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Abstract.
Background: GNE myopathy is an ultra-rare muscle disease characterized by a reduction in the synthesis of sialic acid
derived from pathogenic variants in the GNE gene. No treatment has been established so far.
Objective: We evaluated the safety and efficacy of oral supplementation of aceneuramic acid in patients with GNE myopathy.
Methods: This multicenter, placebo-controlled, double-blind study comprised genetically confirmed GNE myopathy patients
in Japan who were randomly assigned into treatment groups of sialic acid-extended release (SA-ER) tablets (6 g/day for 48
weeks) or placebo groups (4:1). The primary endpoint of effectiveness was set as the change in total upper limb muscle
strength (upper extremity composite [UEC] score) from the start of administration to the final evaluation time point.
Results: Among the 20 enrolled patients (SA-ER group, 16; placebo group, 4), 19 completed this 48-week study. The mean
value of change in UEC score (95% confidence interval [CI]) at 48 weeks was –0.1 kg (–2.1 to 2.0) in the SA-ER group and
–5.1 kg (–10.4 to 0.3) in the placebo group. The least squares mean difference (95% CI) between the groups in the covariance
analysis was 4.8 kg (–0.3 to 9.9; P = 0.0635). The change in UEC score at 48 weeks was significantly higher in the SA-
ER group compared with the placebo group (P = 0.0013) in the generalized estimating equation test repeated measurement
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analysis. In one patient in the SA-ER group, who was found to be pregnant 2 weeks after drug administration fetal death with
tangled umbilical cord occurred at 13 weeks after the discontinuation of treatment. No other serious adverse effects were
observed.
Conclusions: The present study indicates that oral administration of SA-ER tablets is effective and safe in patients with GNE
myopathy in Japan.

Keywords: GNE myopathy, clinical trial, Phase II/III, aceneuramic acid

Trial registration number: UMIN000020683 (UMIN Clinical Trials Registry) (https://center6.umin.ac.jp/cgi-open-
bin/ctr e/ctr view.cgi?recptno=R000023425)

INTRODUCTION

GNE myopathy (also known as distal myopathy
with rimmed vacuoles, hereditary inclusion body
myopathy, or Nonaka disease) is a hereditary mus-
cle disorder characterized by a decrease in muscle
strength, especially in distal muscles [1–6]. Partic-
ularly, tibialis anterior muscles are affected early at
the onset of this disease, resulting in a gradually pro-
gressive decrease in muscle strength in the four limbs.
However, the quadriceps femoris muscle is relatively
spared even after considerable progression of the dis-
ease. The onset of GNE myopathy is usually from the
late teens to the latter half of the thirties. According
to the information in the Registry of Muscular Dys-
trophy (REMUDY), the estimated mean period from
onset to loss of ambulation is 21 years [7]. It is an
ultrarare disease affecting about 200 to 300 people in
Japan.

Patients with GNE myopathy present with
pathogenic variants in the GNE gene, which encodes
uridine diphosphate-N-acetylglucosamine 2-epime
rase/N-acetyl mannosamine kinase (GNE/MNK) that
is a rate limiting enzyme for biosynthesizing of sialic
acid [8]. Lack of sialic acid supply in vivo is sus-
pected to be involved in the pathomechanism of GNE
myopathy.

The effectiveness of replacement therapy of the
most abundant sialic acid in vivo, aceneuramic acid,
was reported in a mouse model of GNE myopathy
[9, 10]. Continuous administration of aceneuramic
acid before the onset of the disease to model mice
restored the motor ability, contractile forces of the
skeletal muscles, biochemical parameters, and mus-
cular pathology of mice to the normal level [9, 10].
Thus, aceneuramic acid was considered an effective
therapeutic agent for the amelioration or control of
the progression of GNE myopathy.

The development of effective treatment modali-
ties for GNE myopathy proved to be challenging

because of the limited number of patients, slow pro-
gression, and lack of quantitative clinical outcomes
of the disease. We conducted an investigator-initiated
Phase I clinical trial for GNE myopathy patients from
November 2010 using aceneuramic acid for the first
time in Japan [11]. Phase I studies conducted in
the US using sialic acid-extended release (SA-ER)
tablets up to 6 g daily (2 g each time; three times
daily; oral dose) demonstrated a dose-dependent
increase in the serum free concentration of aceneu-
ramic acid, with no major concerns about safety [12].
Subsequently, a placebo-controlled phase II study
was conducted, wherein administration of SA-ER
(6 g daily) was found to be effective and safe [13].
Meanwhile, we conducted an additional investigator-
initiated Phase I study using SA-ER tablets (6 g daily
for up to 7 days), and found that the concentrations of
serum free aceneuramic acid were two to three times
higher than those observed before administration, and
the safety for the patients [11] was similar to the inter-
national phase II study [13]. However, international
Phase III study [14] ended in negative results.

On the basis of these findings, we conducted a
double-blind, placebo-controlled Phase II/III study
for up to 48 weeks, and evaluated the efficacy and
safety of a daily 6 g of SA-ER provided to patients
with GNE myopathy in Japan.

METHODS

Study design

This investigator-initiated multicenter collabora-
tive double-blind trial was conducted from March
2016 to July 2017, as cooperative research by the
Department of Neurology at Tohoku University Hos-
pital, National Center Hospital, National Center of
Neurology and Psychiatry (NCNP), Nagoya Uni-
versity Hospital, Osaka University Hospital, and
Kumamoto University Hospital in Japan. A proce-
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dure manual for each item was prepared for the
evaluation of the effectiveness of this trial in order
to avoid differences among evaluators. In order to
maintain consistency in the measurement methods
used, a video showing the standard measurement
procedure in accordance with the procedure manual
was created and used to explain to the examiners at
the start-up meeting. GNE myopathy patients were
recruited with the cooperation of Patients Associa-
tion for Distal Myopathies (PADM) and REMUDY
in Japan [7]. Qualified individuals were registered
using Electronic Data Capture (EDC). Investigational
drugs were randomly assigned to participants by an
independent third party.

As GNE myopathy is an ultra-rare disease, we
decided to assign the number of patients in the SA-
ER group to four times that of the placebo group so
as to gather as much information as possible from the
SA-ER group. These numbers are based on statistical
calculation and achieved required power. The subject
registration center made dynamic assignments, tak-
ing into consideration a balance of factors between
groups. The doctor started the administration of the
drug and monitored the patient every 8 weeks for 48
weeks. As SA-ER (6 g daily) was found to be effec-
tive and safe in a placebo-controlled phase II study
[13], and decline of muscle power was observed dur-
ing 48 weeks in placebo group, we conducted our
study in the period of 48 weeks. The assignment table
and the emergency key created based on the table
were strictly preserved by the investigational drug
assignment managers until the data were fixed after
the trial.

Standard protocol approvals, registrations, and
patient consents

The study protocol was approved by the institu-
tional review board of each medical institution. All
participants in this study provided informed consent
prior to any study-specific procedures. The study was
conducted in accordance with the ministerial ordi-
nance on clinical trial standards for pharmaceuticals
(Good Clinical Practice [GCP], the Declaration of
Helsinki). This study was registered in UMIN-CTR
(UMIN000020683).

Inclusion and exclusion criteria

Patients aged 20 to 50 years, irrespective of
gender, with confirmed pathogenic variants of the
GNE/MNK enzyme along with a written diagnosis

of GNE myopathy were included in this study. As
our target population was mild to moderately affected
patients with selected muscles to be in active degen-
eration, we decided to register more than 15 patients
who could walk ≥200 m in the 6-minute walking test
(6 MWT) and reproduce the muscle strength of the
elbow extensor, as measured by a dynamometer at
the time of screening with the difference between two
measured values of the dominant hand being less than
15%. The use of ankle foot orthoses was allowed. If
the patient or partner was capable of fertile, we agreed
to provide effective contraceptive measures from the
time of providing consent to 3 months after the trial.
Female patients underwent pregnancy tests during the
trial.

The main exclusion criteria included the fol-
lowing: those who had ingested sialic acid,
N-acetyl-D-mannosamine (ManNAc), intravenous
immunoglobulin (IVIG), or similar drug, sports sup-
plements or whey protein, which are metabolized to
produce sialic acid within 60 days before screening;
a treatment history of sialic acid for ≥30 days; hyper-
sensitive to sialic acid; and those (or their partners)
who were pregnant or lactating at the time of screen-
ing or planning to become pregnant during the trial.

Investigational drugs and dosage regimen

The investigational drugs included a SA-ER
tablet containing 500 mg of aceneuramic acid and a
placebo. Both tablets were white, film-coated, and
indistinguishable from each other. The patients were
orally given four SA-ER (2 g/each time) or placebo
tablets, three times daily (in the morning, early
evening, and at bedtime) (SA-ER 6 g/day) after meals
(within 30 min after eating meals or snacks) for a
period of 48 weeks.

Evaluation and survey contents

The evaluation schedule used in this study is shown
in Supplementary Table 1. Details regarding age,
sex, height, weight, present and past medical his-
tory, complications, pretreatment drugs, concomitant
medications, and combination therapy were col-
lected. Blood and urine sampling were performed
before the start of administration and before adminis-
tration at Week 8, 16, 24, 32, 40, and 48 (or at the early
termination). Serum-free aceneuramic acid (trough
value), urinary total, free and bound aceneuramic acid
concentrations (creatinine correction; trough values)
as well as urinary ManNAc concentration (to deter-
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mine the presence or absence of ingested ManNAc)
were measured by triple-stage quadrupole mass spec-
trometry (LC-API/MS/MS), which was performed
by Intertek Pharmaceutical Services. Efficacy mea-
surements included muscle strength composite scores
(UEC and LEC scores) [13, 14], the GNE myopathy
functional activity scale (GNEM-FAS) [15], sit-to-
stand test [16, 17], weighted arm lift test [16], and
6 MWT [18]. Muscle strength was measured using
hand held dynamometer. UEC is the sum of muscle
strength in upper limbs. The GNEM-FAS is a GNE
myopathy-specific measure developed to assess the
functional impact of changes in muscle strength. The
scale consists of 3 domains; upper extremity, mobil-
ity, and self-care, and scores for each domain and a
total score will be obtained. The GNEM-FAS was
administered at baseline and Week 8, 16, 24, 32, 40,
and 48 (or at early termination) to evaluate physical
functioning. Muscle strength and walking distance
in the 6 MWT were determined based upon the
predicted standard values for healthy adults, which
were ascertained by gender, age, weight, and height
(depending on the parameters); the percentages of
these measurements were also calculated [19–23].
Efficacy parameters were measured every 8 weeks
from the start of administration until the 48th week
[24, 25]. Furthermore, the Individual Neuromuscular
Quality of Life Questionnaire (INQoL) [26] was used
along with measurements of clinical global impres-
sion [27, 28] and serum creatinine kinase (CK) levels.
The Columbia Suicide Severity Rating Scale (C-
SSRS) [29] regarding suicide ideation/attempt, vital
signs, ECG, clinical examination, interval-clinical
history, and adverse events were monitored as safety
measures. In addition, the medication status, presence
or absence of overdose, pregnancy tests, and partner’s
pregnancy were recorded.

Evaluation criteria

The primary endpoint was the change in the total
score of the UEC score from the start of adminis-
tration to the final evaluation time point, which was
also employed as the primary endpoint in the inter-
national phase II and III studies [13, 14]. As the
effect of the drug was expected to be small in each
muscle from the results of the international phase II
clinical trials that preceded the current study, UEC
using the dynamometer was considered the appro-
priate primary endpoint. Secondary endpoints were
changes in GNEM-FAS scores in the upper extrem-
ity domain and mobility domain, lower extremity

composite (LEC) score, sit-to-stand test score (30-
second), Number of lifts in the weighted arm lift
test (30-second), muscle strength and its percentage
relative to the predicted standard value of knee exten-
sors, and 6 MWT at the time of final evaluation.
The tertiary endpoints were changes in the percent-
ages of the number of UEC and LEC scores relative
to their predicted standard values, muscle strength
and the percentages relative to the predicted stan-
dard values of individual muscle groups in the upper
and lower extremities, self-care domain and total
GNEM-FAS scores, clinical global impression (CGI)
score, total score of the nine health-related items
in the INQoL score, CK concentration, serum free
aceneuramic acid concentration (trough value), and
urinary aceneuramic acid concentration (free, total,
and bound: creatinine correction; trough value) at the
time of final evaluation.

The severity of adverse events was evaluated using
or according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events ver.
4.03 (NCI CTCAE).

Statistical analysis

Regarding demographic and baseline characteris-
tics the frequency distribution (%) for categorized
items and summary statistics for continuous data
were calculated. The full analysis set (FAS) was used
for the efficacy analysis excluding ineligible cases,
those untreated with investigational drugs, and those
from which efficacy information after the start of the
study was not obtained.

For primary, secondary, and tertiary endpoints, the
summary statistics and their 95% confidence intervals
(CI) of the mean changes from the start of admin-
istration to the final evaluation time point in each
dose group were calculated. Last Observation Car-
ried Forward (LOCF) was used as the final evaluation
point. Covariance analysis was performed with the
changes at the time of the final evaluation as response
variables, the pre-administration values as covariates,
and administration group, gender, and the total dis-
tance walked (meters) in 6 MWT (<200 m, ≥200 m)
as explanatory variables.

Generalized estimating equation (GEE) [13, 14]
repeated measures analysis with the change from
the start of administration as response variable, as a
covariate, and with administration group, time point,
gender, and 6 MWT (<200 m, ≥200 m) as fixed effect
was employed. Missing data in individual patients
was treated as missing.
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Fig. 1. CONSORT flow diagram. Twenty patients were finally selected and randomly assigned to two treatment groups (16 in the SA-ER
group and 4 in the placebo group).

In the safety assessment, all adverse events were
encoded using the Medical Dictionary for Regula-
tory Activities (MedDRA/J Ver. 20.0) drug regulation
glossary. The frequency of adverse events as well as
their rates were summarized.

Sample size and statistical power

To collect as much information as possible from the
SA-ER group, the ratio of subjects receiving SA-ER
to placebo was set to be 4:1. The planned total num-
ber of subjects was 15 (SA-ER 12, placebo 3). The
power that can evaluate the similarity to the results
of the international phase III study was calculated as
follows.

1) The change in UEC score across the SA-ER
groups of both the present study and the international
phase III study [14] was assumed to be 2 kg, the SD
to be 6 kg, and the number of subjects to be 12 and 40
in the two studies, respectively. The probability of the

change in UEC score in the present study being below
the lower limit of 95% CI of the change in UEC score
in the international phase III study was calculated to
be 85%. 2) In the present study, the change in UEC
score was assumed to be 2 kg in the SA-ER group
and –3 kg in the placebo group, and the SD to be 6 kg.
The probability of the point estimate of the change in
UEC score in the SA-ER group being over that in the
placebo group was calculated to be 91%.

Data availability

All participant data, study protocol, and statistical
analysis plan will be provided upon request.

RESULTS

Figure 1 presents CONSORT flow diagram of this
clinical trial. Among the 21 patients who were pro-
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visionally registered during the start of the clinical
trial, 20 were finally selected and randomly assigned
to two groups (16 in the SA-ER group and 4 in the
placebo group). One patient in the SA-ER group dis-
continued because they turned out to be pregnant at
2 weeks after the start of drug administration. The
nineteen patients who completed the trial formed the
FAS.

Table 1 and Supplementary Table 2 show the
demographic characteristics and other baseline char-
acteristics at the start of administration in the FAS.
The pre-UEC value was 31.5 ± 14.6 kg in the SA-
ER group and 46.0 ± 22.7 kg in the placebo group
(P = 0.131; t-test). No differences (t-test or χ2 test;
P ≥ 0.15) in the other items were noted between
the two groups. The ratio of males to females was
5:10 in the SA-ER group and 2:2 in the placebo
group, respectively. The number of females in the
SA-ER group was higher but with no significance
(P = 0.539; χ2 test). Six males and 12 females (SA-
ER, 14; placebo, 4) were able to walk ≥200 m in 6
minutes in the current study (Table 1). Any significant
co-morbidities were not reported.

The medication compliance rate was high, with all
cases presenting with >70%, which was the highest
category of evaluation. Confirming this, the concen-
tration of serum free aceneuramic acid measured was
0.150 ± 0.058 �g/mL (mean ± SD) before adminis-
tration and 0.543 ± 0.425 �g/mL after 48 weeks of
administration in the SA-ER group (n = 15), com-
pared to 0.149 ± 0.029 and 0.147 ± 0.031 �g/mL
before and after 48 weeks of administration, respec-
tively, in the placebo group (n = 4) (Table 1, Fig. 2,
Supplementary Table 2). The levels of serum free
aceneuramic acid in the 15 patients of the SA-ER
group after 48 weeks were more than three times
those in the non-administration period.

Efficacy evaluation

Primary endpoint
The mean value (95% CI) of UEC score change

was –0.1 kg (–2.1 to 2.0) in the SA-ER group and
–5.1 kg (–10.4 to 0.3) in the placebo group (Table 2).
Covariance analysis revealed that the least squares
mean (95% CI) of score change after 48 weeks of
treatment was –1.4 kg (–5.9 to 3.1) in the SA-ER
group and –6.2 kg (–12.4 to 0.1) in the placebo group,
with a difference of 4.8 kg (–0.3 to 9.9; P = 0.0635)
between the two groups. Figure 3 shows the tran-
sition of the change in UEC scores before and after
administration in each group. GEE repeated measures

analysis showed that the estimated values of change
(95% CI) at 48 weeks were –1.0 kg (–2.5 to 0.5) in
the SA-ER group and –5.7 kg (–8.0 to –3.4) in the
placebo group, with a significant difference of 4.7 kg
(1.8 to 7.5; P = 0.0013) between the two groups. Thus,
the UEC scores decreased more in the placebo group
compared with the SA-ER group during the study.

Secondary and tertiary endpoints
The mean values of changes at the final evaluation

time point and the 95% CI for each dosage group with
regards to secondary and tertiary endpoints are shown
in Table 2 and Supplementary Table 3. The covariance
analysis was performed in the same way as that for
the primary endpoint. In most of the secondary and
tertiary endpoints, the SA-ER group showed a better
tendency than the placebo group; moreover, signif-
icant differences in the muscle strength of shoulder
abductors and the percentage of the predicted stan-
dard value thereof were noted.

Changes over time in GNEM-FAS scores, lower
extremity composite score, muscle strength of knee
extensors, sit-to-stand test, weighted arm lift test,
INQoL, and CK before administration to after drug
administration between the groups are shown in Sup-
plementary Figures 1–5.

Safety evaluation
A total of 67 incidences of adverse events were

observed in 14 out of 16 cases (87.5%) in the SA-ER
group and 10 incidences in 3 out of 4 cases (75.0%) in
the placebo group (Supplementary Table 4). On the
basis of System Organ Class (SOC), infections and
infestations were the most common in both groups
at 75.0%, with gastrointestinal disorder at 31.3%
and 50.0% in the SA-ER group and placebo group,
respectively. Although these events were considered
mild or moderate, the number of cases was higher in
the SA-ER group compared with the placebo group.
Adverse reactions (events judged to have a causal
relationship with the investigational drug, probably
and possibly related) in the SA-ER group included
angular cheilitis, headache, constipation, rash, pain
in extremity, and fetal death, while in the placebo
group, stomatitis was observed (Table 3).

The trial was initiated in one pregnant patient
because a urine pregnancy test was negative at the
start of administration; the drug was terminated when
she was found to be pregnant about 2 weeks later. It
is likely that the patient was pregnant at the start of
administration. Fetal growth was good until 13 weeks
of pregnancy, but fetal death was confirmed 112 days
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Table 1
Demographic and baseline characteristics (selected: Full analysis set is in supplementary table 2)

Characteristic SA-ER 6 g/day Placebo Total t-test or
n = 15 n = 4 n = 19 χ2 –test

Age(years) mean ± SD 41 ± 7 37 ± 1 40 ± 6 0.238
median(min,max) 42(26, 48) 37(35, 38) 42(26, 48)

Sex male n(%) 5(33.3) 2(50.0) 7(36.8) 0.539
Female 10(66.7) 2(50.0) 12(63.2)

Height(cm) mean ± SD 164.5 ± 8.2 169.7 ± 11.3 165.6 ± 8.8 0.307
median(min,max) 164.2(153.4, 177.6) 168.7(158.7, 182.8) 164.2(153.4, 182.8)

Weight(kg) mean ± SD 60.6 ± 15.8 63.0 ± 10.5 61.1 ± 14.6 0.781
median(min,max) 60.0(39.7, 94.1) 65.1(48.5, 73.4) 63.8(39.7, 94.1)

Age at symptom onset(years) mean ± SD 30 ± 7 27 ± 1 29 ± 6 0.450
median(min,max) 30(13, 40) 27(26, 27) 27(13,40)

Disease duration(years) mean ± SD 11 ± 5 10 ± 1 11 ± 5 0.618
median(min,max) 10(5, 22) 11(8, 11) 10(5, 22)

6-minutes walking test mean ± SD 323.4 ± 104.1 281.0 ± 65.0 314.5 ± 97.2 0.454
median(min,max) 324.0(140.0, 507.4) 273.5(210.0, 367.0) 296.3(140.0,507.4)

<200 m n(%) 1 (6.7) 0 (0.0) 1 (5.3)
≥
−

200 m 14 (93.3) 4 (100.0) 18 (94.7) 0.596

6-minutes walking test(% predicted) mean ± SD 46.8 ± 15.6 38.7 ± 7.1 45.1 ± 14.5 0.339
median(min,max) 45.3(19.3,70.0) 38.1(30.7, 48.0) 41.0(19.3, 70.0)

Sit-to-stand test mean ± SD 11.0 ± 6.6 12.8 ± 3.9 11.4 ± 6.1 0.623
median(min,max) 12(0, 19) 12(9, 18) 12(0, 19)

Weighted arm lift test mean ± SD 24.8 ± 9.9* 23.8 ± 18.5 24.5 ± 11.8 0.890
median(min,max) 23.5(10, 46.5) 25(0, 45) 24.8(0.0, 46.5)

Serum free aceneuramic acid (�g/mL) mean ± SD 0.150 ± 0.058 0.149 ± 0.029 0.150 ± 0.052 0.972
median(min,max) 0.140(0.106, 0.335) 0.152(0.118, 0.175) 0.140(0.106, 0.335)
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Fig. 2. Serum free aceneuramic concentration. The concentration of serum free aceneuramic acid measured was 0.150 ± 0.058 �g/mL
(mean ± standard deviation) before administration and 0.543 ± 0.424 �g/mL after 48 weeks of administration in the SA-ER group (solid
line; n = 15). In comparison, 0.149 ± 0.029 and 0.147 ± 0.031 �g/mL before and after 48 weeks of administration, respectively, in the placebo
group (dotted line; n = 4).

after the start of administration. The umbilical cord
was wrapped around the fetus’ neck. The fetus was
removed shortly afterward, and the patient recovered
without any problems. This event occurred in one
patient from the SA-ER group, and the causality was
thought to be low.

DISCUSSION

This study met its primary efficacy outcome
measure and showed a significant improvement in
the change from baseline to 48-week observational
period between the SA-ER and placebo groups. GEE
repeated measures analysis, which was used to com-
pare the effect of SA-ER and placebo in the previous
studies [13, 14], revealed rather preserved muscle
strength in the SA-ER group than in the placebo group
at Week 48 with a significant difference of 4.7 kg (1.8

to 7.5; P = 0.0013) between the two groups. A covari-
ance analysis showed a numerically smaller change in
UEC at Week 48 in the SA-ER group compared with
the placebo group, although the difference did not
reach the significant level. This may be due to insuf-
ficient statistical power from the small sample size in
this study. Evaluation of the secondary and tertiary
endpoints supported the favorable effect of SA-ER
in the primary endpoint, with the numerical values
of most items higher in the SA-ER group compared
with the placebo group.

Although the results of this study indicated an effi-
cacy similar to that in the international Phase II study
[13], the findings are different from those in the inter-
national Phase III study [14], which ended in negative
results. The international Phase III SA-ER study
enrolled 89 adults with GNE myopathy able to walk
≥200 meters in the 6 MWT. Patients were random-
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ized 1:1 to SA-ER at a dose of 6 g/day or a placebo
for 48 weeks. The study did not meet the primary
endpoint of demonstrating a statistically significant
improvement in UEC score (+0.74 kg, P = 0.5387)
for SA-ER treated patients (n = 45, –2.25 kg) com-
pared to the placebo (n = 43, –2.99 kg) patients for
the change from baseline to 48 weeks [14]. A com-
parative analysis of detailed data between the studies
is difficult. However, a possible reason for the dis-
crepancy could be difference in patient background
variation. The international Phase II trial was con-
ducted only in two countries (the United States and
Israel) and the current trial only in Japan, while the
international Phase III trial was conducted widely by
the joint faculties of United States, Israel, Bulgaria,
France, Canada, Italy, and the UK. Therefore, varia-
tion in ethnicity and possibly in genetic background
in the international Phase III trial was larger com-
pared to that in the phase II study and the present
study. Interestingly, a natural history study suggests
ethnic differences in disease severity and progres-
sion, with Bulgarians having more severe symptoms
and faster progression [30]. It appears likely that
a relatively homogenous genetic background may
have contributed to revealing a benefit in the present
study.

One of the problems of multi-center trials is
inter-institution and inter-investigator variation in
measurement and evaluation of outcomes. In this
regard, a limited number of well-trained institutions
and investigators participating in a multi-center trial
may have the advantage of minimizing such varia-
tions. It may be particularly important for a disease
presenting with substantial individual differences in
pathology and progression such as GNE myopathy.
Overall, it is considered that minimizing dispersion
in UEC score will result in an increase in statistical
power to detect a significant difference between the
SA-ER and placebo groups.

Further, the decrease in UEC score to Week 48
(about 3 kg) in the placebo group in the international
phase III study was clearly smaller than that in the
present study (about 5 kg) and below the originally
assumed difference (5 kg) between the SA-ER and
placebo groups. The unexpectedly small decrease in
UEC score in the placebo group probably diminished
the power to detect a difference between treatment
groups. In addition, serum free aceneuramic acid con-
centration at Week 48 was lower in the international
phase III study for unknown reasons, which might be
associated with the lower effect of SA-ER observed
in the study.
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Fig. 3. Change in upper extremity composite (UEC) score. GEE repeated measures analysis showed that the estimated values of change
(95% CI) at 48 weeks were –1.0 kg (–2.5 to 0.5) in the SA-ER group and –5.7 kg (–8.0 to –3.4) in the placebo group, with a difference of
4.7 kg (1.8 to 7.5; P = 0.0013) between the two groups.

Table 3
Adverse reactions during the period of clinical trial

SA-ER n = 16 Placebo n = 4
no. of events no. of subjects % no. of events no. of subjects %

Total 6 4 25 1 1 25
Infections and infestations 1 1 6.3 0 0 0

Angular cheilitis 1 1 6.3 0 0 0
Nervous system disorder 1 1 6.3 0 0 0

Headache 1 1 6.3 0 0 0
Gastrointestinal disorder 1 1 6.3 1 1 25

Constipation 1 1 6.3 0 0 0
Stomatitis 0 0 0 1 1 25

Skin and subcutaneous tissue disorders 1 1 6.3 0 0 0
Rash 1 1 6.3 0 0 0

Musculoskeletal and connective tissue disorders 1 1 6.3 0 0 0
Pain in extremity 1 1 6.3 0 0 0

Pregnancy, puerperium and perinatal conditions 1 1 6.3 0 0 0
Fetal death 1 1 6.3 0 0 0

Overall, aceneuramic acid was well tolerated with-
out any serious adverse effects considered to have
an apparent causal relationship. Fetal death was
observed as a serious adverse event in one patient
belonging to the SA-ER group. Although a rela-
tionship with the investigational drug could not

be denied, it was thought that the relevance was
low because reproductive and developmental toxi-
city were not observed in the preclinical tests of
aceneuramic acid. Likewise, findings suggestive of
mutagenicity and chromosomal aberration induction
were not observed in the genotoxicity test of aceneu-
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ramic acid. Moreover, no abnormalities were detected
in a chromosomal examination of the dead fetus.
The investigational drug administration period was
2 weeks, and the growth of the fetus was good at 9
weeks after discontinuation of the drug. According to
the obstetrician and gynecologist at the time of fetal
removal, the umbilical cord was tangled around the
neck of the fetus. Owing to the absence of any other
serious adverse events, we believe that this drug is
safe for use in a clinical setting.

This study has some limitations. First, the number
of patients is limited (15 SA-ER and 4 placebo). The
current investigator-initiated Phase II/III trial target-
ing GNE myopathy invited these patients with the
cooperation of PADM and REMUDY. At the time of
registration, a total of 121 cases in Japan have been
recorded in the REMUDY database. To avoid the vari-
ance of evaluation among countries or ethnicity, we
designed the trial independently from the global clini-
cal trial with the tradeoff of the limitation of the size of
the study. However, the small size may have reduced
the statistical power to detect the significant efficacy
of SA-ER in the covariance analysis. In addition, in
order to collect as much information as possible from
the SA-ER group and based on ethical consideration,
the assigned number of patients in the SA-ER group
was four times that of the placebo group. The unequal
randomization ratio (4:1) may have also reduced the
statistical power.

Second, to evaluate walking ability as well as
UECs we decided to include as many patients as pos-
sible who could walk >200 m in the 6 MWT. As a
result, 20 of the 21 registered cases qualified for par-
ticipation, 19 of whom were able to walk >200 m
at the start of administration. Comparatively mild
patients were evaluated in this study. The effect in
patients at an advanced stage (e.g. wheelchair bound)
cannot be warranted. Finally, as GNE myopathy pro-
gresses slowly over a long period of time with large
individual differences, the long-term effect of SA-ER
also needs to be elucidated. A subsequent exten-
sion and confirmation study is warranted to ascertain
whether there is comprehensive effectiveness.

CONCLUSION

In the present study, SA-ER tablets were orally
administered (6 g/day for 48 weeks) to patients with
GNE myopathy in Japan. Disease progression in the
total value of upper limb muscle strength was sup-
pressed. As side effects of the drug did not appear to

be of major concern, SA-ER administration could be
beneficial for GNE myopathy.
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