of embodiment 241 or 242, whersin the subject is 2 years of age or oider.

244,  The method of any one of embodiments 241 to 243, wherein the apitegromab is administered
at a dose of 20 mgl/kg every 4 weeks or monthly.

245 The masthod of any one of embodiments 241 to 244, further comprising administering an
additional dose of apitegromaly to the subject having a serum latent myosiatin concentration of at least
about 250 ngfmil..

246. A method of treating SMA in a human subject, comprising administering o the subject a
composition comprising apitegromab, whersin the apitegromab is administered every 4 weeks or
monthly in an amount of greater than 2 mglkg and up {o about 20 mg/kg, wherein up to three
consecutive doses of the apitegromab may be skipped if the subject has a serum iatent myostatin
concentration of at least about 250 ng/ml., wherein the subject has late onset SMA and initiated an
SMN upregulator therapy before the age of 5.

247 The method of embadiment 248, wherein the apitegromab is administered by intravenous
infusion.

248.  The method of embodiment 246 or 247, whersin the subject is non-ambulatery and/or has type
2 SMA.

248, The method of embodiment 246 {0 248, wherein the subiect is 2 vears of age or older.

250, A method of treating SMA in & human subject, comprising administering o the subject a
compaosition comprising a selactive myostatin inhibitor, optionaily wherein the selective myostatin
inhibitor is an antibody that selectively binds o profiatent myostatin, and wherein the selective myostatin
inhibitor is administersed in an amount to oblain & serum latent myosiatin conceniration of at least about
250 ngfmb in the subject, wherein the subject has later-onset {(optionally type 2) SMA and initiated an
SMN upreguiator therapy before the age of 5.

251,  The msthod of embodiment 250, wherein the serum concentration js a sleady siate
concentratian.

282, The method of embodiment 250 or 251, wherein the subject is non-ambulatory.
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253, The mathod of any one of embodiments 250 to 252, whersin the subject is 2 vears of age or
older.

254, The method of any one of embodiments 250 to 253, wherein the selective myostatin inhibitor
is apitegromab.

265, The method of embodiment 254, wherein the apitegromab is administered by infravenous

infusion.

256,  The method of embodimant 254 or 255, wherein the apitegromab is administered al & dose of
20 mygtkg every 4 weeks or monthiy.

257. A composition comprising apltegromab for use in the treatment of SMA in & human subject,
wherein the reatment comprises intravenous administration of the composition to the subject at a dose
of greater than 2 mg/ikg and up to 20 mg/kg of apitegromab every 4 weeks or monthly, wherein the
subject is treated with an SMN upregulator therapy, wharein the suljact initiates or initiated the SMN
upreguiator therapy at or after the age of 5.

288, The composition for use according fo embodiment 257, wherein the SMA is type 2 BMA or type
3 SMA, wherein optionally, the subject has 2-4 copies of the SMN2 gene.

258, The compuosition for use according to embodiment 257 or 258, wherein the subject has non-
ambulatory type 3 SMA.

280, The composition for use according to any one of embodiments 257 to 259, wherein the subject
is genetically identified as a carrier of a nustation in the SMN1 gene, wharein optionally, the subject is
asymptomatic or symptomatic of SMA.

261, The composition for use according to any one of embaodiments 257 to 260, wherein the subject
has a baseling HFEMSE score of atleast 13, prior 1o or &t the time of recelving a first dose of apitegromab.

262, The composition for use according to any one of embodiments 257 to 261, wharein the
compaosition is adninistered to the subject in an amount sufficient to achieve sustained {steady-state)
target engagement of about 250 ng/mib of serum lateni myostatin,

263.  The composition for use according to any one of embodiments 257 {o 262, wherein the dose of
apitegromab is 10 mg/kg or 20 malkg.

284, The composition for use according o any one of embodimants 257 to 263, wharein the subjsct
is 5-21 vears old.

285, The composition for use according t any one of embodiments 287 to 284, whersin the
apitegromab is administered in a dose sufficient to achieve no or minimal reduction in a HFMSE scors

refative {o & baseline score after at least 12 months of treatment.
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268.  The composition for use according to any one of embodiments 257 {o 284, wherein the
apitegromab is administered in a dose sufficient to produce an at least 1 point increass in @ HFMSE
score relafive 1o a baseline score, and preferably at lsast a 3 poinl increase, afler 12 months of

freatment.

287, The composition for use according 1o embodiments 257 or 260, wherein the dose of
apitegromab is 20 mg/kg.

268, A method of stabilizing disease progression in a human subject having non-ambutatory SMA,
comprising administering o the subject a composition comprising apitegromab by intravenous infusion
svery 4 weeks or monthly for at least 12 months, wherein the subject initiates or initlated the SMN
upregulator therapy at or after the age of 5.

288, The method of embodiment 268, wherein the apitegromab 18 administered in a dose sufficient
o achieve no or minimal reduction in a8 HFMSE score relafive fo a baseline score after af least 12
maonths of ireatment.

270, The mathod of embodimant 268 or 282, whergin the apitegromab s administerad in a dose of
about 20 mgikg.

271, A composition comprising apilegromab for use in the reatment of SMA in a human sulisct,
wherein the freatment comprises intravenous administration of the composition 1o the subject at a dose
of grealer than 2 mg/kg and up o 20 mg/kg of apitegromab every 4 weeks or monthly, wherein the
subject has ambulatory SMA, and whaerein optionally, the subject has not receivied an SMN upregulatar
therapy.

272, The composilion for use according to embodiment 271, wherein the subject has ambulatory
type 3 SMA wherein oplionally, the subject has 3 or more copies of the SMNZ gene.

273, The composition for use according to embodiment 271 or 272, wharein the subject is genetically
identified as a carrder of a mutation ity the SMN1 gene, wherein aptionally, the subject is asympiomatic
ar symptomatic of SMA

274, The composition for use according 1o any one of embodiments 271 to 273, wherein the subject
has a haseline RHS score of al least 26, prior to or at the time of receiving a first dose of apitegromab.

275, The composition for use according to any one of embodiments 271 to 274, wherein the
composition is administered to the subject in an amount sufficient to achieve sustained (steady-siata)
target engagament of about 250 ng/mb of serum latent myostatin.

276.  The composition for use accarding © any one of embodiments 271 to 275, wherein the dose of
apitegromab is 10 mgikg or 20 malkg.
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277.  The composition for use according to any one of embodiments 271 fo 276, wherein the
apitegromab is administered in a dose sufficient o stabilize an RHS score relative o a baseline scare
after at least 12 months of treatmeant.

278, The composition for use according lo embodiment 277, wherein stabilizing the RHS score
comprises fess than a 1 point, 2 point, or 3 point decling in the RHS score relative 10 a baseline scora.

278,  The composition for use of embodiment 277 or 278, wherein the dose of apitegromab is 20
mg/kg.

28G.  The composition for use according to-any one of embodiments 271 to 279, wherein the subject
initiated SMN upregulator therapy at or after the age of 5.

281, A method of preventing or delaying loss of ambulation in a human subject having SMA,
comprising administering a composition comprising apitegromab to the suliject at a dose of greater than
2 mgfkg and up 1o 20 my/kg of apitegromab every 4 weeks or monthly for at least 12 months, wherein
the subiect has ambulatory SMA, and whersin optionally, the subject has not feceived an SMN
upraguiator therapy.

282, The meathod of embodiment 281, wherein the patient has ambulatory type 3 SMA,

283,  The method of embodimant 281 or 282, wherein the progression is assessed by a delay in
ambulatory-to-non-ambulaiory transition following 12 months of apitegromab treatment, relative 1o the
natural history of an ambulatory SMA patient population

284, The method of any ane of embodiment 281-283, wherein the progression is assessed by a
slower rate of or lesser degrae of decline in a motor function score over a baseline following 12 months
of apitegromab treatiment, refative to the natural history of an ambidatory SMA patient population.

288, The composition for use or method according to any one of embodiments 215 fo 284, wherein
the composition is formulated at a concentration of about 50 mg/mi apitegromab.

286.  The composition for use of method according to any one of smbodiments 215 1o 285, wherein
the SMN upregulator therapy comprises nusinersen, onasemnogene abeparvovec-yiol, andior
risdiptam.

287. The composition for use or method according fo embodiment 286, wherein the SMN

upreguiator therapy comiprises nusinarsen,

288, The composition for use or method accarding 1o any one of embodiments 218 to 287, wherein
the SMN upregulator therapy comprises intrathecal administration.

288, An SMN uprsgulator therapy and a muscle-directed therapy for use in the treatment of SMA in

a human subject, wherein the treatment comprises initiation of the SMN upregulator therapy prior to the
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age of 5, and wherein the muscle-directed therapy comprises infravenous administration of a
composition comprising apifegromab avery 4 weeks or monthly at a dose of greater than 2 mg/kg and
up to 20 mg/ky, wherain optionally the dose of apitegromab is about 10 mg/kg.

280, The SMN upregulator therapy and muscle-directed therapy for use according to embodiment
289, whareln the composition comprising apitegromab is formulated at a concentration of about 5C
mgimi.

2891, The SMN upregulator therapy and muscle-directed therapy for use according to embodiment
282 or 290, wherein the SMN uprsgulator therapy comprises nusinersen, chasemnogene abeparvovec-
xio, and/or risdiplam.

282, Amethod for treating ialer-onset SMA in a human subject, the method comprising infravenously
administering to the subject a composition comprising apitegromab at a therapeutic dose of greater
than 2 and up to 20 mg/kg every 4 weeks or monthly, wherein the composition is formulated at a
concentration of abowt 50 mg/mb.

283, The method of embodiment 292, whersin the therapeutic dose is & dose sufficient & achieve 3
steady-state serum concentration of at least about 250 ng/mi of latent myostatin.

294,  The meihod of embodiment 282, wherein the subject has 2-4 copies of the SMN2Z gene.
295 The method of ambodiment 282 or 284, wherein the subject has type 2 SMA.

286. The method of embodiment 285, wherein the subject has or had the ability to sit up at age 12

months and {acks or lacked ability to walk at age 18 months.

297.  The method of embodiment 282 or 284, wherein the subject has non-ambulatory type 3 SMA.
288.  The method of embodiment 287, wherein the subject iost abilty to walk by 18 months of age.
298.  The method of embodiment 282, wherein the subject has 3-6 copies of the SMN2 gene.

300, The method of embodiment 292 or 28%, wherein the subject has ambulatory type 3 SMA.

301, The method of embodiment 289 or 300, wherein the subject has refained abilily io walk at age
18 months.

302. The method of embodiment 301, wherein the subject undergoes an ambulatory-to-non-
ambulatory transition after 18 months of age.

303. The method of any one of embodiments 282 to 302, wherein the subject is freated with an
SMN-directed therapy.
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304,  The method of ambodiment 303, wherein the subject initiales or iniliated the SMN-directed
therapy prior to age 5.

303, The method of embodiment 303, whersin the subject initiates or inltiated the SMN-directed
therapy at age 5 or older.

308,  The method of any one of embodiments 303 to 305, wherein the SMN-directed therapy is an
SMN1-directed therapy and/or an SMNZ2-directed therapy.

307, The method of embodiment 308, wherein the SMN1-directed therapy is a gene therapy.

308. The mathod of embodiment 306, wherein the gene therapy comprises a viral vecior comprising
an SMNT gene replacement,

308, The method of embodiment 308, wherein the SMN2-directed therapy is or comprises a splice-
modifying agent.

310, The method of embodiment 308, wherein the splice-madifving agent conywises a nucleic acid
that binds an SMN2 exon, thereby modifying splicing of the exon.

311, The method of embodiment 308, wherein the splice-modifving agent comprises a low molecular
weight comnpound that binds an SMNZ exan, thereby modifving splicing of the exon.

312, The method of any one of the embediments 282 to 305, wherein the therapeutic dose is
sufficient to cause enhanced motor function in the subject after 12 months of the apitegromab therapy,
wherein optionaily the motor function is assessed by HFMSE or RHS.

313, The method of embodiment 312, wherein the enhanced motor function comprises an increase
i a motor funclion scare over a baseling, wherein optionally the increase is al least 1 point. 3 points, &
points, or 10 points.

314, The method of claim embodiment | wherein the bassline comprises a motor function score
assessed following an SNMN-directed therapy.

318, The method of embodiment 313, wherein the haseline comprises a motor function scors
assessed in a subject who has not received an SMN-directed therapy.

316, The method of any one of the embaodiments 292 o 305, wherein the therapeulic dose is
sufficient to cause a delay in disease progression, relative 1o the natural history of a SMA patient
popuiation to which the subject is categorized.

317, Acomposition comprising apitegromab for use in the treatment of later-onset BMA in & human
subject, whaveiny the treatment comprises infravenous administration of the composition (o the subject
at a therapeutic dose of greater than 2 and up to 20 mglkg every 4 weeks or monthly, wherein optionally
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the compaosition is formulated at a concentration of about 50 mg/mb, wherein further optionally, the
therapeutic dose is sufficient to achieve a steady-state serum conceniration of at least 250 ng/mlb of
fatent myostatin.

318.  The composition for use according to embodiment 317, wherein the subject has 2-4 copies of
the SMNZ gene.

318,  The composition for use according to embodiment 317 or 318, wherein the subject has type 2
SMA.

320, The composition for use according to embodiment 319, wherein the subject has or had the
ability to st up at age 12 months and lacks or facked ability to walk at age 18 months.

321, The composition for use according to any one of emboediment 317 {o 320, wherein the subject
has non-ambulatory type 3 SMA.

322, The composition for use according to any one of embodiment 317, 318, and 321, wherein the

subject lost ability to walk by 18 months of age.

323,  The composition for use according to embodiment 317, whereln the subject has 3-6 copies of
the SMNZ2 gene.

324,  The composition for use according to embodiment 317 or 323, wherein the subject has

ambulatory tvpe 3 SMA.

325, The composition for use according to embodiment 324, wherain the subject has retained ability
to walk at age 18 months.

326.  The composition for use according to embodiment 324 or 328, wherain the subject undergoes
an ambulatory-to-non-ambulatory fransition after 18 months of age.

327. The composition for use according to any one of embodiments 317 {o 328, wherein the subject
is reated with an SMN-directed therapy.

328,  The composition for use according 1o embodiment 327, wherein the sulject initiates or initiated
the SMN-directed therapy prior ko age 5.

328, The composition for use according to embadiment 327, wherein the subject intliates or initiated
the SMN-direcied therapy at age § or older.

33Q.  The composition for use gecording to any one of ambodiments 327 {o 329, wherein the SMN-
directed therapy is an SMN1-diracted therapy and/or an SMN2-directed therapy.

331,  The composition for use according to embodiment 330, wherein the SMN1-directed therapy is
a gene therapy.
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332, The composition for use according o embodiment 331, wherein the gene therapy comprises a
viral vector comprising an SMN1 gene replacemeant,

333. The composition for use according o embodiment 330, wherein the SMNZ-directed therapy is
or comprises a splice-madifying agent.

334.  The composition for use according to embodiment 333, wherein the splice-muodifying agent

comprises a nucleic acid that binds an SMNZ exon, thereby modifying splicing of the exon.

338,  The composition for use according to embodiment 333, wherein the splice-modifying agent
comprises a low molecular weight compound that binds an SMN2 exon, thereby modifying splicing of
the exon.

336. The composition for use according to any ong of embodiments 317 to 335, wherein the
therapettic dose is sufficiant {o cause enhancad motor function in the subject after 12 months of the
apitagromab therapy, wherein optionally the motor function is assessed by HFMSE or RHS.

337. The composition for use aceording o embodiments 338, wherein the enhanced motor function
comprises an increase in a motor funclion score over a baseling, wherein oplionally the increase is at
feast 1 point, 3 points, 5 points, or 10 points.

338. The composition for use according to embodiment 337, wherein the baseline comprises a mator
funclion score assessed following an SMN-directed therapy.

338, The composition for use according to embodiment 337, wherein the baseline comprises a motor

function score assessed in a subject who has not received an SMN-direcied therapy.

340.  The composition for use according to any one of embodiments 317 to 338, wherein the
therapeudic dose is sufficient to cause a delay in diseasa progression, relative to the natural history of
a SMA patient populsation to which the subject is calegorized.

341, Amethod for freating non-ambulatory or later-onset SMA in @ human subject in need thereof,
the method comprising infravenously administering o the subject apitegromab at a Q4W {ie. every 4
weeks) or monthly dosage of greater than 2 mg/kg and up to 20 mg/kg.

342, A method for treating non-ambulatory or later-onset SMA in a human subject in need thereof,
the method comprising intravenously administering to the subject apitegromab in an amount sufficient

o achieve a sleady-siate serum latent myostatin concentration of at least about 250 ng/mi.

343 A maethod for slowing progression of SMA in a human subject with ambulatory SMA, the method
comprising infravenously administering to the subject apitegromab at a Q4W {L.e, every 4 weeks) or
monthly dosage of greater than 2 mygfkg and up to 20 mgfkg.

344,  The method of claim 343, wherein the subject has ambulatory type 3 SMA.
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345, The method of embodiment 343 or 344, wherein the progression is assessed by a delay in
ambulatory-to-non-ambulatory transition following 12 months of apttegromab treatment, refative o the
natural history of an-ambulatory SMA patient poputation.

348.  The method of embodiment 343 or 344, wherein the progression is assessed by a slower rate
of ar lesser degree of dedling in a motor function score over a baseline following 12 months of
apifegromab treatment, relative to the natural history of an ambulatory SMA patient population.

347,  The method or composition for use of any one of smbodiments 1-348, whearein the subject is
2-12 years old.

348.  The method or compaosition for use of embodiment 347, wherein the subject initiated an SMN
upregulator/corrector therapy prior fo the age of 5.

348.  The method or compaosition for use of ambodiment 347, wherein the subject initiated an SMN
upragulator/corrector therapy after the age of 5.

350, The method or composition for use of embodiment 348, wherein the subject is 5-12 years old.

351, The method or composition for use of any one of embodiments 1-348, wharein the subject is
13-21 years old.

382. The method or composition for use of embodiment 381, wherein the subject iniiated an SMN

upregulator/corrector therapy prior to the age of 8.

353.  The method or composition for use of embodiment 351, wherein the subject initiated an SMN
upregulatorfcorrector therapy after the age of 5.

354.  The method or composition of any one of embodiments 347-353, wherein the subject is non-
anbulatory at the start of apitegromab treatment.

355, The method or composition of any one of embodiments 347-354, wherein the subject has been

on nusingrsen background therapy for at least 10 months before starting apitegromab reatment.

356.  Tha method or composition of any one of embiodiments 347-354, wherein the subject has been
on risdiplarn background therapy for at feast 6 months before starting apitegromab treatment.

357. A method for treating type 2 or type 3 non-ambudatory SMA in a human subject in need thereof,
the method comprising intravenously administering o the subject one ov more doses of apitegromab
once every 4 weeks or once monthiy at 10 mgikg or 20 mg/kg, wherein the subject is 2-12 years old.

358, A composition comiprising apitegromab for use in the treatment of type 2 or type 3 non-
ambulatory SMA in a hurman subject, wherein the treatment comprises intravenously administering to
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the subject one or more 10 mglkg or 20 mglkg doses of apitegromab once every 4 weeks or once
monthly, wherain the subject is 2-12 vears old.

35%. The method or composition of embodiment 357 or embodiment 358, wherein the subject has
bean on nusinersen background therapy for at least 10 months before starting apitegromab treatment,

380.  The method or composition of embadiment 357 or embodiment 358, wherein the subject has

been oo risdiplam background therapy for at least & months before starting apitegromab treatment.

361, Amethod for treating type 2 or type 3 non-ambulatory SMA in a human subject in nead thereof,
the mathod comprising intravenously adminisiering o the subject one or more doses of apitegromab
once every 4 weeks or once monthly at 20 mg/kg, wherain the subject is 13-21 years old.

362, A composition comprising apitegromab for use in the ireatment of typs 2 or type 3 non-
ambulatory SMA in a human subject, wherein the treatment comprises intravenously administering to
the subject one or mora 20 mg/kg doses of apitegromab once avery 4 weaeks or onca monthly, wherein
the subject is 13-21 vears okd.

363. The method or composition of claim 361 or claim 362, wherein the subject hag been on
nusinarsen background therapy for af least 10 monihs before starting apiiegromab treatment.

384.  The method or composition of embodiment 361 or embodiment 362, wherain the subject has
hean on risdiplam background therapy for at least § months before starting apitegromab treatment.

365. A method for trealing SMA in @ human subject in need thereof, the method tomprising
intravenously administering to the subject one or more doses of apitegromaby once every 4 weeks or
once monthly, wherain the subject i aged 5 years or youngar.

366. A composifion comprising apitegromab for use in the treatment of 3MA in a human subject,
whergin the treatment comprises intravenously adminisiering to the subject one or more doses of

apitegromab once avery 4 weeks or once monthly, wherein the subject is 5 years or youngsr.

367.  The method or camposition of embodiment 365 or embodiment 368, wherein the subject has
not raceived an SMN upreguiator/carrector therapy prior {o starting apitegromab treatment.

368. A method for freating SMA in a human subject in need thereof, the method comprising
intravenously administering to the subject one or more doses of apifegromab once every 4 weeks or

onca monthly, wherein the subject is aged 2 years or younger.

389, A composition comprising apitegromab for use in the freatment of SMA In a human subject,
wherein the treatment comprises intravenously administering fo the subject one or more doses of
apitegromab once every 4 weeks or once monthly, wherein the subject is 2 years or younger.
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370, The method or composition of embodiment 368 or embodimant 368, wherein the subject has
not received an SMN upregulator/corrector therapy prior o starting apitegromab treatment.

371, Amyosiatin-selective inhibitor and an SMN1 gene therapy for use as a combination therapy in
the treatment of presymplomatic SMA in a patient, whersin the treatment comprises administration of
the myostatin-selective inhibitor and the SMN1 gene therapy to a presymptomatic patient in amounts
effactive to treat SMA, wherein optionally the patient has 2 copies of the SMN2 gene, and wherein
further optionally the patient is six weeks or younger at the time of administration of the SMN1 gene
therapy.

372, A myosiatin-selective inhibitor for use in the treatment of presymiptomatic SMA in a patient with
2 coples of the SMNZ gene, wherein the trealment comprises administration of an effective amount of
the myostatin-selective inhibitor to the patient, wherein the patient is administered with an SMN1 gene
therapy at six weeks or younger.

373, An SMN1 gene therapy for use in the treaiment of presympiomatic SMA in a patient with 2
copies of the SMNZ gene, wherein the reatment comprises adminisiration of the SMN1 gene therapy
o the patient at six weeks or younger, and wherein the patient is further treated with a myostatin-
sefective inhibitor.

374,  The myostatin-selective inhibitor andfor the SMN1 gene therapy for use according {o any one
of embodiments 371-373, whevrein the myostatin-selective inhibitor is aplitegromab, GYM3IZ2 wr
trevogrumab.

375, The myostatin-selective inhibitor and/or the SMN1 gene therapy for use according to
embodimant 374, wherein the myostatin-selective inhibitar is an antibody or antigen-binding fragment
thereof that binds 10 the same epitope as gpitegromab, trevogrumab or GYM329, wherein optionally
the antibody or the fragment is a variant of apitegromab, trevogrumab or GYM328.
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CLAIMS

1. A composition compyising apitegromab for use in the treatment of spinal muscudar atrophy
{SMAY) in a human subject, wherein the treatment comprises intravenous administration of
apitegromab in an amount of greater than 2 mg/kg and no more than 20 mgfkg at an interval of once

every four weeks or once a month for at least 24 weeks or six months to treat SMA.

2. The composition for use according to claim 1, wherein the administration is sufficient to
achieve a clinical benefit,

3. The composition for use according to claim 1 or claim 2, wherein the freatment is sufficient {o
pravent loss of motor function.

4. The composition for use according to claim 1 or claim 2, wherein the treatment is sufficient to

delay loss of motor function.

5. The composition for use according to claim 1 or claim 2, wherein the freatment is sufficient to
to increase motor funclion,

6. The composition for use aceording to any ane of claims 3-8, wherein the motor function is
measwred by a Hammersmith Functional Mator Scale Expanded score (HFMSE) at 8 months after the
start of treatment relalive to HFMSE at baseline.

7. The composition for use according o any one of claims 1-8, whersin the apiiegromab is
administered for at least 52 weeks or twelve months.

8 The composition for use according to claim 1, wherein the administration ie sufficient (B} o
prevent or delay a reduction in an HFMSE score relative 1o a baseline prior fo treatment; (b} for the
human subject to achieve an increase in an HFMSE score refative to baseline, anincreasein a
Revised Upper Limb Module refative 10 baseline, an increase in the Revised Hammersmith Score
relative {0 baseling, or an ncrease in a number of WHD motor development milestones relfative (o
baseline; and/or () for the human subject 1o achieve an increase in an HFMSE score of at least one
point, at least two points or al feast thres poinis relative 10 baseline.

9. The compasition for use according 10 any of the preceding claims, wherein the human subject
is 2 years of age or older.

10, The composition for use according o any of the precading claims, wherein the human subject
is 2-21 years of age.

1. The composition for use according o any of the preceding claims, wherein the human subject
is 2-10 vears of age.

12. The compuosition for use according to any of the preceding claims, wherein the human subject
is 2-5 years of age.
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13. The composition for use according fo any of the preceding claims, wherein the spinal
muscular atrophy i3 later onset SMA.

14, The composition for use according to claim 13, wherein the later-onset SMA is Type 2 SMA
or nor-ambulatory Type 3 SMA.

1a. The composition for use according to claim 13, wherein the later-onset SMA is ambulatory
Type 3 SMA.
16. The composition for use acoording o any of the preceding claims, wherein apitegromab is

administerad intravenously in an amount of 10 mgfky.

7. The composition for use according o any one of claims 1-15, wherein apitegromab is
administerad intravenously in an amount of 20 mgfkg.

18. The composition for use according o any of the preceding claims, wherein the subject has an
SMNT mutation and at least two copies of the SMN2 gene.

19, The composition for use according fo any of the preceding elaims wherein the human subject
is also administerad an SMN upregulation therapy.

20. The composition for use according fo claim 18, wherein the SMN upregulation therapy is

selectad from nusinersen and/or risdiplam,

21, The composition for use according to any of the preceding dclaims, wherein the baseline
serum concentration of latent myostatin in the human subject selected for freatment is at least 1
ng/mi. {e.g., greater than 1.5 ng/mi, greater than 2 ng/mi, greater than 2.5 ng/mi, or greater than 3
ng/mi), and oplionally wharein the human subject has later-onset SMA, preferably typa 2 SMA.

22 A composition comprising apitegromab for use in the treatment of spinal muscular atrophy
{SMA} in & hurnan subject, wherein the treatment comprises administration of apitegromab in an
armount sufficient to

{a} achieve a serum conceniration of latent myostatin in the human subject of at least 250
ng/mi (e.g., 550-2400 ng/mi} a steady state after the administration of apitegromab; and/or

{b} achigve a sarun concentration of apitegromab in the human subject of at least 50 ugiml at
steady state after the administration of apitegromal.

23. The composition for use according to claim 22, wherein the steady stale is at 14 days or fater

after administration of apitegromab.

24, Use of apitegromab in the manufacture of a medicament for the freatment of spinal muscular
atrophy i in & human subject by administering apitegromab in an amount of greater than 2 mgfkg and
no more than 20 mgikg at an interval of once svery four weeks or once a month, preferably for at
lpast 52 weeks or twelve months, optionally wherein the ireatment is as defined in any one of claims
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1-23, and wherein the adminisiration is sufficient to prevent or delay loss of motor funchion or to
increase molor function.

210



