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Fig. 1. (A) Mean LVM Z scores and (B) mean shortening fi

raction Z scores from baseline to last assessment; vertical bars

indicate standard error. Dotted line represents a normal Z score.

the infusion and administering symptomatic treatment. All 11
patients recovered without sequelae and continued treatment.
Retrospective analysis of two patients with IARs suggestive of
hypersensitivity reactions found those patients to be IgE nega-
tive. Infusion interruption and symptomatic treatment resolved
these reactions and both patients were rechallenged success-
fully.

Syix patients died during the treatment period; none of the
deaths were attributed to treatment. All of the deaths were
attributed to cardiac and/or respiratory causes, including cardiac
or cardiorespiratory arrest, acute pulmonary edema, arrhythmia,
and respiratory failure secondary to bronchiolitis.

Antibody response

Nineteen of 20 (95%) patients with postbaseline blood draws
developed IgG antibodies to alglucosidase alfa. All but one of
these patients seroconverted by Week 12; the median time to
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seroconversion was 4 weeks. The one patient who remained
seronegative died before Week 8. Of the 19 patients who serocon-
verted, two tested negative for IgG antibodies at their last as-
sessment (at Weeks 104 and 156); the maximum titer reported
for both of these patients was 400. At last assessment, 14
patients had antibody titers between 200 and 6400, whereas
three patients had titers between 51,200 and 102,400. Of note,
last IgG antibody titers in the two CRIM-patients were 102,400
(patient died in Week 15) and 6,400 (patient died in Week 101).
None of the patients who seroconverted exhibited significant
inhibitory antibody activity by either assay at any time point.

DISCUSSION

In this study, a group of infants and children with Pompe
disease treated with alglucosidase alfa demonstrated improved
survival and invasive ventilation-free survival in comparison
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Fig. 2. (A) Mean body length Z scores and (B) mean body weight Z scores and relation to CDC growth chart norms.

with patients in an untreated reference cohort. All but one
patient had onset of symptoms in the first 12 months of life and
all exhibited signs of advanced disease (e.g., need for ventilator
support, markedly delayed motor development, and/or elevated
LVMI). A previous study showed that alglucosidase alfa sig-
nificantly extended survival and ventilator-free survival in a
more homogeneous group of young infants who were treated at
a relatively early stage of disease progression.? The present
study shows that this benefit extends to older infants and chil-
dren.

In addition to improving survival in young patients, algluco-
sidase alfa has also been shown to improve Pompe disease
manifestations such as indices of cardiomyopathy, and to allow
patients to continue motor development beyond the point at
which it is arrested in untreated patients.3-° In the present study,
clear improvements over baseline were demonstrated in these
areas. Although these outcomes were not directly compared
with the untreated cohort, they contrast sharply with the well-
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documented natural course of the disease in infants and young
children. 10,20

In any rapidly progressing disease, age is typically associated
with worsening clinical status. In natural history studies of
Pompe disease, patients presenting with symptoms in the first
year of life have poor prognoses. The historical, rigid separation
of Pompe disease into infantile-onset and late-onset has come
into question recently as more is learned about the inconsistency
of age at clinical presentation and progression of disease; age at
onset of symptoms of disease does not always correspond with
speed of progression or prognosis. The current cohort is a group
of patients with rapid yet variable disease progression, as dem-
onstrated by the heterogeneity of age and clinical involvement
at initiation of treatment. We included only patients with onset
of disease symptoms in infancy and, with one exception, mea-
surable cardiac involvement. Although these are the generally
accepted criteria for infantile-onset Pompe disease, it is clear
that the rate of disease progression varied in this cohort. Previ-
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ous studies indicate that where there is cardiac involvement and
motor impairment, disease progression is generally rapid in the
absence of treatment. In this study, response to treatment was
generally more pronounced in patients with better preservation
of cardiac, respiratory, or skeletal muscle function at baseline. It
is notable that patients who were older at the time of first ERT
infusion (and therefore likely had a more slowly progressive
disease course) had a better response to treatment. Of the four
oldest patients, two normalized their LVM Z scores and all four
had measurable motor gains with treatment. However, despite
their advanced age by the end of the study (3-6 years, with
treatment duration between 12 and 37 months), only one of
these patients could walk by the end of the study and two
remained dependent on invasive ventilation. These results sug-
gest that baseline clinical status is a better indicator of Pompe
disease progression and potential response to treatment than age
alone.

In untreated Pompe disease, cardiomyopathy parameters ob-
served in infants worsen over time and eventually lead to
congestive heart failure.'920 In this study, all patients with
echocardiograms beyond 12 weeks demonstrated improvement
or maintenance of normal LVMI; notably more than half of
patients attained a normal LVM (Z score =2) by last assess-
ment. Measurements of cardiac function also improved; the
initial, transient drop in mean SF that was observed may be due
to an initial remodeling phase potentially prompted by the rapid
removal of glycogen from the cardiac walls. The overall im-
provement in cardiac status likely contributed to the prolonged
survival rates observed in this study. '

Motor development is often completely arrested in untreated
infants and children with Pompe disease, or if motor milestones
are achieved, they are subsequently lost.1020 In the present
study, many patients acquired new motor and functional skills.
The majority of patients who did not show motor gains had
undetectable muscle GAA activity and more advanced disease
at baseline, including lower age-equivalent motor scores. Ad-
ditionally, almost all patients in the study demonstrated the
acquisition of functional skills as measured by the Pompe PEDI,
this measure provides a more sensitive and comprehensive

- assessment of the ability to perform skills required for many

activities of daily living than motor evaluations alone.!5:16

Failure to thrive is another typical finding in infants with
untreated Pompe disease.19:20 A natural history study found that,
despite the frequent use of tube feeding (in 59.5% of patients),
53% of untreated Pompe patients failed to maintain normal
growth in the first year of life.10 In contrast, in the present study,
almost all patients maintained weight- and length-for-age per-
centiles above the 3rd percentile through the study. It should be
noted that patients who required long-term invasive ventilation
at any point in the study received tube feedings.

BSID-2 age-equivalent scores indicated continued cognitive,
language, and personal-social development for the majority of
patients. Little is known about cognitive development in infants
with Pompe disease because of the early mortality observed in
untreated patients; the interpretation of the findings observed is
complicated by the difficulties inherent in performing a stan-
dardized test administration to patients who have oral-motor
and gross- and fine-motor deficits, as well as possible hearing
loss,2! which may significantly affect test performance.

Previously published data suggest that the extent of muscle
damage may predict response to treatment with alglucosidase
alfa.%22 The results of this study provide additional support for
this observation. Four patients who died before Week 52 had
negligible baseline muscle GAA activity levels. Motor function
at baseline was also worse in these patients (four had age-
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equivalent baseline motor scores of 1 month or lower) and one
was already invasively ventilated at baseline. The patients who
were walking or sitting independently at the end of the study, in
contrast, had higher muscle GAA activity and better baseline
motor function at baseline than those who made no significant
motor gains, suggesting greater preservation of muscle tissue.

Although alglucosidase alfa seems to have increased the
activity of GAA in muscle in this study, GAA activity levels
changes did not consistently correlate with muscle glycogen
content. This result is consistent with previous findings that
increased muscle GAA activity after ERT does not always
correlate with clearing glycogen from muscle tissues or with
motor improvements.®10 It is notable that samples in this and
previous studies®10 were taken exclusively from quadriceps;
glycogen content measurements may not be consistent across
various muscle groups in a single patient. Animal model studies
have shown that glycogen clearance after thGAA administra-
tion decreased as glycogen load increased (as animals aged).?®
Different muscle fiber types with varying density of receptors
and degrees of autophagy may exhibit differential clearance of
glycogen in the presence of enhanced GAA activity.23-25

Although approximately half of the patients treated with
alglucosidase alfa in this study experienced IARs, none of the
IARs led to the cessation of treatment. Although most patients
developed antibodies against alglucosidase alfa, the majority
showed a trend toward decreasing titers over time and none had
evidence of in vitro inhibitory activity. The higher (40 mg/kg)
dose of alglucosidase alfa was generally well tolerated, but this
dose did not seem to change patients’ clinical response. How-
ever, assessments and analyses were not resynchronized after a
patient changed doses, and therefore meaningful conclusions
regarding the safety or efficacy of the higher dose cannot be
drawn from this study.

CONCLUSION

In this heterogeneous population of infants and children with
advanced Pompe disease, ERT with alglucosidase alfa begin-
ning after 6 months of age extended survival and invasive
ventilator-free survival compared with the untreated reference
group. In addition, the majority of patients treated with algla-
cosidase alfa improved echocardiographic indices of cardiomy-
opathy and made growth and motor development gains not
typically observed in untreated infants and children. The results
of this study are promising in that they show that alglucosidase
alfa can reduce the mortality caused by this rapidly progressive,
life-threatening disorder even when treatment is started at a
more advanced stage of disease.
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Myoclonic Epilepsy
With Ragged-Red
Fibers Without
Increased Lactate
Levels

Shigemi Kimura, MD, PhD, Shiro Ozasa, MD,
Kyoko Nakamura, MD, Keiko Nomura, MD,
and Hirofumi Kosuge, MD

Myoclonic epilepsy associated with ragged-red fibers is
one of the mitochondrial encephalomyopathies. Patho-
genic mitochondrial DNA mutations have been identi-
fied in the mitochondrial transfer RNA (tRNA)™* at
positions 8344 and 8356. Characteristics of myoclonic
epilepsy associated with ragged-red fibers include myo-
clonic epilepsy, generalized epilepsy, hearing loss, exer-
cise intolerance, lactic acidosis, and ragged-red fibers.
The elevated lactate level is one of the most important
symptoms needeéd to make a diagnosis of mitochondrial
encephalomyopathy. In the present case, however, myo-
clonic epilepsy was associated with ragged-red fibers
but without increased lactate levels. Therefore,
myoclonic epilepsy associated with ragged-red fibers
should be suspected in a patient who has myoclonic ep-
ilepsy that is difficult to control with antiepileptic med-
ications and who has other symptoms of mitochondrial
disease, such as mental retardation, even if the patient’s
lactate level is normal. © 2009 by Elsevier Inc. All
rights reserved.

Kimura S, Ozasa S, Nakamura K, Nomura K, Kosuge H.
Myoclonic epilepsy with ragged-red fibers without in-
creased lactate levels. Pediatr Neurol 2009;41:46-48.

Introduction

Mitochondrial encephalomyopathies are classified pri-
marily as chronic progressive external ophthalmoplegia
[1], mitochondrial myopathy, encephalopathy, lactic acido-
sis, and stroke-like episodes (or MELAS syndrome) [2],
and myoclonic epilepsy with ragged-red fibers (or MERRF
syndrome) [3]. Myoclonic epilepsy with ragged-red fibers
is a multisystem disorder characterized by myoclonus, gen-
eralized epilepsy, ataxia, hearing loss, exercise intolerance,
lactic acidosis, and ragged red fibers visualized by Gomori
trichrome stain in muscle biopsy. The fibers also react in-
tensely with succinate dehydrogenase stain. Furthermore,
both ragged red fibers and some non-ragged red fibers fail
to stain with the histochemical reaction for cytochrome ¢
oxidase [4]. Myoclonic epilepsy with ragged-red fibers bi-
opsies also show strongly succinate dehydrogenase-posi-
tive blood vessels, which are uniformly cytochrome c
oxidase-negative.

Approximately 80-90% of patients with myoclonic
epilepsy with ragged-red fibers have A8344 G mutations
in the mitochondrial DNA tRNAM* gene [5]. The disease
is maternally inherited. The first laboratory test needed for
patients in whom mitochondrial encephalomyopathies are
suspected is the measurement of the serum levels of lactate
and pyruvate. Increased levels of lactate and pyruvate are
strongly suggestive of the presence of a mitochondrial ence-
phalomyopathy [6].

Presented here is a case of myoclonic epilepsy with rag-
ged-red fibers but without increased lactate levels. The diag-
nosis was more easily identified because the patient’s
mother, maternal aunt, and maternal grandmother had
already been diagnosed with myoclonic epilepsy with rag-
ged-red fibers. Thus, myoclonic epilepsy with ragged-red
fibers should be suspected in any patient who has the
symptoms of mitochondrial encephalomyopathy and of
myoclonic epilepsy that is difficult to control with antiepi-
leptic drugs, even if the patient’s lactate level is normal.

Case Report

The patient is a 15-year-old boy (III-2) (Fig 1). His mother (II-2), mater-
nal aunt (II-1), and matemal grandmother (I-2) were previously diagnosed
with myoclonic epilepsy with ragged-red fibers (Fig 1); their cases were de-
scribed in 1998 by Mita et al. [7]. For all three of these previously described
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Figure 1. Pedigree of a family with myoclonic epilepsy with ragged-red
fibers. The proband in the present case is individual II-2. Standard nota-
tion: solid symbols, affected; open symbols, unaffected; slash, deceased;
square, male; circle, female.

patients, serum lactate and pyruvate levels were elevated. Individual II-2
evidenced only myoclonic epilepsy; individuals II-1 and I-2, however,
had cerebellar ataxia and dilated cardiomyopathy, respectively, in addition
to myoclonic epilepsy. All three had the A8344 G mutation in the mitochon-
drial DNA tRNA™® gene, and their muscle biopsies showed ragged red
fibers with Gomori trichrome stain.

The present patient (III-2) was referred because of epilepsy at the age of
7 years. Until then, he was developing normally; he had experienced two
febrile convulsions as a 1-year-old. His intelligence quotient (IQ) score
on the Wechsler Intelligence Scale for Children (3rd edition) was 89.
During convulsions, which occurred when he was playing video games,

his eyes were fixed and he became unconsciousness for approximately 1
minute. His electroencephalography showed paroxysmal polyspike and
waves in diffuse distribution. His height was 119.3 cm (—0.1 standard de-
viation), and he weighed 21.1 kg (—0.3 standard deviation). He did not
have excessive hair growth. Findings from cranial magnetic resonance im-
aging, chest X-ray, and electrocardiography were normal. He had normal
levels of serum lactate (7.1 mg/dL; normal range, 4.0-14.2) and creatine ki-

nase (145 U/L; normal range, 67-284). Thus, the results of these examina-

tions did not indicate mitochondrial disease.

Nonetheless, because of his family history of myoclonic epilepsy with
ragged-red fibers, informed consent was obtained and his mitochondrial
DNA was examined. The mitochondrial DNA examination revealed the
A8344 G mutation in the tRNA™* gene in the lymphocytes, which is the
same mutation found in his mother (II-2), aunt (II-1), and grandmother
(1-2).

The patient’s type of convulsions changed as he became older, develop-
ing variously into myoclonus and generalized tonic-clonic seizures with
unconsciousness. The convulsions were very difficult to control with anti-
epileptic drugs; valproate, carbamazepine, nitrazepam, phenytoin, pheno-
barbital, and clonazepam were tried.

At the age of 14 years, the patient had mild mental retardation; his 1Q
score on the Wechsler Intelligence Scale for Children II was 73.

The patient’s serum lactate level was checked at least four times per year
from age 7 to age 15 years. The level had not increased over that time, not
even after exercise. The lactate (13.6 mg/dL) and pyruvate levels (0.84 mg/
dL) in cerebrospinal fluid were also normal at the age of 14 years. The pa-
tient did not have short stature at the age of 15 years.

Because the convulsions were difficult to control, a muscle biopsy was
performed to aid in his diagnosis. Hematoxylin and eosin stain showed
slight variations in myofiber size (Fig 2A). Gomori trichrome and nicotin-
amide adenine dinucleotide tetrazolium reductase stain showed ragged
red fibers (Figs 2B and 2C). The muscle biopsy also revealed strongly
succinate dehydrogenase-positive blood vessels (Fig 2D), cytochrome ¢

Figure 2. Cryostat sections from muscle biopsy of the proband. Note ragged-red fibers (arrows, A,B,C, serial sections), blood vessel strongly positive for
succinate dehydrogenase (arrowhead, D), blood vessel negative for cytochrome c oxidase (arrowhead, E), and tissue uniformly negative for cytochrome c
oxidase (asterisk, F). Stain: Hematoxylin and eosin (A), modified Gomori trichrome (B), nicotinamide adenine dinucleotide tetrazolium’ reductase (C),
succinate dehydrogenase (D), and cytochrome c oxidase (E,F). Scale bar: 100 um.
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oxidase-negative vessels (Fig 2E), and uniformly cytochrome ¢ oxidase-
negative fibers (Fig 2F). These findings led to a conclusive diagnosis of
myoclonic epilepsy with ragged-red fibers.

Discussion

Reported here is a case of myoclonic epilepsy with rag-
ged-red fibers but without increased lactate levels. Lactate
is ordinarily the most important marker in the diagnostic in-
vestigations for mitochondrial encephalomyopathies [6].
When mitochondrial disease is suspected, determination
of the patient’s lactate level is among the first evaluations
performed. If the lactate level is normal, mitochondrial dis-
ease is excluded in the differential diagnosis. In the present
case, however, the patient’s lactate level has never been in-
creased in either the serum or the cerebrospinal fluid. His
only symptoms of mitochondrial disease are myoclonic ep-
ilepsy and mental retardation. It is hard to explain why the
lactate level is not increased in this patient, and additional
follow-up examinations are desirable.

A case of myoclonic epilepsy with ragged-red fibers
without increased lactate levels in the serum and cerebrospi-
nal fluid is a novel finding [8-10]. Nonetheless, a diagnosis
of myoclonic epilepsy with ragged-red fibers was reason-
ably suspected, because the patient’s mother, maternal
aunt, and maternal grandmother had already been so diag-
nosed. Given the family history, even in the absence of
increased lactate levels, the patient was diagnosed with
myoclonic epilepsy with ragged-red fibers based on the re-
sults of a muscle biopsy that showed ragged-red fibers.

Myoclonic epilepsy with ragged-red fibers is one of the
progressive myoclonic epilepsies, which are characterized
by myoclonic seizures, tonic seizures, and progressive
neurologic deterioration, typically with cerebellar signs
and dementia [11]. Progressive myoclonic epilepsies are
rare disorders and include Unverricht-Lundborg syndrome,
neuronal ceroid lipofuscinosis, dentatorubral—pallidoluy-
sian atrophy, and Lafora disease [11}, in addition to myo-
clonic epilepsy with ragged-red fibers. Some cases of
these diseases are difficult to diagnose. However, myo-
clonic epilepsy with ragged-red fibers is generally easy to
diagnose among the progressive myoclonic epilepsies, be-
cause the lactate levels of patients with myoclonic epilepsy
with ragged-red fibers progressive myoclonic epilepsies are
high. The present case indicates that rule to be less than ab-
solute. A patient with myoclonic epilepsy that is difficult to
control with antiepileptic medications and whose IQ score
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is lower than a previous score should be suspected of having
have myoclonic epilepsy with ragged-red fibers, even if the
patient’s lactate level is not increased [12].

Thanks go to Ikuya Nonaka, MD, of the National Center of Neurology and
Psychiatry, Tokyo, for comments regarding the histochemical analysis; to
Yu-ichi Goto, MD, of the National Center of Neurology and Psychiatry,
Tokyo, for the analysis of the mitochondria DNA mutations; and to Shiho
Nakano, BS, and Kaori Ito, MD, for their assistance.

This study was supported by research grants (19b-7) for nervous and men-
tal disorders and for brain science from the Ministry of Health, Labor and
Welfare and a grant (19591209) from the Ministry of Education, Culture,
Sports, Science and Technology of Japan.

References

[1] Kerns TP, Sayre GP. Retinitis pigmentosa, external ophthalmople-
gia, and complete heart block: unusual syndrome with histologic study in
one of two cases. Arch Ophthalmol 1958;60:280-9.

[2]1 Pavlakis SG, Phillips PC, DiMauro S, De Vivo DC, Rowland LP.
Mitochondrial myopathy, encephalopathy, lactic acidosis, and strokelike
episodes: a distinctive clinical syndrome. Ann Neurol 1984;16:481-8.

[3]1 Fukuhara N, Tokiguchi S, Shirakawa K, Tsubaki T. Myoclonus
epilepsy associated with ragged-red fibres (mitochondrial abnormalities):
disease entity or a syndrome? Light- and electron-microscopic studies of
two cases and review of literature. J Neurol Sci 1980;47:117-33.

[4] DiMauro S, Hirano M, Kaufmann P, et al. Clinical features and
genetics of myoclonic epilepsy with ragged red fibers. Adv Neurol 2002;
89:217-29.

[51 Larsson NG, Tulinius MH, Holme E, et al. Segregation and man-
ifestations of the mtDNA tRNA(Lys) A->G(8344) mutation of myoclonus
epilepsy and ragged-red fibers (MERRF) syndrome. Am J Hum Genet
1992;51:1201-12.

[6] Schmiedel J, Jackson S, Schifer J, Reichmann H. Mitochondrial
cytopathies. J Neurol 2003;250:267-77.

[71 Mita S, Tokunaga M, Uyama E, Kumamoto T, Uekawa K,
Uchino M. Single muscle fiber analysis of myoclonus epilepsy with rag-
ged-red fibers. Muscle Nerve 1998;21:490-7.

[8] Kaufmann P, Shungu DC, Sano MC, et al. Cerebral lactic acidosis
correlates with neurological impairment in MELAS. Neurology 2004;62:
1297-302.

[9]1 Finsterer J. Cerebrospinal-fluid lactate in adult mitochondriop-
athy with and without encephalopathy. Acta Med Austriaca 2001;28:
152-5. .

[10] Finsterer J. Overview on visceral manifestations of mitochon-
drial disorders. Neth J Med 2006;64:61-71.

[11] Shahwan A, Farrell M, Delanty N. Progressive myoclonic epi-
lepsies: a review of genetic and therapeutic aspects. Lancet Neurol 2005;
4:239-48.

[12] Mancuso M, Galli R, Pizzanelli C, Filosto M, Siciliano G,
Murri L. Antimyoclonic effect of levetiracetam in MERRF syndrome. J
Neurol Sci 2006;243:97-9.



## g FRERIEMRZEET 13 © 255-263, 2010
" .

B B [ 5 D B2 4 D B ]

ARFC BT % EBIE RO BIRE

— 0 DEFRRDREDENM

grl%l
v

|

SANE S S SO L O = B = B NI =7 N

WH I BREREOM OO0, BRTOBREREORET LB, FRAEEOEED
EEXTH5, AEORMBRERERICB I A TOHERRIIERTH b, FHTIE
Fo v S7EHAEMEE R > TWEY, EHERABEELTI HFEO 1oL LTEE
HEBRBAFRBEIN, ZOEBBLLBMLTEY), EXSEEOHEE LTEELS2H
o AT, BRKTIHERGEEL ZEL ) H- 2 EABFEYET 2 LAY OBRRER
WRAL TS ) DBESICESZ YT, FEBEEQBBRN, BERRBOERIRG,
ZLTEMAERBEICOVWTREST 22T, KRBT 2 ERLFEROBINE BEEICS
WTHRE L7zDTHRET 5, BEPRFEMERIE 13 :255-263,2010 -

Key words : multi—regional clinical trial, major depressive disorder, antidepressant, drug devel-

opment delay, sample size

=S VN B
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Global Burden of Disease Study) " TiZ, (5mmg
REDOMEREEETFER (DALYs : disability—ad-
justed life years) (ZEBEHAITRLEL, BE
HERBHEBEMBEMTON TS, /B
2R R B R L L7 BRIR KBRS
BIIEWRBEBICRNT2MTHY, ZHTH
KO EREE (major depressive disorder, BL
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T, 92 LHEFREOBFAELE T,
LEHEBOMERBIIERTH %,

Fov 797 (BMRTEREINTWAEHRS,
PAEAFIZBWTCIRARETH Y, BRICEMHS A
TWWIREE) EHAMEL 2o Twa7s, Wit
EFBSFEIT) FED 1o LCHEBLRAKBE
PREYEN, BIZZORERNHEICOWTLH
HEBICLIVED TEDENTWEY, KFICH
T2 EREERBROEREEENOLTEY, B
EREROBELE LTEELDDH 5,

EERBEOMLEDDIE, BIR TORBERE
DWESLEWT, FHHREBEEORRLEETH 5,
AT, BHHREEOTTYL I OKICESS
LT, FHBEEORBRG, BRABROEMmRE
o, LU CEFEEE (1%L ) DFHEE
FEBIED IOV THRETHZ LT, AFIZBITA
ERLFEEEROBIR & FEEICOWTRE L7,

I.A &

IDOMEMG L LRARRILEY (UT, 92
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R RALEY) OBRKEFEORE, BMKABROE
MR, & L CEFEREICOWTHEL .

IO RILEY (F1, £2) OFREFHR
i, EIRSCTHRARTH Y phase [ LLFEDFRIR
REPEBINTWEILAEDE Lz £ LTHIK
KEROFERIKE (£33, 1, K2) OFREWNSR
iE, 2004F NI REFEETER SN ) OFH
ROBKRAEETH Y, ENICTREAROH ) OF

b EIND, T, ThHO) ORHELEWD
BIZIRIE B & CHRREROERIRNOFALE T,
BUABEEREE DA% i 5 & Lz b lR B
& hv, ERAERYE (F4) ORENTRIL,
20044E LIBEIC AR CHRABENIZHH) 2ETH B
sertraline hydrochloride (LLF, sertraline) 3 &
{F mirtazapine & L7,

FEHEL, ) oA SibEat B X CHRRRAE
DERIRDAZ D W T, REEZHEN R
(National Institutes of Health, LLF, NIH) O
BB T — ¥ N—Z (http://www.clinicaltri-
als.gov/) R LT, &bt&W (€1, £2)
OVERHEE & BSIRIRIC oW T, FHEDOHZLH
FF—s_X—2 [HHOHFZE] (https://asushin
2.com/) fEHLTHELZ. AEOHREIZ
FRSE L 72 o 7278, Rl o EERROE (K
2) TiE, ABRETH & HrERBEAOENEDNE
o AHRREHEMRT 5729012, ICH (International
Conference on Harmonisation of Technical Re-
quirements for Registration of Pharmaceuticals for
Human Use) OFE3IHBTH A HAE, KEZL
TEMN#E 4 (European Union, PLF, EU) &,
ZOMIEROT VT HEEORRD KT 5720
12, 20044F LA IRIRAER 2 £ L T 2 B [E
aE, HE, 74VEY, FEBIPY Y HE-
VD6 ELRGE L, EFREREICONT
i, EERBEEEFREERE (PMDA : Pharma-
ceuticals and Medical Devices Agency) 7 — A
~ — ¥ (http://www.info.pmda.go.jp/shinyaku/
shinyaku_indexhtml) TAB I N TW L HEE
BHEEL L LICAE L, RKETOREER (&R
4) 12 2 w T i, FDA (U.S.Food and Drug
Administration) ® & — & X — ¥ (http://www.
fda.gov/) WX VHAELZTo 720 WITNOFED

(12) 256

20094E 9 A30H B H OEEFIFEHRET D LITREL
770

I # &

1. I ORMNBIEEMOREERLICONT

B & e 7 = — A7 phase I B X UF phasell
A DN FRALEWORFIRIIL, BRI ) 0%
DERBFOEUMEZZE LT, phasellZ L T

phase I DJETHERK R L IR/RFT S,

BREE 7 = — X phasell i 5 ) DRI H

L& O BRI % E 1IZ/R L7, phasell DB
FEBEICHAHILEMIIS MBFLELZ. £D9HH
45 B (LY-2216684, LU-AA21004, vilazodone
hydrochloride, amibegron hydrochloride) 7% &
JT I VEEEOLEMTHY, L T3ME
(LU-AA21004, vilazodone hydrochloride, amibe-
gron hydrochloride) @ %% 1%, SSRI (Selective
Serotonin Reuptake Inhibitors) % SNRI (Sero-
tonin and Norepinephrine Reuptake Inhibitors)
H5HE)BERYAAHETIERL, ZEFICE
BERT LA TH ol 72, £/ T I VE
B E DAL o {b&% & L T glucocorticoid receptor
antagonist T& % ORG-345177fF1E L 72, phase
Micdh 51ba9 5 & E ORRIRRERICIE, KEZE
i B (100.0%) 2, EUW4 & B (80.0%) 12
SIMLTwiz2s, AR THIKFAREEIZHLHD
F1EE (20.0%) DHTH o7

MRBEE7 = — XH phase I 12H 5 ) DIFFxTH
L& DFFERIE K 2 12K L 720 phase I DF
HEREEDH BILEW 2245 BFFFE L 72, phasell
12127 { phaseliZ» 21EHBFOLEH E L
T, TRI (triple reuptake
noradrenaline-dopamine reuptake inhibitor) #3%
% %%, T3 SSRI B & UFSNRI & £ 1) dopami-
ne A L CHEWMY AKBEEEHEZETHIE
WThole ThIOMICH LIERAETFZAET
AAbEE LT, MENRTF FEBEEDNK
(neurokinin) 1 antagonist, CRF (corticotropin—

inhibitor, serotonin—

releasing factor) 1 antagonist, vasopressin V1b
antagonist BFFE L, 7V % 3 YEEHEE O NMDA
(N-methyl-D-aspartic acid) antagonist <> AMPA
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F1 Phase LIZH 2 5 DRMRILAWDRIRKTR (2009F 9 B30HMEA)

PRR B ERE R
¥ L&Y% VERRRRY FRES
. KE EU B
BRIRABRSIME (%)Y 100.0(5/5) | 80.0(4/5) | 20.0(1/5)
LY-2216684 NRI Eli Lilly Phase Il | Phase Il —
serotonin 3 antagonist, I
& T3,
LU-AA21004 serotonin 1A partial REX SR Phase Il | Phase I Phase I
) Lundbeck
agonist
£ 7 X EEE tonin uptak
vilazodone .se}rlf)bf)tmn up . e. 1A Clinical Data, Phase II Phase I
or, —
hydrochloride | l.l r se}ro o Merck KGaA S (Hik)
partial agonist
"b
:;clir:f}rl;);ri de 8 3 agonist sanofi—aventis Phase Il | Phase I —
. 1 rticoid t
Z0it ORG-34517 | SMCOCOTUCOIATEceRlon | oy o ing-Plough | Phase II — —
antagonist )

a) [BAH O#HFE ] (https://asushin?. com/) % EH L7~ FHAEEE,

NRI . selective noradrenaline reuptake inhibitor

b) BRRBRBIR (%) =KETHARBRIEBESN TV 5HBH/HEE 7 = — X35 phasell 04 ) D SALEWE

(58AB)

(o—amino— 3 —hydroxy- 5 —methyl- 4 —isoxazole—
propionic acid) agonist 23%F7E L 72, phase I 123
BALEMOVERRRF OFESHIX, phaselliZH B1L
EW LB L TERTH o720 phasell i2dH 51k
EWAURE OBRRABRD S b, KEIZ208 H
(83.3%) 2, EUI1Ld H (45.8%) 12 &
L, KEIEHELCTEUDOBMEIIMEL, KHFH»
SoEMIE 2mE 8.3%) DATH o7,

2. BRREBOERRRICIOVT

20044E DLFE |12 3 F 38 © phase I B & OF phase
e LTERS N DWMAROBERREE D E 5
A EERIERICE 23 B (multi-regional
clinical trial, ELF, MRCT) 28502846 %2 X 1
WCRL72, B1 T, ENACEAZEDH S %
bEAR, BRABREFIUEOEHIZOWTERL
o MEBRETIE, RE (92:ER), #F 5 (28
AMER), vy (238ER), 752 Q0EER) £
LTRAYBIUT 71450 F (£19E) 2°F
26 ETholze RIFORBRE (1138 11,
BT V76 E GEE:10RE, &&: 9&
B, FEIBIUF 74y I K 5RE, B 3
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RER, VUAR-L I 1EE) LHELTSEho
7eh, TOEIRELSDTE R o7z, FEOD
MRCT 285 5 €141, EU FE & HE L TkRE
(35/925 8%, 38.0%) T o728, RF (1/
11EBR, 9.1%) Tk & 5IEHd o 7,

20044F L& 12 4> 3 & 3& T phase I B & UF phase
e UTERRSN) DRFxTRO R RER D #1F,
BB X % phase BIORBEHZ K 2 2R L7,
2 THEMNSTHARDON ) D% L &4, pha
seI /0L phasel & L T, phasell /Il & phase
M&LT#Hv, MRCT L EEINDATER L T
W5 RE (non-MRCT) BIWCER L7z F 72,
EUIDOWTH BHOEDATITbI T AR
B % non-MRCT & L CHio 720 BEHEBEIL,
K E T2 B (phasell : 293%ER, phasell : 63
A BR), EU T458 BX (phasell : 153K B%, phase
Il - 30fB%) THY, REDFHE» 572 EU
L7 VTHE (BE, BB, FE, 71K,
FEBLOTY YA E—N) I KEH D MRCT
(EU:93.3%, 7 ¥ 7 5 EH :86.7%) T & o
2o TYTRETIE, ERIKABRDKES 2 phase
M (93.3%) TH»Y, phasel & LTEMMLTW
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2 Phase TiC® 3 5 DRMEILEMORRKI (20095 9 A30HER)

, bR BB SE R IR
S5 a4 e MRS
KE EU A
FRIRABREME (%)Y : 83.3(20/24) | 45.8(11/24) | 8.3(2/24)
SEP-225289 TRI Sepracor Phase I — —
DOV-216303 TRI Dov Pharmaceutical Phase I | Phase II —
. . ST
LU-AA24530 Mixed serotonin RHEMTE . Phase I | Phase I
modulator Lundbeck
/73 vERE
GSK-163090 serotonin 1 antagonist | GlaxoSmithKline Phase I | Phase I —
levomilnacipran Pierre Fabre,
SNRI — Phase I .
hydrochloride Forest Laboratories ase
CX-157 MAQO A inhibitor CeNeRx BioPharma Phase I — —
orvepitant maleate NK 1 antagonist GlaxoSmithKline Phase I | Phase I —
& &%= V4B | vestipitant mesilate NK 1 antagonist GlaxoSmithKline Phase I | Phase I —
CP-122721 NK 1 antagonist Pfizer Phase II — —
verucerfont CRF 1 antagonist GlaxoSmithKline Phase I "| Phase I —
CRF Bi&
emicerfont CRF 1 antagonist GlaxoSmithKline Phase I — —
N . inV1b .
vasopressin B & nelivaptan vasopre§3m sanofi-aventis Phase I | Phase II —
antagonist
AZD-6765 NMDA antagonist AstraZeneca Phase I — Phase I
. Cort: Ph ti-
s X VERME | farampator AMPA agonist orex . AMACEUL | py ase T — —
cals, Schering-Plough
ORG-26576 AMPA agonist Schering-Plough Phase II — -
o) VIERE coluracetam choline uptake enhancer | BrainCells Phase I — —
SSR-411298 FAAH inhibitor sanofi-aventis — Phase II -
opioid ¢ 1 receptor .
SA-4503 . M’s Science Phase I | Phase I —
agonist
Z it —
losmapimod p38 kinase inhibitor GlaxoSmithKline Phase I — —
kephali t
| AZD-2327 ereptialin receptor AstraZeneca Phase [ - —
modulator
ADX-N05 - Addrenex Phase 1 | — —
Pharmaceuticals
AREH ORG-34167 — Schering-Plough — Phase II —
R0O-4917523 — Roche Phase II — —
R-228060 — Janssen Pharmaceutica | Phase I — —

a) [HHE®D#HE] (https://asushin?. com/) #HH L-FEFHE,
SNRI : serotonin-noradrenaline reuptake inhibitor, TRI : triple reuptake inhibitor (serotonin-noradrenaline-dopamine reup-
take inhibitor), NK1 : neurokinin1, CRF ! corticotrophin-releasing factor, FAAH : fatty acid amide hydrolase, NMDA :
N-methyl-D-aspartic acid, AMPA . ¢~amino— 3 ~hydroxy— 5 —methyl- 4 ~isoxazole—propionate

b) BRABREME (%) = FETHRRABVSER SN T REH/KRE 7 = — X0 phase 1 02 ) DHNZLEWE 4% E)
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b y 4 600 DOr
&
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o
. mEHRY  —e-MRCTAGH2EE (0 | 400 g
e 20.0
P B oo _ 99 g 8§ 4 9 = n —6—5—c ) )
AARRARRRRRARRA R R RRITRITT IR A
(NN EE AN NN RN RARREENARETT NI
AARTEVBEATLARUAFEATRTFEIEELYIVRARAY PEL R 74 a5 4 #
Ervss+T7x2v i laFaplr VB L FLy <t lE  BrsduiEsa
700079 P F3¥v2a REXH 7 oeselzsqgra X myyYL Lt
2 3VYa= v=h xv F T4 vz Fo=e7E 44
va 7 P75 TF T 7 ¥ TT 7 U osr 7 e
F 1) > > 7
7

=1

004FLIRICEETETRBENL D ORHROBRRROEAHBHY & BRLRRR

(MRCT) #&® 3%|4 (phasell & & U phasell, MEEREH 3 LIFDE % FR)

5Dk, MRCTD 1R EBEDATH o 72, KIT
IOHEEINRICER SN T B MRCT 1 1 3B
D H T, Desvenlafaxine Succinate @ phase I #5%
THY, LAY D phase I RKERII AR CI134T
bhTnin,
2004FELIBICAIEB LI U7 V7 ZEICBWTH
EFETER SN ) OFNROBERABR %
BRAERINCFE 3 IZR L, 20094E12ov Tz 9 A30H
B DAL TH 5720, 20084F & 20094 % PE4 L
TERL7z BHE, dBBIUYL—-VYT7D3H
T, 20074FLAREICBRMA & 72 e R SR BR AN S
T HMEEAAPRD SN

3. MO OEOBRKRABOEGEEEICONT

Sertraline 3 X UF mirtazapine 22D\ T, RKIT
DAGEHGE CTRE SN BRAERICBIT 2 EplE
BEZRAITR L7 BARBRICOVWTIE, 9
LRI E SN BEB L EERBITRR
RETERSNIREBEO) b, BEVHERET B
L7zb D& RR L7z, HEFOKBELIL, ser
traline (3 7% FB A320064F 4 A, >k E 2519914E12H
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T, mirtazapine (& A< F 2%20094E 7 B, kX EH 2%
19964 6 HTH D, WINLARBHEITKE R
B BH, F4ZHTETOEKREBR D E L
AR SN TWwWi vy, Sertraline DEERAEEIC B
VB EEBIEREE IR, BN T3, 3~6. 661/M6 5, i
H1LC7.6~315. 0f/ Mgk TH - 720 Mirtazapine O
PR BRI B B IEGIERME I, EWNTE6 0~6.2
B/ 5EE%, WA Tl4.6~150. 0B/ R TH - 77
Sertraline 3 X " mirtazapine DR L &, JE
BIERBMEIIEN E KRB L CTHNTED o 72,

m £ =

1. RERARPO S DBRMREEMOERERIC
BUIBHHICIOWT

FFHTOSSRIEAN»LIESRBLIS &L
THB Y, SSRI (paroxetine, fluvoxamine, sertra-
line), % L T SNRI (milnacipran) O ff F#RE& 1
THICERTE TV, BORTIREEGESR Y
ELTHEMTONTWABH I 2ED ) b fluo-
xetine, citalopram, escitalopram, venlafaxine,
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35 e
30 M
® B T ——
% 20 ‘ ‘
# 15
10
5
0
non-MRCT
phase 111 phase 11 MRCT
B phase 111 phase 1l
- phase 111
HA
S EU FU7 HF
phaseIl | phaselll | phaseIl | phaselll | phasell | phaselll | phasell | phaselll
EMRCT 10 25 13 29 1 12 0 1
Enon MRCT 19 38 2 0 2 2 8

MRCT : BB EOBERRE, non-MRCT : £EHMIC X 2 BRRAER
vI7 R E (BE, &%, PE, 740¥Y, FE, YUAE-L)

2 2004FELIBICAETETERS ML) DORMROBRHRE (bR, RREER)

duloxetine 3 X U* bupropion AR TRARTH
%35, mirtazapine b KRS, BICEELRD
DHIDAILOFBERIAT IR T W5, HEDH
Z 4075 phase 1 B £ U phasell i2d % ) DRI 5
ofbE (F1, £2) 565, BELKTO SSRI
OBRBIIETLTWAZ Ebh b,
BERBEFRO ) ORAFIAEw (F1, £2)
DREEBUIBEICHRE LT w505, BORTIEMRER
TFFER VY I VBRBEEEFOE ) T I R
B2 LAY BICERIRBAREORMEIZH Y, H
BEHFLWHRIZEAL TS,
—~BMICEAARORDERIFE L O TR %R
{, HARMRESOILEY T ORI
%, phaseI B & U phasell & $40~50%T &
0, FEOHEKRRAERD S TIEI0%RETH 5
B, WINFERIE L RV L3 2FEIZBWT
BT TIE RV, 2F 0, BEREPOLEY

(16) 260

(%1, R2) O&THHEL L TAREINLD
T & w s, EU T L, 20094F 2 A 12 mela-
tonin 1/ 2 agonist, serotonin 2 C antagonist T
% agomelatine VKR ENTB Y, RO
DL IR LERARFE BT AHEOEADEE
WZEARE L7z

2. FFEOMI >EOHRICH T MBEELREC
2WT

SEOFHELY, RIIIBIT B DEDORHFE

FOMBEE LTUTOESHITOoN S,

- BRBEROEFNFCKE LB L TERTWD Z
&

- BRI EIRBEA OISR & B L Tlim 2
Lhnz ke

- phase I DEBEXFEREBRICBZMTE TR NI
&
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K3 2004FLECAMET P 7EREICSVWIRETE TERINL D DBNROERE

ABRE (FHRER)

20044F | 20054 | 20064F | 20074E | 2008~2009% | &Et
A 3 0 2 0 6 11
EE 0 0 1 4 5 10
‘g 0 1 0 3 5 9
TL—7 0 0 1 2 4 7
HE 1 0 2 1 1 5
T4V 0 0 1 1 3 5
i 0 1 0 0 2 3
T UHE—N 0 1 0 0 0 1

EANSTHREAETH ) BFEMA phase I L <
1d phase T DEEFEIZH 2 9 DR RILE W DEEER
HEBIAHOBMBEA 4 (E1, £2) Ths
Ly Tk, EBRBFI VT - SUBEET S
TR D Do T/, EBEILFKRERICB VT,
phase I D HERIGEZ ERENICKRE T2 BED
RECATESMTE TR (F2), HEHR
FIIBWTE, BHAOBERABREEOATLZLH
AANTORBRISHEZRETAZ &1, AL
ZEWETFMT 2 LTCEELRBEYTHY, =
NOEDOEERZ L) BY 2 CEPLMIATIE
AT B720I10E, FkE BRI OBRRED 52
TAILPEETHD, TD2DITIE, KIOE
RO EIC BV TH K E B —E D HE 2
BNB L) BEREHICOVWTOIRIF LTS
EVHETH 5, .

FIRIC BT BEERABOER L OBREL BT
572012, SENTEFIERFEICOWTHRET L2,
EEKRBINIH) DFE 2# (sertraline B & O
mirtazapine) & b, ENHRE & EBHREBO EK
BRHIIRECELZD, BMICERNAOLREKIZTE
TWEEICHETOILEEIH L, BEDOHIAER
DIEFIEBEIIEM L TV HEEED H 525, W
FTHIZLTHICH E9HA K54 00T, FRH
BROBWHRO-DIZOEFAEREZ SO L LE
WHBIEPHFAINTVWELED, E5IIEDS
FRERETBLENDH B,

ERRILERERIC BT 5 HRMNERIEIZ, 24
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TOERE ARANEFATOERIZ—EEIESN
5L ICETEYEN S, ZEOFEERBITRE
SNTEVED, MANRE—RICEEHIZTH
h, HEEFIEEZKE TR 2EAICIEHAAN
EFORBEZFHMT 5 2 & DSHEE L 2 5 WTREMEAS
Hbo MEIHRBRTIA v OITRkLHY, 757
T AT THA 0 B R R I O B PR Bk
WCBASNTWEY, HETFVAL UFHEwSR
ERREFBBRICZMUBRANEROREER 2
AL, MANEEZEICHEL 25, A
NWEEITEPIRBE L DT WL H 57
B, SHRIIARICHET L EPLETH S,

3. AREOHERIBRR

KL, BREBROBREOERNG 2 FAES
BTENTE, ~fRIZT 7 EATEER T — & R—
ATH 5 NIH DBERABRESFT— s R—2%F
RICHRA L7228, FERWBRRELT, £ToH
RABABEEF I N TR WY & S OBHIC
BHEN TV LW REEIEL, /2, YFZF—
FNRN—ATIZEREFABIVBFETE RV D, &
BIERBIEIC OV CTIIAREH OB F G EL
R L7225, ERAOBRRABROEMIBHIZA X
B2 5720, REDOENOEFERMEIZOVWT
BE SR ETH S,
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4 Sertraline $ & U mirtazapine DERFRKER IZ 5\ SAEFIETEE

— % EeE BASEHEY | BB GRERE SO | EMUESIE | SRERIERRE | EREREY
i STL-JP-92-001 60 15 4.0
Jig STL-JP-92-002 92 27 3.4
II STL-JP-93-602 142 41 3.5
]
ilg STL-JP-94-607 174 53 3.3
il STL-JP-94-608 196 45 4.4
- A0501048 361 55 6.6
sertraline hydrochloride KE _ 050-013 369 8 46.1
FKEAGL D 19914E128
2’:;]‘57;\(?,;]” 20065*]]3 4 ﬁ 7k - 86CE21*0238 199 5 39 8
VA S - 050334 258 34 7.6
, ¥ - -~ 448 8 .
i KE 050-104 56.0
KE - 050-109 315 1 315.0
KE - R-0617 392 15 26.1
*E - 050~315 242 15 16.1
TR - 050-320 467 39 12.0
001 281 45 6.2
5]
il 9902 203 34 6.0
FNE 003-002 45 1 45.0
KE 003-003 45 1 45.0
B 050 51 1 51.0
i
RE 003-020 130 1 130.0
mirtazapine RE 003-021 150 1 150. 0
SRERED D 19964E 6 A KE 003-022 150 1 150.0
20 - 8
AFRIRGE - 2000 TR s KE 003-008 150 2 75.0
FKHE 003-042 281 5 56. 2
T4 V5 VR 023 117 8 14.6
KE il 027 132 3 44.0
KE 003-041 421 12 35.1
KE 003-023 150 1 150.0
KE 003-024 150 1 150.0

a) AR, 77U RBESRESN A EEREITHELEE TER S W AHERO ) L EVHRRE BRI

L7

b) BREAVRAEIATVEZVWL DI [-] THERLY
o) ARENTWARERE > FR

d) EFIRBENE -

(18) 262

LGRS ) OESEE (= ERESIE/ REBRMERED
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ARFRZ BT 5 ERILFEIREBEOBIR & 328 % st
THLZDOIZ, IDORENRE LALEWOERIR
o, BRABROERIRN, % L CEREREICo
WTHRES Lo SEIOMETIE, BERICOWVT
&, BERBIFOFFIECK & B L TBAC WS
Z&, EREEEBROSMA 754 7% { phasell
NDBEMPBIFTZ TR WT E RSN, F
7z, BREBRBEMRICOWTIE, BNOERER%
MRS EERBGICOREN D 5 2 LRI
2o TV THENICBVCRMICEEINERILT 3
H, V==Y TRREBITONRB LS, K
B BHERBFEOEBICOVTIISHIEL S

BRPVVETHLEER B,
X @
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