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Pompe disease is caused by a deficiency of acid alpha-glucosidase (GA A), which results in glycogen accumu-

lation mainly in skeletal and cardiac muscle and the liver. Pompe disease is classified into infantile-, childhood- and

adult-onset forms based on onset age and the degree of organ involvement. The infantile-onset form is character-

ized by marked organ involvement, whereas the childhood-onset form usually presents with muscle weakness

and elevation of serum creatine kinase (CK), mimicking the features of progressive muscular dystrophy. Here, we

report the clinical courses of two patients with childhood-onset Pompe disease who showed different responses

to enzyme replacement therapy (ERT). Computed tomography (CT) images of skeletal muscle in both patients

showed a correlation with the respective therapeutic responses. The mean CT numbers of muscles improved

with a good response to ERT in our patients; however, focal high-density areas, which were only seen in the non-

responding older patient, were not affected by ERT. Evaluation of initial CT images showing focal high-density

areas may be helpful for partly predicting the outcome and therapeutic response.
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Introduction

Pompe disease (glycogen storage disease II) is an
autosomal recessive lysosomal storage disorder
characterized by deficiency of the lysosomal en-
zyme acid alpha-glucosidase (GAA, EC32120).
Pompe disease is progressive, with massive accu-
mulation of glycogen in lysosomes, and is classified
into infantile-, childhood- and adult-onset forms
based on the onset age and degree of organ involve-
ment”. The infantile form has a rapidly progressive
course with prominent cardiomegaly, hepa-
tomegaly and muscle weakness”??. The childhood-
onset form usually presents later than the infantile-
onset form, with muscle weakness and a high level
of serum creatine kinase (CK), similar to the fea-
tures of progressive muscular dystrophy, and typi-
cally does not include severe cardiomyopathy®.

Treatment of Pompe disease is now possible us-
ing enzyme replacement therapy (ERT) with re-

combinant human acid alpha glucosidase
(Myozyme, alglucosidase alpha, Genzyme Corp.),
which is beneficial for cardiac pathological changes
in the infantile form®®. However, the efficacy of
ERT varies for skeletal muscle involvement, which
is the main manifestation in childhood- and adult-
onset Pompe disease” ™.

One of the main factors in these variations in effi-
cacy may be the extent of muscle damage at the
start of ERT. Here, we evaluated the correlation be-
tween the clinical course and changes in skeletal
muscle computed tomography (CT) images in two
patients with childhood-onset Pompe disease who
showed different responses to ERT.

Patient Backgrounds

Case 1: The patient was a 14-year-old boy, who
was reported previously®. At age 5, low GAA activ-
ity allowed a definitive diagnosis of childhood-onset

Pompe disease. At 10 years, 3 months of age, he
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started to receive ERT. He was treated with IV al-
glucosidase alfa (Myozyme) at 20 mg/kg every
other week. At baseline, he could not jump and
needed to hold a rail to climb stairs. Serum CK was
elevated (870 U/L). Percent vital capacity (% VC)
was 57% . Cardiac echography suggested normal
cardiac function. Skeletal muscle CT showed high-
density areas in thigh and calf muscles. CT number
was markedly higher (138 HU) than normal (30-40
HU). Written informed consent for publication of
the case was obtained from the patient’s parents.

Case 2: The patient was a 4-year-3-month-old who
was also reported previously”. At 2 years, 4 months
of age, she was referred to our hospital for evalu-
ation of persistent hyperCKemia. Low GAA activity
in lymphocytes and genetic analysis of GAA al-
lowed a definitive diagnosis of childhood-onset
Pompe disease. At 2 years, 6 months of age, ERT
was initiated. At baseline, hypotonicity was appar-
ent, but no muscle weakness was recognized. She
showed neither Gower’s maneuver nor a waddling
gait, but she could not jump perfectly. Skeletal mus-
cle CT showed no focal high-density areas in mus-
cles. CT number was high (94 HU). Written in-
formed consent for publication of the case was ob-
tained from the patient’s parents.

Results

Both patients were assessed clinically at every in-
fusion during the first year and then every 3
months during the second year. Serum CK was also
measured at every infusion. Anti-recombinant hu-
man GAA antibodies were analyzed every 3
months by enzyme-linked immunosorbent and ra-
dioimmunoprecipitation assays (Genzyme). Skeletal
muscle CT and cardiac echography were per-
formed every 4 months. Skeletal muscle CT scans
were obtained at a window level (WL) of 30-45
Hounsfield Units (HU) and a window width (WW) of
300-350 HU.

Case 1: The patient experienced no infusion-
related adverse events. After 1.5 months, there was
a clear clinical response, that is, he became able to
climb steps without a rail. After 4 months, he could
climb in an almost normal manner, and also gained
the ability to jump slightly, with his feet actually

leaving the floor. MMT improved, with a high score
of 4/5 in most proximal muscles and 4-5/5 in distal
muscles, except those for neck and trunk flexion.
However, these steady improvements stopped
around 8 months and were followed by deteriora-
tion. The patient began supporting his knees with
his arms to climb stairs, but was still not using a rail
after 18 months. However, he had deteriorated to
baseline after 2 years. He also lost the ability to
jump after 18 months. After 3 years, he completely
lost ambulation without support.

% VC increased to 65% after 4 months and
peaked at 71% after 8 months. Overnight satura-
tion monitoring showed a decrease in episodes of di-
minished oxygen during sleep, and the patient be-
came to attend most physical education classes due
to amelioration of fatigue. However, at 18 months,
% VC had deteriorated to baseline and continued to
decline thereafter. Diminished oxygen episodes dur-
ing sleep increased again, in parallel with worsening
morning lethargy. After 3 years, noninvasive venti-
lation (NIV) was prospectively applied.

In contrast, the mildly increased cardiac wall
thickness had improved after 8 months and had
normalized after 20 months.

Skeletal muscle CT showed high-density areas in
the rectus femoris, vastus lateralis and gracilis mus-
cles. CT number improved from 138/88 HU (maxi-
mum,/minimum) at the start of ERT to 100/64 HU
after 3 months, but returned to 136/77 HU after 8
months and to 140/80 HU after 1 year of ERT. In-
creased CT value was found in muscle and partial
high-density areas in the thigh rectus muscle and
lower thigh in the initial images. CT value de-
creased after three months of ERT in parallel with
improvement of clinical symptoms, but the high-
density local areas had expanded independently.
CT wvalue then increased again with loss of thera-
peutic effects, and muscular atrophy started to be
observed over time (Fig. 1).

Serum CK increased from 800 to 1,200 U/L after
15 months and remained at this level. Anti-
recombinant human GAA antibodies remained
negative for 1 year. At 15 months, antibodies were
finally detectable at a very low titer (100), after
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Fig. 1 Changes in skeletal muscle CT images and serum CK level in Case 1
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Fig. 2 Changes in skeletal muscle CT images and serum CK level in Case 2

which they remained at this level and then became
negative again at 2 years after initiation of ERT.
Case 2: After 1 month, the efficacy of ERT for he-
patomegaly was immediately apparent. The liver
decreased in size within 1 month and was hardly
palpable. Following the reduction in hepatomegaly,
the patient gained the ability to jump. This was not
due to skeletal muscle involvement, but due to im-
provement of hepatomegaly, which had caused her
to lose her balance by disrupting the body curva-
ture. Abdominal CT revealed a marked decrease in
density from 106 HU at ERT initiation to 73 HU af-
ter 3 months. ALT and LDH levels decreased to
their normal ranges. AST improved to 50 to 60 U/L,
but then remained at this level. CT number for

skeletal muscle also improved from 94 HU at initia-
tion of ERT to 83 HU after 3 months to 56 HU after
1 year. After 1 year, motor function was almost nor-
mal. Serum CK had also improved and stabilized at
220 to 250 U/L, despite increased activity (Fig. 2).
Discussion

Several clinical studies have shown that ERT
greatly decreases the incidence of cardiomegaly
and significantly improves the survival rate in

P Early interven-

infantile-onset Pompe disease
tion with ERT can also give beneficial effects in the
childhood- and adult-onset forms, whose major
manifestation is skeletal muscle symptoms; how-
ever, each therapeutic response is variable”™. Our

patients showed different responses to ERT. In
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Case 2, the effects appeared slowly, but were well
maintained. In contrast, Case 1 showed rapid and
marked improvement by ERT in the beginning, but
after 9 months deterioration started in both pulmo-
nary and motor functions. Maintaining the thera-
peutic effects for respiratory function was espe-
cially difficult.

Production of antibodies is reported to prevent
the efficacy of ERT in infantile-onset Pompe dis-

10)

ease”. However it could not explain the sudden de-
terioration in Case 1, since antibodies were negative
when his improvement stopped. The effects of ERT
on cardiac muscle were good compared to those on
skeletal muscle, which has been previously re-
ported”. In Case 2, childhood-onset Pompe disease
was diagnosed before manifestation of skeletal mus-
cle symptoms, based on the findings of hepa-
tomegaly and increased serum CK. Liver enlarge-
ment was significantly improved by ERT. The rea-
son for the good therapeutic response in this case
may be early initiation of ERT prior to progression
of major muscle destruction and development of
skeletal muscle symptoms.

In Case 1, a poor responder to ERT, the initial CT
images of skeletal muscles already revealed not
only increased CT value of whole muscles, but also
focal high-density areas in the rectus femoris and
anterior tibialis. CT wvalue of whole muscles de-
creased after ERT initiation in parallel with im-
provement of clinical symptoms, but the focal high-
density areas expanded independently. Then, CT
value increased again with loss of therapeutic ef-
fects, and muscular atrophy started to be observed
over time. In Case 2, a good responder to ERT, only
an increased CT value of the whole muscles was de-
tected at the start of treatment, but without focal
high-density areas. We previously reported these
specific CT findings in childhood-onset form and
concluded that increased CT value of whole mus-
cles reflects accumulation of glycogen, whereas fo-
cal high-density areas are due to calcium accumula-
tion in autophagic vacuoles™. Therefore, it is rea-
sonable to think that the increased CT value of
muscles was reversed by ERT in Case 2, whereas
the focal high density areas found in Case 1 may

suggest irreversible pathologic changes in spite of
ERT. Cases with focal high-density changes in in-
itial CT images of skeletal muscle can be predicted
to have a poor response to ERT. Furthermore, CT
values during treatment are sensitive to changes in
clinical symptoms including motor function, and
thus changes in CT values are useful for monitoring
the course of Pompe disease.

The variation in efficacy of ERT in the childhood-
and adult-onset forms is thought to be due to the ex-
tent of muscle damage at the start of ERT*™®. The
best motor function outcomes have been achieved
after early initiation of ERT, which underscores the
need for early diagnosis. Neonatal screening for
Pompe disease is being established in Japan'®, but
childhood-onset Pompe disease may show no clini-
cal signs or symptomes even they have screened by
measurement of enzyme in neonatal mass screen-
ing. Thus, a consensus on when treatment should
be started has yet to be established. In Case 2, ERT
was started before the development of skeletal
muscle symptoms. In such cases, CT may be an in-
formative tool that serves as the first step in differ-
ential diagnosis. CT is less invasive than muscle bi-
opsy, facilitating both diagnosis and assessment of
the efficacy of ERT. The risk of radiation in CT
should always be kept in mind, especially for chil-
dren, and the radiation dose can be reduced by ad-
justment of scan parameters such as mA, kVp and
imaging times.

In summary, skeletal muscle CT in childhood-
onset Pompe disease may be helpful not only for dif-
ferential diagnosis, but also for partly predicting the
outcome and therapeutic response through the de-
tection of focal high-density areas.
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BFEHTEEICRE S BERICMYE R L 72/ E& Pompe % 2 fEH!
WHEFERRERZEN R E

+ 5 T 1) AYH* é%:' RN sAY LTAI
AH KRR - AE RF Bk S -NLETHA
+ ko sHhEv BT +F 2 AYHT ElAE s

L B TS BT - KERA

Pompe J# 3B -7 )V 2 ¥ —ERBIC LY, FWRFHIET RMRGEE, LREXZ Rz #iEtEOBRE
RERFETH L. BEFEARECIVBBRURLEKAL2), RHZN, BREEORMEPERIILR->TET
Wb, Ba ZEFERMEFTREICY LTRL BB USME TR L72/MNER Pompe 783 2 B OBRRREE & & 35 B
BROZBLEBRET L2, ER 11X UEBF. 2REI ) HEREN, BFE2COERAFHIL, 5 RRICERETE
T & 9/NRE Pompe 74 & HEEBWT Sz 10 8 & ) BERAERREZ G L, RIIQHBERMEZR L 228
a9 # H 2 50 DR 4 1EE), WREEREDMET L7z IGRET OB CT TId&Hm % CT E LA & BTk %
ERURHFRD S 7z, WREBE, RARBROYE L & ICeEN% CTHEIZ—HT L7222, EREEL LD
WKHOER L =5 T, R ERISIEGHER I mBRICIIR L7z, fER 2 I3 4 R, 2 RICE CK
MAENZ RS B REEORER, Pompe 7 L HEEBWT SN, BERWABELHM L. WERBIICHIETIE 20
7o, WERZRD7Z. ER3» ATHERIISEL, 20RO, EERBET 2 (R Tws. BE
DOERH CT TEEHK CT LA 20 5 DA TREITNERIURIZFED 25072, HREBERICIIERERD
HEE LD CTHIET L o CTHELEFZZ ) a—F YERERBLTWE EZ2 6N, BRI L
TRIED S ) HKTH o7z, —7, RAFWZERIURE, BCARZRAOH VY 7 A ERZRBLTBY,
ERICEZUEZRO R o7z, WRINOFRET CT IXBW TR R D 5N B EFAICE L CidwmER
AT ZALDE U TB D, WHEENH 2 REDIHRIIE TR TR TSH 5 L E 2 bl L7252 Ko CT Hid
BRERICAERTH 5 2 LA mBR I Iz,
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