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Abstract

Background Late-onset Pompe disease (LOPD) is a rare autosomal recessive disorder caused by mutations in the GAA gene,
leading to progressive weakness of locomotor and respiratory muscles. Enzyme replacement therapy (ERT), administered
every second week, has been proven to slow down disease progression and stabilize pulmonary function. Due to the COVID-
19 pandemic in Germany, ERT was interrupted at our centre for 29 days. As reports on ERT discontinuation in LOPD are
rare, our study aimed to analyse the impact of ERT interruption on the change in clinical outcome.

Methods We performed a prospective cohort study in 12 LOPD patients. Clinical assessments were performed after ERT
interruption and after the next three consecutive infusions. We assessed motor function by muscle strength testing, a 6-minute-
walk-test, pulmonary function tests, and adverse events. For statistical analysis, an estimated baseline was calculated based
on the individual yearly decline.

Results The mean time of ERT interruption was 49.42 days (SD = 12.54). During ERT interruption, seven patients reported
14 adverse events and two of them were severe. Frequent symptoms were reduced muscle endurance/increased muscle fati-
gability and shortness of breath/worsening of breathing impairment. After ERT interruption, significant deterioration was
found for MIPy,,..4 (p=0.026) and MRCy,,.4, as well as a trend to clinical deterioration in FVCy, .4 and the 6SMWTy, ..
Conclusion Interruption of ERT was associated with a deterioration in the core clinical outcome measures. Therefore, an
interruption of ERT should be kept as short as possible.

Keywords Interruption of enzyme replacement therapy - Clinical outcome - Glycogen storage disease type 2 - Pompe
disease

Introduction

Pompe disease (glycogen storage disease type II, acid
maltase deficiency) is a rare autosomal recessive neuro-
muscular disease that results from mutations in the GAA
gene, which encodes the enzyme acid alpha-glucosidase
(GAA) [1]. Reduced or absent GAA activity results in lyso-
somal accumulation of glycogen predominantly in muscle
cells, but also smooth muscle cells and motor neurons [2].
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Pompe disease is characterized by slowly progressive axial
and proximal muscle weakness, combined with ventilatory
insufficiency with the need for mechanical ventilation at later
disease stages. Enzyme replacement therapy (ERT) has been
approved since 2006, demonstrating a slowing of disease
progression and stabilization of pulmonary function in clini-
cal trials [3-5]. For adult Pompe patients (LOPD), ERT is
usually administered by infusion every 2 weeks with 20 mg/
kg body weight [5, 6].

COVID-19 causes a severe acute respiratory syndrome
[7], and the pandemic and so called ‘lockdowns’ have caused
enormous health, economic, and social consequences in
many countries [8—10]. In March 2020, the government
of Bavaria, Germany, announced a partial lockdown for
university hospitals from mid of March 2020 until mid of
April 2020 (29 days), which also covered the suspension
of treatment of non-emergency therapies for inpatients and
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outpatients encompassing regular ERT infusions for LOPD
patients.

Reports on the clinical impact of discontinuing ERT in
LOPD are rare. Based on natural history studies, a yearly
decline in pulmonary function (FVC) in sitting (1.0%) and
supine position (1.3%) and in muscle strength (MRC) of
1.3% is estimated [11]. One retrospective study analysed
seven patients with an ERT interrupted period between 3.1
and 59.3 months. Most of the patients showed a clinically
meaningful decline in respiratory function and all patients
in the 6-minute walk test. After ERT restart, a stabilisation
in pulmonary function and stabilisation or improvement in
the 6MWT was noted [12, 13]. However, reports on shorter
treatment interruptions are lacking. Therefore, we analysed
the clinical outcome of LOPD patients after short-term treat-
ment interruption and after the ERT resumption for the next
three consecutive ERT infusions.

Methods
Study setting and inclusion criteria

We conducted a prospective single-centre observational
cohort study in patients with late-onset Pompe disease
who discontinued ERT due to the COVID-19 pandemic in
Munich, Germany. We assessed the clinical outcome after
interruption and after the resumption of three consecutive
ERT infusions. Inclusion criteria were (1) a genetically
confirmed diagnosis for LOPD, (2) regular biweekly ERT
administrations in the past 12 months, (3) interruption of
ERT for more than 2 infusions, and (4) data of > 3 retro-
spective yearly assessments before the COVID-19 pan-
demic lockdown. The assessments were performed within
the national POMPE Registry programme, approved by the
Ethics Committee of the Landesaerztekammer Rheinland-
Pfalz (no. 7/04929). All patients gave written informed
consent for participation in this registry. Yearly routine
assessments within this registry programme and, if appli-
cable, additional assessments for safety were performed

within the standards of care and in accordance with ethi-
cal standards (Declaration of Helsinki 1975). During the
lockdown period, all patients were contacted by telephone
on the day of the planned ERT and asked for adverse
events and disease-related symptoms. Prior to clinical
assessments at ¢, and ¢, as well as prior to ERT infusions,
patients were examined regarding temperature and vital
signs and had to complete questionnaires regarding symp-
toms suggestive of any infection during the past ten days.

Data collection

For the evaluation of the clinical impact of ERT inter-
ruption, we calculated differences between the estimated
baseline before ERT interruption (BL,), before (#,) and
three infusions after the resumption of ERT (#,) (Fig. 1).
We collected data from the following assessments: muscle
strength test (Medical Research Council, MRC) of pre-
dicted %, the six-minute-walk-test in meters and predicted
%, manometry (maximum inspiratory and expiratory pres-
sure, both in cm H,O and predicted %) and spirometry
(forced vital capacity in sitting and supine position) in
litres and predicted % as well as FVCy,,, (decrease from
FVCg;, to FVC,,) for the assessment of diaphragmatic
weakness.

sup

Estimated baseline (BL,)

Due to the unpredicted COVID-19-pandemic lockdown,
sudden ERT cessation, different lengths of time between
clinical assessments in standard of care and the beginning
of the ERT interruption, we calculated an estimated base-
line (BL,). This was based on historical assessments of the
individual yearly progression of the disease and the days
since the last assessment. This simple corrective math-
ematical approach made it possible to create a uniform and
adjusted individual baseline for comparison (MCy =mean
change of assessed value in %predicted):

R3 - R4 R2 —R3 R1-R2
Mean yearly change MCy [%pred] = 365 + 365 )/3
Adays R4 — R3 Adays R3 — R2 Adays R2 — R1
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Study procedures and clinical assessments
Muscle strength

The modified Medical Research Council (MRC) grad-
ing scale (0-5) was used to determine the skeletal muscle
strength [14]. For the MRC sum score (maximum score 80),
the following muscle groups were included: neck flexor and
extensor, right and left shoulder abductors, elbow flexor and
extensors, hip flexors and extensors, knee flexor and exten-
sors. Values are presented as % of predicted.

6-minute-walk-test

Distance walked in the 6-minute-walk-test (6MWT) as
a measurement of functional endurance was recorded in
meters and converted to the percentage of the predicted of
normal. The test was performed according to the ATS guide-
lines [15, 16].

Pulmonary function assessments

Lung function test included spirometry (forced vital capac-
ity, FVC) in an upright/sitting (FVCg) and supine position
(FVC,,,) and manometry (maximal inspiratory pressure,
MIP; maximal expiratory pressure, MEP). Values of FVCy,
MIP and MEP are presented as % of predicted, adjusted for
age, height and sex, as applicable, according to published
regression formulas [17, 18]. For assessment of diaphragm
weakness, we calculated the reduction in FVC from sitting
to the supine position, FVCy, [19].

Statistical analysis
To measure the impact of an ERT interruption, we com-

pared the values of muscle strength, 6MW'T, spirometry
and manometry at three different time points (BL,, ¢, and

t;). Descriptive and explorative analysis was performed for
demographic data and characteristics. The normal distribu-
tion was tested by Shapiro—Wilk-test. For all metric, nor-
mally distributed values, a quantitative linear model with
paired two-sided students’ t-test was performed. The sig-
nificance level was set at p <0.05. For metric values not
normally distributed we used the Wilcoxon-rank-test. Linear
regression models were used to assess whether independent
variables had an impact on the changes after ERT interrup-
tion, measured by MRCy, .4, FVCqeq, MIPg g, MEP, g
and 6MWTy, . For statistical analysis, we used SPSS sta-
tistics version 25.

Results
Patient’s characteristics

Thirteen patients consented to participate. Twelve patients
met the inclusion criteria and were analysed (female 58.3%).
One patient had to be excluded because the required min-
imum of three historical examinations had not been per-
formed. All included patients received ERT every second
week without relevant side-effects at our outpatient clinic for
mean of 7.56 years (SD +4.79). Descriptive analysis of the
cohort is summarized in Table 1. Due to two serious adverse
events in two patients after ¢, two patients were not able to
perform assessments at 7.

Adverse events

Seven patients reported 14 adverse events (AEs), two of
them were classified as severe. The most frequent symptoms
were reduced muscle endurance/increased muscle fatigabil-
ity in six patients (50%), and shortness of breath/worsening
of breathing impairment in three patients (25%). AEs and
their description are summarized in Table 2. Twelve AEs
have been classified as possibly related to the interruption

Table 1 Patient characteristics Patient characteristics (n=12)

Mean +SD Median range
Sex Female: n="7 (58.3%)
Age at BL, [years] 51.07+16.62 50.17 24.60-80.00
Age at diagnosis [years] 41.07+17.75 43.82 7.56-65.91
Age at start of ERT [years] 43.47+17.36 44.19 12.16-66.73
Years on ERT until discontinuation [years] 7.56+4.79 7.25 0.42-13.26
Duration of ERT interruption [days] 49.42+12.54 42.00 36-70
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Table 2 Summary of reported adverse events after interruption of ERT or after restart of ERT

No. of AE no Description Patientno  Grade Time of occurrence Relation to ERT inter-
reported ruption
AEs
1 SAE 13 Bone fracture due to fall 6 Severe 22 days after restart of Not related
ERT
1 SAE 14 Bone fracture due to fall 7 Severe 14 days after restart of Not related
infusion
6 AE 1,2,4,8, 10,12 reduced muscle endur- 1,2,3,5,6 Moderate Mean 33 days after last Possibly related
ance/increased muscle ERT
fatigability
3 AE 3,9, 11 Shortness of breath/ 2,4,6 Moderate Mean 34 days after last Possibly related
worsening of breathing ERT
impairment
3 AE 7,13, 14 Fall 3,6,7 Moderate AE 7: 14 days after last AE 7: possibly related
infusion AE 13: not related
AE 13: 22 days after restart AE 14: not related
of infusion
AE 14: 56 days after restart
of ERT
1 AE 5 increased exercise-related 2 Moderate 15 days after last infusion  Possibly related
muscle pain
1 AE 6 Burning sensation in 2 Mild 27 days after last infusion ~ Possibly related

extremities during
prolonged exercise and
sitting

of ERT. One female reported four AEs. Interestingly, this
patient was one of the clinically mildest affected patients
(MRC 95% predicted, FVC 84% predicted). AE No. 13 (frac-
ture due to fall) and No. 14 (fracture due to fall) occurred in
two males. Due to the description by the patients and evalu-
ation of the event, these were classified as not related to the
ERT interruption, whereas AE No. 7 (fall) in another female
patient was possibly related to ERT interruption, as she com-
plained about the deterioration of her muscle strength due to
ERT discontinuation 14 days after her last infusion. None of
the patients reported any symptom suggestible for COVID-
19-infection during the period of ERT cessation and ¢,.

Impact of ERT discontinuation and restart of ERT
on clinical outcomes

The mean time of ERT interruption was 49.42 days
(SD £ 12.54; 36-70 days), and the mean time after restart
of ERT between 1, and ¢, was 43.90 +5.59 days (median
42.00; range 35-56). Except for MIPy, 4, we could not
detect a significant change in the assessments after ERT
discontinuation (BL ;) or after the restart of ERT (¢,-t,).
In some of the patients, an insignificant improvement was
observed in the following assessments: FVC%pred improved
in four patients (3.4-6.1%), MIP%pred in one patient (0.4%),

Table 3 Mean values of spirometry, manometry, muscle strength test and 6MWT at BL, 7, and 1,

BL,+SD (n) ty+SD (n) p value (BL.—t) t,+SD (n) p value (#y—t,)
FVCyreq 72.92+15.10 (12) 69.83 +14.05 (12) 0.207 69.68 +14.72 (10) 0.721
FVCy,p [%] —33.62+10.18 (10) —-31.67+12.77 (12) 0.898 —29.69+13.21 (10) 0.315
MIPe,, e 64.39+20.83 (6) 63.60+21.79 (12) 0.026 63.53+22.98 (10) 0.910
MEPy, .4 80.43+30.93 (6) 79.93+26.63 (12) 0.556 84.02+27.46 (10) 0.185
MRCqpeq 82.77+11.82 (9) 82.51+12.64 (11) 0.889 82.71+13.72 (10) 0.217
6MWTq, g 65.15+27.08 (11) 68.19+22.45 (10) 0.453 67.37+15.20 (7) 0.525

Values are provided as Mean +SD (V)

BL, estimated baseline, ¢, before re-start of ERT, ¢, 3 infusions after re-start of ERT; all variables at BL,, #, and 7, were normally distributed, we
used the students’ #-test for the comparison of paired samples in all cases, %pred percent of predicted of normal, FVC forced vital capacity, MIP
maximum inspiratory pressure, MEP maximum expiratory pressure, MRC medical research council, 6MWT 6-minute walk-test
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Fig.2 Assessments (FVC, MIP, MEP, MRC and 6MWT) in % pre-
dicted at BL,, #, and ;. BL, estimated Baseline, #, before restart of
ERT, ¢, 3 infusions after restart of ERT, FVC forced vital capacity,

MEP%pred in two patients (2.7% and 13.1%), MRC%pred
in three patients (2.1-9.9%) and in 6MWT%pred in three
patients (0.3-15.8%) (supplements table S2). Outcome
assessments at the three time points BL,, #, and ¢, are sum-
marized in Table 3 and displayed in Figs. 2 and 3. Raw data
per patient are summarized in supplementary tables S2 and
S3. In linear regression modelling, we investigated the asso-
ciations between changes in outcome measures from BL, to
t, and the following independent parameters: the number
of days of ERT interruption (A INT), the number of years
on ERT (A ERT) and the age at the start of ERT (S ERT).
The change of MRCy,,,.4 from BL, to 7, was associated with
A INT (adjusted R*>=0.91, p=0.002) and in the overall
model (adjusted R>=0.88, p=0.021). Change in MIPy,eq
was associated with all independent parameters in the over-
all model (8,(A INT)+86,(A ERT) + B5(S ERT); adjusted
R*=0.99, p=0.002) (supplementary table S1). In other
models, none was associated with the change of outcome
measures from BL, to #,.

MIP maximum inspiratory pressure, MEP maximum expiratory pres-
sure, MRC medical research council, 6MWT 6-minute walk-test. Col-
oured circles and numbers indicate outliers

Discussion

This analysis was performed to evaluate the effects of a
short-term interruption of enzyme replacement therapy in
patients with genetically confirmed late-onset Pompe dis-
ease. Interruption of ERT in Pompe disease for a shorter
duration has rarely been investigated. Today, however,
emerging events such as the COVID-19 pandemic are
becoming increasingly important for patients with chronic
diseases who need to receive regular therapies. An interrup-
tion of these therapies may cause a clinical deterioration and,
in a worst-case scenario, irreversible disease progression.
Therefore, we investigated the clinical outcome after a short-
term ERT interruption in LOPD. In particular, changes were
calculated by a defined baseline examination followed by
outcome measures. The unpredictable COVID-19 pandemic
resulted in a partial lockdown in Munich, Germany. Thus an
actual group or individual baseline was not available. There-
fore, we calculated an estimated baseline (BL,) to create a
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Fig.3 a-f individual changes in outcome measures. Changes are
displayed in %change from BL.. The numbers per bar indicate the
patient numbers. The red bars to the left indicate deterioration, green
bars to the right indicate improvement. a FVCy, 4 forced vital capac-
ity %predicted; b FVCp,,, Drop of FVC sitting: supine position; ¢

uniform and adjusted baseline for all 12 patients comparing
changes after this short-term ERT discontinuation. Using
an estimated baseline including results of assessments over
at least three previous years, we determined disease pro-
gression by avoiding interfering factors that could influence
baseline values e.g. motivation, and concomitant diseases.
Consequently, we assume that our calculated estimated base-
lines reflect useful and suitable values for our investigation.

In our cohort, the mean period of treatment interruption
was 49.42 days (SD + 12.54 days). Due to infusion sched-
ules and patient’s concern of an increased risk of SARS-
CoV2-infection in hospitals after the lockdown, interruption
of ERT was up to 70 days in two patients. Overall, we saw
a trend to deterioration after ERT interruption in objective
assessments, predominantly in FVCy, .4, FVCp,,, MIPy, o,
and 6MWTy, .4 Significant changes were only found for
MIPy,,..q and MRCy, .4 in the regression models. Muscle
strength, assessed by MRCy,,..4, showed significant dete-
rioration in the linear regression model based on the num-
ber of days of ERT interruption (supplementary table S1).
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M improvement after discontinuation

improvement after restart

MIPy,.q Maximum inspiratory pressure % predicted; d MEPqg, 4
Maximum expiratory pressure % predicted; e MRCy,.q Medical
research council % predicted; f 6MWTq,, .4 Six-minute walk-test %
predicted

Both significant changes correspond to the most frequently
reported adverse events by the patients.

From the patient’s perspective, we have noticed an
increased rate of AE’s reported by the patients during ther-
apy interruption, with the most frequent symptoms “reduced
muscle endurance/increased muscle fatigability” and “short-
ness of breath/worsening of breathing impairment” in 75%
of our patients. On average, the time from the last day of
infusion and occurrence of the AE “reduced muscle endur-
ance/increased muscle fatigability” was 33 days and for the
AE “shortness of breath/worsening of breathing impair-
ment” was 34 days, respectively. Both findings may be inter-
preted as related to ERT interruption. Six patients (50%)
reported a “reduced muscle endurance or increased mus-
cle fatigability” during ERT interruption. In seven patients
(58%), we noted a deterioration in the six-minute-walk-test
(6MWTy,,..q), but for the whole cohort, these changes were
not significant. In the regression analysis, changes in the
6MWT,,,..q were not associated with age of onset, years of
ERT, or days of ERT interruption.
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A slight but significant change was found for MIPy,
after ERT interruption at the group level. The signifi-
cant change in MIPy, ., may be explained by the fact that
manometry of respiratory muscles detects changes earlier
than FVC assessments [20, 21]. A worsening of breathing
impairment was stated in three patients, but subgroup analy-
sis did not reveal a significant deterioration in FVCy 4.
MIPy, g or MEPq, 4 in those. Besides this, a deterioration
of >10% in FVCy,, .4 was found in three patients (25%), but
only one of these patients (no. 9) reported a worsening of
breathing impairment. In regression models, we found an
association between MIPy,, .4 at the group level, however
not for the number of days of interruption, the number of
years on ERT, nor years since ERT start. When analysing the
individual results, it was also noticeable that some patients
had improved in some assessments after the ERT interrup-
tion. Even if the individual improvements are not statisti-
cally significant, this is still an interesting result. Although a
linear trend is rarely observed in a clinical course especially
in neuromuscular diseases, many factors may contribute to
intermittent deteriorations or improvements. Frequent fac-
tors in daily clinical routine are affective components that
may lead to an improved motivation after therapy cessation
or learning effects in assessments that are performed more
often than in routine diagnostics.

We cannot exclude a psychological factor contributing
to the subjective deterioration in 75% of our patients. In the
context of the COVID-19 pandemic, an increasing number
of depressive and anxiety disorders across a high number of
countries has been described [22], which certainly has an
impact on both, subjective and objective assessment scales.
Nevertheless, the reported adverse events of reduced mus-
cle endurance and reduced/worsened pulmonary function
correspond to the findings in objective measurements, even
if some of them did not reach statistical significance. This
highlights whether statistically significant deterioration in
assessments truly reflects a clinical meaningful deterioration.

Our observations underscore the clinical benefits of
regularly administered ERT in late-onset Pompe disease,
which are based on clinical outcome measures and sub-
jective reports from the patients. Correlating our findings
and former reports, where a relevant decline in FVC and
6MWT after ERT interruption of 3.1 and 59.3 months was
described [13], we can conclude that even a short-term
interruption of ERT shows a trend to a clinical decline and
should be avoided. This is not only relevant for objective
outcome assessments, but also in terms of quality of life
in this chronic progressive disease. Our results may also
help to advise patients who may have to interrupt their
regular treatment for a shorter period, e.g. holidays, travel,
or hospitalization where ERT is unavailable. Further stud-
ies are necessary to evaluate changes in specific, validated

patient-reported outcome measures covering depressive and
anxiety symptoms.

Conclusion

Emerging events, such as the COVID-19 pandemic, are
becoming increasingly important for patients with chronic
diseases who are at risk of not receiving their necessary
therapy. Interruption of ERT in LOPD should be avoided or
kept as short as possible, as our cohort showed a significant
decline in MIPg, .4, MRCy, .4 and a trend to clinical deterio-
ration in FVCy, .4 and the 6MWTy, . in objective outcome
measures and an increased rate of adverse events. Further
studies are necessary to evaluate the impact of interrupting
ERT on clinical outcomes in LOPD more in detail.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00415-021-10475-z.

Acknowledgements We thank all study participants for their consent
to analyze their data in this study.

Author contributions SW: Statistical analysis and interpretation of
data, discussion of results, critical revision of the manuscript for intel-
lectual content, first and final manuscript draft. Guarantor who accepts
full responsibility for the work and/or the conduct of the study, had
access to the data, and controlled the decision to publish. KG: Statisti-
cal analysis and interpretation of data, discussion of results, critical
revision of the manuscript for intellectual content. CW: Data aquisition,
discussion of results, critical revision of the manuscript for intellectual
content. KE: Data aquisition, discussion of results, critical revision of
the manuscript for intellectual content. FM: Data aquisition, discussion
of results, critical revision of the manuscript for intellectual content.
BS: Discussion of results, critical revision of the manuscript for intel-
lectual content.

Funding Open Access funding enabled and organized by Projekt
DEAL. Not applicable.

Data availability The anonymised participant data presented here are
available upon request from the correspondent author (stephan.wen-
ninger @med.uni-muenchen.de).

Compliance with ethical standards

Conflict of interest All authors report no disclosures regarding this
study. SW has received research grant by the DGM—Deutsche Ge-
sellschaft fiir Muskelkranke e.V. He has served on advisory boards
for Alexion Pharma, CSL Behring and Sanofi Genzyme GmbH. He
received funding for travel or speaker Honoraria from Sanofi-Aventis
Germany GmbH; SH Glykogenose Gesellschaft; AbbVie Germany
GmbH; Recordati Pharma GmbH; CSLBehring GmbH; Alexion
Pharma GmbH; Desitin Germany; Akcea GmbH. BS has served on
advisory boards for Amicus Therapeutics, Audentes, Nexien, Spark,
and Sanofi Genzyme; he has undertaken contracted Page 21/25 unre-
stricted research for Greenovation Biopharm, Sanofi Genzyme, Ami-
cus; and has received honoraria from Kedrion and Alexion, and travel
expenses from Amicus and Sanofi Genzyme. FM received funding for
travel or speaker Honoraria from Sanofi-Aventis Germany GmbH and

@ Springer


https://doi.org/10.1007/s00415-021-10475-z

2950

Journal of Neurology (2021) 268:2943-2950

SH Glykogenose Gesellschaft. The other authors have no conflicts of
interest to declare.

Ethics approval The assessments in this study were performed with
in the national POMPE Registry program, approved by the Medical
Ethics Committee of the Landesaerztekammer Rheinland-Pfalz (no.
7/04929) and conducted in accordance with the ethical standards rec-
ognized internationally.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. van der Ploeg AT, Reuser AJ (2008) Pompe’s disease. Lan-
cet 372(9646):1342—1353. https://doi.org/10.1016/S0140
-6736(08)61555-X

2. Turner SM, Hoyt AK, ElMallah MK, Falk DJ, Byrne BJ, Fuller
DD (2016) Neuropathology in respiratory-related motoneurons in
young Pompe (Gaa(-/-)) mice. Respir Physiol Neurobiol 227:48—
55. https://doi.org/10.1016/j.resp.2016.02.007

3. Schoser B, Stewart A, Kanters S, Hamed A, Jansen J, Chan K,
Karamouzian M, Toscano A (2016) Survival and long-term out-
comes in late-onset Pompe disease following alglucosidase alfa
treatment: a systematic review and meta-analysis. J Neurol. https
://doi.org/10.1007/s00415-016-8219-8

4. Klinge L, Straub V, Neudorf U, Schaper J, Bosbach T, Gorlinger
K, Wallot M, Richards S, Voit T (2005) Safety and efficacy of
recombinant acid alpha-glucosidase (rhGAA) in patients with
classical infantile Pompe disease: results of a phase II clini-
cal trial. Neuromusc Disord NMD 15(1):24-31. https://doi.
org/10.1016/j.nmd.2004.10.009

5. Gungor D, Kruijshaar ME, Plug I, D’Agostino RB, Hagemans ML,
van Doorn PA, Reuser AJ, van der Ploeg AT (2013) Impact of
enzyme replacement therapy on survival in adults with Pompe dis-
ease: results from a prospective international observational study.
Orphanet J Rare Dis 8:49. https://doi.org/10.1186/1750-1172-8-49

6. van der Beek NA, Hagemans ML, van der Ploeg AT, Reuser AJ,
van Doorn PA (2006) Pompe disease (glycogen storage disease
type II): clinical features and enzyme replacement therapy. Acta
Neurol Belg 106(2):82-86

7. Wang C, Horby PW, Hayden FG, Gao GF (2020) A novel corona-
virus outbreak of global health concern. Lancet 395(10223):470-
473. https://doi.org/10.1016/S0140-6736(20)30185-9

8. Knieps F (2020) The German healthcare system and the corona-
virus pandemic-comments from a legal perspective. Urologe A
59(8):919-925. https://doi.org/10.1007/s00120-020-01255-0

9. Zheng J (2020) SARS-CoV-2: an emerging coronavirus that
causes a global threat. Int J Biol Sci 16(10):1678-1685. https://
doi.org/10.7150/ijbs.45053

@ Springer

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Jung F, Krieger V, Hufert FT, Kupper JH (2020) How we should
respond to the coronavirus SARS-CoV-2 outbreak: a German per-
spective. Clin Hemorheol Microcirc 74(4):363-372. https://doi.
org/10.3233/CH-209004

van der Beek NA, de Vries JM, Hagemans ML, Hop WC, Kroos
MA, Wokke JH, de Visser M, van Engelen BG, Kuks JB, van der
Kooi AJ, Notermans NC, Faber KG, Verschuuren JJ, Reuser AJ,
van der Ploeg AT, van Doorn PA (2012) Clinical features and
predictors for disease natural progression in adults with pompe
disease: a nationwide prospective observational study. Orphanet
J Rare Dis 7:88. https://doi.org/10.1186/1750-1172-7-88
Hundsberger T, Rosler KM, Findling O (2014) Cessation and
resuming of alglucosidase alfa in pompe disease: a retrospective
analysis. J Neurol 261(9):1684-1690. https://doi.org/10.1007/
s00415-014-7402-z

. Scheidegger O, Leupold D, Sauter R, Findling O, Rosler KM,

Hundsberger T (2018) 36-Months follow-up assessment after
cessation and resuming of enzyme replacement therapy in late
onset pompe disease: data from the swiss pompe registry. J Neurol
265(12):2783-2788. https://doi.org/10.1007/s00415-018-9065-7
Compston A (2010) Aids to the investigation of peripheral nerve
injuries. Medical Research Council: Nerve Injuries Research
Committee. His Majesty’s Stationery Office: 1942; pp. 48 (iii)
and 74 figures and 7 diagrams; with aids to the examination of the
peripheral nervous system. By Michael O’Brien for the Guaran-
tors of Brain. Saunders Elsevier: 2010; pp. [8] 64 and 94 Figures.
Brain 133(10):2838-2844. https://doi.org/10.1093/brain/awq270
ATS Committee on Proficiency Standards for Clinical Pulmonary
Function Laboratories (2002). ATS statement: guidelines for the
six-minute walk test. Am J Respir Crit Care Med. 166(1):111-
117. https://doi.org/10.1164/ajrccm.166.1.at1102. Erratum in:
Am J Respir Crit Care Med. 2016 May 15;193(10):1185. PMID:
12091180.

Erratum: ATS Statement: Guidelines for the Six-Minute Walk
Test (2016) Am J Respir Crit Care Med 193(10):1185. https://doi.
org/10.1164/rccm.19310erratum. Erratum for: Am J Respir Crit
Care Med. 2002 Jul 1;166(1):111-117. PMID: 27174486.

Evans JA, Whitelaw WA (2009) The assessment of maximal res-
piratory mouth pressures in adults. Respir Care 54(10):1348-1359
Quanjer PH, Tammeling GJ, Cotes JE, Pedersen OF, Peslin R,
Yernault JC (1993) Lung volumes and forced ventilatory flows.
Eur Respir J 6(Suppl 16):5-40. https://doi.org/10.1183/09041
950.005s1693

Prigent H, Orlikowski D, Laforet P, Letilly N, Falaize L, Pel-
legrini N, Annane D, Raphael JC, Lofaso F (2012) Supine volume
drop and diaphragmatic function in adults with Pompe disease.
Eur Respir J 39(6):1545-1546. https://doi.org/10.1183/09031
936.00169011

Schoser B, Fong E, Geberhiwot T, Hughes D, Kissel JT, Madathil
SC, Orlikowski D, Polkey MI, Roberts M, Tiddens HA, Young
P (2017) Maximum inspiratory pressure as a clinically meaning-
ful trial endpoint for neuromuscular diseases: a comprehensive
review of the literature. Orphanet J Rare Dis 12(1):52. https://doi.
org/10.1186/s13023-017-0598-0

Wenninger S, Stahl K, Wirner C, Einvag K, Thiele S, Walter MC,
Schoser B (2020) Utility of maximum inspiratory and expiratory
pressures as a screening method for respiratory insufficiency in
slowly progressive neuromuscular disorders. Neuromuscul Dis-
ord. https://doi.org/10.1016/j.nmd.2020.06.009

Alzueta E, Perrin P, Baker FC, Caffarra S, Ramos-Usuga D, Yuk-
sel D, Arango-Lasprilla JC (2020) How the COVID-19 pandemic
has changed our lives: a study of psychological correlates across
59 countries. J Clin Psychol. https://doi.org/10.1002/jclp.23082


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(08)61555-X
https://doi.org/10.1016/S0140-6736(08)61555-X
https://doi.org/10.1016/j.resp.2016.02.007
https://doi.org/10.1007/s00415-016-8219-8
https://doi.org/10.1007/s00415-016-8219-8
https://doi.org/10.1016/j.nmd.2004.10.009
https://doi.org/10.1016/j.nmd.2004.10.009
https://doi.org/10.1186/1750-1172-8-49
https://doi.org/10.1016/S0140-6736(20)30185-9
https://doi.org/10.1007/s00120-020-01255-0
https://doi.org/10.7150/ijbs.45053
https://doi.org/10.7150/ijbs.45053
https://doi.org/10.3233/CH-209004
https://doi.org/10.3233/CH-209004
https://doi.org/10.1186/1750-1172-7-88
https://doi.org/10.1007/s00415-014-7402-z
https://doi.org/10.1007/s00415-014-7402-z
https://doi.org/10.1007/s00415-018-9065-7
https://doi.org/10.1093/brain/awq270
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1164/rccm.19310erratum
https://doi.org/10.1164/rccm.19310erratum
https://doi.org/10.1183/09041950.005s1693
https://doi.org/10.1183/09041950.005s1693
https://doi.org/10.1183/09031936.00169011
https://doi.org/10.1183/09031936.00169011
https://doi.org/10.1186/s13023-017-0598-0
https://doi.org/10.1186/s13023-017-0598-0
https://doi.org/10.1016/j.nmd.2020.06.009
https://doi.org/10.1002/jclp.23082

	The impact of interrupting enzyme replacement therapy in late-onset Pompe disease
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study setting and inclusion criteria
	Data collection
	Estimated baseline (BLe)
	Study procedures and clinical assessments
	Muscle strength
	6-minute-walk-test
	Pulmonary function assessments

	Statistical analysis

	Results
	Patient’s characteristics
	Adverse events
	Impact of ERT discontinuation and restart of ERT on clinical outcomes

	Discussion
	Conclusion
	Acknowledgements 
	References




