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Background: Patient registries play an important role in rare disease, particularly for recruitment of clinical trials and clinical
research.

Methods: In 2012, we launched a registry for the purpose of clarifying the clinical characteristics of spinal muscular atrophy
(SMA) in Japan and with the goal of enrolling patients with SMA into newly started clinical trials. In order to document the
current status of SMA in Japan, we conducted a survey based on the data of 277 SMA patients enrolled in the registry from
October 2012 to July 2020.

Results: Genetic testing was performed in 95% of patients. Patients with type III SMA experienced the longest onset to ge-
netic diagnosis times, while those with type I had the shortest times. Tongue fasciculation was more common in types I and 11
SMA, while finger fasciculation was more common in types II and III. The site of fasciculation was thought to be the key to
predicting the disease type. Over-the-counter or investigational drugs were administered to 76% of patients as of June 2019.
Conclusion: Our registry is useful for understanding the current status of SMA patients in Japan, and can provide accurate

and up-to-date information on the clinical course of patients over their lifetime.
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There are internationally integrated registries

Introduction

Spinal muscular atrophy (SMA) is an autosomal reces-
sive disorder characterized by degeneration of motor
neurons in the anterior horn cells of the spinal cord.'
SMA has been categorized into four types according to
the time of onset and severity of the disease, and we have
previously divided SMA into subtypes (Ia, Ib, IIa, IIb,
[ITa and ITIb) based on changes in individual motor mile-

stones.”

( TREAT-NMD, * Cure SMA, ** SMARTCARE, ' and
iSMAC?®), and RESTORE,’ which is operated by a phar-
maceutical company (Table S1). In 2012, we developed
a registry of Japanese patients with SMA (Spinal Muscu-
lar Atrophy Research and Treatment consortium ;
SMART consortium. https://www.sma-rt.org/) to collect
information regarding the most up-to-date treatments and
to promote clinical trials and the development of novel

treatments for SMA. Through SMART consortium, we
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have promoted enrollment in therapeutic research.

The therapeutic strategies for SMA aim to increase the
survival of motor neuron (SMN) protein levels in motor
neurons.” Valproic acid is a histone deacetylase inhibitor
that increases SMN mRNA and protein expression; how-
ever, not all patients respond to it."" The first successful
therapeutic approach involved the delivery of nusinersen
(Tonis Pharmaceuticals/Biogen), an antisense oligonu-
cleotide that was developed to inhibit exon 7 splicing in
SMN?2, to the central nervous system by intrathecal ad-

ministration;*"

this treatment was approved in July 2017
in Japan. The one-time administration of intravenous
gene therapy using onasemnogene abeparvovec, which
produces SMN protein, is another successful approach;
% this treatment was approved in March 2020 in Japan.
In addition, small molecule drugs, such as risdiplam, are
awaiting approval in Japan.'" Until recently, patients
with SMA only received symptomatic therapy or physio-
therapy. However, nusinersen has been a breakthrough
drug that has led to the further development of new thera-
peutics for SMA.

With the advent of SMA treatment, for which there has
been no cure until now, up-to-date information on the
current status of SMA patients is needed. Therefore, in
this report we document the current status of SMA in

Japan.

Materials and Methods

1. SMART consortium

The SMART consortium is a database of clinically di-
agnosed Japanese patients with SMA. Information about
this registry was provided to interested individuals, and
informed consent was obtained from the patient or their
parents. It was stipulated that none of the data would be
shared with any third party without the permission of the
committee responsible for disclosing the information. In-
clusion in the database confers no obligation on the pa-
tient, and removal from the registry is carried out imme-
diately upon request. It was stated that the refusal to par-
ticipate would not affect the subsequent medical care of
the patient. The current status of the registry is shown in
Figure 1. This study was approved by the Institutional

Review Board of Tokyo Women’s Medical University

(Shinjuku, Tokyo, Japan).
2. Data from SMART consortium

Data obtained from the registry included the diagnosis,
SMA type, family history, consanguinity, molecular ge-
netic data, names of the medical institution that carried
out genetic diagnosis and of the contract inspection com-
pany, presence/absence of fasciculation (and if present,
appearance and site [tongue, fingers]), best reported mo-
tor function, current motor function, age of achievement
of sitting/walking, age of loss of sitting/walking, wheel-
chair use, intellectual disability, intelligence quotient
(IQ), cardiac dysfunction, respiratory dysfunction, re-
quirement of artificial respiration, scoliosis, and history

of scoliosis surgery.
3. Patient registration

Participants downloaded a registration form, an ex-
planatory document, and a consent form. The doctors in
charge of the SMART consortium homepage explained
these documents to the patients. The participants filled
out the registration form as completely as possible. Dur-
ing their next visit, the doctors completed the registration
form and explanatory document, and gave the partici-
pants a copy of the results of their genetic test. The regis-
tration form, consent form, and a copy of the genetic test
results were then mailed to the secretariat by registered
mail. Finally, a registration certificate was sent by the

secretariat (Figure S1).
4. Questionnaire on therapeutic drugs

We sent a questionnaire to the participants focused on
the administration of post-marketing surveillance study
and clinical trial therapeutic drugs to registered patients
in June 2019, and subsequently collected their responses.
Data about the drug types and effects were obtained. At
the time the questionnaire was sent, only nusinersen was
approved in Japan, valproic acid, risdiplam and onasem-
nogene abeparvovec were ongoing clinical trials. We
evaluated the effects of these drugs on finger, arm, shoul-
der, and proximal and distal lower extremity movements

as well as on improvements in fatigue and posture.
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Figure 1. Changes in the number of patients enrolled in our registry and the duration of the clinical
trials of SMA.

SMARTO02: Multicenter cooperative and investigator initiated clinical trial using valproic acid in child-
hood onset spinal muscular atrophy: Confirmatory Trial.

SMARTO03: Multicenter cooperative and investigator initiated clinical trial using valproic acid in child-
hood onset spinal muscular atrophy: Continuous administration trial.

CS3B: A Study to Assess the Efficacy and Safety of Nusinersen (ISIS 396443) in Infants With Spinal
Muscular Atrophy (ENDEAR).

CS4: A Study to Assess the Efficacy and Safety of Nusinersen (ISIS 396443) in Participants With
Later-onset Spinal Muscular Atrophy (SMA) (CHERISH).

CS11: A Study for Participants With Spinal Muscular Atrophy (SMA) Who Previously Participated in
Nusinersen (ISIS 396443) Investigational Studies (SHINE).

MMDR: Modified maintenance dosing regimen.

AVXS-101-304: Pre-Symptomatic Study of Intravenous Onasemnogene Abeparvovec-xioi in Spinal
Muscular Atrophy (SMA) for Patients With Multiple Copies of SMN2 (SPRINT).

SUNFISH: A Study to Investigate the Safety, Tolerability, Pharmacokinetics, Pharmacodynamics and
Efficacy of Risdiplam (RO7034067) in Type 2 and 3 Spinal Muscular Atrophy (SMA) Participants

ma®)

(SUNFISH).
Table 1. Patients profiles and clinical types.
Results

no. of patients
1. Demographics i(:?l 277
From October 2012 to July 2020, 277 Japanese pa- Zi;e 1:?

tients with SMA (146 males and 131 females) were reg- type

istered. SMA is diagnosed clinically by the attending L 11(1)
physician, and some patients are also diagnosed geneti- i 41
cally.””” Their representation according to subtype were v 10
as follows: type 1, 40% (n=110); type II, 40% (n=111); ZT\Z;;ST onset of symptoms ?
type I, 15% (n=41); type IV, 4% (n=10); before the on- suspected 1

set of symptoms, 1% (n=3); SMA with respiratory dis-
tress type 1, 0.4% (n=1); and suspected, 0.4% (n=1;
Table 1).
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Figure 2. Epidemiology.
a (upper left). Age at registration.
b (upper right). Age as of July 2019.

¢ (lower left). Months from onset to genetic diagnosis.
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Type I (n=74): median 3 months, mean 3.6 months, standard deviation 3.2 months.

Type II (n=65): median 9 months, mean 50.5 months, standard deviation 103.2 months.

Type III (n=26): median 91.5 months, mean 235 months, standard deviation 278.3 months.

d (lower right). Results of intelligence testing (I

Most patients were 2-5 years old at the time of regis-
tration. The average age at the time of registration was
3.0, 9.9, 26.3, and 64.6 years for patients with types I, II,
III, and IV SMA, respectively (Figure 2a). As of March
2020, surviving patients were typically aged 6-11 years,
with an average age of 7.9, 15.6, 31.6, and 68.9 years for
patients with types I, II, III, and IV SMA, respectively
(Figure 2b).

The time from onset to genetic diagnosis was 0.3/0.3,
4.9/0.8, and 21/7.6 years (median/mean) for patients with
type I (n=74), Il (n=65), and III (n=26) SMA, respec-
tively (Figure 2c).

Patients were registered from all over Japan, with
Tokyo (n=34), Kanagawa (n=27), Fukuoka (n=19),
Osaka (n=14), Aichi (n=11), Saitama (n=11), and Chiba

Q.

(n=11) prefectures having the largest representations.
2. Genetic diagnosis

SMA was diagnosed based on clinical symptoms and
the results of genetic testing. Genetic testing was con-
ducted in 95% (263/277) of the patients (type I, 99%
[109/110]; type II, 97% [108/111]; type III, 95% [39/41];
type IV, 30% [3/10]; and SMARDI, 100% [1/1]). SMN1
homozygous deletions were identified in 95% (250/263)
of the genetically tested patients (type I, 94% [102/109];
type 11, 98% [106/108]; type III, 97% [38/39]; and type
IV, 0% [0/3]). Compound heterozygous variants in asso-
ciation with single copies of SMN/ and single nucleotide
variants were identified in 3% of type I cases. Point mu-

tations were single nucleotide variants (c.188C > A,



Table 2. Genetic diagnosis.

performed SMNI copy number SMN2 copy number  NAIP copy number

otemey  hr 2340
1(110) 109 (99%) 102 3% 51 7 0 40 33
(11 108 (97%) 106 0 1 38 1 9 73
1T (41) 39 (95%) 38 0 1 11 11 0 10
1V (10) 3 (30%) 0 0 2 0 0 0 0
before the onset of symptoms (3) 3 (100%) 3 0 1 2 0 1 2
SAMRDI1 (1) 1 (100%) - - - - - - -
suspected (1) 0 - - - - - - -
total (277) 263 (95%) 250 0 55 58 12 50 118

*c.188C>A (p.S63*) and one copy; ¢.293G>A (p.C98Y) and one copy; ¢.826T>C (p.Y276H) and one copy.

& TPPV [ operation+
120 M yes M yes L] NPPV @ ves [] operation-
[]no [ no no [[1no iio
100
80
wy
= 61
2
=]
8 w
e 93
£
=
Y
]
o 40
=
£
=5
z
20 38
0 e 2 0
1 n I m nom [ | | 1w
tongue finger respiratory feeding scoliosis
fasciculation fasciculation support support

Figure 3. Clinical features of 5q spinal muscular atrophy.

¢.293G > A, and ¢.826T >C; Table 2). Compound het-
erozygous variants (¢.1537+1G>A and C.1586G > A) of
IGHMBP?2 were identified in a SMARD1 patient.

3. Clinical features

Fourteen patients with type II and three patients with
type III SMA had taken an intelligence test. The 1Q of
patients with types II and III SMA were 100.6 * 20.8
and 118.3 12.4 (' mean
(Figure 2d).

Tongue fasciculation was reported in 73% (77/105),
60% (64/106), and 11% (4/38) of patients with types I, II,
and III SMA, respectively. Finger fasciculation was
noted in 11% (12/105), 42% (45/106), and 45% (17/38)

—+

+

SD ), respectively

of patients with types I, II, and III SMA, respectively.
Tracheotomy was performed in 60% (63/105) and 2% (2/
106) of patients with types I and II SMA, respectively.
Feeding support, nasogastric tube placement, and gas-
trostomy were performed in 70% (74/105) and 5% (5/
106) of patients with types I and II SMA, respectively.
Scoliosis was present in 26% (27/105), 59% (63/106),
and 39% (15/38) of patients with types I, II, and III
SMA, respectively. Surgery for scoliosis was performed
in 4% (1/27), 22% (14/63), and 7% (1/15) of patients
with types I, II, and IIIl SMA with scoliosis, respectively
(Figure 3, Table S2).
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Figure 4. Questionnaire on therapeutic drugs.
a (upper left): Number of respondents by clinical type.
b (upper right): Presence, absence, and types of therapeutic drugs.
¢ (lower): Each effect of therapeutic drugs.
4. Questionnaire on therapeutic drugs Discussion

Of the 261 patients registered at the time of posting the
questionnaires, 36 had unknown addresses; consequently,
the questionnaires were sent to 225 patients, and 143 re-
sponses were obtained (type I, 59; type II, 57; type III,
23; and type IV, 4), representing a response rate of 64%
(143/225; Figure 4a).

Of the patients who responded, 76% (109/143) were
receiving treatment; 56% (61/109) were being adminis-
tered nusinersen alone, 11% (12/109) valproic acid alone,
3% (3/109) risdiplam alone, and 30% (33/109) both
nusinersen and valproic acid. By type, 85% (50/59), 75%
(14/43), 61% (14/21), and 50% (2/4) of patients with
types I, I, III, and IV SMA were following a treatment
regimen (Figure 4b). More than half of the patients who
received nusinersen alone or nusinersen + valproic acid
(including those who reported using both valproic acid
and nusinersen or had begun nusinersen after an interrup-
tion in valproic acid administration) reported improve-
ments in finger, arm, and proximal lower extremity

movements (Figure 4c, S2).

1. Demographics

The data analyzed were obtained from the database of
the registry of patients with SMA. The average age at
registration in Cure SMA, one of the largest patient-
reported SMA data repositories, was reportedly 7.0
months, 3.4 years, and 11.5 years for patients with types
I, II, and III SMA, respectively. The average age at regis-
tration in our SMART consortium was higher than that in
Cure SMA. This difference may be attributed to the year
of starting registration (Cure SMA, 1996; SMART con-
sortium, 2012).

2. Genetic diagnosis

The time from onset to genetic diagnosis was 0.3/0.3,
4.9/0.8, and 21/7.6 years (median/mean) for patients with
type I, II, and III SMA, respectively. This showed that
the less severe the clinical symptoms, the harder it was to
make the diagnosis and the longer it took to be con-

firmed.” In particular, it has been shown that the diagno-



sis of type III SMA is often delayed, and the early diag-
nosis and treatment of patients with type III SMA is chal-
lenging.

Since SMN1 and SMN2 are homologous except for
five bases, the identification of point mutations is diffi-
cult using the usual sequence identification methods
alone. As a result, the number of reports of point muta-
tions has been limited. We have reported a method to
overcome this problem.” SMA with point mutations

should be diagnosed without exception.”*

3. Clinical symptoms

We previously reported the natural history of SMA us-
ing questionnaires sent to doctors’. By analyzing this reg-
istry, we confirmed our previously reported natural his-
tory of SMA. In particular, tongue fasciculation was
common in patients with types I and II SMA, while fin-
ger fasciculation was common in patients with types II
and III SMA. The site of fasciculation was thought to be
the key to predicting the disease type. The proportions of
patients with type I and II SMA requiring respiratory and
feeding support were low compared to our previous re-
port’. Probably after registration, many patients have got-
ten worsen and need feeding and respiratory support.

TREAT-NMD reported that the percentage of patients
with type I SMA requiring invasive ventilation varied
significantly between countries. For example, in some
countries, reports suggest that no patients with SMA re-
ceive invasive ventilation, while in Italy, it is used in 13
out of 44 patients with type I SMA.’ This variability
might reflect differences in health care systems, avail-
ability of specialist care centers, physicians’ personal
preferences, or social and cultural considerations.’ Since
the SMART consortium aims to promote clinical trials, it
is expected that patients enrolled in the consortium will
be active in their treatment. On the other hand, patients
who are reluctant to take treatment may not find a reason
to enroll in the SMART consortium. When a tracheot-
omy becomes necessary due to respiratory muscle weak-
ness, patients who are active in treatment are more likely
to choose tracheotomy, while patients who are reluctant
to undergo treatment are more likely to choose to live out
their lives without tracheotomy.

In the same report,3 9% (439/5,068) of patients had
feeding tubes (type I, 83% [366/439] and type II, 13%

[57/439]). In SMART consortium, feeding tubes were in-
serted in 30% (79/262) of patients (type I, 70% [74/105]
and type II, 5% [5/106]). Similar to invasive ventilation,
there were variabilities in feeding support among coun-
tries (Table 3).

Scoliosis surgeries were performed in 9% (455/5,068)
of patients (type I, 6% [27/455]; type 11, 56% [254/455];
and type III, 38% [174/455]), as reported by TREAT-
NMD. In SMART consortium, 6% [16/263] of patients
underwent scoliosis surgery (type I, 1% [1/110]; type 11,
13% [14/111]; and type 111, 2% [1/41]). Scoliosis surgery
was reported to be rare in patients with type I SMA, and
most commonly utilized in patients with types II and III
SMA. Similar results were found in SMART consortium.
However, the proportion of patients who underwent sur-
gery was low in all types.’ Since SMART consortium
lists the presence or absence of scoliosis surgery at the
time of registration, we felt the information needed to be

updated.
4. Questionnaire on therapeutic drugs

It is noteworthy that the proportion of patients receiv-
ing treatment is increasing. The proportion of patients
undergoing treatment was 21% at the time of registration,
but increased to 74% in June 2019. Many patients started
treatment after registration. This is due to the remarkably
rapid progress in developing treatments for SMA in re-
cent years, with ongoing clinical trials and sustained mar-
keting campaigns. In addition, progressive amelioration
of the finger, arm, shoulder, and proximal lower extrem-
ity movements, as well as reduced fatigue, have been rec-
ognized by more than 30% of patients, confirming the ef-

ficacy of these treatments.
5. Registries

We started this registry at a time when SMA was un-
treatable with the intent to enroll patients in trials
(Figure 1). Currently, therapeutic drugs are being devel-
oped, and patients are being registered by pharmaceutical
companies (Table S1). However, it is difficult to share
information among registries due to the need for the pro-
tection of personal information. In addition, each com-
pany only registers the information related to the medica-
tions that the pharmaceutical company is investigating

and selling. Therefore, the information on the various



Table 3. Comparison with TREAT-NMD and Cure SMA.

type SMART consortium TREAT-NMD* Cure SMA**
total number 276 5,068 1,966 from total 6,583
1 33y N.D. 7 mo
average age at the
time of registraion 1 99y N.D. 34y
I 263y N.D. 115y
I 6.2 mo N.D. 5.2 mo
average age at the I 70 mo ND 221 mo
time of diagnosis " .
I 289 mo N.D. 97.8 mo
_ 20-29 y n=24 _ 20-29 y n=443
0-1yn=7 3039yn=9  O1yn=284 54507 nmd00
1-2 y n=8 1-2 y n=421
40-49 y n=8 40-49 y n=397
current age 2-5y n=48 50-59 v n=8 3-5yn=424 50-59 v n=167 N.D.
6-11'y n=94 yn= 6-9y n=523 yn=
12-19yn=52  0009yn=d 19 gsg  60-69yn=105
70-y n=7 70-y n=32
feeding tube ! 70%. n=14 n=439 (9%) type Il n=57 N-D.
II 5%, n=5 type I n=366 type Il n=18 ND.
I 60%, n=63 N.D.
_ n=178 (4%) type Il n=12
ey 1 2%, n=2 typeIn=153  type Illn=13 N-D.
respiratory 11 n=0 N.D.
support I 10%, n=10 N.D.
_ n=437 (9%) type Il n=127
NPPV I 34%, n=36 type [ n=250 fype Il n=60 N.D.
11 3%, n=1 N.D.
I 1%, n=1 4%
scoliosis surgery I 13%, n=14 1:;;15? 152?7) tt))//g: IIIII ?;21571 91%
I 3%, n=1 4%

* systemic review in August 2012.

** extending back from December 31, 2016 to January 1, 2010, the data of first contact to the Cure SMA.

treatments that have been administered to the patients
throughout their lives is not available. Henceforth, a reg-
istry should be developed to provide a comprehensive
view of all treatments that patients with SMA have taken
in their lifetimes. SMART consortium aims to do this and
will evolve to ensure that patients are registered and fol-
lowed throughout their lives. Collaboration and informa-
tion exchange between national registries, internationally
integrated registries, and registries operated by pharma-
ceutical companies will be important, while paying ut-
most attention to the handling of personal information.
For these reasons, in order to ensure the continuity of the
registry and to enable the provision of optimal treatment
to each individual, we are planning to join the Rare Dis-
ease Data Registry of Japan (RADDAR-J; https://www.r
addarj.org/), which is an information integration platform
that aggregates clinical information and information ob-
tained from biological samples collected by the Japan

Agency for Medical Development and the Intractable

Disease Research Group of the Ministry of Health,
Labour and Welfare.

Conclusion

The Japanese registry of patients with SMA is useful for
elucidating the natural history of SMA and recruiting pa-
tients for clinical trials. It was also found that many pa-
tients are benefiting from the new treatments. SMART
consortium is useful for understanding the natural history
and current status of patients with SMA in Japan. As
novel drugs are now being developed, SMART consor-
tium has the potential to be a source of information on
the clinical courses of patients throughout their lives,

with both accuracy and continuity.
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