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ABSTRACT
Pompe disease (PD) is a rare, autosomal recessive neuromuscular disorder caused by a deficiency in acid α-glucosidase. In the 
Phase 3 COMET trial (NCT02782741), respiratory function was examined in participants with late-onset PD randomized to 
receive enzyme replacement therapy with alglucosidase alfa (ALG; standard of care) or avalglucosidase alfa (AVA; intervention) 
in the primary analysis period (PAP). The open-label extended treatment period (ETP) provided long-term data on AVA treat-
ment. This post hoc analysis evaluated respiratory outcomes in participants who received ALG in the PAP (Weeks 0–49) and 
switched to AVA in the ETP (Weeks 49–145). Participants were categorized according to improvement in upright forced vital ca-
pacity percent-predicted (FVC) at Week 49. Forty-four participants were included, of whom 20 (45.5%) had ΔFVC > 0% predicted 
at Week 49. Among ΔFVC > 0% predicted participants, FVC improved during the PAP (estimated slope [SE]: 4.0 (1.1) %/year, 
p < 0.01), and was maintained following switch to AVA in the ETP (0.1 (0.8) %/year, p = 0.86). For participants with ΔFVC ≤ 0% 
predicted during the PAP (n = 24; estimated slope [SE]: −3.4 (1.0) %/year, p < 0.01), FVC stabilized following switch to AVA (0.3 
(0.7) %/year, p = 0.70). Slopes in measures of respiratory airflow and inspiratory/expiratory muscle strength were consistent with 
these findings. Similar results were observed using ΔFVC ≥ 3% predicted as a measure of clinically meaningful change. This 
analysis demonstrates clinically meaningful maintenance in measures of lung volume (FVC) and airflow (forced expiratory vol-
ume in 1 s) after switching therapy from ALG to AVA that persists for ≥ 2 years and is independent of prior outcomes with ALG.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
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1   |   Introduction

Pompe disease (PD) is a rare, autosomal recessive neuromus-
cular disorder caused by a deficiency in acid α-glucosidase 
(GAA) [1–3], an enzyme that degrades lysosomal glycogen [4]. 
This deficiency leads to the progressive accumulation of gly-
cogen in various tissues, causing cellular dysfunction, mus-
cular damage, and functional disabilities [1, 2]. Respiratory 
muscle dysfunction and failure are commonly observed in pa-
tients with PD [5].

Enzyme replacement therapy (ERT) with alglucosidase alfa 
(ALG) has been the standard of care in PD since 2006 [1, 6], 
and has improved outcomes by reducing lysosomal accumula-
tion of glycogen and slowing disease progression [1]. However, 
the disease can eventually progress in people with PD after 
several years of treatment with ALG [1, 7], and several studies 
have demonstrated variability in individual responses to ERT 
[7, 8]. Multiple factors may impact responses to ERT, including 
age and extent of disease progression when starting therapy 
[4, 9, 10]. While treatment guidelines serve as a resource, the 
heterogenous nature of PD means it is important to individu-
alize care [7]. Thus, there remains an unmet need in the man-
agement of PD [1]. Due to the progressive nature of PD and the 
linkage between decline in lung function to development of 
respiratory failure, respiratory function stability can be con-
sidered a positive outcome [5].

Avalglucosidase alfa (AVA) is an ERT specifically designed 
for enhanced targeting of the mannose-6-phosphate (M6P) 
receptor-mediated uptake, the essential pathway for lyso-
somal cellular uptake and trafficking [6]. Increased bis-M6P 
residues results in increased delivery of the drug to the muscle 
cells and improved glycogen clearance compared with ALG 
[1, 6, 11].

In the Phase 3 COMET trial (NCT02782741) [12], respiratory 
function was examined in participants with late-onset PD 
(LOPD) who were randomized to receive either ALG or AVA 
in the primary analysis period (PAP). Treatment with ALG 
resulted in a least-squares (LS) mean (standard error [SE]) im-
provement in upright forced vital capacity percent-predicted 
(FVC) of 0.5% (0.9) at Week 49 [6]. In the open-label extended 
treatment period (ETP), LS mean change (SE) in FVC from 
study baseline was 1.2% (1.3) for the patients switching from 
ALG to AVA [13].

Here, we report analyses that capitalized on the availability of 
comprehensive respiratory function data pre- and post-switch 
from ALG to AVA in COMET. Specifically, the objective of this 
analysis was to examine respiratory function outcomes in pa-
tients who switched from ALG during the PAP to AVA during 

the ETP, categorized by lung function outcomes while receiv-
ing ALG.

2   |   Methods

2.1   |   Study Design and Participants

The study design and eligibility criteria for COMET have been 
published [6, 12]. Briefly, participants were randomized to re-
ceive either ALG or AVA in the PAP, and those that entered the 
open-label ETP were all treated with AVA. The present post hoc 
analysis assessed participants who switched therapy from ALG 
in the PAP (up to Week 49) to AVA in the ETP (Weeks 49–145); 
Week 145 of the ETP was considered as the last visit for sample 
size consideration. The cut-off date for data used in this analysis 
was 31 May 2023, corresponding to the study completion.

2.2   |   Outcomes Assessed

Respiratory outcomes assessed in this post hoc analysis in-
cluded: respiratory function measured by FVC in the upright 
position, forced expiratory volume in 1 s (FEV1), maximal in-
spiratory pressure (MIP), and maximal expiratory pressure 
(MEP). All data for the respiratory outcomes and changes in 
these outcomes are expressed as percent-predicted unless oth-
erwise stated. Participants were categorized according to their 
absolute change from baseline in FVC at Week 49 of the PAP 
using two definitions for improvement: first, > 0% predicted, to 
reflect any improvement; second, ≥ 3% predicted, to reflect the 
smallest improvement in FVC that a participant perceives as 
meaningful (see below). The 0% threshold is important from a 
clinical perspective, as any improvement in respiratory func-
tion may be considered a positive response to therapy given 
the presence of respiratory involvement prior to ERT start 
(FVC at baseline in the ALG arm of COMET: Median [range]: 
62.5 [39–84]), and the expected decline in respiratory function 
characteristic of LOPD progression [14, 15]. In a sensitivity 
analysis, the 3% threshold was used as it corresponded to the 
within-participant clinically meaningful threshold (CMT), 
derived by applying both anchor-based (using patient-reported 
outcomes as anchors) and distribution-based analyses to the 
COMET data  [16]. These analyses followed methodological 
guidelines [17, 18].

Urine samples obtained in a fasting state for the assessment of 
urinary glucose tetrasaccharide (HEX4) concentrations were 
collected at baseline (prior to ALG infusion) and longitudinally 
throughout the study to understand the effect of the switch to 
AVA on this glycogen burden biomarker.

Anti-drug antibodies (ADAs) were also monitored to assess any 
association between change in FVC and development of ADAs 
(see Supporting Information, Appendix for details).

2.3   |   Statistical Modeling

Participants in the modified intention-to-treat (mITT) popula-
tion who had received ALG in the PAP with at least one FVC 

Summary

•	 This research report describes the long-term clinical 
benefits on respiratory function of switching from al-
glucosidase alfa to avalglucosidase alfa in adults with 
late-onset Pompe disease.
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value in each of the PAP and ETP were included in the analysis; 
data up to Week 145 of the ETP were included. Participants with 
missing change in FVC at week 49 were categorized as not meet-
ing the definitions for improvement.

Piecewise linear mixed effects modeling was performed on 
the raw FVC expressed as percent-predicted, using all time-
points from baseline to Week 145. This model included a 
continuous effect of time (weeks) and allowed separate pre- 
and post-switch slopes for the time variable. This model also 
included ΔFVC status at Week 49 using the two definitions 
of improvement in FVC (> 0% and ≥ 3% predicted), with 
random intercept and slope at participant level. Separate 
models (%/year) were fit for the participant groups defined 
by ΔFVC status at Week 49 using the definitions listed above, 
with corresponding 95% confidence intervals (CI) and p-
values (p). Similar statistical modeling was used for the analy-
sis of raw FEV1, MIP, and MEP, analyzed according to ΔFVC 
at Week 49.

Analyses on HEX4 concentrations and ADA were descrip-
tive only.

No imputation of missing data was performed. All statistical 
analyses were conducted using SAS version 9.4.

3   |   Results

3.1   |   Study Participants and Baseline 
Characteristics

In the COMET trial, 49 participants with LOPD were random-
ized to receive ALG in the PAP [6]. Of these, 44 were included 
in the current study based on their agreement to enroll in the 
ETP, during which treatment was switched to AVA (Table S1). 
Of the 44 participants, 20 (45.5%), and 14 (31.8%) demon-
strated ΔFVC > 0% and ΔFVC ≥ 3%, respectively, at the end of 
the PAP (n = 1 missing from the ALG cohort at Week 49). Key 

TABLE 1    |    Baseline characteristics of mITT population who received ALG during the PAP, stratified by ΔFVC at Week 49 (0% threshold).

Baseline characteristics

ALG Participants 
demonstrating 

ΔFVC > 0% (n = 20)

ALG Participants 
demonstrating 

ΔFVC ≤ 0% (n = 24) Overall (N = 44)

Age (years)

Median (range) 44.0 (26–70) 48.5 (19–77) 47.5 (19–77)

Sex, n (%)

Male 11 (55) 13 (54) 24 (55)

Female 9 (45) 11 (46) 20 (45)

Race, n (%)

White 20 (100) 23 (96) 43 (98)

Black or African American 0 1 (4) 1 (2)

Time from disease diagnosis (years)

Median (range) 0.7 (0–27) 0.7 (0–18) 0.7 (0–27)

Time from first disease symptoms (years)

Median (range) 10.6 (1–35) 8.5 (0–38) 10.0 (0–38)

FVC upright, % predicted

Median (range) 58.3 (39–80) 63.2 (42–84) 62.5 (39–84)

FEV1, % predicted

Median (range) 57.5 (42–83) 62.6 (42–82) 60.7 (42–83)

MIP, % predicted

Median (range) 50.8 (18–107) 51.5 (23–234) 50.8 (18–234)

MEP, % predicted

Median (range) 58.4 (20–126) 76.3 (28–201) 68.8 (20–201)

6MWT, % predicted

Median (range) 54.7 (23–82) 55.8 (23–102) 55.8 (23–102)

Note: Participants with missing change from baseline in FVC were considered in the group of patients with a change from baseline ≤ 0%.
Abbreviations: 6MWT, 6-min walking test; ALG, alglucosidase alfa; FVC, upright forced vital capacity; MEP, maximal expiratory pressure; MIP, maximal inspiratory 
pressure; mITT, modified intention-to-treat; PAP, primary analysis period; SD, standard deviation; ΔFVC, change in FVC at Week 49 of the PAP.
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characteristics at baseline (start of PAP) were comparable be-
tween those achieving ΔFVC > 0% at Week 49 and those with 
ΔFVC ≤ 0% (Table 1); comparability was also seen between the 
groups defined by the 3% threshold (Table S2).

3.2   |   Trajectory of Respiratory Function During 
PAP and ETP Based on ΔFVC Status at Week 49

Spaghetti plots of FVC values were generated at the individ-
ual level at all timepoints and can be viewed in Figure S1 (0% 
threshold) and Figure S2 (3% threshold). One FVC outlier value 
at Week 97 for one participant was excluded, because the change 
from FVC at baseline (39.3%) to Week 97 (11.4%) was determined 
to be clinically implausible and recovered to a level similar to the 
pre-Week 97 value at the next measurement.

Linear mixed effects modeling estimated slopes for evolution of 
respiratory function for groups characterized by ΔFVC status 
using the 0% and 3% thresholds are shown in Table 2. Among 
participants with ΔFVC > 0%, the estimated slope (SE) in FVC 
during the PAP was 4.0 (1.1) %/year (p < 0.01). Following switch 
to AVA in the ETP, FVC was maintained with an estimated 
slope (SE) not significantly different from zero: 0.1 (0.8) %/year 
(p = 0.86). For participants with ΔFVC ≤ 0%, the estimated slope 
(SE) in FVC while receiving ALG during the PAP was −3.4 (1.0) 
%/year (p < 0.01). Following switch to AVA in the ETP, FVC was 
stabilized with an estimated slope (SE) not significantly differ-
ent from zero: 0.3 (0.7) %/year (p = 0.70).

The pattern of response for FEV1 matches the data shown for 
FVC, whereby changes in airflow during treatment with ALG 
were maintained after switch to AVA during the ETP. The pat-
terns of response for MIP and MEP differed but, importantly, 
participants with ΔFVC < 0% showed stability in these mea-
sures of respiratory muscle strength following switch to AVA 
during the ETP (Table 2). Analysis of LS mean values of FVC, 
FEV1, MIP, and MEP over time (up to Week 145) are presented 
in Figure  1 and reinforce the modeled respiratory function 
slope data.

Overall, comparable results were observed in the sensitivity 
analysis using the 3% threshold (Table 2, Figure S3). Specifically, 
for participants with ΔFVC ≥ 3%, FVC and FEV1 increased 
with a trend towards increased MEP during treatment with 
ALG; these improvements were maintained or continued to in-
crease after switching to AVA in the ETP. For participants with 
ΔFVC < 3%, declines in FVC, FEV1, and MIP were observed 
during ALG therapy, which stabilized after switching to AVA 
during the ETP.

3.3   |   Immunogenicity in Participants Defined by 
ΔFVC Status at Week 49

Analysis of the median anti-ALG ADA peak titer in participants 
treated with ALG during the PAP was identical when com-
paring cohorts demonstrating ΔFVC > 0% versus ΔFVC ≤ 0% 
(1:3200 in both groups) (Table S3). Analysis of individual par-
ticipant data showed that the proportion with anti-ALG ADA 
peak titers ≥ 1:12 800 was higher in those with ΔFVC ≤ 0% 

(n = 10, 41.7%) than ΔFVC > 0% (n = 6, 30.0%). Similar patterns 
were observed when assessing participants demonstrating 
ΔFVC ≥ 3%, whereby the proportion with anti-ALG ADA peak 
titers ≥ 1:12 800 was higher in participants with ΔFVC < 3% 
(n = 12, 40.0%) than ΔFVC ≥ 3% (n = 4, 28.6%) (data not shown). 
Analysis of ADA data during the ETP revealed that there were 
no participants with anti-AVA ADA peak titers ≥ 1:12 800 
(Table S3).

3.4   |   Pharmacodynamics in Participants Defined 
by ΔFVC Status at Week 49

Median (range) percent-change from baseline in urinary HEX4 
levels at Week 49 was −22.5% (−51.2%–102.8%) in participants 
with ΔFVC > 0% and −12.6% (−50.5%–93.6%) in those with 
ΔFVC ≤ 0% (Figure  S4A). Following the switch to AVA in the 
ETP, HEX4 levels continued to decline up to Week 145 in both 
groups (Figure S4A). This trend was also observed when using 
the 3% threshold (Figure S4B).

4   |   Discussion

Stabilization of respiratory muscle function is an important 
treatment goal in LOPD due to the progressive and often irre-
versible lung function decline that can lead to the need for ven-
tilation support and respiratory failure [19]. While some studies 
report stabilization of lung function for up to 5 years among 
those who initiate ALG treatment, other publications indicate 
that individuals may experience a gradual decline in vital ca-
pacity, particularly beyond 5 years [20]. This risk of further re-
spiratory decline even with ALG treatment indicates a potential 
unmet need that might be addressed by alternative treatment 
options.

The COMET trial demonstrated clinical benefits of initiating 
AVA versus ALG in ERT-naïve participants with LOPD [6]. This 
post hoc analysis of COMET data, including the ETP, shows that 
participants switching treatment from ALG to AVA experience 
beneficial outcomes regardless of prior treatment outcomes with 
ALG. Specifically, the improvement in respiratory function 
among participants with any improvement in FVC during the 
PAP was maintained after switching to AVA, while those who 
declined in FVC during the PAP experienced stabilization or 
improvement after switching to AVA. Similarly, levels of urine 
HEX4, a biomarker of glycogen burden, continued to decrease in 
the ETP. While it is possible that similar stabilization results may 
have been obtained if patients had remained on ALG, disease 
progression while receiving ALG has previously been reported 
in numerous studies and may, in part, be due to suboptimal up-
take of ERT into skeletal muscle [21]. AVA was specifically de-
signed to enhance uptake by skeletal muscle. This difference in 
design between ALG and AVA and the concordance of results 
across different respiratory outcomes (FVC, FEV1, MIP, and 
MEP) and across different definitions for meaningful change 
in lung function during ALG treatment (> 0% capturing clinical 
perspective and ≥ 3% capturing participant perspective) suggests 
that participants are likely to experience meaningful benefits 
after switching from ALG to AVA. Since the need for ventilatory 
support is closely linked to the level of respiratory dysfunction 
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TABLE 2    |    Estimated slopes of respiratory outcome measures in mITT population who received ALG during the PAP, stratified by ΔFVC at Week 
49 (0% and 3% thresholds).

Slope of 
respiratory 
outcome

0% threshold for ΔFVC 3% threshold for ΔFVC

Participants 
demonstrating 
ΔFVC > 0% at 

Week 49 (N = 20)

Participants 
demonstrating 
ΔFVC ≤ 0% at 

Week 49 (N = 24)
Participants demonstrating 

ΔFVC ≥ 3% at Week 49 (N = 14)

Participants 
demonstrating 
ΔFVC < 3% at 

Week 49 (N = 30)

Slope of FVC in PAP (%/year)

Estimate (SE) 4.0 (1.1) −3.4 (1.0) 4.6 (1.3) −2.1 (0.9)

95% CI 1.9, 6.1 −5.3, −1.4 2.1, 7.1 −3.8, −0.4

p < 0.01 < 0.01 < 0.01 0.02

Slope of FVC in ETP (%/year)

Estimate (SE) 0.1 (0.8) 0.3 (0.7) 0.3 (0.9) 0.2 (0.6)

95% CI −1.4, 1.6 −1.1, 1.6 −1.6, 2.1 −1.1, 1.4

p 0.86 0.70 0.77 0.81

Slope of FEV1 in PAP (%/year)

Estimate (SE) 4.3 (1.2) −3.8 (1.1) 4.6 (1.5) −2.2 (1.0)

95% CI 1.9, 6.8 −6.0, −1.5 1.6, 7.6 −4.2, −0.2

p < 0.01 < 0.01 < 0.01 0.03

Slope of FEV1 in ETP (%/year)

Estimate (SE) −0.9 (0.9) 0.48 (0.8) −1.0 (1.1) 0.2 (0.7)

95% CI −2.6, 0.8 −1.1, 2.0 −3.2, 1.1 −1.2, 1.6

p 0.27 0.54 0.33 0.78

Slope of MIP in PAP (%/year)

Estimate (SE) 3.5 (4.1) −10.1 (3.8) 3.2 (5.0) −7.1 (3.4)

95% CI −4.5, 11.6 −17.6, −2.7 −6.5, 13.0 −13.8, −0.5

p 0.39 < 0.01 0.51 0.03

Slope of MIP in ETP (%/year)

Estimate (SE) 3.5 (2.6) 3.2 (2.4) 4.2 (3.2) 2.9 (2.1)

95% CI −1.6, 8.6 −1.5, 7.8 −2.1, 10.5 −1.2, 7.1

p 0.18 0.18 0.19 0.16

Slope of MEP in PAP (%/year)

Estimate (SE) 6.8 (3.8) 0.8 (3.5) 8.2 (4.5) 1.3 (3.1)

95% CI −0.6, 14.2 −6.0, 7.6 −0.7, 17.1 −4.7, 7.4

p 0.07 0.81 0.07 0.66

Slope of MEP in ETP (%/year)

Estimate (SE) 6.4 (2.5) 3.1 (2.3) 8.2 (3.1) 3.0 (2.0)

95% CI 1.3, 11.4 −1.5, 7.7 2.1, 14.3 −1.1, 7.0

p 0.01 0.18 < 0.01 0.15

Note: Participants with missing change from baseline in FVC were considered in the group of patients with no improvement.
Abbreviations: CI, confidence interval; ETP; open-label extended treatment period; FEV1, forced expiratory volume; FVC, upright forced vital capacity; MEP, maximal 
expiratory pressure; MIP, maximal inspiratory pressure; mITT, modified intention-to-treat; PAP, primary analysis period; SE, standard error. ΔFVC, change in FVC at 
Week 49 of the PAP.
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FIGURE 1    |     Legend on next page.
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[20], the stabilization of FVC observed following the switch to 
AVA in this analysis would be expected to delay the need for 
either nocturnal or daytime respiratory support.

The present data showing stabilization of respiratory function 
following the switch from ALG to AVA represents a key im-
provement over prior data on long-term treatment outcomes 
in Pompe disease, where 13-year longitudinal real-world data 
on ALG from the Pompe Registry showed a progressive de-
cline in FVC (−0.54% to −1.0% predicted/yr) that started after 
6 months of therapy [20]. Additional studies of up to 16-year 
duration confirm a slow decline in FVC during ALG therapy 
(slope −1.0% to −4.6% predicted/yr) [3, 22, 23]. In contrast, 
long-term data for AVA outcomes show stability of respiratory 
function for a 3-year duration in COMET [13] and an 8-year 
duration for the Neo1/Neo-Ext studies [24]. Lastly, while there 
are limited data for patients who switch from ALG to AVA, 
two small studies also confirm stability of respiratory func-
tion for up to 6.5 years following the switch to AVA [21].

The ADA profile was similar across the two ΔFVC groups in the 
PAP, except for the incidence of titers > 1:12 800. Switching to 
AVA from ALG had minimal effect on the ADA profile.

4.1   |   Limitations

This is a post hoc analysis of a small group of patients with 
selected inclusion criteria. Of note, five participants random-
ized to receive ALG during the PAP did not enter the ETP. 
Furthermore, during the ETP, 14 enrolled participants discon-
tinued the study, including five due to adverse events and eight 
who were lost to follow-up, including one who officially with-
drew from the study. Reasons for participant dropouts are un-
clear, and it is possible that missing data may have introduced 
bias into this analysis. However, the piecewise linear mixed 
effects modeling used to analyze the longitudinal trends in re-
spiratory function minimizes this risk. Results from a broader 
group of patients and collected in real-world settings may be 
helpful in confirming the generalizability of these findings. 
Additionally, the small sample size means conclusions cannot 
be drawn as to whether there is a correlation between ΔFVC 
and the development of ADA.

Prior definitions for meaningful change in ΔFVC (> 0% and 
≥ 3%) were used in the present post hoc analysis. It is possible 
that participant perception of meaningful improvement varies 
according to baseline lung function. Given the sample size in 
COMET, further stratification by baseline FVC values was not 
deemed feasible, and this potential for differing thresholds was 
not considered in the current analysis.

5   |   Conclusions

Data from this post hoc analysis of people with LOPD enrolled 
in the COMET trial show clinically meaningful maintenance 
in measures of lung volume (FVC) and airflow (FEV1) after 
switching therapy from ALG to AVA that persists for at least 
2 years and is independent of individual participants' level of 
benefit from prior treatment with ALG. The stabilization of re-
spiratory function observed with long-term treatment with AVA 
could potentially improve outcomes in people with LOPD by de-
laying the onset of respiratory failure and the need for mechani-
cal ventilatory assistance. These results may be useful for people 
with LOPD and their healthcare providers to inform decision-
making on treatment options.
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