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Abstract
Background  Late-onset Pompe disease (LOPD), a rare autosomal recessive multisystemic disorder, substantially 
impacts patients’ day-to-day activities, outcomes, and health-related quality of life (HRQoL). The PROPEL trial 
compared cipaglucosidase alfa plus miglustat (cipa+mig) with alglucosidase alfa plus placebo (alg+pbo) in adult 
patients with LOPD over 52 weeks and showed improved motor and respiratory function in patients switching 
treatment from standard-of-care enzyme replacement therapy (ERT) to cipa+mig at baseline. This study evaluated the 
impact of cipa+mig on patient-reported outcomes (PROs), including HRQoL in ERT-experienced patients, using data 
from PROPEL.

Methods  PROs evaluated included the Subject’s Global Impression of Change (SGIC), Patient-Reported Outcomes 
Measurement Information System (PROMIS) Physical Function Short Form 20a, PROMIS Fatigue Short Form 8a, Rasch-
built Pompe-specific Activity (R-PAct), and European Quality of Life-5 Dimensions 5 Response Levels (EQ-5D-5L). The 
proportions of responders in the cipa+mig arm and the alg+pbo arm were compared via chi-squared or Fisher’s 
exact test (patient-level responder analysis), and least squares (LS) mean differences were calculated for change from 
baseline at Week 52 of the PRO measures (group-level analysis).

Results  At Week 52, patient-level SGIC responder and group-level SGIC analyses favored cipa+mig compared with 
alg+pbo across all SGIC domains (e.g. 90 vs. 59% responders in the cipa+mig vs. the alg+pbo group for SGIC ability 
to move around; P = 0.0005; and LS mean difference 0.385; P = 0.02). Similarly, PROMIS Physical Function and Fatigue 
domains numerically favored cipa+mig in both analyses (e.g. 50 vs. 40% responders in the cipa+mig vs. alg+pbo 
arm for PROMIS Physical Function; P = 0.37; and LS mean difference 3.1; P = 0.11). R-PAct for both treatment groups 
was similar in the patient-level responder analysis, but numerically favored alg+pbo in the group-level analysis (35% 
responders in both arms; P = 0.95; and LS mean difference −0.8; P = 0.48). Self-care, usual activities, and depression/
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Background
Pompe disease, a rare autosomal recessive multisys-
temic disorder caused by the deficiency of the lysosomal 
glycogen-hydrolyzing enzyme, acid alpha-glucosidase 
(GAA), causes glycogen buildup in the lysosomes [1–3]. 
Based on the presence or absence of cardiomyopathy in 
the first year of life, the disease is broadly classified as 
severe infantile-onset and chronically progressive late-
onset Pompe disease (LOPD), respectively; both forms 
of the disease can lead to irreversible damage to muscle 
function [4, 5]. LOPD primarily affects skeletal muscles, 
leading to progressive muscle weakness, respiratory dif-
ficulties, reduced mobility, and fatigue [6, 7].

A cornerstone treatment for LOPD is enzyme replace-
ment therapy (ERT) with a recombinant human GAA 
(rhGAA), alglucosidase alfa, which has significantly 
improved the clinical outcomes in patients [8–11]. 
Although alglucosidase alfa has substantially improved 
the symptoms and slowed the progression of the disease, 
studies have shown that the response to alglucosidase alfa 
plateaus or declines over time, and the disease progresses 
in a vast majority of patients [12–15]. Consequentially, 
treatment options with sustained efficacy were required 
to improve the lives of patients with Pompe disease. 
Recently, two new treatments have been approved for 
Pompe disease (avalglucosidase alfa and cipaglucosidase 

alfa plus miglustat [cipa+mig]), both evaluated in head-
to-head trials against alglucosidase alfa [16, 17]. Cipa-
glucosidase alfa, an rhGAA, administered along with a 
small-molecule enzyme stabilizer, miglustat, is a novel, 
two-component therapy for Pompe disease [17, 18]. 
Cipaglucosidase alfa in combination with miglustat was 
recently approved in the European Union, United King-
dom, and United States of America for treating adults 
with LOPD [19–21]. The efficacy and safety of cipa+mig 
have been evaluated in the phase 3, randomized, double-
blind, placebo-controlled, PROPEL trial (NCT03729362) 
in adult patients with LOPD who were either ERT naïve 
or had received the standard-of-care ERT, alglucosidase 
alfa, for ≥2 years (ERT experienced) [17]. The results of 
the study showed that switching treatment from the stan-
dard of care to cipa+mig in ERT-experienced patients 
statistically favored key endpoints (6-minute walk dis-
tance [6MWD] and % predicted forced vital capacity 
[FVC]), and numerically favoured other secondary out-
comes that assessed for motor, pulmonary, and muscle 
functions, and Patient-reported Outcome Measurement 
Information System (PROMIS) Physical Function and 
Fatigue scores, compared with alglucosidase alfa plus pla-
cebo (alg+pbo) [17].

Chronic and debilitating conditions such as LOPD sig-
nificantly impact the day-to-day activities, outcomes, and 

anxiety domains of EQ-5D-5L numerically favored cipa+mig in both analyses (e.g. 20 vs. 12% responders in the 
cipa+mig vs. alg+pbo arm for EQ-5D-5L self-care; P = 0.54; and LS mean difference −0.108; P = 0.52).

Conclusions  Overall, switching treatment from alglucosidase alfa to cipa+mig positively impacted PRO 
measurements during the double-blind period of PROPEL.

Trial registration  NCT03729362; Registration date: November 1, 2018; https:/​/clinic​altrial​s.go​v/study/NCT03729362

Plain English summary
Late-onset Pompe disease (LOPD) is a rare, multisystemic inherited genetic disease that causes glycogen 
accumulation in muscles and other body organs, leading to muscle weakness and respiratory insufficiency. LOPD 
significantly impacts patients’ day-to-day life. Enzyme replacement therapies (ERT) have greatly improved the lives 
of patients with LOPD. The first approved ERT for LOPD was alglucosidase alfa (alg). To evaluate the effects of a 
new treatment (cipaglucosidase alfa+miglustat [cipa+mig]) in adult patients with LOPD, two-thirds of patients 
were switched from alg to cipa+mig and the remaining patients continued receiving alg (alg+placebo [alg+pbo]). 
We used patient-reported outcome (PRO) questionnaires (asking patients how they feel) to assess changes in 
patient health. Groups were similar at baseline. Analyses showed that patients improved following cipa+mig 
treatment for all domains of the PROs Subject’s Global Impression of Change (SGIC; overall physical well-being, 
effort of breathing, muscle strength, muscle function, ability to move around, activities of daily living, energy level, 
level of muscular pain) and the Patient-Reported Outcomes Measurement Information System (PROMIS; Physical 
Function, Fatigue) compared with when treated with alg+pbo. Rasch-built Pompe-specific Activity (R-PAct), a survey 
evaluating daily activities and social life of patients living with Pompe disease, showed that patients felt similar after 
cipa+mig and alg+pbo. European Quality of Life-5 Dimensions-5 Response Levels (EQ-5D-5L), a measure of health 
covering five dimensions, favored cipa+mig in the self-care, usual activities, pain/discomfort and depression/anxiety 
areas, and alg+pbo for mobility. Overall, changing treatment from alg to cipa+mig positively affects PROs and the 
patient’s general well-being.

Keywords  Pompe disease, Patient-reported outcomes, Patient-reported Outcome Measurement Information System, 
Health-related quality of life
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health-related quality of life (HRQoL) of patients, and 
the clinical signs and symptoms such as muscle weak-
ness and atrophy, fatigue, and pain affect patients’ physi-
cal, emotional, and social well-being [22]. Patients with 
LOPD require increased medical care and support with 
daily activities, and many limit or cease their employment 
[23–26]. Patient-reported outcomes (PRO) measures 
are important endpoints to assess the impact of disease 
and therapeutic outcomes on patients’ lives [27, 28]. The 
Rasch-built Pompe-specific Activity (R-PAct) scale, a 
PRO instrument designed to evaluate disease progres-
sion in LOPD, explicitly assesses the limitations patients 
face in their daily activities and social participation [29]. 
Moreover, physical disability and fatigue are among the 
important symptoms experienced by patients with LOPD 
[30], and hence, PROMIS tools are also useful in assess-
ing the experiences of patients living with LOPD [22, 31]. 
The European Quality of Life-5 Dimensions 5 Response 
Levels (EQ-5D-5L) [32], a multi-attribute health mea-
sure less commonly used in LOPD, is a valid and reliable 
instrument that has been reported to have good psycho-
metric properties [33]. EQ-5D-5L was used to estimate 
health-state utilities for LOPD in a vignette study in the 
United Kingdom using the PROPEL trial data [34]. The 
Subject’s Global Impression of Change (SGIC) evaluates 
the difference between the patient’s current and previous 
health state and asks if the overall well-being or a specific 
health area improved, stayed the same, or worsened. The 
SGIC has been validated, e.g. in fibromyalgia [35]. Since 
switching treatment from standard of care to cipa+mig 
improved motor, respiratory, and muscle function in 
ERT-experienced patients in the PROPEL trial, we evalu-
ated whether there was an impact of switching treatment 
on several PRO measures by exploring data from the 
PROPEL study.

Methods
This study evaluated the PROs in ERT-experienced 
patients using data from the PROPEL study. Patients 
enrolled in the PROPEL study were randomized 2:1 to 
receive either cipa+mig (n = 85) or alg+pbo (n = 38) for 
52  weeks (double-blind period). They had either never 
been treated with an ERT before (i.e., ERT naïve) or had 
received the standard-of-care ERT, 20  mg/kg alglucosi-
dase alfa, once every other week for ≥2  years (i.e., ERT 
experienced). PROPEL was approved by independent 
ethics committees and institutional review boards at each 
study site and was conducted according to international 
guidelines for clinical studies, such as the Declaration of 
Helsinki and Good Clinical Practice Guidelines. Addi-
tional details of the study protocol have been detailed 
elsewhere [17].

Data collection
We analyzed the following PRO measures, which reflect 
self-reported changes of quality of life; see also Table 1.

(i)	The SGIC [17, 35–37] consists of eight items (overall 
physical well-being, effort of breathing, muscle 
strength, muscle function, ability to move around, 
activities of daily living, energy level, and level of 
muscular pain). Each of the eight items is scored on a 
7-point rating scale, with answers as follows: 1 = very 
much worse; 2 = worse; 3 = somewhat worse; 4 = no 
change; 5 = somewhat improved; 6 = improved; and 
7 = very much improved. For the analysis, patients 
with SGIC item scores ≥4 at Week 52 were classified 
as ‘responders’.

(ii)	PROMIS Physical Function Short Form 20 (v2.0) 
[17, 38, 39] consists of 20 questions. The first 
14 questions are scored on a scale of 1 to 5 with 
responses as follows: 1 = unable to do; 2 = with much 
difficulty; 3 = with some difficulty; 4 = with a little 
difficulty; and 5 = without any difficulty. The next six 
questions are scored on a scale of 1 to 5 and have the 
following responses: 1 = cannot do; 2 = quite a lot; 
3 = somewhat; 4 = very little; and 5 = not at all. The 
total score ranges between 20 and 100, with a higher 
score indicating better physical functioning. For the 
analyses, patients with a change from baseline >0 in 
PROMIS Physical Function scores at Week 52 were 
classified as ‘responders’.

(iii)	 PROMIS Fatigue Short Form 8a consists of eight 
questions, scored on a scale of 1 to 5 as follows: 
1 = not at all; 2 = a little bit; 3 = somewhat; 4 = quite 
a bit; and 5 = very much. Two questions each are 

Table 1  Baseline characteristics of ERT-experienced patients 
treated with cipa+mig or alg+pbo
Parameters Cipa+mig 

(n = 65)
Alg+pbo 
(n = 30)

Age (years), median (range) 48.0 (21–74) 46.5 
(24–66)

Age at diagnosis (years), median (range) 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)
ERT duration (years), median (Q1–Q3) 7.6 (4.3–10.2) 7.1 

(3.8–10.4)
There were no statistically significant differences in baseline characteristics 
between the two treatment groups

Alg+pbo alglucosidase alfa plus placebo, cipa+mig cipaglucosidase alfa plus 
miglustat, ERT enzyme replacement therapy, n subset population, Q quartile
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scored on a 1 to 5 scale with responses as follows: 
1 = never; 2 = rarely; 3 = sometimes; 4 = often; and 
5 = always [17]. The total score ranges between 8 and 
40, with lower scores indicating less fatigue. Patients 
with a change from baseline <0 in PROMIS Fatigue 
scores at Week 52 were classified as ‘responders’ in 
the analysis.

(iv)	 R-PAct [29] questionnaire is designed to evaluate 
the effect of Pompe disease on the patient’s daily 
activities and social life. It consists of 18 questions 
scored on a scale from 0 to 2 with 0 = no; 1 = yes, 
but with difficulty; 2 = yes, without difficulty. The 
total R-PAct score is based on the summed-up score 
across 18 items, which ranges from 0 to 36, with 
higher scores indicating less impact of the disease on 
the muscles. In the analysis, patients with a change 
from baseline >0 in R-PAct scores were classed as 
‘responders’.

(v)	EQ-5D-5L is a health status measure consisting of 
the EQ-5D descriptive system and the EQ-visual 
analogue scale (VAS). The EQ-5D descriptive 
system covers five dimensions (mobility, self-care, 
usual activities, pain/discomfort, and depression/
anxiety) with five categorical responses as follows: 
Level 1 = indicating no problem; Level 2 = indicating 
slight problems; Level 3 = indicating moderate 
problems; Level 4 = indicating severe problems; 
Level 5 = indicating extreme problems for pain and 
anxiety or indicating ‘unable to’ for mobility, self-
care, and activity [17, 32]. Patients were classified 
as responders if the change from baseline to Week 
52 was <0 for a dimension or if a patient scored 
1 at both baseline and Week 52 for a dimension. 
The EQ-VAS is a quantitative measure of health 
outcome that reflects the patient’s self-rated health 
on a vertical VAS from 0 to 100, where the endpoints 
are labeled ‘The worst health you can imagine’ and 
‘The best health you can imagine’, respectively. 
Patients were classified as responders if the change in 
EQ-VAS at Week 52 was ≥10%.

(vi)	 The EQ-5D-5L index value is a single summary 
number that reflects how good or bad a health state 
(5-digit code from the EQ-5D descriptive system) 
is according to the preferences of the general 
population of a country or region. The index value 
is calculated by attaching single weights to each of 
the five levels in each of the five dimensions and 
subtracting the resulting weight from one, the value 
for the state of full health (i.e., the state 11111) [40]. 
Patients were classified as responders if the change in 
EQ-5D-5L index value was >0.

Statistical analysis
For all PRO measures, patient-level responder analyses 
compared the proportion of patients satisfying literature-
based responder thresholds in cipa+mig versus alg+pbo 
groups from baseline to Week 52 using chi-squared or 
Fisher’s exact tests. The group-level analyses for the PRO 
outcomes were based on the between-group differences 
(cipa+mig vs. alg+pbo) for change from baseline to Week 
52 using analysis of covariance (ANCOVA) adjusted for 
the baseline value (as a continuous covariate), as well as 
baseline age, sex, height, and weight. Nominal p-values 
were calculated, not adjusting for multiple comparisons.

Results
Baseline characteristics
Overall, most patients (77.2%) enrolled in the PROPEL 
study (n = 123) had received ERT with alglucosidase 
before the study entry [17]. The baseline characteristics 
of the ERT-experienced patients who received cipa+mig 
or alg+pbo are shown in Table  1. The median (Q1–Q3) 
duration of ERT in the cipa+mig group was 7.6  years 
(4.3–10.2), and that of the alg+pbo group was 7.1  years 
(3.8–10.4).

SGIC in ERT-experienced patients after cipa+mig or 
alg+pbo treatment
The patient-level responder analysis showed that, at 
Week 52, a higher proportion of the ERT-experienced 
patients in the cipa+mig group had improved SGIC from 
baseline across all domains compared with the alg+pbo 
group (Fig.  1A). A similar trend was observed for the 
group-level analysis where all SGIC domains favored 
cipa+mig compared with alg+pbo treatment (Fig. 1B). In 
the patient-level responder analysis, a nominal statisti-
cal significance was achieved across four domains (over-
all physical well-being [P = 0.01], ability to move around 
[P = 0.0005], muscle function [P = 0.0465], and energy 
level [P = 0.0499]) and across two domains (ability to 
move around [P = 0.02] and energy level [P = 0.0458]) in 
the group-level analysis.

Effect of cipa+mig or alg+pbo on PROMIS Physical 
Function and Fatigue domains, and R-PAct outcomes
The patient-level responder analysis showed that a 
higher proportion of the ERT-experienced patients in the 
cipa+mig group had improved PROMIS Physical Func-
tion and Fatigue scores compared with the alg+pbo group 
(Fig.  2A). Both PROMIS Physical Function and Fatigue 
domains numerically favored cipa+mig in group-level 
analyses (Fig. 2B). However, the proportion of ERT-expe-
rienced patients with improved R-PAct outcomes was the 
same for both cipa+mig and alg+pbo (35%) in the patient-
level responder analysis (Fig.  2A). The R-PAct outcome 
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was similar for both groups and favored alg+pbo in the 
group-level analysis (Fig. 2B).

The impact of cipa+mig or alg+pbo on EQ-5D-5L in ERT-
experienced patients
In the EQ-5D-5L descriptive system, four out of five 
domains (self-care, usual activities, pain/discomfort, and 
depression/anxiety) favored cipa+mig in the patient-level 
responder analysis (Fig.  3A). Self-care, pain/discomfort, 
and depression/anxiety domains favored cipa+mig, whereas 
mobility and usual activities domains favored alg+pbo in the 
group-level analyses (Fig. 3B). EQ-5D-5L mobility and EQ-
5D-VAS favored alg+pbo for patient-level responder as well 
as group-level analysis, whereas EQ-5D index value favored 
cipa+mig in both analyses (Fig. 3A and B).

Discussion
The results of our study demonstrate that during the 
double-blind phase of PROPEL, cipa+mig led to an over-
all improvement of PROs in ERT-experienced patients 
with LOPD, i.e. in patients switching to cipa+mig at the 
baseline of PROPEL. All SGIC domains favored cipa+mig 
vs. alg+pbo for patient-level responder and group-level 
analyses, with nominal statistical significance for four 
domains in the patient-level responder analysis, and 
two domains in the group-level analysis. The SGIC item 
‘effort of breathing’ showed a non-significant advantage 
of cipa+mig over alg+pbo, while FVC results significantly 
favored cipa+mig in the PROPEL study [17]. Differences 

between subjective patient-reported symptoms (e.g. 
breathlessness) and objective measures (e.g. FVC) have 
been observed in other disease areas such as idiopathic 
pulmonary fibrosis [41]. These observations suggest that 
these types of measures capture different information 
and both should be used in order to provide complemen-
tary insights into a treatment’s impact. PROMIS domains 
numerically favored cipa+mig in both the patient-level 
responder and group-level analyses. R-PAct outcomes 
were similar for both cipa+mig and alg+pbo. Four out of 
five EQ-5D-5L domains favored cipa+mig in the patient-
level responder analysis, and measurements were evenly 
balanced in the group-level analysis.

Alglucosidase alfa, the first available ERT for LOPD for 
well over a decade, has significantly improved the symp-
toms and clinical outcomes in patients with LOPD. How-
ever, the effect of alglucosidase alfa diminishes within a 
few years of therapy, resulting in a sustained second-
ary decline in several clinical outcome measures and 
impacting the long-term course of the disease [9, 12, 13]. 
However, switching treatment from alglucosidase alfa 
to cipa+mig at the baseline of the PROPEL trial showed 
an improvement in the overall well-being of those ERT-
experienced patients as reflected in the PRO measures 
assessed in this study.

Among the various PRO measures used in this study, 
PROMIS Physical Function 20a is an important tool for 
measuring physical function in patients with LOPD and 
has previously shown validity for use in LOPD [31].

Fig. 1  Patient-level responder analysis (A) and group-level analysis (B) ofSGIC in ERT-experienced patients. Patients with item scores ≥4 at Week 52 
were classified as ‘responders’ in the SGIC analysis. *Indicates nominal significance not adjusted for multiplicity. Alg alglucosidase alfa; CFBL change from 
baseline; CI confidence interval; cipa cipaglucosidase alfa; ERT enzyme replacement therapy; LS least squares; mig miglustat; pbo placebo; SGIC Subject’s 
Global Impression of Change
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Limitations of the study
The PROPEL trial was not powered to compare cipa+mig 
and alg+pbo concerning PROs, and therefore, the analy-
ses presented in this manuscript should be regarded as 
secondary, exploratory, post hoc analyses. No adjustment 
for multiple testing was applied due to the exploratory 
nature of this analysis. However, the advantage of using 
PROPEL data was that we could evaluate the PROs in 
a well-sized cohort, considering the rarity of LOPD. Of 
the PROs evaluated in this study, SGIC has not yet been 
validated for Pompe disease, but has been used as a mea-
sure of patient-relevant changes in other recent Pompe 
disease clinical trials [16]. Moreover, it was considered a 
patient-relevant endpoint to assess morbidity in LOPD 
by the German Federal Joint Committee [42]. Another 

limitation is the follow-up time of PROPEL of only one 
year, and future studies are needed to confirm the long-
term positive impact of cipa+mig on patient-reported 
outcomes, including HRQoL.

Conclusions
These analyses demonstrate that switching treatment 
from alg+pbo to cipa+mig has a positive impact on PRO 
measurements, suggesting that cipa+mig is an important 
new treatment option for managing LOPD. Cipa+mig 
benefits HRQoL and highlights the importance of cap-
turing the patient’s perspective in LOPD. Continued 
research will elucidate the long-term and real-world 
impact of cipa+mig on patients’ quality of life.

Fig. 2  Patient-level responder analysis (A) and group-level analysis (B) of PROMIS physical and fatigue domains and R-PAct outcomes in ERT-experienced 
patients. Patients with a change from baseline >0 in PROMIS Physical Function or R-PAct, or <0 for PROMIS Fatigue, were classed as ‘responders.’ *For the 
Fatigue endpoint, a negative change from the baseline value indicated a better health outcome. alg alglucosidase alfa, CFBL change from baseline, CI 
confidence interval, cipa cipaglucosidase alfa, ERT enzyme replacement therapy, LS least squares, mig miglustat, pbo placebo, PROMIS Patient-Reported 
Outcome Measurement Information System, R-Pact Rasch-built Pompe-specific Activity
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Abbreviations
6MWD	� 6-minute walk distance
alg+pbo	� Alglucosidase alfa plus placebo
ANCOVA	� Analysis of covariance
cipa+mig	� Cipaglucosidase alfa plus miglustat
EQ-5D-5L	� European Quality of Life-5 Dimensions 5 Response Levels
ERT	� Enzyme replacement therapy
FVC	� Forced vital capacity
GAA	� Acid alpha-glucosidase
HRQoL	� Health-related quality of life
LOPD	� Late-onset Pompe disease
LS	� Least squares
PRO	� Patient-reported outcome
PROMIS	� Patient-Reported Outcomes Measurement Information System
rhGAA	� Recombinant human GAA
R-PAct	� Rasch-built Pompe-specific Activity
SGIC	� Subject’s Global Impression of Change
VAS	� Visual analogue scale
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