
Contents lists available at ScienceDirect

Molecular Genetics and Metabolism Reports

journal homepage: www.elsevier.com/locate/ymgmr

Case Report
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report)

Misako Hiramatsua, Kimitoshi Nakamurab,⁎

a Division of Pediatrics, Nishibeppu National Hospital, Tsurumi 4548, Beppu, Oita 874-0840, Japan
b Department of Pediatrics, Kumamoto University Hospital, 1-1-1 Honjo, Chuo-ku, Kumamoto 860-8556, Japan

A R T I C L E I N F O

Keywords:
Case report
Elosulfase alfa
Enzyme replacement therapy
Morquio A syndrome
Mucopolysaccharidosis type IV A
Non-ambulatory

A B S T R A C T

Enzyme replacement therapy (ERT) with elosulfase alfa is the only approved therapy in Japan for patients with
Morquio A syndrome, a lysosomal storage disorder inherited in an autosomal recessive fashion. The experience
with ERT in severely affected, non-ambulatory patients has not been reported in previous studies. This case
report describes clinical evidence for the 1-year efficacy and safety of ERT with elosulfase alfa in a severely
affected, non-ambulatory, 47-year-old patient with Morquio A syndrome who needs intensive respiratory
management. ERT with elosulfase alfa was well tolerated in this patient. Because of the possibility of potential
hypersensitivity adverse events, special attention is needed when using ERT in patients with respiratory dis-
orders. However, under the appropriate management of specialists, the patient in this case report showed sig-
nificant respiratory improvement after starting ERT, and abdominal bloating was improved by gas evacuation. In
addition, the patient was able to lift up her arms, reach behind her back, and move her legs slightly, and she
recovered her grip strength. Her hearing loss improved and she could hear without a hearing aid. This report
shows that ERT with elosulfase alfa can be used with appropriate respiratory care in patients with severe re-
spiratory dysfunction.

1. Introduction

Morquio A syndrome (mucopolysaccharidosis type IV A; OMIM
#253000) is an autosomal recessive lysosomal storage disorder caused
by a mutation in the gene for the enzyme N-acetylgalactosamine-6-
sulfatase (GALNS, EC 3.1.6.4) located on chromosome 16q24.3. The
resulting deficiency in GALNS causes the glycosaminoglycans (GAGs)
chondroitin-6-sulfate and keratan sulfate (KS) to accumulate in nu-
merous tissues [1]. Accurate estimates of prevalence and incidence of
Morquio A syndrome have not been fully established because of the
rarity of the disease and differences in reporting methods. Reported
birth prevalence of Morquio A (using recommended diagnostic
methods) ranges from 1 per 71,000 in the United Arab Emirates to 1 per
500,000 in Japan [2].

The only approved therapy for patients with Morquio A syndrome is
enzyme replacement therapy (ERT) with elosulfase alfa (VIMIZIM®,
BioMarin Pharmaceutical Inc., San Rafael, USA). In Japan, elosulfase
alfa was approved in 2014 based on clinical data from global studies,

even though only 6 Japanese patients were included [3]. In most
clinical studies used for the new drug application, severely affected
patients were excluded. The efficacy evaluation in the clinical studies
was mainly assessed by measures of endurance, such as the 6-minute
walk test (6MWT) or the 3-minute stair climb test (3MSCT). In these
studies, target patients were able to walk at least 200 m [4] or average
between 30 m and 325 m in the 6MWT at baseline [5,6], except for one
study in which criteria for enrollment included the inability to walk at
least 30 m in the 6MWT at screening [7]. Therefore, ERT experience in
severely affected, non-ambulatory patients with Morquio A syndrome is
limited.

Here, we present the efficacy and safety of ERT with elosulfase alfa
over 1 year in a severely affected, non-ambulatory adult patient with
Morquio A syndrome.

2. Clinical report

This case report describes a 47-year-old female Japanese patient
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with Morquio A syndrome. She provided her informed consent for the
publication of this case report, including the use of photographs.

The patient was noticed to have delayed growth during infancy. At
5 years of age, she was suspected of Morquio A syndrome based on her
short stature, waddling gait, and distinctive skeletal abnormalities. She
attended elementary and junior/senior high schools for special needs
education. At approximately 20 years of age, she showed scoliosis and
hyperlordosis, and worsening valgus deformity of the elbows, ulnar
deviation of the wrists, and kyphosis. She used an electric wheelchair
for mobility from 23 years of age.

At 34 years of age, she was transferred to Nishibeppu National
Hospital with mechanical ventilation after post-influenzal pneumonia
led to respiratory failure and impairment of consciousness. At the time
of admission, she presented with severe short stature (86.2 cm height),
with coarse facial features, hypertrichosis, abdominal bloating, joint
contracture, limited finger extension, bone deformity, osteoporosis,
slow movement, regression, pain in the limbs and spine, mild cervical
myelopathy, cervical instability, hepatic hypertrophy, cardiomegaly,
cataract, mild corneal clouding, hearing loss, upper and lower airway
narrowing, and respiratory muscle weakness. Her urinary uronic acid
concentration upon admission was 6.0 mg/g creatinine (normal range
in women aged 20 to 33 years, 3.32 ± 1.26 mg/g creatinine [8]). She
was definitively diagnosed with Morquio A syndrome based on her
height, the patterns of chondroitin sulfate and KS in electrophoresis [9],
and a low galactose 6-sulfatase activity in leukocytes (< 1.0 nmol/mg
protein/17 h; N-acetylgalactosamine [GalNAc] 6-sulfatase activity,
normal range 187 to 330 nmol/mg protein/17 h [verified by a local
laboratory]). She has been confined to bed since admission.

Because of her short stature, short neck, and deformed cervical
spine, she was not considered appropriate for weaning off the ventilator
after starting spontaneous breathing. She wore a mechanical ventilator
after tracheotomy. As a result of cervical myelopathy, she started to
show signs of respiratory infection of the bronchus, including pro-
gression of bronchial stenosis due to accumulated GAG in the airway
and respiratory muscle weakness. She began to develop progressive
multiple organ failure due to the systemic lack of galactose 6-sulfatase
enzyme activity.

At 35 years of age, the patient experienced hypoglycemia, which
was confirmed by blood glucose measurement (22 mg/dL) and treated
with glucose-electrolyte (Soldem® 3A) infusions and increased food
intake. The cause of hypoglycemia was not determined but was sus-
pected to be related to defective mucopolysaccharide metabolism.

At 40 years of age, stenosis of the bronchial bifurcation, obstruction
of peripheral bronchi, wheeze, and airway obstruction were ex-
acerbated due to increased expectoration. She started to use a hearing
aid because of worsening hearing loss. Decreased visual acuity and
corneal clouding were observed. She was prescribed narcotic analgesics
(codeine) for treatment of generalized pain, including back pain, and
prednisolone 5 mg/theophylline 160 mg was administered to produce

bronchodilation. She began to experience disturbance of consciousness
related to hypoglycemia, which occurred in the early morning after
overnight fasting and was confirmed by blood glucose monitoring.

At 44 years of age, she received laparoscopic diaphragm plication
and gastrostomy at Japanese Red Cross Kumamoto Hospital. After the
surgeries, she was transferred to the intensive care unit of Nishibeppu
National Hospital for postoperative care. Her atelectasis in the right
inferior lobe improved, but pleural effusion and atelectasis remained in
the left lung. The patient experienced leakage of enteral nutrition in the
gastrostomy site, progressed formation of granulation tissue, and ul-
ceration, and the gastroduodenal tube was replaced. Because of bladder
and rectal disturbance, urethral catheterization was carried out.
Subsequent observed hypoglycemic episodes were treated by increasing
glucose intake (eg, with juice) and prevented by overnight infusions of
glucose-electrolyte solution and increased oral glucose intake. Her
fasting blood glucose levels were maintained at 60 to 70 mg/dL. The
patient was also administered carnitine because of suspected carnitine
deficiency.

At 45 years of age, she had significant abdominal bloating due to air
swallowing, constipation, and difficulty passing gas. The left diaphragm
was weakened, the lung was compressed, and the dyspnea was not
improved, despite adjusting the setting of the ventilator. Tube feeding
was initiated due to intestinal hypoperistalsis and difficulty with oral
feeding. Exacerbated respiratory failure due to bronchitis and signs of
heart failure were observed. Her respiratory rate, blood pressure, and
pulse were managed by a 24-h monitor.

At 46 years of age, she started weekly intravenous infusions of
2.0 mg/kg elosulfase alfa (VIMIZIM®, BioMarin Pharmaceutical Inc.).
No adverse events related to the ERT were observed after starting ERT.
At 6 months after starting ERT, the abdominal bloating was improved
in clinical examination and maintained at 1.5 years after starting ERT.
Airway resistance in the bronchus, pain of extremities, and corneal
clouding were also improved (Table 1). A diminution in the leakage of
enteral nutrition in the gastrostomy site was observed, although it was
unclear whether this improvement resulted from elosulfase alfa treat-
ment or natural healing. The patient was able to lift up her arms
(Fig. 1A at 1.5 years after starting ERT) and reach behind her back, and
was able to move her legs slightly. She recovered hand grip strength
and was able to grip and press the buttons on a cell phone and remote
control (Fig. 1B at 1.5 years after starting ERT). Her hearing improved
as she could hear without a hearing aid, and this improvement was
confirmed by physicians through conversation with the patient. Hy-
poglycemia also appeared to improve. These improvements were
maintained during ERT, and for 1.5 years after starting ERT, with no
safety issues.

3. Discussion

This case report provides clinical evidence for the 1-year efficacy

Table 1
Comparison of clinical signs and symptoms at ERT commencement and thereafter.

Clinical signs and symptoms At the start of ERT 6 months after starting ERT 14 months after starting ERT

Aug 2015 Feb 2016 Oct 2016

Respiratory function
Oxygen flow rate (nasal cannula) 2 L/min 0 L/min (discontinued oxygen inhalation) 0 L/min (discontinued oxygen inhalation)
Proportion of spontaneous respiration 94.71% 98.16% 99.56%
Other important respiratory findings – Improved symptom of nocturnal apnea Improved symptom of nocturnal apnea

Joint pain/fatigue Severe No pain/fatigue No pain/fatigue
Abdominal bloating Severe Improved Improved
Limb motion Not able to move Improved, able to move Improved, able to move
Hearing loss Exacerbated Improved, able to hear without hearing aid Improved, able to hear without hearing aid
Visual loss Corneal clouding, decreased visual

acuity
Improved corneal clouding, recovered visual
acuity

Improved corneal clouding, recovered visual
acuity

Abbreviation: ERT, enzyme replacement therapy.
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and safety of ERT with elosulfase alfa in a severely affected, non-am-
bulatory adult patient with Morquio A syndrome who needs intensive
respiratory management. ERT with elosulfase alfa was tolerated in this
severely affected patient and improved her various symptoms, in-
cluding those related to respiratory function, abdominal bloating, pain
in the extremities, corneal clouding, and hearing loss.

In previous clinical studies [4–7], the efficacy of elosulfase alfa ERT
was assessed mainly by measures of endurance, such as the 6MWT, so
that most patients needed to have a minimum level of walking ability.
As such, non-ambulatory patients with severe symptoms were excluded.
However, the observations in this report show that ERT can be safely
used in severely affected patients, although appropriate endpoints, not
based on walking ability, are needed.

Respiratory impairment is the leading cause of morbidity and
mortality in patients with Morquio A syndrome and can be caused by
obstructive or restrictive lung disease [7]. Indeed, respiratory failure
was the primary cause of death (based on death certificates) in 17 of 27
patients (15 male, 12 female) with Morquio A syndrome between 1975
and 2010 in the United Kingdom [10]. The accumulation of GAG in
airway walls, together with thickened secretions and skull, spine, and/
or tracheal abnormalities, contributes to narrow and tortuous airways
in patients with Morquio A syndrome [1]. Because of the possibility of

potential hypersensitivity adverse events, the Japanese package insert
for elosulfase alfa warns that more attention is required for use in pa-
tients with respiratory disorders [11]. The patient in this case report
showed significant respiratory improvement and was able to dis-
continue supplementary oxygen after starting ERT. In addition, ab-
dominal bloating was improved by gas evacuation, followed by im-
proved lung compression and respiratory function. This report shows
that ERT with elosulfase alfa can be used for patients with severe re-
spiratory dysfunction when under appropriate respiratory care.

Hearing loss is one of the most common symptoms found in patients
with Morquio A syndrome and may be caused by recurrent respiratory
tract infections, otitis media, ossicle deformity, or other inner ear ab-
normalities [1]. In this report, the observed increase in hearing ability
may be explained by an unexpected, direct effect of ERT on hearing
and/or an indirect effect of ERT by improved ventilation in the upper
airways.

The dose of elosulfase alfa administered to this patient, 2 mg/kg/
week, was the approved dose for patients with Morquio A syndrome
and was based on the results of clinical study endpoints that evaluated
the endurance and safety of ambulatory patients with Morquio A syn-
drome [5,12]. Given that elosulfase alfa at 4 mg/kg/week has been
shown to have similar safety and tolerability as 2 mg/kg/week, and has
also resulted in positive changes in exercise capacity, muscle strength,
and pain [4], higher, off-label doses could be considered for severely
affected, non-ambulatory patients.

This is the first case report of the ERT elosulfase alfa in a non-am-
bulatory patient with Morquio A syndrome. There are few reports of
ERT experience in Japanese patients, including only 6 Japanese pa-
tients prior to the approval of the elosulfase alfa [3]. This report of only
one patient limits the ability to apply or interpret these results more
broadly. Further, each assessment was performed in a real-world
medical setting, resulting in some lack of quantitative data that could
otherwise show the extent of improvement. Despite these limitations,
this report provides valuable information pertaining to the rare ex-
perience of treatment in a severely affected Japanese patient with
Morquio A syndrome.

In conclusion, this case report provides clinical evidence for the 1-
year efficacy and safety of ERT with elosulfase alfa in a severely af-
fected adult patient with Morquio A syndrome. ERT with elosulfase alfa
improved various symptoms, including those related to respiratory
function, abdominal bloating, pain in the extremities, corneal clouding,
and hearing loss. To manage the diverse symptoms of Morquio A syn-
drome, it is crucial to administer ERT elosulfase alfa in the setting of
multidisciplinary specialist care.
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