RESEARCH ARTICLE OPEN ACCESS

Measurement Properties of 2 Novel PROs, the Pompe

Disease Symptom Scale and Pompe Disease Impact
Scale, in the COMET Study

Mazen M. Dimachkie, MD, Priya S. Kishnani, MD, Cristina Ivanescu, PhD, Giulio Flore, MSc, Correspondence

Chad Gwaltney, PhD, Nadine A.M.E. van der Beek, MD, PhD, Alaa Hamed, MD, MPH, MBA, Dr. Pollissard

Kristina An Haack, MD, Laurence Pollissard, MSc, Eileen Baranowski, PharmD, MS, Susan E. Sparks, MD, PhD, laurencepollissard@sanofi.com
and Pronabesh DasMahapatra, MD, MPH, for COMET Study Group

Neurology: Clinical Practice 2023;13:€200181. doi:10.1212/CPJ.0000000000200181

Abstract

Background and Objectives

The Pompe Disease Symptom Scale (PDSS) and Impact Scale (PDIS) were created to measure the
severity of symptoms and functional limitations experienced by patients with late-onset Pompe
disease (LOPD). The objectives of this analysis were to establish a scoring algorithm and to examine
the reliability, validity, and responsiveness of the measures using data from the COMET clinical trial.

Methods

The COMET trial was a randomized, double-blind study comparing the efficacy and safety of
avalglucosidase alfa and alglucosidase alfa in patients with LOPD aged 16-78 years at baseline.
Adult participants (18 years or older) completed the PDSS and PDIS daily for 14 days at baseline
and for 2 weeks before quarterly clinic visits for 1 year after randomization using an electronic
diary. Data were pooled across treatment groups for the current analyses. Factor analysis and
inter-item correlations were used to derive a scoring algorithm. Test-retest and internal consis-
tency analyses examined the reliability of the measures. Correlations with criterion measures were
used to evaluate validity and sensitivity to change. Anchor and distribution-based analyses were
conducted to estimate thresholds for meaningful change.

Results

Five multi-item domain scores were derived from the PDSS (Shortness of Breath, Overall Fatigue,
Fatigue/Pain, Upper Extremity Weakness, Pain) and 2 from the PDIS (Mood, Difficulty Performing
Activities). Internal consistency (Cronbach a > 0.90) and test-retest reliability (intraclass correlation
>0.60) of the scores were supported. Cross-sectional and longitudinal correlations with the criterion
measures generally supported the validity of the scores (r > 0.40). Within-patient meaningful change
estimates ranging from 1.0 to 1.5 points were generated for the PDSS and PDIS domain scores.

Discussion

The PDSS and PDIS are reliable and valid measures of LOPD symptoms and functional
impacts. The measures can be used to evaluate burden of LOPD and effects of treatments in
clinical trials, observational research, and clinical practice.
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Introduction

Late-onset Pompe disease (LOPD) is a rare disorder caused by
a deficiency of acid alpha-glucosidase, leading to glycogen ac-
cumulation in lysosomes, especially within muscle cells."* Al-
though the various symptoms of LOPD (eg, muscle weakness
and respiratory impairment) are described in the literature,”
quantification of the frequency and impact of symptoms are not
well-characterized. Therefore, Sanofi developed 2 patient-
reported outcome (PRO) instruments: (1) a Pompe Disease
Symptom Scale (PDSS), assessing breathing; feelings of
tiredness, fatigue, or muscle weakness in different parts of the
body; pain; and morning headache, and (2) a Pompe Disease
Impact Scale (PDIS), assessing impacts of anxiety, feelings of
worry and depression, and the ability and difficulties in per-
forming certain activities of daily living (eg, walking, climbing
stairs, rising from a sitting position, bending over, squatting
down, exercising).

Qualitative development of the conceptual model has
been reported in detail.” In brief, findings from a detailed
literature review were used to construct a preliminary
conceptual model. Expert interviews were conducted
with 3 LOPD-experienced clinicians, followed by 3 rounds
of interviews with 13 participants with LOPD (4-5
participants/ round), to discuss the initial model. Interview
findings were used to identify novel and important key
concepts and to finalize the conceptual model. The key
areas in the conceptual model include signs and symptoms
(respiratory, motor, and other) related to the disease
process; direct impacts of symptoms on mobility and ac-
tivity performance, eating, and activities of daily living; and
general impacts on psychosocial experience and social and
occupational participation.

The PDSS and PDIS were implemented as outcome measures
in the Phase 3 COMET study (NCT02782741) comparing the
efficacy and safety of avalglucosidase alfa with alglucosidase alfa
during the study’s double-blind phase. Treatment-naive par-
ticipants with a confirmed diagnosis of LOPD, aged 3 years and
older, were enrolled into the COMET study.* These tools are
designed to measure changes in symptom severity and impacts
of disease in patients with LOPD and also aid in the evaluation
of the therapeutic efficacy of treatment throughout the LOPD
disease spectrum in those 18 years and older.

We evaluated item performance, reliability, validity, and re-
sponsiveness of the PDSS and PDIS instruments using
baseline and longitudinal data from patients with LOPD who
were enrolled in the COMET study.

Methods

PDSS/PDIS Questionnaires

The PDSS and PDIS are self-administered questionnaires
specifically designed to capture, respectively, symptoms and
impacts of LOPD on individuals 18 years and older. Items
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and scales for the questionnaires are shown in eFigure 1
(links.Iww.com/CP]J/A445).

The PDSS is a 12-item numerical scale measuring the following
LOPD symptoms: Breathing difficulties (items 1 and 2),
Tiredness (item 3), Fatigue (item 4), Muscle weakness (items
5-9), Muscle ache (item 10), Pain (item 11), and Morning
headache (item 12). Patients rate their symptoms using an 11-
point scale from ‘none’ (0) to ‘as bad as I can imagine’ (10).
Higher scores indicate greater severity of symptoms.

The PDIS is a 15-item numerical scale measuring the fol-
lowing LOPD impacts: Anxiety (item 1), Worry (item 2),
Depression (item 3), Ability to walk (items 4 and S), Ability
to climb stairs (items 6 and 7), Rising from a sitting position
(items 8 and 9), Ability to bend over (items 10 and 11),
Ability to squat (items 12 and 13), and Ability to exercise
(items 14 and 15). Mood items (Anxiety, Worry, and De-
pression) are rated using an 11-point scale from ‘no impact’
(0) to ‘as bad as I can imagine’ (10). For difficulty performing
activities, there are 6 pairs of questions. The first of each pair
asks whether the activity was performed in the past 24 hours
(items 4, 6, 8, 10, 12, and 14), with patients answering ‘no
and not physically able’ (0), ‘no but physically able’ (1), or
‘yes’ (2). Patients answering ‘yes’ are asked the second
question in the pair, categorizing the degree of difficulty in
performing the activity in the past 24 hours (items 7, 9,
11,13, and 1S, respectively). The second question is an-
swered on a S-point scale: ‘not at all difficult’ (0), ‘a little
difficult’ (1), ‘somewhat difficult’ (2), ‘very difficult’ (3), and
‘extremely difficult’ (4). Patients responding with ‘0’ or ‘1’ on
the first question do not answer the second question. Higher
scores indicate greater impact on items.

The scoring approaches for the PDSS and PDIS are provided
in full in eAppendix 1 and eAppendix 2 (links.lww.com/CPJ/
A444), respectively.

Quantitative Analyses

During the COMET study,” participants 18 years and older
completed a 24-h recall e-diary at baseline and the data
were averaged over 7 consecutive days (day —14 to day -8
and day -7 to day —1 before treatment). Thereafter, biweekly
(14-day) scores were calculated as the average of daily re-
sponses from the protocol-specified visits (weeks 13, 25, 37,
and 49 on treatment) and the 13 consecutive days before
each visit. If the e-diary was unavailable (eg, device dys-
function or deficiency), a paper version was completed, and
data were transferred to the database. If > 4 daily scores of a
7-day period were missing, then the score was set to missing.
Each COMET site explained the e-diary to participants.
Alerts were sent to the participant’s phone during the study
to remind them of important study tasks.

Quantitative analyses were conducted on pooled data from
the COMET study,4 that is, PDSS or PDIS data from the
avalglucosidase alfa and alglucosidase alfa arms were pooled,
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to evaluate item performance and psychometric properties of
both questionnaires. All analyses were performed on the
modified intent-to-treat (mITT) population,* defined as all
randomized patients who received at least one partial or total
infusion of the study drug.

Distributional properties were assessed on item and
domain characteristics. Summary statistics and the per-
centage of scale ranges were calculated for each symptom
and impact item in the scales. The proportions of partici-
pants scoring at the most severe end of the scale (floor
effect) and the least severe end of the scale (ceiling effect)
for each item were also calculated. Floor and ceiling effects
were considered small if <15% of patients achieved the
worst and best health state and serious if >15% of patients
achieved these states.’

Exploratory factor analysis (EFA)® was conducted for the
PDSS and PDIS separately, using an unweighted least square
extraction method and promax rotation assuming that factors
are correlated (oblique). The number of factors was determined
using eigenvalues, screen plots, factor loading, simple structure,
and clinical judgment. A total summary scale or set of scales
were proposed considering the factor loadings and clinical and
conceptual considerations. Item-to-item correlations and item-
to-total correlations (corrected for overlap) were computed
using Spearman rank correlation.

Internal consistency was evaluated using Cronbach alpha
coefficients, with >0.7 considered as supporting the reliability
of internal consistency.” Intraclass correlation coefficient
(ICC) values of 0.50-0.90 are considered to represent
moderate-to-good reliability and values >0.90 excellent re-
1iability.8 Test-retest reliability, an assessment of repeatable
reliability (i.e., stability of an instrument over time), was
assessed using a two-way mixed consistency model for the
calculation of the ICCs (2,1) between 2 time points. Two test-
retest analyses were conducted, one during screening (days
—14 to -8 for the test and days —7 to —1 for the retest) and one
between baseline (days —7 to —1) for the test and week 49 for
the retest. The latter analysis was only conducted for partici-
pants who reported no change according to Patient Global
Impression of Change (PGIC)’ items.

Construct validity assessed the ability of the PDSS and
PDIS to measure the core constructs (i.e., the intended as-
pects of the disease model), by using data generated with
other instruments and/or clinical assessments; both con-
vergent validity and divergent validity were assessed. Con-
vergent validity assessed the strength of correlation between
instruments measuring the same concept, and divergent
validity assessed the lack of correlation between instruments
measuring different or weakly related concepts. Spearman
correlation coefficients were calculated for the relationships
of the PDSS and PDIS weekly scores and their EFA-derived
scales at baseline (day —7 to day —1) with PRO scales/items
from the following instruments: Short-Form 12 items (SF-
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12)—Physical Component Summary (PCS) and Mental
Component Summary (MCS) scales,'® EuroQol-5 dimen-
sions 5 levels (EQ-5D-SL) Pain and Mobility scales,'" and
Rasch-built Pompe-specific activity (R-PAct) scale'” for
quality of life and disease-related symptoms and forced vital
capacity (FVC) % predicted in the upright position''%; 6-
minute walk test (6MWT) distance measured in meters
and Quick Motor Function Test (QMFT)'® for outcome
measures.

15-17,
)

Sensitivity to change is the ability of an instrument to
measure change in a state regardless of whether it is relevant
or meaningful to the decision maker.'” This was assessed
using an analysis of covariance adjusted for baseline scores to
compare change from baseline in PDSS and PDIS at week 49
among those who improved in contrast with those who
worsened or remained unchanged according to PGIC daily
activities ratings at week 49. In addition, the magnitude of
change in each change category using effect sizes (ESs,
i.e., mean change from baseline divided by the SD at base-
line) and standardized response means (SRMs, i.e., mean
change from baseline divided by the SD of the change from
baseline) was assessed. The responder groups as in-
dependent variables were defined as follows: ‘improved’:
participants answering “a great deal better,” “moderately
better,” or “somewhat better” and ‘worsened/no change’:
participants answering “a great deal worse,” “moderately
worse,” “somewhat worse,” or “no change.”

Within-patient meaningful change threshold. Both anchor
and distribution-based methods were used to determine clini-
cally meaningful improvement thresholds for the PDSS and
PDIS. Anchor-based methods link PRO scores to known
clinically relevant indicators or to the patient’s determined
rating of change. Anchors must correlate at least moderately (r
> 0.30) with the PROs™ to be interpretable. The anchor-based
approach evaluated meaningful change from baseline to week
49 using scores from PGIC items’ as anchors. These PGIC
items consisted of Ability with Daily Activities (item 1),
Disease-Related Symptoms (item 2), Ability to Breathe (item
3), and Mobility (item 4). Distribution-based methods, which
allow change to be interpreted in the context of the variability of
scores and reliability of the instrument, were also used to es-
timate the meaningful change threshold. Two distribution
methods were used: one-half SD and standard error of
measurement.

Standard Protocol Approvals, Registrations,
and Patient Consents

This study used data from the COMET (NCT02782741)
clinical trial. The COMET study protocol was reviewed and
approved by appropriate ethics committees and/or in-
stitutional review boards and conducted in accordance with
the Declaration of Helsinki and the International Council for
Harmonisation guidelines for Good Clinical Practice. Re-
search ethics and informed consent have previously been
reported for the COMET study.*
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Data Availability

Qualified researchers may request access to participant-level
data and related study documents. Participant-level data will
be anonymized, and study documents will be redacted to
protect the privacy of study participants. Further details on
data sharing criteria, eligible studies, and the process for
requesting access of Sanofi can be found at vivli.org.

Results

Study Population

The mITT population included 100 participants from the
COMET study, of whom 99 were 18 years or older and 1 was
16 years. The mean *+ SD age of COMET participants was
47.6 + 14.2 years (range, 16-78 years); 52 were male (52%).
Most participants were White (94 [94%]), and ethnicity was
also unevenly split between 76 (76%) not Hispanic or La-
tino, 15 (15%) Hispanic or Latino, and 9 (9.0%) who did not
report their ethnicity. Baseline clinical and PRO measures
are provided in eTable 1 (links.lww.com/CPJ/A44S). At
baseline, there were up to 72 participants with valid re-
sponses to individual PDSS/PDIS questions. The 1 partici-
pant younger than 18 years did not complete the PDSS and
PDIS.

The PDSS and PDIS instrument completion rate was around
63% of expected daily entries.

Score Distribution

The PDSS and PDIS score distribution of the averaged
weekly values for the week leading up to the baseline is
provided in Table 1. Ceiling effects indicating the lowest
symptom severity were most notable for 4 PDSS items: item
1 (Breathing), item 2 (Breathing while lying down), item 8
(Muscle weakness hand), and item 12 (Morning headache)
(eTable 2, links.lww.com/CPJ/A44S). No floor effects in-
dicating the highest symptom severity were observed at
baseline.

Baseline ceiling effects were observed for 2 PDIS items—
item 1 (Anxjety) and item 3 (Depression), respectively; floor
effects indicating the highest symptom severity were noted
for 3 PDIS items—item 11 (Bend over difficulty), 13 (Squat
down difficulty), and 15 (Exercise difficulty).

Item-to-Item Correlations

Correlation between PDSS and PDIS item scores were suf-
ficiently high (r > 0.3) to enable identification of scales in
both instruments (eFigure 2, links.Iww.com/CP]/A445).

For the PDSS, 2 pairs of items—item S (Muscle weakness
anywhere)/item 6 (Muscle weakness lower body) and item
10 (Muscle ache)/item 11 (Pain)—had strong correlations
(r = 0.90 and r = 0.91, respectively), suggesting possible
redundancy of items. Item 1 (Breathing)/item 2 (Breathing
while lying down) also had high correlations (r = 0.86), as
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did Item 3 (Tiredness)/Item 4 (Fatigue; r = 0.89). Many
groups of items show consistently high Spearman rank cor-
relations (>0.5).

For the PDIS, correlations suggest 2 scales, which match its
intended design. The first included items 1, 2, and 3 (Anxiety,
Worry, and Depression, respectively), and their Spearman
rank correlations varied between r = 0.78 and r = 0.93. The
second included the difficulty items (items S, 7,9, 11, 13, and
15 [Walk difficulty, Climb difficulty, Rise difficulty, Bend
over difficulty, Squat down difficulty, and Exercise difficulty,
respectively]). Correlations varied between r = 0.46 and
r = 0.80.

Exploratory Factor Analysis

Results of exploratory factor analysis for the PDSS items in-
dicated that a four-factor solution seemed to be optimal. The 4
factors addressed the underlying concepts of Shortness of
Breath, Overall Fatigue, Pain, and Upper Extremity Weakness
Score. Item 12 (Morning headache) did not load onto any of
the 4 factors (factor loading <0.40, Figure 1A). This item was,
however, retained as a single-item scale, Morning Headache
Score, given its stated relevance to patients during preliminary
studies for the definition of the PDSS instrument.

Factor 1, labeled Overall Fatigue Score, accounted for most
variability in the data. It was formed by S items: items 3
(Tiredness), 4 (Fatigue), S (Muscle weakness anywhere), 6
(Muscle weakness lower body), and 9 (Muscle weakness
upper body). All standardized factor loadings were quite high
(>0.8), except item 9, for which it was 0.54 (Figure 1A). The
2 items loading (>0.7) onto factor 2 relate to upper extremity
weakness: items 7 (Muscle weakness arms) and 8 (Muscle
weakness hand); this factor was labeled Upper Extremity
Weakness Score. Two items related to pain (with loadings
>0.8) were loaded on factor 3; this was labeled Pain Score.
Finally, the 2 items relating to breathing, items 1 and 2
(Breathing and Breathing while lying down, respectively),
with loadings >0.9, were loaded on factor 4, which was la-
beled Shortness of Breath Score. Given the moderate-to-
strong correlations (r = 0.45 to 0.62) observed between
factor 1 (Overall Fatigue), factor 2 (Upper Extremity
Weakness Score), and factor 3 (Pain Score), we hypothe-
sized that a second-order dimension labeled Fatigue/Pain
Score, underlying the initial factors 1 to 3 and indirectly
items 3 to 11, is justifiable.

For the PDIS, analysis defined a two-factor solution. All stan-
dardized factor loadings were quite high (>0.7, Figure 1B). Three
items related to anxiety, worry, and depression were loaded on
factor 1, which was labeled Mood Score. Items 5 (Walk diffi-
culty), 7 (Climb difficulty), 9 (Rise difficulty), 11 (Bend over
difficulty), and 13 (Squat down difficulty) were loaded on factor
2, which was labeled Difficulty Performing Activities Score. Item
15 (Exercise difficulty) was excluded from the analysis because
few patients reported exercising, and therefore, the difficulty item
was not completed.
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Table 1 Pompe Disease Symptom Scale and Pompe Disease Impact Scale at Baseline—Item Score Distribution

Item  Description (response option score)  Valid responses, N Mean (SD) Median (IQR)  Ceiling effect, n (%) Floor effect,® n (%)
PDSS 1 Breathing (0-10) 72 2.4(2.0) 1.9(1.0-3.7) 14(19.4) 0(0.0)

2 Breathing while lying down (0-10) 72 2.6(2.3) 2.0(0.6-3.9)  15(20.8) 0(0.0)

3 Tiredness (0-10) 72 4.0 (2.0) 3.8 (2.4-5.6) 0(0.0) 0(0.0)

4 Fatigue (0-10) 72 3.9(2.1) 3.7 (2.2-5.6) 0(0.0) 0(0.0)

5 Muscle weakness anywhere (0-10) 72 4.6(2.1) 4.6 (2.9-6.0) 2(2.8) 1(1.4)

6 Muscle weakness lower body (0-10) 72 4.8 (2.1) 5.0 (3.1-6.0) 2(2.8) 1(1.4)

7 Muscle weakness arms (0-10) 72 2.6 (2.0) 2.4(1.4-3.2) 7(9.7) 1(1.4)

8 Muscle weakness hand (0-10) 72 1.7(2.1) 1.1(0.0-2.7) 19 (26.4) 1(1.4)

9 Muscle weakness upper body (0-10) 72 4.0(2.2) 4.0 (2.6-5.6) 3(4.2) 1(1.4)

10 Muscle aches (0-10) 72 3.7 (2.4) 39(1.6-53)  6(8.3) 0(0.0)

11 Pain (0-10) 72 3.8(2.3) 3.5(2.0-5.6) 5(6.9) 0(0.0)

12 Morning headache (0-10) 72 1.1(1.5) 0.5(0.0-1.6)  27(37.5) 0(0.0)
PDIS 1 Anxiety (0-10) 71 2.2(1.9) 2.1 (0.4-3.5) 14(19.7) 0(0.0)

2 Worry (0-10) 71 2.5(2.1) 2.5(0.4-3.5) 9(12.7) 0(0.0)

3 Depression (0-10) 71 1.5(1.7) 1.0(0.0-2.4) 24 (33.8) 0(0.0)

5 Walk difficulty (0-4) 69 1.6(0.9) 1.5(1.0-2.0) 6(8.7) 2(2.9)

7 Climb difficulty (0-4) 60 2.2(1.0) 20(1.4-29) 1(1.7) 8(13.3)

9 Rise difficulty (0-4) 71 2.0(1.0) 2.0 (1.0-2.7) 1(1.4) 7(9.9)

11 Bend over difficulty (0-4) 63 2.1(1.3) 1.9(1.0-3.1) 2(3.2) 12 (19.0)

13 Squat down difficulty (0-4) 60 3.0(1.1) 3.6(2.0-40) 1(1.7) 25 (41.7)

15 Exercise difficulty (0-4) 48 3.1(1.2) 4.0 (2.0-4.0) 1(2.1) 26 (54.2)

Abbreviations: IQR = interquartile range; PDIS = Pompe Disease Impact Scale; PDSS = Pompe Disease Symptom Scale.
The PDSS is an 11-point scale from ‘none’ (0) to ‘as bad as | can imagine’ (10). Higher scores indicate greater severity of symptoms.

Items 1-3 of the PDIS are rated using an 11-point scale from ‘no impact' (0) to ‘as bad as | can imagine’ (10). In the PDIS, for difficulty performing activities, there
are 6 pairs of questions. The first of each pair asks whether the activity was performed in the past 24 h (items 4, 6, 8, 10, 12, and 14 [not shown here]), with
patients answering ‘no and not physically able’ (0), ‘no but physically able’ (1), or ‘yes’ (2). Patients answering ‘yes' are asked the follow-up question in the pair,
categorizing the degree of difficulty in performing the activity in the past 24-h (items 7,9, 11,13, and 15). This follow-up question is on a 5-point scale: ‘not at all
difficult’ (0), ‘a little difficult’ (1), 'somewhat difficult’ (2), ‘very difficult’ (3), and ‘extremely difficult’ (4). Patients responding with ‘0" or “1" on the first question do

not go on to answer the second question. Higher scores indicate greater impact on items.
@ Proportion of participants responding at the least severe end of the response scale.
b Proportion of participants responding at the most severe end of the response scale.

In all cases, the items correlated strongly with their own scales
and less with the other scales (eFigure 3, links.lww.com/

CPJ/A445S).

For both the PDSS and PDIS, scores were calculated as the
average of underlying items. Therefore, items and scales
shared the same range, 0 to 4 for Difficulty Performing Ac-
tivities Score and 0 to 10 for all other scales. Higher scores
indicate greater severity of symptoms or larger impact.

Reliability

All scales from the PDSS and PDIS showed excellent internal
consistency with Cronbach alpha coefficient >0.90, ranging
between 0.92 and 0.95 for the PDSS and 0.91 and 0.93 for
the PDIS (Table 2).

Neurology.org/CP
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Test-retest reliability was also demonstrated (Table 3). Both
PDSS and PDIS domains and total scales had adequate-to-
very high ICC values. All ICC values were >0.7 at screening
and ranged from 0.60 to 0.85 between baseline and week 49,
indicating acceptable test-retest reliability for the scale scores
in both instruments.

Construct Validity

Convergent validity was demonstrated by moderate-to-high
correlations of PDSS and PDIS scale scores with concepts hy-
pothesized to be similar from the other PRO and clinical mea-
sures and especially those with the most similar concepts (Figures
2, A and B, respectively). Discriminant validity was supported by
the observation of lower (low-to-moderate) correlations with the
other PRO measures, which captured less similar concepts.
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Figure 1 Exploratory Factor Analysis

A
Items Definition Factor 1 Factor2 Factor3 Factor4 Commonality
Item 1 Breathing -0.099 -0.011 0.074 0.959 0.940
Iltem 2 Breathing while lying down 0.027 0.017 -0.073 0.909 0.827
Iltem 3 Tiredness 0.892 0.013 -0.013 0.035 0.820
Iltem 4 Fatigue 0.866 0.032 0.016 0.062 0.846
Item 5 Muscle weakness anywhere 0.904 0.039 0.053 -0.037 0.902
Item 6 Muscle weakness lower body 0.910 -0.010 0.103 -0.104 0.883
Item 7 Muscle weakness arms 0.177 0.716 0.113 0.024 0.818
Item 8 Muscle weakness hand 0.006 1.028 -0.044 -0.065 1.001
Item 9 Muscle weakness upper body  0.544 0.272 -0.004 0.152 0.642
Item 10 Muscle aches 0.045 0.093 0.835 0.017 0.836
Item 11 Pain 0.096 -0.032 0.957 -0.018 1.001
Item 12 Morning headache 0.048 0.271 0.090 0.165 0.185
B
Items Definition Factor 1 Factor2  Commonality
Item 1 Anxiety -0.082 1.011 0.959
Item 2 Worry 0.052 0.933 0.915
Iltem 3 Depression 0.100 0.718 0.586
Item 5 Walk difficulty 0:732 0.152 0.652
Iltem 7 Climb difficulty 0.833 0.023 0.711
Item 9 Rise difficulty 0.891 0.046 0.830
Item 11 Bend over difficulty 0.898 -0.100 0.741
Item 13 Squat down difficulty 0.756 0.016 0.582

(A) Pompe Disease Symptom Scale; (B) Pompe Disease Impact Scale.

Sensitivity to Change

Sensitivity to change for the PDSS was supported by logical dif-
ferences in change from baseline to week 49 among PGIC change

Neurology: Clinical Practice
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groups, with significant differences observed for Total Symptom
Score (p = 0.031), Fatigue/Pain Score (p = 0.011), and Overall
Fatigue Score (p = 0.014; eTable 2, links.tww.com/CPJ/A445).
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Table 2 Internal Consistency Reliability

Cronbach alpha

Description (95% confidence interval)

PDSS  Total Symptom Score 0.92 (0.89-0.95)

Shortness of Breath Score 0.93 (0.88-0.95)

Fatigue/Pain Score 0.94 (0.92-0.96)

Overall Fatigue Score 0.95 (0.93-0.97)

Upper Extremity Weakness Score 0.92 (0.87-0.95)

Pain Score 0.95 (0.92-0.97)

PDIS  Mood Score 0.93 (0.90-0.95)

Difficulty Performing Activities Score  0.91 (0.86-0.95)

Abbreviations: PDIS = Pompe Disease Impact Scale; PDSS = Pompe Disease
Symptom Scale.

The magnitude of these change scores were in the region of
moderate-to-high effect sizes for the improved category. The
results were inconclusive for detecting worsening owing to
the small magnitude of change from baseline and lower
sample size.

Similarly, sensitivity to change for the PDIS instrument was
demonstrated by the logical differences in change from
baseline to week 49 among PGIC change groups and small
(for worsened/no change group) to moderate (improved
group) effect sizes (eTable 2, links.lww.com/CPJ/A44S).

Meaningful Change Thresholds

Candidate within-patient meaningful threshold values
were generally identified from the anchor-based analysis as
the lowest median value for a PGIC improvement category
that exceeded the distribution-based approach estimates

and the 95% confidence interval (CI) for the stable (i.e., ‘no
change’) anchor group. The correlations between changes
from baseline to week 49 on the PDSS/PDIS scores and
PGIC responses were used to evaluate the reliability of the
meaningful change estimates. PGIC items, yielding cor-
relations >0.30 with the PDSS/PDIS scores, were used as
the primary anchors in estimating the thresholds. Esti-
mates were rounded to a single decimal place.

PDSS

The Overall Fatigue, Fatigue/Pain, and Shortness of Breath
Scores were correlated >0.30 with at least one PGIC item; the
Pain, Upper Extremity Weakness, and Morning Headache
Scores were not correlated with any of the PGIC items >0.30;
and therefore, the confidence in the meaningful change esti-
mates is reduced for these domains (Figure 3). Because the
correlations between the PDSS scores and PGIC item 3 (ability
to breathe) were generally stronger than other PGIC items,
estimates based on this anchor were highlighted.

Table 4 includes the mean and median change score values
for the PDSS scores across the PGIC response categories.
Patients are categorized as having experienced “no change,”
“improvement” (any response indicating improvement on
the PGIC), or “large improvement” (moderate or large im-
provement selected on PGIC) based on their responses to
each PGIC item.

The smallest median change value on the Shortness of Breath
domain that exceeded the distribution-based estimates and the
lower bound of the correlated PGIC items was —1.47. For the
ability to breathe PGIC anchor item, this value was —1.16. For
the Fatigue/Pain Score, the mean and median values exceeded
the lower bound of the 95% CI for the stable group on 3 of the
4 PGIC items. For the ability to breathe PGIC item, the median
value for the “large improvement” group (—1.30) exceeded the

Table 3 Test-Retest Reliability

Test: day -14 to day -8

Test: baseline (day -7 to day -1)

Scale N Retest: day -7 to day -1 N Retest: week 49
PDSS Total Symptom Score 41 0.88 (0.78, 0.93) 8 0.83(0.33, 0.96)
Shortness of Breath Score 41 0.88 (0.79, 0.93) 12 0.84 (0.54, 0.95)
Fatigue/Pain Score 41 0.90 (0.82, 0.95) 8 0.84(0.43, 0.97)
Weakness in Hand Grip Score 41 0.89 (0.80, 0.94) 13 0.73(0.34, 0.91)
Morning Headache Score 41 0.77 (0.61, 0.87) 8 0.63 (-0.05, 0.91)
Overall Fatigue Score 41 0.91 (0.83, 0.95) 8 0.85(0.45, 0.97)
Upper Extremity Weakness Score 41 0.90 (0.82, 0.94) 8 0.60 (-0.03, 0.90)
Pain Score 41 0.87(0.77,0.93) 8 0.81 (0.33, 0.96)
PDIS Mood Score 41 0.84(0.73,0.91) 13 0.67 (0.22, 0.89)
Difficulty Performing Activities Score 38 0.96 (0.92, 0.98) 12 0.81(0.48, 0.94)

Abbreviations: PDIS = Pompe Disease Impact Scale; PDSS = Pompe Disease Symptom Scale.
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Table 4 Clinically Meaningful Thresholds (Anchor-Based and Distribution Method)—Large/Any Improvement Groups [Mean/Median] vs No Change Group [95% Confidence

Intervals]

Mean/median for improvement groups vs [95% confidence intervals] no change

PGIC1 PGIC 2 PGIC3 PGIC 4
Total or domain Groups Ability with daily activities Disease-related symptoms Ability to breathe Mobility % SD 1 SEM
PDSS Shortness of Breath Score Large improvement -1.80/-1.47° -1.12/-1.00 -1.86/-1.68° -1.70/-2.23 1.05 0.57

Any improvement -1.01/-0.95 -0.95/-0.88 -1.16/-0.94 -1.13/-0.90
No change [-1.20, 0.34] [-1.47,0.34] [-0.96, 0.57] [-1.08, 0.66]

Fatigue/Pain Score Large improvement -1.30/-1.12° -1.16/-0.98° -1.56/-1.30° -1.46/-1.28° 0.89 0.43
Any improvement -1.09/-0.94 -0.93/-0.68 -0.98/-0.71 -1.02/-0.83
No change [-0.79, 0.36] [-1.60, 0.36] [-1.03,0.17] [-1.29, 0.17]

Overall Fatigue Score Large improvement -1.42/-1.27° -1.37/-1.00° -1.85/-1.58° -2.03/-1.61° 0.96 0.42
Any improvement -1.24/-0.76 -1.08/-0.71 -1.18/-0.75 -1.21/-0.83
No change [-0.87,0.37] [-1.59, 0.43] [-0.98, 0.44] [-1.29,0.33]

Pain Score Large improvement -1.51/-1.85 -1.30/-1.53 -1.39/-1.17 -1.03/-0.20 1.15 0.51
Any improvement -1.20/-0.71 -0.97/-0.49 -0.96/-0.52 -1.03/-0.42
No change [-0.71, 0.84] [-1.77,1.08] [-1.38,-0.15] [-1.53, 0.41]

Upper Extremity Weakness Score Large improvement -0.81/-0.47 -0.49/-0.30 -0.99/-0.60 -0.47/-0.25 1.00 0.56
Any improvement -0.64/-0.22 -0.50/-0.19 -0.51/-0.13 -0.53/-0.13
No change [-1.36, 0.55] [-2.61, 0.65] [-1.68, 0.68] [-1.61, 0.15]

Morning Headache Score Large improvement -0.67/-0.28 -0.38/0.00 -0.85/-0.26 -0.59/-0.54 0.73 0.70
Any improvement -0.47/0.00 -0.35/0.00 -0.35/0.00 -0.42/0.00
No change [-1.36, 0.44] [-2.44, 0.45] [-1.53, 0.70] [-1.40, 0.23]

PDIS Mood Score Large improvement -1.24/-0.85 -0.92/-0.42 -1.75/-1.61° -1.70/-2.01 0.88 0.47

Any improvement -0.91/-0.42 -0.70/-0.29 -0.86/-0.48 -0.92/-0.51
No change [~0.90, 0.46] [-1.67, 0.13] [-1.46, 0.33] [-1.08, 0.29]

Difficulty Performing Activities Score Large improvement -0.71/-1.00° -0.69/0.91° -0.36/-0.25 -0.59/-0.95° 0.48 0.28
Any improvement -0.51/-0.57 -0.44/-0.39 -0.42/-0.31 -0.45/-0.40
No change [-0.46, 0.13] [-0.70, 0.23] [-0.72, 0.11] [-0.71, 0.00]

Abbreviations: % SD = one-half standard deviation; PGIC = Patient Global Impression of Change; SEM = standard error of measurement.
Large improvement categories: ‘a great deal better’ and ‘moderately better." Improvement categories: ‘a great deal better, ‘moderately better,’ and “somewhat better.”
@ Correlation between PDSS/PDIS score and PGIC item >0.30.
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Figure 2 Construct Validity: Convergent and Divergent Validity

A

Description

OFs

EQ-5D-5L Pain (70)0.451  (70)0.057 (700338 (70)0.130
Mobility (70)0.474  (70)0.144 (7000469  (70)0.401  (70)0.431  (70)-0.031
SF-12 PCS (70)-0.444  (70)-0207  (70)-0.467  (70)-0.403  (70)-0.457  (70)-0.292  (70)-0.003
R-PACt Total (31)-0463  (31)-0.033 _ (31)-0460 (31)-0.490 (31)-0420  (31)0.113
Forced vital capacity (53)-0.024  (53)-0410  (53)0.067  (53)0.022  (53)0.163  (53)-0.031  (53)0.236
Six-minute walk test (71)-0.184  (71)-0.028  (71)-0215  (71)-0.196  (71)-0.150  (71)-0.222  (71)0.156
Quick motor function test (68)-0.181  (68)-0.087  (68)-0.197  (68)-0.251  (68)0.031  (68)0.165  (68)0.266
PDIS MS (71)0320  (71)0.486  (71)0.255
DPAS (70)0.492  (70)0.192 (70)0.319  (70)0353  (70)-0.025
B
PRO Description MS DPAS
EQSD5L  Pain (70)0.091 (69) 0.306
Mobility (70)0.172 _
Anxiety and depression (70) 0.384 (69) 0.298
SF-12 MCS (70)-0.407 (69) -0.220
PCS (70) -0.020 (69) -0.486
R-PACt Total 31-0239  |NGIE0GEINN
Forced vital capacity (53)-0.161 (53)-0.010
Six-minute walk (71)-0.081 (70)-0.454
Quick motor function (68) -0.167
PDSS SBS (71)0.325 (70)0.192
FPS
PS (71)0.320 (700319
UEWS (71)0.486 (70)0.353
MHS (71)0.255 (70)-0.025

(A) Pompe Disease Symptom Scale; (B) Pompe Disease Impact Scale. Data are (n) Spearman rank correlations. Dark green = strong correlations (r > 0.5); light
green = moderate correlations (r = 0.3 to 0.5); yellow = weak correlations (r < 0.3). DPAS = Difficulty Performing Activities Score; EQ-5D-5 = EuroQol-5
dimensions 5 levels; FPS = Fatigue/Pain Score; MCS = Mental Component Summary; MHS = Morning Headache Score; MS = Mood Score; OFS = Overall Fatigue
Score; PCS = Physical Component Summary; PS = Pain Score; RPAct = Rasch-built Pompe-specific activity; SBS = Shortness of Breath; SF-12 = Short Form 12

Items; TSS = Total Symptom Score; UEWS = Upper Extremity Weakness Score.

lower bound of the 95% CI. A similar trend was observed for
the Overall Fatigue Score. For each of these scores, a
meaningful change threshold of —1.5 was selected because
this value generally exceeded the lower bound of the 95%
CIs, exceeded the distribution-based estimates, and was
consistent with the changes observed for the “large

improvement” group across the PGIC items. The other
PDSS scores did not correlate with the PGIC anchors.
Therefore, a meaningful change estimate was selected that
exceeded the distribution-based methods and was consistent
with the thresholds for the other scores. A threshold of —1.5
was selected for these scores as well.

Figure 3 Correlation Between Change Score in PDSS and PDIS Scales and PGIC Anchor Items, Baseline to Week 49

Total/domain scores PGIC Item 1 PGIC Item 2 PGIC Item 3 PGIC Item 4
Daily activities Disease related Breath Mobility
PDSS Shortness of breath score -0.317 -0.244 -0.471 -0.260
Fatigue/pain score -0.365 -0.374 -0.486 -0.364
Overall fatigue score -0.368 -0.416 _I
Upper extremity weakness score -0.291 -0.171 -0.142 -0.105
Pain score -0.242 -0.169 -0.201 -0.082
Morning headache score 0.057 0.228 -0.188 0.110
PDIS Mood score -0.182 -0.098 -0.441 -0.246
Difficulty performing activities score -0.483* -0.486* -0.170* -0.339*

Dark green: strong correlation, light green: moderate correlations, light yellow: weak correlations. N = 50 unless indicated otherwise. *N = 46. PDIS = Pompe
Disease Impact Scale; PDSS = Pompe Disease Symptom Scale; PGIC = Patient Global Impression of Change.
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PDIS

The Mood Score was correlated by >0.30 with the ability to
breathe PGIC item while the Difficulty Performing Activities
Score was correlated by >0.30 with the daily activities,
disease-related symptoms, and mobility PGIC items
(Figure 3). The PGIC items with stronger correlations with
the PDIS scores were emphasized in estimating the mean-

ingful change thresholds.

For the Mood Score, the median value of —1.61 from the
“large improvement” group exceeded the lower bound of the
95% CI for the stable group on the ability to breathe PGIC
item. This estimate also exceeded the distribution-based
estimates and the lower bound of the 95% CI for the stable
groups for 2 of the other 3 PGIC items. To be consistent with
the thresholds for the PDSS, a threshold of —1.5 was selected
for the Mood Score.

For the Difficulty Performing Activities Score, the scale
range is smaller (0-4) than the other scores (0-10).
Therefore, the meaningful change estimate is also smaller
than for the other scores. The lower bound of the 95% CI
for the stable group was approximately —0.70 for 3 of the 4
PGIC items. The smallest value that exceeded this was the
median value of the “large improvement” group across the
PGIC items with stronger correlations with the Difficulty
Performing Activities Score; this estimate was approxi-
mately —1.0. This value also exceeded the distribution-based
values and was selected as the meaningful change estimate
for this score.

Discussion

Patients with LOPD experience a variety of symptoms and
functional limitations that can substantially decrease quality
of life. Reliable and valid measures of how patients with
LOPD experience their condition are needed for use in
clinical research. The items of the PDSS and PDIS were
generated through rigorous qualitative research® and are
designed to quantify the patient’s perspective on their
symptoms and functioning. Data from the COMET clinical
trial support the psychometric properties of these novel PRO
measures.

The PDSS yields scores assessing key symptom domains of
LOPD, including Shortness of Breath, Overall Fatigue, Pain,
Upper Extremity Weakness, and Morning Headache. The
Opverall Fatigue domain includes aspects of both tiredness
and muscle weakness in different areas of the body. Although
these could be considered as separate concepts, factor anal-
ysis indicated that they were highly correlated and measured
the same underlying experience. Therefore, they were com-
bined into a single domain score. Because degeneration of
muscle strength is a key clinical feature of LOPD, this specific
domain score may be particularly relevant in future research
with LOPD. Additional PDSS items evaluating specific di-
mensions of upper extremity weakness—weakness in the

Neurology: Clinical Practice | Volume 13, Number5 |
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arms and hands—formed a separate domain, rather than
loading with the more general muscle weakness item asking
about “upper body” weakness. This separate domain may
supplement the Overall Fatigue domain in future research
because it measures a specific symptom that may be im-
portant in fully understanding the patient’s experience of
LOPD symptoms.

The Overall Fatigue and Pain domains were strongly corre-
lated. Although they measure separate concepts, they also
seemed to capture a common underlying symptom cluster.
Therefore, a second-order factor was retained that encom-
passed these symptoms. This composite domain may provide
an efficient method of indexing these different experiences
using a single score in future clinical research. Morning
headache was not closely associated with any of the other
items, and a notable floor effect was observed for this item.
Because the item captures a potentially important aspect of
the patient’s experience, it was retained as a stand-alone
score that is not combined with any of the other items.
However, it may be considered for deletion in future versions
of the PDSS.

The PDIS includes 2 domain scores—a Mood Score and
Difficulty Performing Activities Score. The Mood Score in-
cludes ratings on the 3 items measuring the severity of
negative moods—anxiety, depression, and worry. The Dif-
ficulty Performing Activities Score addresses basic in-
strumental activities of daily living that can be affected by
muscle weakness, fatigue, and shortness of breath. Difficulty
with exercising was omitted from the Difficulty Performing
Activities scale because it seemed to measure a concept that
is much less commonly attempted or achievable by the target
population. Nevertheless, examining it as a separate index
may be useful in LOPD samples without profound physical
limitations. The dichotomous items addressing whether the
patient completed an activity are also not included in the
Difficulty Performing Activities scale. Nevertheless, these
items may provide useful information on their own, in that
moving from not being able to complete an activity to being
able to complete it may be an important treatment benefit.
Alternatively, losing function and changing over time from
being able to complete an activity to not being able to
complete the activity may be an important marker of disease
progression.

The reliability and validity of the PDSS and PDIS were
supported. The correlations with the criterion measures in-
dicated that the symptom and impact ratings were strongly
associated with other PRO measures of symptoms, func-
tioning, and health status. In addition, there were specific
relationships with pulmonary, exercise capacity, and motor
function measures that strongly supported the convergent
and discriminant validity of the PDSS and PDIS: The
Shortness of Breath Score of the PDSS was associated with
the FVC pulmonary function measure, and the Difficulty
Performing Activities Score was associated with the SMWT

Neurology.org/CP
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and QMFT. These specific correlations differentiated the
Shortness of Breath Score and Difficulty Performing Activi-
ties Score from the other domains, as expected. Similarly,
although the Pain item of the EQ-SD was correlated with
several PDSS domains, it was most strongly related to the
PDSS Pain Score, as expected. The pattern of change scores
from baseline to week 49 were generally ordered correctly,
where patients who reported improvement on a global im-
pression item also reported greater reductions in symptoms
and increased ability to perform activities. Only the Mood
Score was disordered. However, the anchor items did
not assess mood—they included symptoms and physical
limitations—so this result is not surprising. In general, this
pattern of convergent and divergent results strongly supports
the construct validity of the PDSS and PDIS domain scores.
The structural validity of the instruments would ideally be
confirmed eventually on a different, larger sample.

Establishing a meaningful change threshold is an important
step in developing a new measure for use in clinical research
or practice. This allows each patient to be categorized as
having experienced meaningful improvement or worsening
in their symptoms or function. The analyses reported here
followed the best practice guidelines of methodological
experts and regulatory agencies. The estimates were gen-
erally consistent across the PDSS and PDIS domains. A
decrease of 1 to 1.5 points or greater indicates a meaningful
improvement on the PDSS and PDIS domains. These
thresholds can be used in clinical research studies to identify
responders to treatment. The relatively low correlations
between the anchors and target measures increase the un-
certainty around the meaningful change point estimates.
When applying these thresholds, it may be useful to con-
sider ranges of thresholds, and not just the single point
estimates, to ensure that a robust change has occurred for
individual patients.

The PDSS and PDIS were developed using regulatory and
expert best practice guidelines.”® This iterative process for
PRO development included qualitative interviews, disease-
specific questionnaire development, and quantitative psy-
chometric analyses. The PDSS and PDIS are reliable and
valid measures that can be used to evaluate important
LOPD-specific symptoms and impacts on patients in ob-
servational research and clinical trials and to monitor disease
progression in clinical practice.
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