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Abstract
Background and purpose: Two novel enzyme replacement therapies (ERTs), studied 
in phase 3 trials in late-onset Pompe patients, reached marketing authorization by the 
European Medicines Agency in 2022 and 2023. The European Pompe Consortium (EPOC) 
updates and extends the scope of the 2017 recommendations for starting, switching and 
stopping ERT.
Methods: The European Pompe Consortium consists of 25 neuromuscular and met-
abolic experts from eight European countries. This update was performed after an 
in-person meeting, three rounds of discussion and voting to provide a consensus 
recommendation.
Results: The patient should be symptomatic, that is, should have skeletal muscle weak-
ness or respiratory muscle involvement. Muscle magnetic resonance imaging findings 
showing substantial fat replacement can support the decision to start in a patient-by-
patient scenario. Limited evidence supports switching ERT if there is no indication 
that skeletal muscle and/or respiratory function have stabilized or improved during 
standard ERT of 12 months or after severe infusion-associated reactions. Switching 
of ERT should be discussed on a patient-by-patient shared-decision basis. If there are 
severe, unmanageable infusion-associated reactions and no stabilization in skeletal 
muscle function during the first 2 years after starting or switching treatment, stopping 
ERT should be considered. After stopping ERT for inefficacy, restarting ERT can be 
considered. Six-monthly European Pompe Consortium muscle function assessments 
are recommended.
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INTRODUC TION

Pompe disease, or glycogen storage disorder type II, is an inherited 
autosomal recessive multisystemic metabolic disorder caused by a 
deficiency of the lysosomal enzyme acid alpha-glucosidase, resulting 
from disease-associated sequence variations in the alpha-glucosidase 
gene (GAA gene) of which more than 500 have been identified (www.​
pompe.​varia​ntdat​abase.​nl) to date. Pompe disease presents a spec-
trum of phenotypes, ranging from a rapidly fatal phenotype in infants 
(classic infantile Pompe disease) to more slowly progressive forms in 
older children and adults (late-onset Pompe disease), in whom skeletal 
and respiratory muscles are mainly affected [1].

The European Pompe Consortium (EPOC), founded in 
September 2014 [2, 3], published its first recommendation on the 
start and stop criteria for enzyme replacement therapy (ERT) for 
late-onset Pompe disease in this journal in 2017 [1]. Since then, 
two novel ERTs for late-onset Pompe disease have been clinically 
evaluated in phase 3 trials and the first long-term studies. Both 
novel ERTs reached marketing authorization by the European 
Medicines Agency and in several parts of the world in 2022 and 
2023, respectively [4–8].

The 2017 EPOC recommendation was focused on the only li-
censed and worldwide available recombinant enzyme alglucosidase 
alfa [9]. It did not include switching criteria between products, as 
several new drugs were at the early stages of clinical investigation. 
At present/now, data from the recent phase 3 trials (COMET and 
PROPEL) [4, 7] and the first long-term data [5, 6] are available, but 
it is still necessary to obtain real-world, long-term data for a final 
shared decision on switching therapy. A further relevant element 
for the patients living with Pompe disease for the newly licensed 
therapies is the option of home infusion treatment. Therefore, EPOC 
decided to update its 2017 recommendation, expand the scope to 
switching patients, and reconsider start, switch and stop criteria (tri-
ple-S criteria) for enzyme replacement therapy of adult patients with 
Pompe disease.

METHODS

A consensus technique was adopted using the collective opinion 
of all EPOC panel members. Our structured method of develop-
ing consensus among the 25 expert panel members with long-
standing knowledge of diagnosing and treating Pompe disease 
from eight European countries started with an in-person meeting 

in Rotterdam, the Netherlands, on 26–27 June 2023. This in-
person meeting was followed by three structured rounds of email 
editing and voting of all 25 panellists. A 100% consensus was 
reached on all criteria regarding diagnosis, starting, switching and 
stopping enzyme replacement therapy and monitoring in the real-
world setting in late-onset Pompe disease. Our consensus was 
solely based on all publicly available clinical phase 2 and phase 3 
ERT trial data and their extensions.

RESULTS

The new triple-S criteria

Treatment should be started in patients who meet 
all the following criteria

Diagnostics
The patient should have a confirmed diagnosis of Pompe disease 
based on disease-associated sequence variants on both alleles of 
the GAA gene and reduced enzyme activity demonstrated by glu-
cosidase alpha enzyme activity testing. A positive dried blood spot 
as a first-tier screening test should always be followed by molecu-
lar genetic analyses and/or enzyme activity testing in fibroblasts 
or other tissues to confirm the diagnosis. This is required to rule 
out a false positive dried blood spot test. Enzyme activity testing 
in patient-derived fibroblasts is the most reliable way to measure 
residual GAA enzyme activity [10]. If the GAA enzyme activity is 
decreased under the disease threshold, all analytical efforts should 
be made to find both pathogenic GAA gene variants. This is re-
quired in cases where disease-associated GAA variants cannot be 
identified using standard diagnostic analysis. Such variants may be 
present in introns, the promoter or mosaic form. For referencing 
known pathogenic variants of the GAA gene, see www.​pompe.​
varia​ntdat​abase.​nl.

Clinically symptomatic and supportive paraclinical sign
The patient should be symptomatic, that is, should have skeletal 
muscle weakness on clinical examination and a respiratory mus-
cle involvement that can be demonstrated in pulmonary function 
tests (preferably performed in sitting and supine position). As a 
supportive paraclinical sign, it is recommended to perform mus-
cle magnetic resonance imaging (MRI) in patients without obvi-
ous clinical signs. Muscle MRI findings showing substantial fat 

Conclusions: The triple-S criteria on ERT start, switch and stop include muscle magnetic 
resonance imaging as a supportive finding and the potential option of home infusion 
therapy. Six-monthly long-term monitoring of muscle function is highly recommended to 
cover insights into the patient's trajectory under ERT.
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replacement of skeletal muscle tissue can support the decision to 
start treatment in a patient-by-patient scenario. A fat fraction of 
20% or more in at least two muscles is considered as abnormal. 
This level can be detected visually without requiring software 
analysis [11].

Disease severity
The patient should have residual skeletal and respiratory muscle 
function, which is functionally relevant and clinically important for 
the patient to maintain or improve. The minimal residual functional 
state, where it is not recommended to start ERT, encompasses bed-
ridden Medical Research Council grade <2; severe generalized mus-
cle atrophy measured by clinical examination, ultrasound, or muscle 
MRI; maximally compromised or minimal residual spontaneous lung 
function with constant high CO2 levels, or complete dependence on 
invasive ventilation.

Advanced comorbidity
The patient should not have another life-threatening illness 
that is in an advanced stage, where treatment to sustain life is 
inappropriate.

Commitment of the patient and clinician
The patient and clinician should commit to the recommended treat-
ment schedule and regular monitoring. The patient will comply 
with regular ERT infusions and clinical assessments at least every 
6–12 months, based on the center's practice, to evaluate responses 
to treatment.

Home infusion therapy
Starting home infusion therapy after the initial 3–12 month treat-
ment and monitoring in the in-patient clinic setting is possible. 
Careful monitoring during infusions is also warranted after transi-
tioning to home infusion therapy.

Switching treatments can be considered for the 
following reasons

	(i)	 There is no indication that skeletal muscle and/or respiratory 
function have stabilized or improved during a minimum treat-
ment period of 12 months.

	(ii)	 The patient suffers from severe infusion-associated reactions 
that cannot be adequately managed.

There is currently insufficient evidence to inform whether 
switching ERT treatment to one of the novel enzymes is beneficial. 
Switching should, therefore, be discussed on a patient-by-patient 
basis.

If a patient is switched to a new treatment, careful 3-month mon-
itoring with the advised EPOC assessments and a treatment period 
of at least 12 months is recommended.

Stopping treatment should be considered for any 
one of the following reasons

Infusion-associated reactions
The patient suffers from severe infusion-associated reactions that 
cannot be adequately managed by tapering the infusion rate and/or 
premedication with antihistamines or corticosteroids after a switch 
to another available treatment has been considered or attempted.

High-neutralizing antidrug antibody titers
High-neutralizing antidrug antibody titers that have resulted in a dimi-
nution of the clinical response to ERT can sometimes be detected. It 
is therefore recommended to investigate high-neutralizing antidrug 
antibody titers in patients with rapidly declining motor or respiratory 
function. As the cut-off definition of high sustained antibody levels is 
assay-dependent, a threshold of 1:30,000–1:56,000 is suggested [12].

F I G U R E  1 EPOC assessments in late-onset Pompe disease. Domains affected in adults living with Pompe disease and minimal set of 
outcome measures. 6MWT, 6-min walk test; BPI, Brief Pain Inventory; ERT, enzyme replacement therapy; FSS, Fatigue Severity Scale; FVC, 
Forced Vital Capacity; MIP/MEP, maximum inspiratory/expiratory pressure; MRC, the Medical Research Council grading scale (ranging from 
0 to 5); R-PACT, Rasch-built Pompe-specific activity scale; Timed tests, walking 10 m, climbing four steps, standing up from supine position 
and standing up from a chair.
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Patient's wish
The patient wishes to stop ERT.

No treatment effect
If there is no indication that skeletal muscle function and/or res-
piratory function have stabilized or improved during the first 
2 years after starting or switching treatment, it should be stopped. 
Therefore, regular 6-monthly to yearly assessments using the mini-
mal dataset (Figure 1) are strongly recommended.

If, after stopping treatment, the disease deteriorates faster than 
during treatment, restarting ERT can be considered.

End of life
The patient has another life-threatening illness that is in an advanced 
stage, where treatment to sustain life is inappropriate. An early dis-
cussion and implementation of advanced care planning is highly 
recommended.

Lactation and pregnancy

Still, based on limited evidence, continuation of ERT can be consid-
ered during pregnancy and lactation.

DISCUSSION

This updated recommendation of ERT for persons living with late-
onset Pompe disease clarified the diagnostic criteria, included the 
value of muscle MRI as a supportive paraclinical finding for a treat-
ment decision [11], and added home infusion therapy [13]. Switching 
treatment can be considered if there is no indication that skeletal 
muscle and/or respiratory function have stabilized or improved 
during a minimum standard ERT treatment period of 12 months. 
Another reason for switching is if the patient suffers from severe 
infusion-associated reactions that cannot be adequately managed. 
However, for both issues, more scientific evidence must be gath-
ered to determine whether switching is favorable and/or which 
enzyme treatment is preferable. Possible switching should, there-
fore, be discussed on a patient-by-patient shared-decision basis. 
If a patient is switched to a new ERT treatment, careful 6-monthly 
monitoring with the advised EPOC assessments (see Figure 1) and 
a treatment period of at least 12 months is recommended. Finally, 
stopping ERT treatment should be considered for patients suffer-
ing from severe infusion-associated reactions that cannot be ad-
equately managed, for whom switching does not seem appropriate, 
or who have already switched. It is also recommended to investigate 
high-neutralizing antidrug antibody titers. The cut-off definition of 
high antibody levels is proposed as 1:30,000–1:56,000 (assay de-
pendent) [12]. Concurrence of the presence of high titer neutralizing 
antibodies and a diminution of the effect of ERT can be a reason to 
stop ERT. Finally, if there is no stabilization or improvement in skel-
etal muscle and/or respiratory function during the first 2 years after 

starting or switching treatment, it is recommended to stop the ERT 
[14, 15]. However, if, after stopping treatment, the disease deterio-
rates faster than during treatment, restarting ERT can still be con-
sidered. Therefore, regular 6-monthly assessments using the EPOC 
assessments are strongly recommended.

In conclusion, the new EPOC triple-S criteria recommendation 
tries to provide physicians and persons living with Pompe disease 
guidance on starting, switching and stopping ERT for late-onset 
Pompe disease.
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