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Background and purpose: Pompe disease is a rare inheritable muscle disorder
for which enzyme replacement therapy (ERT) has been available since 2006.
Uniform criteria for starting and stopping ERT in adult patients were devel-
oped and reported here.
Methods: Three consensus meetings were organized through the European
Pompe Consortium, a network of experts from 11 European countries in the
field of Pompe disease. A systematic review of the literature was undertaken
to determine the effectiveness of ERT in adult patients on a range of clinical
outcome measures and quality of life. A narrative synthesis is presented.
Results: Consensus was reached on how the diagnosis of Pompe disease should
be confirmed, when treatment should be started, reasons for stopping treatment
and the use of ERT during pregnancy. This was based on expert opinion and sup-
ported by the literature. One clinical trial and 43 observational studies, covering a
total of 586 individual adult patients, provided evidence of a beneficial effect of
ERT at group level. At individual patient level, the response to treatment varied,
but factors associated with a patient’s response to ERT were not described in
many studies. Eleven observational studies focused on more severely affected
patients, suggesting that ERT can also be beneficial in these patients. There are no
studies on the effects of ERT in pre-symptomatic patients.
Conclusions: This is the first European consensus recommendation for start-
ing and stopping ERT in adult patients with Pompe disease, based on the
extensive experience of experts from different countries.

Introduction

Pompe disease, or glycogen storage disease type II, is
a rare, inheritable, multisystemic disorder with a pre-
dominant muscle involvement. The disease is caused
by deficiency of lysosomal acid a-glucosidase, which
leads to impaired lysosomal glycogen breakdown and,
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subsequently, accumulation of glycogen in body tis-
sues. Pompe disease presents as a broad clinical spec-
trum. Infants, presenting as floppy babies with
hypertrophic cardiomyopathy, usually die within the
first year of life from cardiorespiratory failure if
untreated. Children and adults typically present with
an axial and limb-girdle pattern of muscle weakness
and respiratory involvement; eventually most of these
patients become wheelchair bound and ventilator
dependent [1,2].

In 2006, enzyme replacement therapy (ERT) with
human recombinant acid a-glucosidase (Myozyme!)
became available for all patients in Europe and the
USA. In infants, treatment generally improves car-
diorespiratory function and motor function, and pro-
longs survival [3–6]. In older children and adults,
ERT improves or stabilizes skeletal muscle strength,
muscle function, respiratory function and also survival
[7–16]. However, the magnitude of the therapeutic
response varies among individual patients [15,17].

Guidance on when to start and stop ERT in
patients with Pompe disease is important, especially
because many treating physicians will be unfamiliar
with the disease and treatment costs are high. Further,
this life-long treatment has a large impact on patients’
lives; infusions are given every other week and take
about 4 h. In most countries patients need to visit the
hospital for their infusions, although in some coun-
tries, such as the UK and the Netherlands, home-
based ERT is frequently used but only after enzyme
therapy has shown to be safe during a period where
treatment is given in the hospital.

Recommendations for treating and/or managing
adult patients with Pompe disease have been com-
posed for several countries [18–24], but general Euro-
pean guidelines do not exist. In 2014 the European
Pompe Consortium was formed during the 208th
European Neuromuscular Centre international work-
shop. Through this consortium, we brought together a
group of experts from 11 different European coun-
tries, all with long-standing experience in treating and
following substantial numbers of patients with Pompe
disease, to develop recommendations on starting and
stopping ERT in adult patients. The resulting Euro-
pean consensus recommendations, based on their
shared clinical experience and available evidence, are
reported in this article.

Methods

Consensus meetings and e-mails

This consensus recommendation was developed by the
European Pompe Consortium in a number of

consecutive meetings organized between September
2014 and March 2016, and finalized by e-mail com-
munication. A total of 34 experts from 11 European
countries participated in the consensus meetings.
Experts were invited to the meetings based on their clin-
ical experience in treating and following large groups of
patients with Pompe disease, and in performing
research on this disease. In addition, an epidemiologist,
a basic scientist and a patient representative partici-
pated. In September 2014, the first meeting was held,
laying the groundwork for the recommendations [25].
Following this, two further meetings were held and the
criteria were further elaborated. Consensus regarding
the exact phrasing of the criteria was reached by e-mail
after the third meeting. Consensus was based on agree-
ment amongst all participants.

The initial consensus meeting started with presenta-
tions reviewing published guidelines and national
practice, providing a background to the discussions.
Discussion sessions were organized around specific
topics. We intensively discussed the criteria for diag-
nostic confirmation. On starting treatment, topics
included whether pre-symptomatic patients and
severely affected patients should be started on treat-
ment. The possibility of an initial treatment period of
2 years, during which a physician can assess whether
treatment is beneficial for an individual patient, was
considered. On stopping treatment, a focus point was
how to define a lack of response to treatment. Finally,
the topic of ERT during pregnancy and/or lactation
received attention. The evidence available from the lit-
erature relating to any of the above points was pre-
sented alongside the consensus agreement and is also
included in this article.

Search strategy

We performed a systematic review of the published lit-
erature providing information on the effects of ERT
in adult patients with Pompe disease. Six biblio-
graphic databases [Embase.com, Medline (Ovid),
Web-of-Science, PubMed, Cochrane Central and Goo-
gle Scholar] were searched to identify relevant studies
published up to 28 April 2016. Terms relating to the
disease (Pompe disease, glycogen storage disease type
2, acid maltase deficiency and variants thereof) were
combined with terms for treatment (ERT, alglucosi-
dase alfa and variants thereof). We did not apply any
language restriction at this stage, but restricted the
search to studies on humans and adults, and excluded
conference abstracts. The full search strategies are
provided in Appendix S1.

Studies to be included had to describe clinical out-
come measures (motor performance, respiratory
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function, muscle strength), health-related quality of
life or survival of adult patients with Pompe disease
followed during treatment. Effects on other clinical
assessments, not directly pertaining to the characteriz-
ing symptoms of Pompe disease (e.g. gastrointestinal
symptoms, eye tests), were excluded, as were data on
safety, antibodies, body composition and magnetic
resonance imaging. All types of studies, whether trials
or observational studies, were included. Only full jour-
nal articles in English were included, i.e. conference
abstracts and journal articles in other languages were
omitted. Titles and abstracts of all documents identi-
fied were screened for the above criteria and full-text
versions retrieved for those fulfilling the criteria and
those lacking abstracts.

Information was extracted using a pre-defined Excel
table. Information on the effects of ERT was
extracted, where possible for adult patients only.
Specific attention was given to the disease severity of
patients included in these studies to identify studies
focusing on the effects of ERT in more severely
affected and/or pre-symptomatic patients. In addition,
articles presenting patient(s) with Pompe disease
receiving ERT during pregnancy and/or lactation were
identified and information extracted.

Studies were evaluated for inclusion by one
reviewer, with 13% assessed by a second reviewer,

identifying no omissions by the main reviewer. Addi-
tionally, all experts were asked to confirm that they
did not miss any studies for their country. Two inde-
pendent reviewers performed the data extraction.
Because of the expected heterogeneity of the data, no
attempt was made to pool the outcomes and a
descriptive synthesis was undertaken. We estimated
the total number of patients in the studies, taking into
account that some patients participated in multiple
studies. Overlap of patients was identified by contact-
ing the authors (European studies) or comparing the
patient characteristics (Japan, USA).

Results

Available evidence and national practice

Out of 981 references identified initially, 44 studies
were included, which provided information on the
effects of ERT for the specified outcomes (Fig. 1). In
addition, four studies were identified that concerned
pregnant patients with Pompe disease who were trea-
ted with ERT during their pregnancy.

Table 1 shows the results of the 44 studies reporting
effects of ERT in adult patients, from 26 separate
patient populations (lead authors were contacted to
exclude double counting of patients). After excluding

Figure 1 Flowchart of studies included in the systematic review. ERT, enzyme replacement therapy.
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overlapping patients, the total number of individual
patients was 586. The average treatment duration
observed in the studies varied from 5 months to
8 years, with a weighted average of 2.8 years. One
placebo-controlled randomized clinical trial was iden-
tified: the late-onset treatment study (LOTS) [15]. All
other studies were observational, most following
patients from start of treatment, four comparing with
the time before treatment started (‘natural course’ fol-
low-up) [10,11,26,27] and one comparing with a his-
torical control group [28]. A total of 31 studies were
from Europe, six from Asia, two from North Amer-
ica and five were multinational. The multinational
studies comprised patients from several countries in
Europe, North America and Australia, and included
the LOTS trial and its extension, and three studies
based on the International Pompe Association survey
[29], which is a survey that monitors patient-reported
outcomes.

Figure 2a summarizes the response to ERT found at
group level in the 26 study populations, weighted by
population size, whereas Fig. 2b depicts the patients’
individual responses, as far as these were reported in the
studies. The majority of studies showed that, at group
level, the 6-min walk test (6-MWT), muscle strength
and health-related quality of life improved or stabilized.
For vital capacity, a stabilization was observed at group
level (Fig. 2a). Given the progressive nature of Pompe
disease, it is likely that a stabilization of respiratory
function at group level also reflects a positive effect of
ERT. Most studies assessed vital capacity in an upright
position, while only few included assessments on vital
capacity in while only supine position [10,30–32].

At the individual level, the response to treatment in
these studies varied. Individual responses were not
reported in all studies. Those that did report data
showed that 76% of patients improved or remained
stable on the 6-MWT, 70% on vital capacity and 90%

(a)

(b)(b)

Figure 2 (a) Response to ERT observed at group level in 26 study populations (44 studies), weighted by size. (b) Response to ERT

observed in individual patients in 26 study populations (44 studies). 6-MWT, six minute walk test; (F)VC, (forced) vital capacity;

Strength, muscle strength; hrQoL, health-related Quality of Life; n, number of patients. *In (a) patient numbers represent the total

number of patients included in the studies reporting results at group level for the respective outcome measures (see for details Table 1),

while in (b) only those who actually performed the respective tests are included. Individual responses were not reported for the

6-MWT and (F)VC in studies [14,15] and [7,74], and for strength not in [14,15], [7,74] and [12,13].
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on muscle strength (Fig. 2b). The larger studies on
health-related quality of life did not report individual
patient responses, so no results were reported here.

Factors associated with a good or poor response to
treatment were reported in two studies [10,15]. Patients
with a better clinical status at baseline responded better
to treatment on some outcome measures in both stud-
ies, whereas the observational study [10] also suggested
that women may benefit more from ERT in terms of
muscle strength compared with men, and younger
patients in terms of forced vital capacity (FVC) in a
supine position compared with older patients.

Table 2 shows the criteria currently applied in the
11 participating countries with respect to starting and
stopping treatment. All countries required patients to
have a confirmed diagnosis and skeletal muscle weak-
ness and/or respiratory symptoms before starting
treatment. With respect to stopping treatment there
was more variation, with some countries not specify-
ing any stop criteria.

Confirmation of diagnosis

Diagnosis has to be performed by a certified labora-
tory. Before starting ERT the diagnosis should be con-
firmed by enzyme analysis in leukocytes, fibroblasts or
skeletal muscle and/or genetically by mutation analysis.
As the group is aware of examples where patients who
were later found not to have Pompe disease were
started on ERT, confirmation by both enzymatic and
genetic testing should preferably be attempted. Dried-
blood-spot testing has recently become available and is
a good test for screening for Pompe disease. However,
it always requires diagnostic confirmation [33]. Muta-
tion analysis can be inconclusive due to the detection
of new variants of unknown pathogenicity or uncer-
tainty about variations being on separate alleles (in
trans). In addition, variations may be deep intronic
and lead to cryptic splicing and be missed. Such muta-
tions should be searched for accurately [34].

Pre-symptomatic patients

All published studies assessing the effects of ERT
focused on patients with a confirmed diagnosis who
were symptomatic, i.e. had a minimum level of skele-
tal and/or respiratory involvement. One study
included one pre-symptomatic patient, but individual
data were not presented [35]. Follow-up of seven pre-
symptomatic patients in France showed that Pompe
disease can remain clinically silent for years [36,37].

Hence, there is currently insufficient evidence to
support starting ERT in pre-symptomatic patients.
We recommend that these patients are monitored

every 6 months in the first year and once per year
thereafter in an attempt to identify disease progression
early and to start ERT in a timely fashion. Treatment
should not be started in the absence of both skeletal
muscle weakness (assessed by muscle strength tests or
impairments in daily living) and respiratory involve-
ment (FVC < 80%). This recommendation to monitor
pre-symptomatic patients includes patients who expe-
rience fatigue or myalgia, have elevated creatine
kinase levels or show minimal pathological findings
on magnetic resonance imaging or muscle biopsy in
the absence of skeletal muscle weakness and/or respi-
ratory involvement. Further studies are needed to
determine whether starting treatment based on these
non-specific signs and symptoms is beneficial.

Monitoring should consist of at least a minimal set
of clinical assessments, including manual muscle test-
ing using the Medical Research Council grading scale,
6-MWT, timed tests (10-m walk, climb four steps,
stand up from supine and stand from chair), FVC in
a sitting and supine position, maximal inspiratory/ex-
piratory pressure and ventilation use. More informa-
tion on the selection of these assessments is presented
in a workshop report [25].

Severely affected patients

Although some studies suggest that ERT is more ben-
eficial if started early in the course of disease
[8,10,13,15], there were also a number of studies
assessing the effects of ERT specifically in more
severely affected patients. Eleven studies (36 patients)
focused on patients who were invasively ventilated,
required ventilation during part of the day or had an
FVC in a supine position below 30%, and/or were
fully wheelchair dependent or able to walk <40 m
[28,30,38–46]. These studies indicate that respiratory
function and muscle strength can also improve/stabi-
lize in these patients. One patient who was described
as being in a terminal stage of the disease when start-
ing treatment died, as did one patient who was venti-
lated and confined to bed, had a history of frequent
pneumothorax, and was severely emaciated [40,43].

Also for patients who are wheelchair bound and/or
ventilator dependent, it remains very important to
retain their present level of independence and ability
to perform activities of daily life. Given that there is
some evidence that more severely affected patients
also benefit from ERT, it was agreed that ERT can be
started in these patients. However, the consensus was
that, in principle, ERT should not be started in
patients who have another significant life-threatening
illness in an advanced stage or who have virtually no
remaining skeletal or respiratory muscle function.
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Initial treatment period needed to evaluate effects of

enzyme replacement therapy

The group recommended the use of an initial treat-
ment period of 2 years, after which the effect of treat-
ment will be evaluated. Based on the studies reviewed,
an effect of ERT should be observed within this per-
iod. To allow such evaluation to take place, start cri-
teria should include the commitment of the patient
and physician to regular monitoring. The patient
should be evaluated using at least the minimal set of
clinical assessments mentioned above [25].

An improvement or stabilization in motor and/or res-
piratory function (assessed using the minimal set of
assessments described above) suggests that the treatment
is having an effect and should be continued. Usually the
patient is only followed from the start of treatment. If
assessments are also available for the period prior to
starting treatment, then a slowing of a patient’s disease
progression can also be interpreted as an improvement
and suggestive of a positive treatment effect.

If the patient shows a substantial deterioration in
both motor and respiratory functions, stopping treat-
ment should be discussed. If the patient has only been
monitored from start of treatment, there is no proper
way to distinguish whether this observed deterioration
means that ERT is not effective or whether ERT effec-
tively reduces the speed of deterioration. Therefore, it
was agreed that restarting treatment could be consid-
ered if disease progression appears to be enhanced
after ERT has been stopped.

Effect of antibodies

Antibody formation against ERT may counteract the
effect of treatment in adult patients, as it has been
shown to do in infants with Pompe disease [47,48].
Two studies in children and adults with Pompe dis-
ease show that only a small proportion of these
patients develop high antibody titers against ERT
[49,50]. In some of these cases, the effect of ERT was
counteracted, but in several this was not the case. In
the rare cases where high antibody titers do interfere
with the effect of ERT in adult patients, stopping
treatment should be considered.

No evidence to stop enzyme replacement therapy

during pregnancy and lactation

Four case reports have been published on patients who
used ERT during pregnancy and/or lactation, including
a total of four individual patients [51–54]. One patient
had a spontaneous miscarriage at week 14, without fur-
ther information on the cause. The remaining three

patients showed deterioration in mobility and respira-
tory function during the pregnancy, which was shown
to improve or resolve in the two patients who were fol-
lowed for 6–12 months after delivery. Three babies
were delivered by Caesarean section, without complica-
tions. Two were followed for 6–12 months after deliv-
ery and developed normally. Alglucosidose alfa levels
were shown to be elevated in breast milk until 24 h
after infusion [52]. Although there is currently no evi-
dence that ERT affects the unborn fetus, the decision
to continue or discontinue ERT should be left to the
discretion of the treating physician and patient. For
safety we recommend that breastfeeding is avoided in
the first 24 h after infusion.

Recommendation

Based on the available evidence, clinical experience
and discussion, consensus was reached regarding when
to start and stop treatment.

Treatment should be started in patients who
meet all of the following criteria:
1) The patient should have a confirmed diagnosis of

Pompe disease, as established by enzyme activity
testing in leukocytes, fibroblasts or skeletal muscle
and/or demonstration of pathogenic mutations in
both alleles of the GAA gene.
Note. A positive dried-blood-spot screening test
should always be followed by one of these tests for
confirmation of the diagnosis.

2) The patient should be symptomatic, i.e. should
have skeletal muscle weakness or respiratory mus-
cle involvement as observed using clinical assess-
ments (see [25]).

3) The patient should commit to regular treatment
(every other week) and regular monitoring (at
least once per year) to evaluate his/her response
to treatment.

4) The clinician should commit to regular treatment
and monitoring.

5) The patient should have residual skeletal and res-
piratory muscle function, which is considered
functionally relevant and clinically important for
the patient to maintain or improve.

6) The patient should not have another life-threaten-
ing illness that is in an advanced stage, where
treatment to sustain life is inappropriate.

Stopping treatment should be considered for any
one of the following reasons:
1) The patient suffers from severe infusion-associated

reactions that cannot be managed properly.
2) High antibody titers are detected that significantly

counteract the effect of ERT.
3) The patient wishes to stop ERT.
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4) The patient does not comply with regular infu-
sions or yearly clinical assessments.

5) The patient has another life-threatening illness
that is in an advanced stage, where treatment to
sustain life is inappropriate.

6) There is no indication that skeletal muscle func-
tion and/or respiratory function have stabilized or
improved in the first 2 years after start of treat-
ment, as assessed using clinical assessments (see
[25]).
N.B. If after stopping treatment the disease deteri-
orates faster than during treatment, restarting
ERT can be considered.

Continuation of ERT can be considered during
pregnancy and lactation.

Discussion

This is the European Pompe Consortium’s consensus
recommendation for starting and stopping ERT in
adult patients with Pompe disease. It is based on the
long-standing clinical experience of 34 experts from 11
European countries and the available evidence
reported in the literature. The experts involved in this
recommendation all have extensive experience in treat-
ing patients with Pompe disease, and care for large
numbers of patients.

Enzyme replacement therapy became available for
patients in Europe and the USA in 2006. Studies in
neonates showing improved survival were key to mar-
ket approval [3,6,55]; not many data on adult patients
were available at the time. The placebo-controlled
LOTS trial, which studied children and adults with
Pompe disease started in 2005/2006. In the 10 years
since then a large amount of evidence has been
accrued on adult patients suggesting that ERT is ben-
eficial in this group. Although almost all studies are
observational in nature, the relatively large number of
patients studied and the comparison to disease pro-
gression without treatment included in a few of these
studies provide substantial evidence for the beneficial
effect of ERT in adult patients with Pompe disease.
The average follow-up during treatment was 2–3 years
in the reported studies. Studies reporting a longer fol-
low-up are required to further assess the effects of
long-term treatment with ERT.

Studies indicate that there is individual variation
in the effect of treatment and it has been suggested
that starting treatment early is beneficial. Although
more severely affected patients are likely to have a
higher degree of muscle damage and have already
lost some functional abilities, they are not necessarily
unresponsive to therapy and have been shown to
improve under ERT. At present, there is a lack of

verified prognostic factors to help identify which
patients would benefit more or less from treatment
or when treatment is no longer useful. Such knowl-
edge is key to a sensible implementation of ERT.
Further research on prognostic factors is needed, but
requires large-scale studies, which can only be
achieved by collaborating internationally. The Euro-
pean Pompe Consortium intends to work together
on such studies.

There are many commonalities between this recom-
mendation and published national guidance and prac-
tice. For example, all countries and published
guidance require a confirmed diagnosis and presence
of symptoms to start treatment. The exact specifica-
tion of which tests should be used to confirm a diag-
nosis differs somewhat. Our recommendation is that
the diagnosis of Pompe disease is based on enzymatic
testing and/or genetic confirmation. A positive dried-
blood-spot result, however, should always be con-
firmed by another test [33].

Although no previously published guidelines sug-
gest that pre-symptomatic patients should be treated,
some indicate that treatment can be considered in
pre-symptomatic patients with abnormal muscle
imaging or biopsy results [20,22]. Although there is
currently no evidence to show whether pre-sympto-
matic patients benefit from treatment, and it has
been shown that they may remain pre-symptomatic
for years [36,37], such patients may already be losing
muscle mass, which they may not be able to regain.
It is thus important to obtain more evidence to
assess whether such patients would benefit from
treatment, but the high drug costs may hamper such
studies.

Several national practices and published recommen-
dations do include some criteria for withdrawing
treatment [20–22,24,56], but none mention the detec-
tion of high antibody levels against alglucosidase alfa
that counteract the treatment effect as a reason to
stop treatment. The effect of antibodies does seem to
be much higher in infants than in adults [49]. Most
also specify that patients should be followed to moni-
tor the treatment effect, but not all consider the lack
of a treatment effect to be a reason for stopping treat-
ment. The requirement that patients and doctors com-
mit to the regular follow-up is an important element
of the recommendation, and was first included in the
UK and Brazilian guidance.

Future consortium activities and research priorities

The consortium will review these recommendations
every 2 years. For this purpose new evidence will be
assessed and discussed at consortium meetings. The
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most urgent research priorities are to determine the
effect of long-term treatment and gain insight into
prognostic factors. Future studies should aim to incor-
porate the minimal set of outcome measures and
include supine FVC in addition to FVC in a sitting
position.

Conclusion

This is the first European consensus recommendation
for starting and stopping ERT in adult patients with
Pompe disease. It is based on the extensive experience
of experts from different countries.
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Hospital, Assistance Publique Hôpitaux de Paris, Paris,
France; Dr Karl-Eugen Mengel, Johannes Gutenberg
University Mainz, Mainz, Germany; Dr Tiziana Mon-
gini, Department of Neurosciences, University of Tor-
ino, Torino, Italy; Prof. Wolfgang Muller-Felber,
Ludwig-Maximilians-University, Munich, Germany;
Dr Giancarlo Parenti, Federico II University, Naples,
Italy; Dr S. Ignacio Pascual Pascual, Servicio de Neuro-
pediatria, Hospital Universitario La Paz and Departa-
mento de Pediatria, Universidad Aut"onoma de Madrid,
Madrid, Spain; Dr W. Pim Pijnappel, Erasmus MC,
Rotterdam, the Netherlands; Dr Nicolai Preisler,
Copenhagen Neuromuscular Centre, Department of
Neurology, Rigshospitalet, University of Copenhagen,
Copenhagen, Denmark; Dr Mark Roberts, Salford
Royal NHS Foundation Trust, Salford, UK; Prof. Kai
R€osler, Neuromuscular Centre, University Department
of Neurology, Inselspital, Bern, Switzerland; Prof. Sab-
rina Sacconi, Department of Neuromuscular Diseases,
University Hospital of Nice, Nice, France; Prof. Bene-
dikt Schoser, Ludwig-Maximilians-University, Friedrich-
Baur-Institute, Munich, Germany; Prof. Thomas Stul-
nig, Clinical Division of Endocrinology and Metabolism,
Department of Medicine III, Medical University of
Vienna, Vienna, Austria; Dr Beril Talim, Hacettepe
University, Ankara, Turkey; Dr Marine Tardieu,
Universit"e Francois-Rabelais, CHRU de Tours, Tours,
France; Prof. Antonio Toscano, Department of Clinical
and Experimental Medicine, University of Messina, Mes-
sina, Italy; Dr Nadine A.M.E van der Beek, Erasmus
MC, Rotterdam, the Netherlands; Prof. Peter Van den
Bergh, University Hospitals St-Luc, Brussels, Belgium;

© 2017 EAN

778 A. T. VAN DER PLOEG ET AL.



Prof. Pieter van Doorn, Erasmus MC, Rotterdam, the
Netherlands; Prof. Ans T. van der Ploeg, Erasmus MC,
Rotterdam, the Netherlands; Prof. John Vissing,

University of Copenhagen, Copenhagen, Denmark; Dr
Stephan Wenninger, Ludwig-Maximilians-University,
Friedrich-Baur-Institute, Munich, Germany.

© 2017 EAN

TREATMENT CONSENSUS FOR ADULT POMPE PATIENTS 779



References

1. Hagemans ML, Winkel LP, Van Doorn PA, et al. Clinical
manifestation and natural course of late-onset Pompe’s
disease in 54 Dutch patients. Brain 2005; 128: 671–677.

2. van der Beek NA, de Vries JM, Hagemans ML, et al.
Clinical features and predictors for disease natural pro-
gression in adults with Pompe disease: a nationwide
prospective observational study. Orphanet J Rare Dis
2012; 7: 88.

3. Amalfitano A, Bengur AR, Morse RP, et al. Recombi-
nant 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: 132–138.

4. Kishnani PS, Corzo D, Nicolino M, et al. Recombinant
human acid [alpha]-glucosidase: major clinical benefits
in infantile-onset Pompe disease. Neurology 2007; 68:
99–109.

5. Kishnani PS, Nicolino M, Voit T, et al. Chinese hamster
ovary cell-derived recombinant human acid alpha-gluco-
sidase in infantile-onset Pompe disease. J Pediatr 2006;
149: 89–97.

6. Van den Hout H, Reuser AJ, Vulto AG, Loonen MC,
Cromme-Dijkhuis A, Van der Ploeg AT. Recombinant
human alpha-glucosidase from rabbit milk in Pompe
patients. Lancet 2000; 356: 397–398.

7. Anderson LJ, Henley W, Wyatt KM, et al. Effectiveness
of enzyme replacement therapy in adults with late-onset
Pompe disease: results from the NCS-LSD cohort study.
J Inherit Metab Dis 2014; 37: 945–952.

8. Angelini C, Semplicini C, Ravaglia S, et al. Observa-
tional clinical study in juvenile-adult glycogenosis type 2
patients undergoing enzyme replacement therapy for up
to 4 years. J Neurol 2012; 259: 952–958.

9. Bembi B, Pisa FE, Confalonieri M, et al. Long-term
observational, non-randomized study of enzyme replace-
ment therapy in late-onset glycogenosis type II. J Inherit
Metab Dis 2010; 33: 727–735.

10. de Vries JM, van der Beek NA, Hop WC, et al. Effect
of enzyme therapy and prognostic factors in 69 adults
with Pompe disease: an open-label single-center study.
Orphanet J Rare Dis 2012; 7: 73.

11. G€ung€or D, Kruijshaar ME, Plug I, et al. Impact of
enzyme replacement therapy on survival in adults
with Pompe disease: results from a prospective interna-
tional observational study. Orphanet J Rare Dis 2013; 8:
49.

12. Regnery C, Kornblum C, Hanisch F, et al. 36 months
observational clinical study of 38 adult Pompe disease
patients under alglucosidase alfa enzyme replacement
therapy. J Inherit Metab Dis 2012; 35: 837–845.

13. Strothotte S, Strigl-Pill N, Grunert B, 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. J
Neurol 2010; 257: 91–97.

14. Van der Ploeg AT, Barohn R, Carlson L, et al. Open-
label extension study following the Late-Onset Treat-
ment Study (LOTS) of alglucosidase alfa. Mol Genet
Metab 2012; 107: 456–461.

15. Van Der Ploeg AT, Clemens PR, Corzo D, et al. A
randomized study of alglucosidase alfa in late-onset
Pompe’s disease. New Engl J Med 2010; 362: 1396–
1406.

16. Schoser B, Stewart A, Kanters S, et al. Survival and
long-term outcomes in late-onset Pompe disease fol-
lowing alglucosidase alfa treatment: a systematic
review and meta-analysis. J Neurol, 2016; e-pub ahead
of print.

17. Toscano A, Schoser B. Enzyme replacement therapy in
late-onset Pompe disease: a systematic literature review.
J Neurol 2013; 260: 951–959.

18. Barba-Romero MA, Barrot E, Bautista-Lorite J, et al.
Clinical guidelines for late-onset Pompe disease. Rev
Neurol 2012; 54: 497–507.

19. Cupler EJ, Berger KI, Leshner RT, et al. Consensus
treatment recommendations for late-onset Pompe dis-
ease. Muscle Nerve 2012; 45: 319–333.

20. Mena_Pompe_Working_Group, Al Jasmi F, Al Jumah
M, et al. Diagnosis and treatment of late-onset Pompe
disease in the Middle East and North Africa region:
consensus recommendations from an expert group.
BMC Neurol, 2015; 15: 205.

21. Hundsberger T, Rohrbach M, Kern L, Rosler KM.
Swiss national guideline for reimbursement of enzyme
replacement therapy in late-onset Pompe disease. J Neu-
rol 2013; 260: 2279–2285.

22. Llerena Junior JC, Nascimento OJ, Oliveira AS, et al.
Guidelines for the diagnosis, treatment and clinical mon-
itoring of patients with juvenile and adult Pompe dis-
ease. Arq Neuropsiquiatr, 2015: 1–11.

23. Tarnopolsky M, Katzberg H, Petrof BJ, et al. Pompe
disease: diagnosis and management. evidence-based
guidelines from a canadian expert panel. Can J Neurol
Sci 2016; 1–14.

24. Sch€uller A, Kornblum C, Deschauer M, et al. Diagnose
und therapie des late-onset-morbus-pompe. Nervenarzt
2013; 84: 1467–1472.

25. Schoser B, Laforet P, Kruijshaar ME, et al. 208th
ENMC International Workshop: Formation of a Euro-
pean Network to develop a European data sharing
model and treatment guidelines for Pompe disease Naar-
den, The Netherlands, 26-28 September 2014. Neuromus-
cul Disord 2015; 25: 674–678.

26. G€ung€or D, De Vries JM, Brusse E, et al. Enzyme
replacement therapy and fatigue in adults with Pompe
disease. Mol Genet Metab 2013; 109: 174–178.

27. G€ung€or D, Kruijshaar ME, Plug I, et al. Quality of life
and participation in daily life of adults with Pompe dis-
ease receiving enzyme replacement therapy: 10 years of
international follow-up. J Inherit Metab Dis 2016; 39:
253–260.

28. Vianello A, Semplicini C, Paladini L, et al. Enzyme
replacement therapy improves respiratory outcomes in
patients with late-onset type II glycogenosis and high
ventilator dependency. Lung 2013; 191: 537–544.

29. van der Meijden JC, Gungor D, Kruijshaar ME, Muir
AD, Broekgaarden HA, van der Ploeg AT. Ten years
of the international Pompe survey: patient reported
outcomes as a reliable tool for studying treated and
untreated children and adults with non-classic Pompe
disease. J Inherit Metab Dis 2015; 38: 495–503.

30. Orlikowski D, Pellegrini N, Prigent H, et al. Recombi-
nant human acid alpha-glucosidase (rhGAA) in adult
patients with severe respiratory failure due to Pompe
disease. Neuromuscular Disord 2011; 21: 477–482.

31. Papadimas GK, Spengos K, Konstantinopoulou A,
et al. Adult Pompe disease: Clinical manifestations and

© 2017 EAN

e29 A. T. VAN DER PLOEG ET AL.



outcome of the first Greek patients receiving enzyme
replacement therapy. Clin Neurol Neurosurg 2011; 113:
303–307.

32. Stepien KM, Hendriksz CJ, Roberts M, Sharma R.
Observational clinical study of 22 adult-onset Pompe
disease patients undergoing enzyme replacement therapy
over 5 years. Mol Genet Metab 2016; 117: 413–418.

33. Lukacs Z, Nieves Cobos P, Wenninger S, et al. Preva-
lence of Pompe disease in 3,076 patients with hyperCKe-
mia and limb-girdle muscular weakness. Neurology,
2016; 87: 295–298.

34. Bergsma AJ, In‘t Groen SL, Verheijen FW, van der
Ploeg AT, Pijnappel WP. From cryptic toward canonical
pre-mrna splicing in pompe disease: a pipeline for the
development of antisense oligonucleotides. Mol Ther
Nucleic Acids, 2016; 5: e361.

35. Angelini C, Semplicini C, Tonin P, et al. Progress in
enzyme replacement therapy in glycogen storage disease
type II. Ther Adv Neurol Disord 2009; 2: 143–153.

36. Echaniz-Laguna A, Carlier RY, Laloui K, et al. Should
patients with asymptomatic pompe disease be treated? A
nationwide study in France. Muscle Nerve 2015; 51:
884–889.

37. Laloui K, Wary C, Carlier RY, Hogrel JY, Caillaud C,
Laforet P. Making diagnosis of Pompe disease at a
presymptomatic stage: to treat or not to treat? Neurol-
ogy 2011; 77: 594–595.

38. Case LE, Koeberl DD, Young SP, et al. Improvement
with ongoing enzyme replacement therapy in advanced
late-onset pompe disease: a case study. Mol Genet Metab
2008; 95: 233–235.

39. Furusawa Y, Mori-Yoshimura M, Yamamoto T, et al.
Effects of enzyme replacement therapy on five patients
with advanced late-onset glycogen storage disease type
II: A 2-year follow-up study. J Inherit Metab Dis 2012;
35: 301–310.

40. Kobayashi H, Shimada Y, Ikegami M, et al. Prognostic
factors for the late onset Pompe disease with enzyme
replacement therapy: From our experience of 4 cases
including an autopsy case. Mol Genet Metab 2010; 100:
14–19.

41. Korpela MP, Paetau A, L€ofberg MI, Timonen MH,
Lamminen AE, Kiuru-Enari SMK. A novel mutation of
the GAA gene in a finnish late-onset Pompe disease
patient: Clinical phenotype and follow-up with enzyme
replacement therapy. Muscle Nerve 2009; 40: 143–148.

42. Ravaglia S, Danesino C, Pichiecchio A, et al. Enzyme
replacement therapy in severe adult-onset glycogen stor-
age disease type II. Adv Ther 2008; 25: 820–829.

43. Rossi M, Parenti G, Della Casa R, et al. Long-term
enzyme replacement therapy for pompe disease with
recombinant human alpha-glucosidase derived from Chi-
nese hamster ovary cells. J Child Neurol, 2007; 22:
565–573.

44. Sayeed N, Sharma P, Abdelhalim M, Mukherjee R.
Effect of enzyme replacement therapy (ERT) added to
Home Mechanical Ventilation (HMV) in Adult Pompe
disease. Respirol Case Rep 2015; 3: 159–161.

45. Sugai F, Kokunai Y, Yamamoto Y, et al. Use of the
muscle volume analyzer to evaluate enzyme replacement
therapy in late-onset Pompe disease. J Neurol 2010; 257:
461–463.

46. van Capelle CI, Winkel LPF, Hagemans MLC, et al.
Eight years experience with enzyme replacement therapy

in two children and one adult with Pompe disease. Neu-
romuscular Disord 2008; 18: 447–452.

47. Kishnani PS, Goldenberg PC, DeArmey SL, et al.
Cross-reactive immunologic material status affects treat-
ment outcomes in Pompe disease infants. Mol Genet
Metab 2010; 99: 26–33.

48. van Gelder CM, Hoogeveen-Westerveld M, Kroos MA,
Plug I, van der Ploeg AT, Reuser AJ. Enzyme therapy
and immune response in relation to CRIM status: the
Dutch experience in classic infantile Pompe disease. J
Inherit Metab Dis 2015; 38: 305–314.

49. de Vries JM, Kuperus E, Hoogeveen-Westerveld M,
et al. Pompe disease in adulthood: effects of antibody
formation on enzyme replacement therapy. Genet Med
2017; 19: 90–97.

50. Patel TT, Banugaria SG, Case LE, Wenninger S, Scho-
ser B, Kishnani PS. The impact of antibodies in late-
onset Pompe disease: A case series and literature review.
Mol Genet Metab 2012; 106: 301–309.

51. Dasouki M, Jawdat O, Almadhoun O, et al. Pompe dis-
ease: Literature review and case series. Neurol Clin 2014;
32: 751–776.

52. de Vries JM, Brugma JDC, €Ozkan L, et al. First experi-
ence with enzyme replacement therapy during pregnancy
and lactation in Pompe disease. Mol Genet Metab 2011;
104: 552–555.

53. Dons-Sinke IJ, Dirckx M, Scoones GP. Anaesthetic
management of two patients with pompe disease for
caesarean section. Case Rep Anesthesiol 2014; 2014:
650310.

54. Zagnoli F, Leblanc A, Blanchard C. Pregnancy during
enzyme replacement therapy for late-onset acid maltase
deficiency. Neuromuscular Disord 2013; 23: 180–181.

55. Van den Hout JM, Kamphoven JH, Winkel LP, et al.
Long-term intravenous treatment of Pompe disease with
recombinant human alpha-glucosidase from milk. Pedi-
atrics 2004; 113: e448–e457.

56. 4180000, in Moniteur Belge/Belgisch staatsblad. 2011.
47840–47846.

57. Vielhaber S, Brejova A, Debska-Vielhaber G, et al. 24-
Months results in two adults with Pompe disease on
enzyme replacement therapy. Clin Neurol Neurosurg
2011; 113: 350–357.

58. Merk T, Wibmer T, Schumann C, Kr€uger S. Glycogen
storage disease type II (Pompe disease) - Influence of
enzyme replacement therapy in adults. Eur J Neurol
2009; 16: 274–277.

59. Andreassen CS, Schl€utter JM, Vissing J, Andersen H.
Effect of enzyme replacement therapy on isokinetic
strength for all major muscle groups in four patients
with Pompe disease-a long-term follow-up. Mol Genet
Metab 2014; 112: 40–43.

60. Gesqui#ere-Dando A, Attarian S, Maues De Paula A,
Pouget J, Salort-Campana E. Fibromyalgia-like symp-
toms associated with irritable bowel syndrome: A chal-
lenging diagnosis of late-onset Pompe disease. Muscle
Nerve, 2015; 52: 300–304.

61. Angelini C, Semplicini C, Ravaglia S, et al. New motor
outcome function measures in evaluation of Late-Onset
Pompe disease before and after enzyme replacement
therapy. Muscle Nerve 2012; 45: 831–834.

62. Ravaglia S, Moglia A, Costa A, Repetto A, Danesino
C. Enzyme replacement therapy in late-onset type II
glycogenosis. Eur J Neurol 2009; 16: e125.

© 2017 EAN

TREATMENT CONSENSUS FOR ADULT POMPE PATIENTS e30



63. Ravaglia S, Pichiecchio A, Ponzio M, et al. Changes in
skeletal muscle qualities during enzyme replacement
therapy in late-onset type II glycogenosis: Temporal and
spatial pattern of mass vs. strength response. J Inherit
Metab Dis 2010; 33: 737–745.

64. Ravaglia S, De Filippi P, Pichiecchio A, et al. Can genes
influencing muscle function affect the therapeutic
response to enzyme replacement therapy (ERT) in late-
onset Type II Glycogenosis? Mol Genet Metab 2012;
107: 104–110.

65. Marzorati M, Porcelli S, Bellistri G, Morandi L, Grassi
B. Exercise testing in late-onset glycogen storage disease
type II patients undergoing enzyme replacement therapy.
Neuromuscular Disord 2012; 22(Suppl. 3): S230–S234.

66. Marzorati M, Porcelli S, Reggiori B, Morandi L, Grassi
B. Improved exercise tolerance after enzyme replacement
therapy in pompe disease. Med Sci Sports Exerc 2012;
44: 771–775.

67. Montagnese F, Barca E, Musumeci O, et al. Clinical
and molecular aspects of 30 patients with late-onset
Pompe disease (LOPD): unusual features and response
to treatment. J Neurol 2015; 262: 968–978.

68. Crescimanno G, Modica R, Lo Maauro R, Musumeci O,
Toscano A, Marrone O. Role of the cardio-pulmonary
exercise test and six-minute walking test in the evaluation
of exercise performance in patients with late-onset Pompe
disease. Neuromuscular Disord, 2015; 25: 542–547.

69. Furusawa Y, Mitsuhashi S, Mori-Yoshimura M, et al.
Late-onset Pompe disease after 4 years of enzyme
replacement therapy: An autopsy case. Neurol Clin Neu-
rosci 2014; 2: 7–9.

70. Isayama R, Shiga K, Seo K, et al. Sixty six-month fol-
low-up of muscle power and respiratory function in a
case with adult-type pompe disease treated with enzyme
replacement therapy. J Clin Neuromuscular Dis 2014; 15:
152–156.

71. Park JS, Kim HG, Shin JH, Choi YC, Kim DS. Effect
of enzyme replacement therapy in late onset Pompe dis-
ease: open pilot study of 48 weeks follow-up. Neurol Sci
2015; 36: 599–605.

72. de Vries JM, van der Beek NAME, Kroos MA, et al.
High antibody titer in an adult with Pompe disease
affects treatment with alglucosidase alfa. Mol Genet
Metab 2010; 101: 338–345.

73. Winkel LP, Van den Hout JM, Kamphoven JH, et al.
Enzyme replacement therapy in late-onset Pompe’s dis-
ease: a three-year follow-up. Ann Neurol 2004; 55: 495–
502.

74. Wyatt K, Henley W, Anderson L, et al. The effective-
ness and cost-effectiveness of enzyme and substrate
replacement therapies: A longitudinal cohort study of
people with lysosomal storage disorders. Health Technol
Assess 2012; 16: 1–566.

75. Deegan PB, Cox TM, Waldek S, Lachmann R, Ramas-
wami U, Jessop E. Guidelines for the investigation and
management of late onset acid maltase deficiency (Type
II Glycogen Storage Disease/Pompe Disease). Version 3
August 2007. http://www.specialisedservices.nhs.uk/libra
ry/23/Guidelines_for_Late_Onset_Pompe_Disease.pdf
(accessed 13-08-2014).

© 2017 EAN

e31 A. T. VAN DER PLOEG ET AL.


