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Summary. Before 2006, Pompe disease or glycogenosis storage disease type Il was an incurable disease whose treatment
was merely palliative. The development of a recombinant human alpha-glucosidase enzymatic replacement therapy has
become the first specific treatment for this illness. The aim of this guide is to serve as reference for the management of the
late-onset Pompe disease, the type of Pompe disease that develops after one year of age. In the guide a group of Spanish
experts make specific recommendations about diagnosis, follow-up and treatment of this illness. With regard to diagnosis,
the dried blood spots method is essential as the first step for the diagnosis of Pompe disease. The confirmation of the
diagnosis of Pompe disease must be made by means of an study of enzymatic activity in isolated lymphocytes or a
mutation analysis of the alpha-glucosidase gene. With regard to treatment with enzymatic replacement therapy, the
experts say that is effective improving or stabilizating the motor function and the respiratory function and it must be
introduced when the first symptoms attributable to Pompe disease appear.
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Introduction

Glycogen storage disease type II or Pompe disease
(OMIM Entry # 232300), also referred to as acid
maltase deficiency, is a rare lysosomal storage dis-
ease characterized by the accumulation of glycogen
primarily in muscle tissue. It is an autosomal re-
cessive inherited disease in which there is a defi-
ciency in the activity of the lysosomal enzyme acid
a-glucosidase. The a-glucosidase gene is located on
the long arm of chromosome 17 (17q25.2-q25.3)
[1]; more than 350 mutations have been identified,
which are catalogued at the Pompe Center of the
Erasmus MC in Rotterdam [2]. The most common
mutation in Caucasian patients is IVS 1 (-13T>Q),
present in one of the alleles of more than 50% of
individuals with Pompe disease.

Before 2006 it was an incurable disease for which
there was only palliative treatment. The develop-
ment of replacement therapy using the recombi-
nant human acid a-glucosidase enzyme constituted
the first specific treatment for Pompe disease [3].

The steady accumulation of glycogen in tissues
can lead to increased weakness, organ failure and
ultimately death. The severity varies according to the
age of onset, rate of progression of organ involve-
ment and muscle involvement [4]. In fact, variabili-
ty is so great that, although most of those affected
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have trouble getting up or climbing stairs, there are
others who are virtually asymptomatic [5].

Infantile- and late-onset Pompe disease are the
two most common forms of the disorder. The in-
fantile form is the most severe type and is charac-
terized by cardiomegaly, generalized muscle weak-
ness, hypotonia, hepatomegaly and death from re-
spiratory failure before the end of the first year of
life. Although the clinical presentation of classic in-
fantile-onset Pompe disease is quite homogeneous
and corresponds to the one described by Pompe in
1932 [6], there is also a less severe non-classic form
described by Hers [7]. The late-onset form, also
known as juvenile or adult form, appears after the
age of one and affects skeletal muscle, causing pro-
gressive muscle weakness and respiratory impair-
ment. In the late-onset form, respiratory compli-
cations often have severe clinical repercussions.
The different forms are generally correlated with
a-glucosidase activity, which in affected infants un-
der the age of 1 is usually less than 1% of normal
activity, while in the juvenile form it is less than 10%
and in adults less than 40%.

The incidence of early-onset Pompe disease among
the Taiwanese and Dutch populations is 1 in 33,333
and 1 in 138,000 respectively. The incidence of late-
onset Pompe disease is estimated to be 1 in 57,000.
Newborn screening programs for Pompe disease
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Table I. Differential diagnosis of late-onset Pompe disease.

Diseases for which
it can be mistaken

Findings in common

Duchenne, Becker and limb-

girdle types of muscular dystrophy

Progressive muscle weakness in shoulders,
pelvis and lower limbs, elevation of CK

Scapulohumeral syndromes

Weakness of shoulder girdle, winging of scapula

Myotonic dystrophy-2

Proximal muscle weakness, fatigue, cramps,
irritative electromyogram, elevation of CK

Rigid spine syndrome

Limited mobility of the spine, low back pain, axial muscle weakness

Myasthenia gravis

Fatigue and generalized muscle weakness, respiratory distress

Spinal muscular atrophy

Muscle weakness and atrophy, elevation of CK

Polymyositis

Subacute proximal muscle weakness, elevation of CK

Glycogen storage disease
types llla, IV, Vand VII

Hypotonia and hepatomegaly in childhood,
muscle weakness, exercise intolerance, elevation of CK

Danon disease

Hypertrophic cardiomyopathy, vacuolar myopathy
with glycogen storage, elevation of CK

Mitochondrial myopathies

Muscle weakness, exercise intolerance,
cardiomyopathy and elevation of CK

Asymptomatic hyperCKemia

Elevation of CK

CK: creatine kinase.
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have recently been started in Taiwan, Austria and
some areas of the United States [8].

Methods

The purpose of this guide is to serve as a reference
for the management of late-onset Pompe disease.
Specific recommendations are made regarding the
diagnosis, monitoring and treatment of this disease.

The working group that has developed this guide
includes specialists in all of the professional disci-
plines involved in caring for patients with Pompe
disease: neurology, pulmonology, pediatric neurol-
ogy, internal medicine, biochemistry and genetics.
Patient perspectives and preferences have been tak-
en into account; the users of the guide are clearly
defined.

To produce this guide a literature search of the
TRIP, Cochrane Library, Cochrane Plus, EMBASE,
PubMed/Medline and ECA LOST databases was
performed using the PICO (patient, intervention,

comparison, outcome) method recommended by
the National Health System’s CPG working group
[9]. The search terms used were ‘Pompe disease’
and ‘late-onset’ acid a-glucosidase deficiency, maltase
deficiency, glycogen storage disease type II and gly-
cogenosis type II. No date was specified. The refer-
ences in the articles found were also used. The most
recent papers and those that met the highest stan-
dards of scientific quality were selected as sources
of evidence. The Scottish Intercollegiate Guidelines
Network (SIGN) criteria were used to establish the
levels of evidence and determine the grades of rec-
ommendations for this guide [10].

The articles reviewed were used by the authors
to prepare a scoping document that was revised on
several occasions by all of them. The conclusions
reached were agreed upon at a working session held
in Madrid on October 4, 2011. Later, two telecon-
ferences were held to shape the guide into its final
form.

The difficulties involved in implementing the ap-
proved recommendations were discussed during the
preparation of the guide, as were the potential costs.

The authors represent the national committee of
experts on Pompe disease, a panel of doctors with
extensive clinical experience of the disorder. Re-
sponsibility for the interpretation of this review
rests with the authors. All authors have approved
the final version of the manuscript and are fully re-
sponsible for its content.

Diagnosis

Early diagnosis is vital in symptomatic Pompe dis-
ease. It is one of the few myopathies whose natural
course may be altered, which is why a delay in diag-
nosis may be harmful for the patients. It is of ut-
most importance that physicians in general and
primary care physicians in particular should con-
sider the possibility of this disease in patients who
present with muscle fatigue, clumsiness, difficulty
in breathing and/or elevated muscle enzymes.

The late-onset form is clinically very heteroge-
neous, which makes it difficult to diagnose it be-
cause it can mimic other neuromuscular disorders
(Table I) [5].

Signs and symptoms of late-onset Pompe disease

Clinical presentation of late-onset Pompe disease
may vary considerably with respect to the age of
onset, organ involvement, degree of myopathy, and
rate of progression (Table II). The disease is usually
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progressive and its course does not always correlate
with the age of onset [11].

Late-onset Pompe disease may occur at any time
after the age of one and usually presents with a pro-
gressive myopathy [12]. Weakness is preceded by
myalgia and muscle cramps. Children have a devel-
opmental delay in motor skills [13]. Adults experi-
ence proximal muscle weakness, which is greater in
the muscles of the pelvic girdle, making it difficult
to climb stairs, run or get up from a chair.

Respiratory failure is the leading cause of mor-
bidity and mortality [14] so attention must be paid
to the development of symptoms of respiratory dis-
tress, especially when in a supine position, caused
mainly by diaphragmatic involvement, and infec-
tions, which shall require early and aggressive thera-
peutic intervention. The progression of muscular
weakness and respiratory symptoms causes some
patients to require wheelchairs and mechanical ven-
tilation. In the study by van der Beek et al [15] in
which 16 patients were followed for an average of 16
years, patients presented with a 1.6% annual decline
in lung function, 50% ended up needing a wheel-
chair and 19% required mechanical ventilation. In
patients with late-onset Pompe disease, respiratory
failure may be mild and go unnoticed [16,17].

Other serious complications are those resulting
from the presence of intracranial aneurysms, which
may be underdiagnosed and cause death due to the
disease [18].

Since the early symptoms of late-onset Pompe
disease are non-specific, it often takes several years
to reach the correct diagnosis. Thus, the review by
Hagemans et al showed that diagnostic delay ranged
from 5 to 30 years in a third of the cases [12].

The weakness affects the pelvic girdle rather than
the scapulohumeral muscles and affects the proxi-
mal muscles more than the distal muscles [12]. Mus-
cular atrophy tends to be proportionate to the de-
gree of paresis, but there are patients with no de-
tectable weakness. In fact, nearly half of patients
with late-onset Pompe disease have pain in one or
more areas of the body and it was found that 76%
complain of fatigue [5].

Other problems that can be found in the first
evaluation are difficulties with chewing or jaw mus-
cle fatigue, a weak gag reflex and difficulty in swal-
lowing [4].

Tests and clinical studies to reach a diagnosis

Several tests should be performed in patients sus-
pected of having Pompe disease to lead us to the
diagnosis (Table III).
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Table I1. Signs and symptoms during an initial assessment of late-onset
Pompe disease.

Musculoskeletal system

Progressive limb-girdle weakness (pelvic muscles
are affected more than the scapulohumeral group)

Amyotrophy

Hyporeflexia

Gait disturbances

Exercise intolerance (early tiredness and fatigue)

Myalgia and cramps

Contractures and deformities such as lordosis and scoliosis (children)

Delay of motor development (children)

Respiratory system
Dyspnea on exertion
Orthopnea

Respiratory problems while sleeping, sleep apnea/hypopnea
syndrome with daytime sleepiness and morning headache

Weak cough

Frequent respiratory infections

Others

Subarachnoid hemorrhage due to ruptured brain aneurysm
(especially in the basilar artery)

Dysphagia
Difficulty chewing
Weight loss

Clinical evaluation must include manual assess-
ment —Medical Research Council (MRC) scale— or
quantification of muscle strength together with the
performance of basic functional tests such as the
Gowers maneuver and gait assessment. The use of
quantitative scales or standardized timed tests is al-
ways desirable although dependent on the availabil-
ity at each institution and there may be restrictions
on their use, as they consume time and resources.
However, they are essential in the evaluation of late-
onset Pompe disease.

Elevations of CK, transaminase (ALT, AST) and
LDH levels are sensitive but non-specific indicators
for late-onset Pompe disease as they can be seen in
95% of those affected [19]. Transaminase elevation
in the presymptomatic stages can lead to a mistaken
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Table IIl. Diagnostic protocol when late-onset Pompe disease is sus-
pected.

Clinical evaluation including manual or quantitative assessment
of muscle strength (Medical Research Council scale) and basic
functional tests (e.g. Gowers maneuver)

Blood biochemistry analysis (CK, ALT, AST, LDH)

Spirometry and change in forced vital capacity in sitting and lying
supine positions (for children who cannot follow instructions,
respiratory infections should be recorded)

Dried blood spot test

Enzyme analysis of a-glucosidase in lymphocytes and
other tissue samples (enzymatic confirmation of diagnosis)

Genetic study

Other tests that will help make a diagnosis:
Urine analysis (glucose tetrasaccharide-Glc4)
Muscle biopsy
Electromyogram
Muscle imaging (MRI)
Polysomnography and nocturnal oximetry
Electrocardiogram, echocardiogram and chest X-ray

Diagnostic confirmation:
Genetic testing: analysis of mutations in the acid a-glucosidase gene
Enzyme studies: acid a-glucosidase activity in lymphocytes

diagnosis of liver disease, especially if CK has not
been measured.

Although it may also be found in other glycogen
storage diseases, elevation of urinary glucose tetra-
saccharide (Glc,) supports the diagnosis of Pompe
disease if compatible with clinical findings [20].

Spirometry is very useful for detecting the signs
of respiratory impairment that are common in late-
onset Pompe disease, and may even occur in the
presymptomatic stage. Measurement of forced vital
capacity (FVC) should be made in the sitting and
lying supine positions. A decrease by more than 10%
in FVC from sitting to lying supine position sug-
gests weakness of the diaphragm [17].

Electrophysiological tests in patients with Pom-
pe disease usually reveal normal nerve conduction,
but the electromyogram (EMG) may show a myo-
pathic pattern of the proximal muscles and signs of
membrane irritability with myotonic discharges,
usually in the paravertebral muscles [21].

Muscle imaging techniques may also be useful,
especially magnetic resonance imaging (MRI). Gen-
erally speaking, it has been shown in myopathies

that muscle weakness correlates with abnormal MRI
findings. No specific distribution of muscle atrophy
and fatty infiltration has been observed in patients
with Pompe disease [22], but use of a whole body
MRI protocol can show a pattern suggestive of this
disease [23]. It is also possible to use quantitative
methods that may be useful in following the course
of the disease and in the assessment of treatment
outcomes [24].

Muscle biopsies from these patients show vacu-
olar myopathy with glycogen storage, although they
may be normal or nonspecific in 30% of cases [25].

Measurement of a-glucosidase activity in dried
blood spots is essential for the diagnosis of late-on-
set Pompe disease. The finding must be confirmed
by an enzyme assay performed in isolated lympho-
cytes in a liquid sample [3].

Given its high specificity and sensitivity, muta-
tion analysis of the a-glucosidase gene may be per-
formed as a confirmatory test; over 350 mutations
have been described up to the present time.

Diagnostic confirmation

In light of the findings set out in table IV, the likeli-
hood of late-onset Pompe disease is high and it
would only be necessary to obtain a confirmation of
the diagnosis (Figure).

There are two ways to confirm a diagnosis of
late-onset Pompe disease, through a second assay
to confirm reduced activity of the acid a-glucosidase
enzyme or through molecular genetic analysis (Ta-
ble III).

In children and adults with late-onset Pompe
disease, a genetic study including a complete mo-
lecular analysis of the acid a-glucosidase gene is
highly recommended, as it is useful for confirming
the diagnoses especially when enzyme activity val-
ues are not entirely conclusive because they are
within the limits of normal range. For information
about all laboratories offering full gene sequencing
of the a-glucosidase gene, see genetests.org [26]. In
some cases this may be valuable in predicting pa-
tient outcome [28].

Management

In order to provide appropriate care and treatment
to patients diagnosed with late-onset Pompe dis-
ease, both multidisciplinary and transdisciplinary
approaches are necessary to allow the specialists to
jointly collaborate and coordinate. The team of pro-
fessionals must include a physician with experience
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in managing Pompe disease, who will coordinate the
team. Team members should include specialists in
the fields of neurology, pulmonology, general medi-
cine (internal medicine, pediatrics, metabolism),
occupational therapists and disease geneticists.

General medical care recommendations

The health of patients who have late-onset Pompe

disease becomes progressively more fragile, so spe-

cial care must be provided and attention paid to
situations that in other cases would be trivial.

— Strict hygiene measures must be followed.

— Nutritional status must be assessed and a diet
followed where 25-30% of calories come from
protein recommended.

— Treatment of infections, especially respiratory in-
fections, should be aggressive and should include
use of antivirals for the flu.

— Routine vaccinations should be administered,
following local guidelines for populations at risk.

— Care should be taken with drugs that have a my-
orelaxant effect and central nervous system de-
pressants.

— With respect to general anesthesia there are no
absolute contraindications. Monitoring respira-
tory function is recommended.

— The family should be educated about the disease
and the recommendations for improving out-
come.

— Encourage social interaction at regular intervals.

Pulmonary involvement

As Pompe disease progresses, the respiratory mus-
cles become weaker until respiratory function val-
ues are altered, the cough becomes weak, there are
alterations in gas exchange and respiratory distur-
bances appear during sleep [28].

When lungs are affected:

— Respiratory function should be monitored peri-
odically for signs of respiratory muscle weakness
and/or sleep disorders.

— Spirometry and measurement of oxygen satura-
tion by pulse oximetry should be done at every
check-up.

— An arterial blood gas (ABG) test should be per-
formed annually or when there are any changes
in the respiratory status.

— Initial chest X-ray and whenever there are chang-
es in the respiratory status.

— Respiratory physiotherapy and manual and/or
mechanical-assisted coughing techniques should
be started early.
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Table IV. Findings suggesting the presence of Pompe disease (modified at [8]).

Test Findings

Weakness predominantly affecting proximal muscles
Manual assessment of muscle strength

(MRC scale) and functional tests

Gowers' sign, difficulty climbing stairs

Creatine kinase May be normal or up to 15 times above the normal limit

>10% reduction in forced vital capacity when

Spirometry moving from sitting to lying supine position

Nerve conduction study: normal

Electromyogram: signs of irritability of the muscle
membrane (sometimes only in the paravertebral muscles).
Motor unit potentials are of low amplitude, short duration
and polyphasic

Electrophysiological studies

Polysomnography Desaturation indexes (apnea-hypopnea index, etc.)
a-glucosidase activity in DBS Variable reduction of a-glucosidase activity,
or peripheral blood lymphocytes which can reach < 10% to < 40% of normal activity

DBS: dried blood spots; MRC: Medical Research Council.

— Assessment of respiratory function during sleep
needs to be made whenever there is hypoxemia
and/or daytime sleepiness, morning headaches
or sleep apnea has been observed.

— Oxygen therapy and/or positive pressure venti-
lation should be prescribed according to the
problems detected: hypoxemia, obstructive sleep
apnea, hypoventilation.

— Sedatives should be avoided and respiratory in-
fections should be treated immediately.

Digestive system disorders and nutritional problems

The first complaints of patients with late-onset Pom-
pe disease may be related to jaw muscle fatigue and
difficulties with chewing and swallowing. This may
lead to an inadequate intake of calories, vitamins and
minerals that can cause protein deficiency, which
will further aggravate problems with the muscles.
Nutrition is very important for maintaining op-
timal lysosomal function.
When there are gastrointestinal and nutritional
problems:
— Videofluoroscopic evaluation of oropharyngeal
swallowing.
— Monitor growth parameters in young patients.
— Recommend a diet with a protein intake of about
25-30% of total calories.
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Figure. A diagnostic algorithm for late-onset Pompe disease.
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— Reduce carbohydrate intake.

— Vitamin and mineral supplements.

— Use thickeners to make swallowing liquids more
manageable.

— Recommend exercises to improve swallowing su-
pervised by a therapist specially trained in neuro-
muscular disorders.

Musculoskeletal involvement

When there are musculoskeletal impairments and

loss of motor functions:

— Periodically assess musculoskeletal deficits, loss
of motor function and degree of disability.

— Radiographs to monitor the onset or worsening
of scoliosis and long bone integrity (in children).

— Enhance muscle function through physical ther-
apy.

— Prevent/minimize musculoskeletal impairment
(contracture/deformity) with assistive equipment

and devices to maintain proper posture. Use or-
thotics or surgery when needed.

— Screen for osteopenia/osteoporosis. Densitome-
try should be performed during the initial as-
sessment and thereafter should be repeated at
least every two years. Examine parameters of
bone and mineral metabolism (calcium, phos-
phorus, PTH).

Genetic counseling

With the availability of molecular and genetic test-
ing, it is possible to identify the mutations that are
carried by a patient and his/her family. Once the
genetical characterization of the index case has
been performed, screening of at-risk family mem-
bers is recommended. Genetic counseling should
be provided to anyone who requests it.
Guidelines for genetic counseling:

— Perform molecular analyses to determine the pat-
tern of mutations the index case carries.

— Determine the risk other family members have
of carrying the identified mutations.

— Obtain the informed consent from all those who
request genetic counseling; to do so you need to
contact the genetics laboratory.

— When a family member has been determined to
be a carrier of a mutation, a molecular analysis
of his/her partner is recommended; assuming
that he/she is a member of the general popula-
tion, the risk of being a heterozygous carrier of a
mutation in the gene that causes Pompe disease
is approximately about 1 in 100.

After the molecular analysis has been performed,
and depending upon the result, it will be necessary
to determine the residual chance that the mutations
will be transferred to the offspring, which in some
cases may indicate a need for prenatal testing.

Treatment

Enzyme replacement therapy (ERT)

ERT is performed with infusions of alglucosidase a
(human acid a-glucosidase produced by recom-
binant DNA in CHO cells). This treatment was first
used in 2000 and clinical improvement was
achieved in all of the patients who were treated
[29]. The European Medicines Agency in 2006 and
the Food and Drug Administration in 2010 gave
approval for this treatment of late-onset Pompe
disease.
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Efficacy

Pompe disease is progressive, and the mortality
rate is higher than in the general population, due
mainly to muscle weakness and respiratory failure.
For example, in the study Wokke et al [30], in
which more than 50 patients with late-onset Pom-
pe disease were followed, declines were observed
in the strength of the limbs and in pulmonary
function in just 12 months. Moreover, a study by
Gung et al [31] in a large population of patients
with untreated late-onset Pompe disease showed
they had a survival rate that was less than that of
the general population.

ERT treatment can stop or slow the progression
of the disease. Indeed, many studies have been pub-
lished that confirm the efficacy of ERT with alglu-
cosidase o in the treatment of children with the
classical phenotype of rapidly-evolving glycogen
storage disease type II, especially for hypertrophic
cardiomyopathy [32-35]. Experience in adults is
more limited as there is great clinical variability, but
there is sufficient evidence to substantiate that en-
zyme replacement therapy is effective. In the stud-
ies that have been published, the effects of ERT on
skeletal muscle vary and depend on the degree of
muscle involvement as well as the age of the pa-
tients [36]. In two clinical trials published by van
Capelle et al [37] and van der Ploeg et al [38], in
which 95 patients between the ages of 5 and 70
years with Pompe disease receiving ERT were fol-
lowed up for three years, it was observed that in
most cases there were benefits for the motor and
respiratory functions and muscular strength. Addi-
tionally, in two observational studies published by
Strothotte et al [39] and Bembi et al [40], ERT was
administered for 1 year to 68 patients between the
ages of 7 and 69 years who had Pompe disease; the
benefits observed were consistent with the results
found in clinical trials. Improvement or stabiliza-
tion of disease has also been observed in patients
with advanced stage Pompe disease who were se-
verely disabled, as reflected in the study by Or-
likowski et al [41]. The results of these studies sug-
gest that the benefit of ERT is greater if it is started
at an early stage, and in patients whose baseline
clinical situation is in better condition [42,43].

Pretreatment evaluation and follow-up

Before beginning ERT it is necessary to perform a
complete clinical and laboratory evaluation, similar
to the diagnostic protocol described above. During
follow-up it will be necessary to repeat some of the
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tests mentioned in order to monitor the efficacy of
the ERT (Table V).

Dosage and initiation of the treatment

The decision on whether to initiate or delay treat-
ment may have important implications for the course
of the disease and the patient’s quality of life.

The recommended dosage regimen of alglucosi-
dase o is 20 mg/kg of body weight administered once
every 2 weeks. As it is administered intravenously, a
device such as a ‘port-a-cath’ may be implanted to
make access easier. In some cases, 40 mg/kg doses
have been given but at present it is not known
whether varying the dose in accordance with the pa-
tient’s clinical evolution may be beneficial.

No clinical studies have yet been conducted to
show whether the treatment of asymptomatic pa-
tients can delay the onset of the symptoms of the
disease. Nor is there yet sufficient evidence regard-
ing whether or not to discontinue treatment in
those patients for whom there are no objective ben-
efits, nor regarding how much time to wait before
discontinuing ERT.

That is, treatment should be given to cases that are:
— Symptomatic: when the diagnosis is confirmed.
— Asymptomatic: when they become symptomatic

or when functional tests and/or neuroimaging

(MRI) show a decline.

According to the experts who met in order to pro-
duce this guide there is insufficient evidence to sup-
port withdrawal of enzyme replacement therapy,
although it may be reasonable for it to be with-
drawn in the case of serious adverse events that
cannot be controlled, severe comorbidity that lim-
its the patient’s life expectancy or if the patient
should decide so.

The possibility of administering treatment to pa-
tients in their own homes exists and it is important
to highlight the fact that patients can benefit greatly
if treated at home [44].

Therapeutic objectives

As yet there is no international consensus regarding

the objectives that should be sought by treating pa-

tients who have late-onset Pompe disease with ERT,

but at the very least they should be the following:

— Stabilize or improve respiratory function (reduce
or eliminate the need for mechanical ventilation).

— Stabilize or improve motor function, and prevent
the onset of motor symptoms in asymptomatic
patients.
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Table V. Assessment protocol prior to initiation of enzyme replacement treatment and follow-up evaluations.

Prior assessment

Muscle assessment

Manual assessment (MRC scale) of muscle strength

Spirometry
Forced vital capacity in sitting and lying supine positions
Maximal expiratory pressure / Maximal inspiratory pressure

Polysomnography and/or nocturnal oximetry (if available)

Blood biochemistry analysis (transaminases, LDH, creatine kinase)

Chest X-ray

Anti-alglucosidase o and glucose tetrasaccharide antibodies (if available)

Assessment scales

Functional mobility scales: from lying supine to standing, going up
and down four steps and global scales (Walton-Gardner-Medween)

Timed functional tests: 6-minute walk test; 10-meter walk test,
going up and down four steps, time to standing from lying supine
and sitting positions

Disability scales, such as Rotterdam Handicap Scale [52]
Pain scales such as visual analog scales (VAS)

Quality of life scales, such as the short form (SF-36) Health Survey

Follow-up
evaluations

Muscle testing

Manual assessment (MRC scale) of muscle strength

Spirometry

Forced vital capacity in sitting and lying supine positions

Assessment scales

Timed functional test and mobility scales: 6-minute walk test

MRC: Medical Research Council.

— Improve the nutritional status of the patient.

— Improve the patient’s quality of life.

— Prevent or delay the onset of complications. In
younger patients, attention should be paid to

motor development and growth.

Safety
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In general, use of ERT is safe but patients under
treatment should be monitored for adverse effects.
Fever and anaphylactic reactions may occur at the
time of the infusion or within hours of it [33,34,38].
These events should be treated in the usual manner

with antihistamines, corticosteroids and adrenaline,

which should be at hand before proceeding with

the ERT infusions.

In a recent randomized, double blind, placebo-
controlled study during which patients with late-
onset Pompe disease [38] who received ERT were
followed for 78 weeks, the following safety out-
comes were found:

— The frequency of adverse events and serious ad-
verse events was similar in the two groups. Most
of the adverse events were mild to moderate in
intensity, and not considered to be related to the
ERT. They were dealt with without need for the
withdrawal of ERT. The most common adverse
events (falls, nasopharyngitis and headache)
were similar in both groups.

— 5-8% of the patients treated with alglucosidase
had allergic reactions with symptoms such as ur-
ticaria, flushing, hyperhidrosis, chest discomfort,
vomiting and increased blood pressure. Of the
60 patients receiving ERT, two dropped out be-
cause of this. These reactions were not observed
in the placebo group, but one of the patients in the
placebo group withdrew because of headache.

— All of the patients in the group that received ERT
developed anti-alglucosidase a HGPI antibodies
within a short period (median time was 4 weeks)
and in 31% inhibition of enzyme uptake was
found. Nonetheless, inhibition of enzyme activi-
ty was not detected in any of these patients.

Other treatment options

The future looks promising for the treatment of
Pompe disease and it seems the way forward will lie
in gene therapy. Studies in mice have used viral vec-
tors to replace the defective acid a-glucosidase gene
although no clinical studies have yet been conduct-
ed in humans. A phase 2 co-administration study of
chaperone AT2220 together with ERT is underway
too [45].

It is also important to consider aspects such as
diet and exercise, as recommended in the studies of
Bembi et al [46] and Slonim et al [47] in which the
natural course of late-onset Pompe disease cases
improved in two cases using just nutrition therapy
and exercise.

Psychological support for
patients and their families

When Pompe disease is diagnosed in a patient, the
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disease affects the entire family who will now need
to become involved in caring for the patient. In
some cases, this can be a terrible experience al-
though it can also be very enriching for the family if
they participate actively and jointly when the time
comes to managing such a difficult situation. To be
able to deal with things, it is important that both
the patient and the family contact some organiza-
tion of persons affected by the disease to request
help. The most relevant ones are: the International
Pompe Association [48], the Spanish Association of
People with Glycogenosis [49], the United Pompe
Foundation [50], and the Association for Glycogen
Storage Disease UK — Pompe Disease Group [51].

People suffering from the disease and their fami-
lies may require individual or family psychological
counseling to accept the disease.

Psychological support programs are available at
some of the centers for the treatment of Pompe dis-
ease in which the ERT is administered to help deal
with the difficulties that may arise as a result of
treatment, as it is of utmost importance for ERT to
be well accepted in order to improve the prognosis
of the patients.

Key conclusions and recommendations

— When faced with a history or clinical findings
suggestive of Pompe disease (limb-girdle, espe-
cially pelvic, weakness, with or without respira-
tory symptoms), the patient should be referred
immediately to specialists. Multidisciplinary moni-
toring of the patient is necessary and beginning
treatment early can markedly improve their
prognosis (level of evidence 3-4, grade of recom-
mendation D).

— Using the analysis of a-glucosidase activity with
dried blood spots technique (DBS) is an essential
first step in the diagnosis of Pompe disease (level
of evidence 1, grade of recommendation A).

— To confirm the diagnosis of Pompe disease, an as-
say of the enzyme activity in isolated lymphocytes
in a liquid sample or mutation analysis of the
a-glucosidase gene should be performed (level of
evidence 1, grade of recommendation A).

— As for the genetic study, there is no justification
for a population study in pairs of mutation carri-
ers, although in the right context it can be very
useful (level of evidence 2, grade of recommen-
dation B).

— Although experience with enzyme replacement
therapy in late-onset Pompe disease is limited,
given that it is a rare disease with great clinical
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variability, there is sufficient evidence to sub-
stantiate that ERT is effective for improving or
stabilizing motor and respiratory functions (level
of evidence 1, grade of recommendation B) [38].

— ERT should be initiated as soon as symptoms at-
tributable to Pompe disease appear (level of evi-
dence 3, grade of recommendation D).

— There is insufficient evidence to support with-
drawal of ERT, but it is reasonable for it to be
withdrawn if: it is the patient’s own desire that it
should be, there are serious adverse events that
cannot be controlled or severe comorbidity that
limits the patient’s life expectancy (level of evi-
dence 4, grade of recommendation D).

— Nutritional intervention and aerobic exercise can
improve motor function in patients (level of evi-
dence 3, grade of recommendation D) [47].

References

1. Raben N, Plotz P, Byrne BJ. Acid a-glucosidase deficiency
(glycogenosis type II, Pompe disease). Curr Mol Med 2002;
2: 145-66.

2. Pompe Center. Molecular aspects: mutations. URL: http://
cluster15.erasmusme.nl/klgn/pompe/mutations.html.
[17.10.2011].

3. Winchester B, Bali D, Bodamer OA, Caillaud C, Christensen E,
Cooper A, et al. Methods for a prompt and reliable laboratory
diagnosis of Pompe disease: report from an international
consensus meeting. Mol Genet Metab 2008; 93: 275-81.

4. Kishnani PS, Steiner RD, Bali D, Berger K, Byrne BJ, Case LE,
et al. Pompe disease diagnosis and management guideline.
Genet Med 2006; 8: 267-88.

5. Bembi B, Cerini E, Danesino C, Donatti MA, Gasperini S,
Morando L, et al. Diagnosis of glycogenosis type II. Neurology
2008; 71 (Suppl 2): S4-11.

6. Pompe JC. Over idiopatische hypertrophie van het hart.
Ned Tijdshr Geneeskd 1932; 76: 304-11.

7. Hers HG. Alpha-glucosidase deficiency in generalized glycogen
storage disease (Pompe’s disease). Biochem ] 1963; 86: 11-6.

8. American Association of Neuromuscular & Electrodiagnostic
Medicine. Diagnostic criteria for late-onset (childhood and
adult) Pompe disease. Muscle Nerve 2009; 40: 149-60.

9.  Grupo de trabajo sobre GPC. Elaboracién de guias de practica
clinica en el Sistema Nacional de Salud. Manual metodoldgico.
Madrid: Plan Nacional para el SNS del MSC. URL: http://
www.guiasalud.es/manual/index.html. [17.10.2011].

10. Scottish Intercollegiate Guidelines Network. A guideline
developers” handbook Edinburgh: SIGN. URL: http://www.
show.scot.nhs.uk/sign/guidelines/fulltext/50/index.html.
[10.10.2011].

11. Miiller-Felber W, Horvath R, Gempel K, Podskarbi T, Shin Y,
Pongratz D, et al. Late onset Pompe disease: clinical and
neurophysiological spectrum of 38 patients including
long-term follow-up in 18 patients. Neuromuscul Disord
2007; 17: 698-706.

12. Kroos MA, Pomponio RJ, Hagemans ML, Keulemans JL,
Phipps M, DeRiso M, et al. Broad spectrum of Pompe disease
in patients with the same c.-32-13T->G haplotype. Neurology
2007; 68: 110-5.

13. Hagemans ML, Winkel LP, Van Doorn PA, Hop W7,
Loonen MC, Reuser AJ, et al. Clinical manifestation and
natural course of late-onset Pompe’s disease in 54 Dutch
patients. Brain 2005; 128: 671-7.

14. Reuser AJ, Kroos MA, Hermans MM, Bijvoet AG, Verbeet MP,

505



M.A. Barba-Romero, et al

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

506

Van Diggelen OP, et al. Glycogenosis type II (acid maltase
deficiency). Muscle Nerve 1995; 3: S61-9.

Van der Beek NA, Hagemans ML, Reuser AJ, Hop WC, Van
der Ploeg AT, Van Doorn PA, et al. Rate of disease progression
during long-term follow-up of patients with late-onset Pompe
disease. Neuromuscul Disord 2009; 19: 113-7.

Mellies U, Lofaso F. Pompe disease: a neuromuscular disease
with respiratory muscle involvement. Respir Med 2009; 103:
477-84.

Mellies U, Ragette R, Schwake C, Baethmann M, Voit T,
Teschler H. Sleep-disordered breathing and respiratory
failure in acid maltase deficiency. Neurology 2001; 57: 1290-5.
Winkel LP, Hagemans ML, Van Doorn PA, Loonen MC,
Hop WJ, Reuser AJ, et al. The natural course of non-classic
Pompe’s disease; a review of 225 published cases. ] Neurol
2005; 252: 875-84.

Ausems MG, Lochman P, Van Diggelen OP, Ploos van
Amstel HK, Reuser AJ. A diagnostic protocol for adult-onset
glycogen storage disease type IL. Neurology 1999; 52: 851-3.
An'Y, Young SP, Hillman SL, Van Hove JL, Chen YT,
Millington DS. Liquid chromatographic assay for a glucose
tetrasaccharide, a putative biomarker for the diagnosis of
Pompe disease. Anal Biochem 2000; 287: 136-43.

Barohn R], McVey AL, DiMauro S. Adult acid maltase
deficiency. Muscle Nerve 1993; 16: 672-6.

Pichiecchio A, Uggetti C, Ravaglia S, Eggitto MG, Rossi M,
Sandrini G, et al. Muscle MRI in adult-onset acid maltase
deficiency. Neuromuscul Disord 2004; 14: 51-5.

Carlier RY, Laforet P, Wary C, Mompoint D, Laloui K,
Pellegrini N, et al. Whole-body muscle MRI in 20 patients
suffering from late onset Pompe disease: involvement patterns.
Neuromuscul Disord 2011; 21: 791-9.

Pichiecchio A, Poloni GU, Ravaglia S. Enzyme replacement
therapy in adult-onset glycogenosis II: is quantitative muscle
MRI helpful? Muscle Nerve 2009; 40: 122-5.

Nascimbeni AC, Fanin M, Tasca E, Angelini C. Molecular
pathology and enzyme processing in various phenotypes

of acid maltase deficiency. Neurology 2008; 70: 617-26.
Base de datos GeneTests. Seattle: Universidad de Washington.
URL: URL:http://www.genetests.org. [17.10.2011].
Hermans MM, Van Leenen D, Kroos MA, Beesley CE, Van
der Ploeg AT, Sakuraba H, et al. Twenty-two novel mutations
in the lysosomal alpha-glucosidase gene (GAA) underscore
the genotype-phenotype correlation in glycogen storage
disease type II. Hum Mutat 2004; 23: 47-56.

Van den Hout HM, Hop W, Van Diggelen OP, Smeitink JA,
Smit GP, Poll-The BT, et al. The natural course of infantile
Pompe’s disease: 20 original cases compared with 133 cases
from the literature. Pediatrics 2003; 112: 332-40.

Van den Hout H, Reuser AJ, Vulto AG, Loonen MC,
Cromme-Dijkhins A, Van der Ploeg AT. Recombinant human
alpha-glucosidase from rabbit milk in Pompe patients. Lancet
2000; 356: 397-8.

Wokke JH, Escolar DM, Pestronk A, Jaffe KM, Carter GT,
Van den Berg LH, et al. Clinical features of late-onset Pompe
disease: a prospective cohort study. Muscle Nerve 2008; 38:
1236-45.

Giing D, De Vries JM, Hop WC]J, Reuser AJ], Van Doorn PA.
Survival and associated factors in 268 adults with Pompe
disease prior to treatment with enzyme replacement therapy.
Orphanet ] Rare Dis 2011; 6: 34.

Amalfitano A, Bengur AR, Morse RP, Majure CM, Case LE,
Veerling DL, et al. Recombinant human acid alpha-glucosidase
enzyme therapy for infantile glycogen storage disease type II:
results of a phase I/II clinical trial. Genet Med 2001; 3: 132-8.
Kishnani PS, Corzo D, Nicolino M, Byrne B, Mandel H,
Hwu WL, et al. Recombinant human acid [alpha]-glucosidase:
major clinical benefits in infantile-onset Pompe disease.
Neurology 2007; 68: 99-109.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Kishnani PS, Nicolino M, Voit T, Rogers RC, Tsai AC,
Waterson J, et al. Chinese hamster ovary cell-derived
recombinant human acid alphaglucosidase in infantile-onset
Pompe disease. ] Pediatr 2006; 149: 89-97.

Klinge L, Straub V, Neudorf U, Schaper ], Bosbach T,
Gorlinger K, et al. Safety and efficacy of recombinant

acid alpha-glucosidase (rhGAA) in patients with classical
infantile Pompe disease: results of a phase II clinical trial.
Neuromuscul Disord 2005; 15: 24-31.

Winkel LP, Van den Hout JM, Kamphoven JH, Disseldorp JA,
Remmerswaal M, Arts WE, et al. Enzyme replacement therapy
in late-onset Pompe’s disease: a three-year follow-up.

Ann Neurol 2004; 55: 495-502.

Van Capelle CI, Van der Beek NA, Hagemans ML, Arts WE,
Hop WC, Lee P, et al. Effect of enzyme therapy in juvenile
patients with Pompe disease: a three-year open-label study.
Neuromuscul Disord 2010; 20: 775-82.

Van der Ploeg AT, Clemens PR, Corzo D, Escolar DM,
Florence J, Groeneveld GJ, et al. A randomized study of
alglucosidase alfa in late-onset Pompe’s disease. N Engl ] Med
2010; 362: 1396-406.

Strothotte S, Strigl-Pill N, Grunert B, Kornblum C, Eger K,
Wessig C, et al. Enzyme replacement therapy with alglucosidase
alfa in 44 patients with late-onset glycogen storage disease
type 2: 12-month results of an observational clinical trial.

N Engl ] Med 2010; 362: 1396-406.

Bembi B, Pisa FE, Confalonieri M, Ciana G, Fiumara A,
Parini R, et al. Long-term observational, non-randomized
study of enzyme replacement therapy in late-onset glycogenosis
type II. ] Inherit Metab Dis 2010; 33: 727-35.

Orlikowski D, Pellegrini N, Prigent H, Laforét P, Carlier R,
Carlier D, et al. Recombinant human acid alpha-glucosidase
(rhGAA) in adult patients with severe respiratory failure
due to Pompe disease. Neuromuscul Disord 2011; 21: 477-82.
Van den Hout JM, Kamphoven JH, Winkel LP, Arts WF,

De Klerk JB, Loonen MC, et al. Long-term intravenous
treatment of Pompe disease with recombinant human
alpha-glucosidase from milk. Pediatrics 2004; 113: e448-57.
Rossi M, Parenti G, Della Casa R, Romano A, Mansi G, Agovino
T, et al. Long-term enzyme replacement therapy for Pompe
disease with recombinant human o-glucosidase derived from
Chinese hamster ovary cells. ] Child Neurol 2007; 22: 565-73.
Barrot E, Barrera JM. Clinical consequences of reduced
dosing schedule during treatment of a patient with Pompe’s
disease. Biol Ther 2011; 1: 001.

Estudio en fase 2 de coadministracion de chaperona AT2220
junto con TSE. URL: http://iramicustherapeutics.com/
releasedetail.cfm?ReleaselD=555245. [17.10.2011].

Bembi B, Cerini E, Danesino C, Donatti MA, Gasperini S,
Morando L, et al. Management and treatment of glycogenosis
type IL. Neurology 2008; 71 (Suppl 2): S12-36.

Slonim AE, Bulone L, Goldberg T, Minikes J, Slonim E,
Galanko J, et al. Modification of the natural history of adult-
onset acid maltase deficiency by nutrition and exercise therapy.
Muscle Nerve 2007; 35: 70-7.

Asociacion Internacional Pompe. URL: http://www.worldpompe.
org. [17.10.2011].

Asociacién Espafiola de Enfermos con Glucogenosis.

URL: http://www.glucogenosis.org. [17.10.2011].

United Pompe Foundation. URL: http://www.unitedpompe.com.
[17.10.2011].

Grupo de la Enfermedad de Pompe de la Asociacién de
Enfermedades por Almacenamiento de Glucégeno del Reino
Unido. URL: http://www.pompe.org.uk. [17.10.2011].
Merkies IS, Schmitz PI, Van der Meché FG, Samijn JP,

Van Doorn PA. Psychometric evaluation of a new handicap
scale in immune-mediated polyneuropathies. Muscle Nerve
2002; 25: 370-7.

www.neurologia.com Rev Neurol 2012; 54 (8): 497-507



Clinical guidelines for late-onset Pompe disease

Guia clinica de la enfermedad de Pompe de inicio tardio

Resumen. Hasta 2006, la enfermedad de Pompe o glucogenosis tipo Il era una enfermedad incurable y con tratamiento
meramente paliativo. El desarrollo de la terapia de sustitucién con la enzima alfa-glucosidasa recombinante humana ha
constituido el primer tratamiento especifico para esta enfermedad. El objetivo de esta guia es servir de referencia en el
manejo de la variedad de inicio tardio de la enfermedad de Pompe, es decir, la que aparece después del primer afio de
vida. En la guia, un grupo de expertos espafoles hace recomendaciones especificas en cuanto a diagnéstico, sequimiento
y tratamiento de esta enfermedad. En cuanto al diagndstico, el método de la muestra en sangre seca es imprescindible
como primer paso para el diagnéstico de la enfermedad de Pompe, y el diagndstico de confirmacién de la enfermedad de
Pompe debe realizarse mediante un estudio de la actividad enzimatica en muestra liquida en linfocitos aislados o median-
te el analisis mutacional del gen de la alfa-glucosidasa. En cuanto al tratamiento de la enfermedad con terapia de sustitu-
cién enzimatica, los expertos afirman que es eficaz en la mejoria o estabilizacién de la funcién motora y pulmonar, y debe
iniciarse cuando aparezcan los sintomas atribuibles a la enfermedad de Pompe.

Palabras clave. Alfa-glucosidasa. Andlisis mutacional. Enfermedad de Pompe. Inicio tardio. Muestra en sangre seca (DBS).
Terapia de sustitucién enzimatica.
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