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ABSTRACT
Introduction/Aims: The randomized, double-blind PROPEL study (NCT03729362) suggested benefits for cipaglucosidase alfa 
plus miglustat (cipa+mig) versus alglucosidase alfa plus placebo (alg+pbo) in enzyme replacement therapy (ERT)-experienced 
adults with late-onset Pompe disease (LOPD). To further assess treatment response and the effect of switching treatment from 
alg to cipa+mig, we conducted a within-group effect size analysis in ERT-experienced patients.
Methods: In this post hoc analysis, standardized within-group effect sizes (Cohen's d for correlated measurements from base-
line to week 52) were calculated by dividing the mean change from baseline by the corresponding standard deviation for motor 
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medium, provided the original work is properly cited and is not used for commercial purposes.
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Abbreviations: 6MWD, 6-min walk distance; Alg, alglucosidase alfa; CFBL, change from baseline; CI, confidence interval; Cipa, cipaglucosidase alfa; CK, creatine 
kinase; EQ-5D-5L, EQ-5D 5 Response Levels; ERT, enzyme replacement therapy; FVC, forced vital capacity; GAA, acid α-glucosidase; GSGC, Gait, Stairs, Gowers' 
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function, lung function, and muscle strength outcomes; patient-reported outcomes/quality of life; and biomarker levels (creatine 
kinase and hexose tetrasaccharide).
Results: In PROPEL, 77% of patients received ERT with alg before study entry (median ERT duration 7.4 years). ERT-experienced 
patients remaining on alg+pbo (n = 30) generally showed within-group worsening (d ≤ −0.2) or stability (−0.2 < d < 0.2) across 
most outcomes, while those switched to cipa+mig (n = 65) mostly showed improvement (d ≥ 0.2) or stability. Patients remaining 
on alg+pbo demonstrated statistically significant worsening for several lung function outcomes, biomarker levels, and signifi-
cant improvement for Patient-Reported Outcomes Measurement Information System (PROMIS)-Dyspnea. Patients switched to 
cipa+mig did not demonstrate significant worsening for any outcomes and showed significant improvements for 6-min walk 
distance (absolute and % predicted); upper, lower, and overall manual muscle testing; PROMIS-Fatigue; Physician (overall score) 
and Subject Global Impression of Change (5/8 subdomains); and biomarker levels.
Discussion: ERT-experienced patients with LOPD who switched from alg to cipa+mig treatment achieved improvements or 
stability in most outcomes.
Trial Registration: Clini​calTr​ials.​gov identifier: NCT03729362

1   |   Introduction

Pompe disease is a rare, inherited, multisystemic, heterogeneous, 
and progressive disease caused by biallelic pathogenic variants 
in the acid α-glucosidase (GAA) gene leading to deficiency of the 
GAA enzyme, acid α-glucosidase [1–3]. Pompe disease is broadly 
classified into two clinical subtypes: the severe, infantile-onset 
form associated with rapidly progressive disease and cardiomyop-
athy in the first year of life, which is lethal without treatment, and 
the late-onset form [2]. Late-onset Pompe disease (LOPD) can pres-
ent any time after the first year of life through late adulthood and 
is characterized by progressive loss of muscle and respiratory func-
tion, which often leads to wheelchair use and the need for assisted 
ventilation. Cardiac involvement is often absent in LOPD [1, 2, 4].

Enzyme replacement therapy (ERT) with alglucosidase 
alfa (alg), a recombinant human GAA (rhGAA), was the 
first approved Pompe disease-specific treatment [5, 6]. 
Cipaglucosidase alfa (cipa), a next-generation rhGAA enriched 
with naturally (Chinese hamster ovary cell) derived bis-
phosphorylated mannose-6-phosphate N-glycans, was de-
signed to improve the delivery of recombinant GAA to skeletal 
muscle lysosomes when administered in combination with the 
oral enzyme stabilizer miglustat (mig) [7–10].

The randomized, double-blind PROPEL study (ATB200-03; 
NCT03729362) compared the efficacy and safety of cipa+mig with 
the standard of care, alg, plus placebo (pbo) for the treatment of 
adults with LOPD [11]. Patients previously treated with alg were 
eligible to participate in the PROPEL study, and most enrolled pa-
tients were ERT experienced (95/123; 77.2%) [11], receiving prior 
ERT for a median of 7.4 years. PROPEL did not achieve statistical 
superiority for cipa+mig over alg+pbo for the primary endpoint of 
change from baseline to week 52 in 6-min walk distance (6MWD) 
in the overall population (between-group difference 13.6 m [95% 
confidence interval (CI): −2.8, 29.9]). However, the totality of pri-
mary and secondary efficacy endpoint data suggested clinically 
meaningful improvements with cipa+mig versus alg+pbo in vari-
ous measures of motor functions, lung functions, and biomarkers 
in the overall and ERT-experienced patient populations [11, 12].

We performed a comprehensive post hoc analysis of the magni-
tude of within-group treatment effects across all primary and 

secondary efficacy and pharmacodynamic (biomarker) out-
comes in ERT-experienced patients in PROPEL to further assess 
treatment response and the effect of switching treatment from 
alg to cipa+mig across motor function, lung function, muscle 
strength, biomarkers, and patient- and physician-reported qual-
ity of life (QoL) measures [11].

2   |   Methods

2.1   |   Study Design

The PROPEL study design (Supplementary Figure  S1) has been 
previously reported [11]. Briefly, PROPEL was an international, 
randomized, double-blind, parallel-group, phase 3 study con-
ducted in 24 countries. The study was performed in accordance 
with the ethical principles of the Declaration of Helsinki and 
Good Clinical Practice. The study protocol was approved by the 
appropriate independent ethics committee or institutional review 
board at each participating study site, and all participants provided 
written informed consent. Interventions and outcomes and assess-
ments are detailed in the supplementary Information (S1.1, S1.2).

2.2   |   Patients

Full eligibility criteria have been described [11]. Patients were 
classified as either ERT experienced (defined as currently re-
ceiving standard-of-care ERT with alg, 20 mg/kg every 2 weeks, 
for ≥ 24 months) or ERT naïve (defined as no prior ERT).

2.3   |   Statistical Methods

We performed a post hoc analysis to assess the magnitude of 
within-group treatment effects across efficacy outcomes. The 
analyses presented here focus on the subgroup of patients who 
were ERT experienced prior to entering the study.

Standardized effect size analysis describes the absolute effect 
size relative to the variability of the data. It transforms the ef-
fect size into a scale with no units of measurement (Cohen's d) 
[13–16]. We calculated standardized within-group effect sizes 
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(Cohen's d for within-group comparisons) and correspond-
ing 95% CIs for the change from baseline to week 52 for the 
primary, secondary, and pharmacodynamic endpoints of the 
PROPEL study.

Standardized within-group effect sizes and corresponding 95% 
CIs were calculated by dividing the mean change from base-
line values and CIs at week 52 by the standard deviation (SD) 
of the difference scores. Values were reversed for endpoints, for 
which a negative change from baseline indicated an improve-
ment (Gait, Stairs, Gowers' maneuver, Chair [GSGC] total score, 
time to complete GSGC component tests [10-m walk, four-stair 
climb, Gowers' maneuver, rising from chair], timed up and go 
[TUG], Patient-Reported Outcomes Measurement Information 
System [PROMIS]-Fatigue and -Dyspnea, EQ-5D 5 Response 
Levels [EQ-5D-5L] scores for Mobility, Self-care, Usual activi-
ties, Pain/discomfort, Anxiety/depression, and creatine kinase 
[CK] and hexose tetrasaccharide [Hex4] levels). Consistent with 
medical literature [13–16], effect sizes were defined as stable 
(−0.2 < d < 0.2), small (0.2 ≤ d < 0.5), medium (0.5 ≤ d < 0.8), or 
large improvement (d ≥ 0.8), or as small (−0.5 < d ≤ −0.2), me-
dium (−0.8 < d ≤ −0.5), or large worsening (d ≤ −0.8), and were 
considered statistically significant if the standardized 95% CIs 
did not cross zero.

Analyses were carried out using Statistical Analysis System 
(SAS) version 9.4 (SAS Institute, Cary, NC).

3   |   Results

3.1   |   Patients

In total, 125 patients were enrolled and randomly assigned to 
cipa+mig (n = 85) or alg+pbo (n = 40) in PROPEL. Two patients 
in the alg+pbo group were not dosed because of the absence of 
genotype confirmation. Most patients (95/123; 77.2%) were ERT 
experienced (n = 65 in the cipa+mig group and n = 30 in the al-
g+pbo group), with an overall median duration of prior treat-
ment with alg of 7.4 years (range, 2.0–13.7 years; quartile 1–3, 
4.0–10.4 years). Baseline characteristics of ERT-experienced 
patients were largely similar between groups, with some differ-
ences in four-stair climb, Gowers' maneuver, rising from chair, 
maximal inspiratory pressure (MIP), and maximal expiratory 
pressure (MEP) (Table 1 and Supplementary Table S1).

3.2   |   Standardized Within-Group Effect Size 
Analysis

For measures of motor function, significant improvements were 
seen for % predicted 6MWD (d = 0.50) and for 6MWD in meters 
(d = 0.42) with cipa+mig. In patients who remained on alg+pbo, 
no significant improvements or worsening were seen (Figure 1).

For measures of muscle strength, significant small to medium 
improvements were seen for lower (d = 0.39), upper (d = 0.50), 
and total (d = 0.49) manual muscle test (MMT) scores with ci-
pa+mig. Effects on MMT scores with alg+pbo were generally 
smaller and did not reach significance. In both groups, the 

effect size on the total quantitative muscle test (QMT) score was 
0 < d < 0.2, indicating stability (Figure 2).

For measures of lung function, effect sizes indicated stability 
(−0.2 < d < 0.2) in five of the six outcomes assessed in the ci-
pa+mig group, with a small non-significant worsening in sit-
ting slow vital capacity (SVC). In the alg+pbo group, four of 
the six lung function assessments showed a significant small to 
large worsening, with Cohen's d ranging from −0.80 to −0.39 
(Figure 3).

For patient-reported outcomes, significant improvements were 
seen for several of the Subject Global Impression of Change 
(SGIC) domains with cipa+mig, with Cohen's d ranging from 0.27 
to 0.49, namely muscle function, ability to move around, activi-
ties of daily living, overall physical wellbeing, and energy level. 
Effect sizes for SGIC domains were in the range of −0.2 < d < 0.2 
in the alg+pbo group, indicating stability (Figure 4). These ef-
fects reflected a higher percentage of patients who experienced 
improvements and lower percentages who experienced wors-
ening in SGIC domains with cipa+mig than with alg+pbo, as 
shown for SGIC overall physical wellbeing (Figure 5) and other 
domains (Supplementary Figure S2). Significant improvements 
were also observed for PROMIS-Fatigue (d = 0.32) with cipa+mig 
and for PROMIS-Dyspnea (d = 0.38) with alg+pbo (Figure 4).

Effect size analysis for the EQ-5D-5L domains, index score, 
and visual analog scale (VAS), and Rasch-built Pompe-specific 
Activity (R-PAct) showed mainly stability for both treatment 
groups (Supplementary Figure  S3A,B). Physician Global 
Impression of Change (PGIC) suggested significant improve-
ments with cipa+mig (d = 0.36) and stability with alg+pbo 
(d = 0.00; Supplementary Figure  S3B). Analysis of biomarker 
data showed significant medium improvements with cipa+mig 
for both CK and Hex4 and significant worsening with alg+pbo 
(Supplementary Figure S4).

Effect size analyses for all endpoints are summarized in 
Supplementary Table S2.

3.3   |   Safety

Cipa+mig was generally well tolerated in ERT-experienced pa-
tients, with a similar safety profile to that in the alg+pbo group 
(Table 2). One serious treatment-emergent adverse event (TEAE) 
occurred in the cipa+mig group, which was considered poten-
tially related to study treatment (anaphylaxis), and three TEAEs 
resulted in withdrawal from the study (anaphylaxis and chills 
each in one patient in the cipa+mig group, and stroke in one 
patient in the alg+pbo group unrelated to study drug) (Table 2).

4   |   Discussion

Overall, this effect size analysis of the PROPEL study showed 
that patients with LOPD who were receiving ERT with alg and 
switched to cipa+mig mostly showed within-group improve-
ment (d ≥ 0.2) or stability (−0.2 < d < 0.2) in standardized mean 
change from baseline to week 52. The largest effect sizes and 
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significant improvements were seen for various assessments of 
motor function, muscle strength, global impression of change 
scales, and biomarkers; significant worsening was not observed 
for any assessments. Patients who remained on alg treatment 
mainly showed worsening (d ≤ −0.2) or stability (−0.2 < d < 0.2) 
in standardized mean change from baseline to week 52 across 
most outcomes. In this group, the largest effect sizes were sig-
nificant worsening for various lung function assessments and 
biomarkers; in contrast, a significant improvement in the stan-
dardized change from baseline was seen for PROMIS-Dyspnea 
scores. Generally, these results reflect those of the primary anal-
ysis for ERT-experienced patients [11]. It is important to note 
that patients who remained on alg treatment had received prior 
treatment with alg for 2.1–13.2 years (median 7.1 years) prior to 
entering PROPEL. As these patients continued their previous 
treatment regimen during the study, it is possible that outcomes 
showing a worsening in the first 52 weeks of PROPEL, includ-
ing lung function assessments and biomarkers, were already 

worsening prior to the start of PROPEL. A decline in outcomes 
after several years of ERT with alg has been reported previously 
[18]. The reason why ERT treatment with alg may become less 
effective over time is not known but could include a decline in 
effective cation-independent mannose 6-phosphate receptor-
mediated uptake of ERT and trafficking to the lysosome due to 
autophagic buildup [19–21], challenges that ERT with cipa+mig 
aims to overcome [8, 10]. Recent European Pompe Consortium 
recommendations suggest that switching ERT may be consid-
ered if there is no stabilization or improvement in skeletal mus-
cle or respiratory function within 12 months of standard ERT, or 
in cases of severe infusion-related reactions. Decisions to switch 
should be made on a shared and patient-by-patient basis as there 
is currently insufficient evidence regarding switching to next-
generation ERTs [22].

A standardized effect size analysis provides a way to assess 
treatment responses across multiple study endpoints and is 

TABLE 1    |    Baseline characteristics of ERT-experienced patients with LOPD.

Cipa+mig (n = 65) Alg+pbo (n = 30)

Median (range) age, years 48.0 (21–74) 46.5 (24–66)

Median (range) age at diagnosis, years 39.0 (1–63) 39.0 (7–62)

Males, n (%) 28 (43.1) 14 (46.7)

Race, n (%)

Asian 3 (4.6) 1 (3.3)

Japanese 2 (3.1) 4 (13.3)

American Indian or Alaska Native 0 1 (3.3)

Black or African American 0 1 (3.3)

White 55 (84.6) 22 (73.3)

Other 5 (7.7) 1 (3.3)

Median (Q1–Q3) ERT duration, years 7.6 (4.3–10.2) 7.1 (3.8–10.4)

Range 2.0–13.7 2.1–13.2

Motor function, mean (SD)

6MWD,a meters 346.9 (110.21) 334.6 (114.02)

GSGC 15.6 (4.07) 15.5 (4.35)

6MWD,a % predicted 56.6 (15.85) 54.8 (17.38)

Muscle strength, mean (SD)

Lower extremity MMT score 26.4 (5.14) 26.1 (5.81)

Lung function, mean (SD)

Sitting FVC, % predicted 67.9 (19.05) 67.5 (20.99)

Patient-reported outcomes, mean (SD)

PROMIS-Physical function score 64.4 (11.38) 66.9 (12.29)

PROMIS-Fatigue score 22.0 (7.92) 20.4 (5.38)

Note: Table adapted from Kishnani PS et al. 2024 [17], used under CC BY 4.0.
Abbreviations: 6MWD, 6-min walk distance; alg+pbo, alglucosidase alfa plus placebo; cipa+mig, cipaglucosidase alfa plus miglustat; ERT, enzyme replacement 
therapy; FVC, forced vital capacity; GSGC, Gait, Stairs, Gowers' maneuver, Chair; LOPD, late-onset Pompe disease; MMT, manual muscle test; PROMIS, Patient-
Reported Outcomes Measurement Information System; Q, quartile; SD, standard deviation.
aMean of two screening values.
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FIGURE 1    |    Standardized effect size analysis in ERT-experienced patients with LOPD: Motor function. *Indicates nominal significance (stan-
dardized 95% CI did not cross zero); †For these endpoints, a negative CFBL value indicated a better result. For visualization purposes, the direction 
of the results was reversed so that positive CFBL values indicate better results. 6MWD, 6-min walk distance; CFBL, change from baseline; CI, con-
fidence interval; ERT, enzyme replacement therapy; GSGC, Gait, Stairs, Gowers' maneuver, Chair; LOCF, last observation carried forward; LOPD, 
late-onset Pompe disease.
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informative for conditions with a range of symptoms, such 
as LOPD. However, it is essential to emphasize that the clas-
sifications of ‘small’, ‘medium’, or ‘large’ in this effect size 
analysis are not indicative of clinical meaningfulness, that is, 
there is no defined Cohen's d that indicates a minimal clin-
ical important difference (MCID). PROPEL assessed a large 
number of efficacy outcomes; however, MCIDs for patients 
with LOPD have not been established for most of these out-
comes. A recent analysis using data from PROPEL estimated 
that, for the overall population of patients with LOPD, MCIDs 
for 6MWD ranged from 2.27% to 8.11% predicted (or 23.7 to 
57.2 m for absolute values) [23]. Another analysis using data 
from two prospective follow-up studies established an MCID 
of 0.35% to 7.47% predicted (corresponding to 2.2 to 46.6 m or 
2.0 to 42.1 m, respectively, for a male or female of 50 years of 
age with a height of 1.75 m and a weight of 80 kg) [24]. Based 
on these MCIDs, the mean change from baseline to week 52 in 
% predicted 6MWD for ERT-experienced patients in PROPEL 
who switched from alg to cipa+mig of 3.20% (Figure 1) may 
be considered clinically meaningful; the corresponding stan-
dardized effect size for this improvement was 0.50 (i.e., just 
meeting the threshold for a ‘medium’ improvement). The 
clinical meaningfulness of the observed effect sizes across 
the various outcome measures is also supported by the SGIC 
assessments, which are often used as anchors to estimate 
MCIDs. These SGIC assessments, including overall phys-
ical wellbeing, generally showed more patients reporting 

improvement or stability and fewer patients reporting worsen-
ing in the cipa+mig arm versus the alg+pbo arm.

Safety assessments showed that cipa+mig was generally well 
tolerated in ERT-experienced patients. The safety profile of ci-
pa+mig in ERT-experienced patients was similar to that of al-
g+pbo, and safety findings in ERT-experienced patients were 
similar to those seen in the overall population [11].

A limitation of the study is the relatively small sample size. As 
a post hoc analysis, this effect size analysis was not powered for 
detecting between-group differences in the ERT-experienced 
cohort, nor was it intended to, and was not adjusted for multi-
plicity. The ERT-naïve cohort was not included in this analysis 
to focus on patients switching treatments. Differences in out-
comes between the ERT-naïve and ERT-experienced cohorts in 
the PROPEL primary analysis [11] may have been due to the 
low number of ERT-naïve patients, differences in baseline char-
acteristics between ERT-naïve and ERT-experienced patients 
[11], or the potential of prior ERT as a treatment effect modifier 
[25]. Another limitation is the 52-week study duration. LOPD is 
a chronic and progressive disease; therefore, treatment must re-
main effective over an extended period. The ongoing open-label 
extension of PROPEL [26] may provide opportunities to conduct 
further effect size analyses after longer treatment durations. We 
cannot fully explain some discrepancies seen across individ-
ual assessments, for example, the worsening of lung function 

FIGURE 3    |    Standardized effect size analysis in ERT-experienced patients with LOPD: Lung function. *Indicates nominal significance (standard-
ized 95% CI did not cross zero). CFBL, change from baseline; CI, confidence interval; ERT, enzyme replacement therapy; FVC, forced vital capacity; 
LOCF, last observation carried forward; LOPD, late-onset Pompe disease; MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure; 
SNIP, sniff nasal inspiratory pressure; SVC, slow vital capacity.
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outcomes alongside improvement in patient‐reported dyspnea in the alg+pbo  group. We also saw improvement in MMT scores 

FIGURE 4    |    Standardized effect size analysis in ERT-experienced patients with LOPD: SGIC and PROMIS. SGIC scores range from 1 to 7 and 
were transformed to −3 to +3 by subtracting 4 from each score. *Indicates nominal significance (standardized 95% CI did not cross zero); †For these 
endpoints, a negative CFBL value indicated a better result. For visualization purposes, the direction of the results was reversed so that positive CFBL 
values indicate better results. CFBL, change from baseline; CI, confidence interval; ERT, enzyme replacement therapy; LOCF, last observation 
carried forward; LOPD, late-onset Pompe disease; PROMIS, Patient-Reported Outcomes Measurement Information System; SGIC, Subject Global 
Impression of Change.
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outcomes alongside improvement in patient-reported dyspnea in 
the alg+pbo group. We also saw improvement in MMT scores 
alongside stability of QMT scores in the cipa+mig group; how-
ever, both MMT and QMT suggested stability or improvement in 
muscle strength in patients switching to cipa+mig from alg+pbo. 
Such findings may have been impacted by using generic rather 
than Pompe disease-specific assessments or by chance, and fur-
ther studies would be needed to explore this in more detail.

In summary, our analyses suggest a potential benefit of switch-
ing to cipa+mig for ERT-experienced patients. ERT-experienced 
patients who switched from alg to cipa+mig experienced im-
provement or stability across endpoints; no endpoints showed 
significant worsening.
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