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Abstract

Objectives: To investigate the responsiveness of the motor function measure (MFM) and
determine the minimal clinically important difference (MCID) in individuals with 2 common
types of congenital muscular dystrophy (CMD).

Design: Observational, prospective, single center, cohort study.

Setting: National Institute of Neurological Disorders and Stroke (NINDS) of the National
Institutes of Health (NIH).
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Participants: Individuals (N=44) with collagen VI-related dystrophies (COL6-RD, n=23) and 21
individuals laminin alpha2-related muscular dystrophy (LAMAZ2-RD, n=21) enrolled in a 4-year
longitudinal natural history study.

Interventions: Not applicable.

Main Outcome Measures: Responsiveness of the MFM-32 and the Rasch-scaled MFM-25 and
the MCID of the MFM-32 determined from a patient-reported anchor with 2 different methods,
within-patient and between-patient.

Results: The original MFM-32 and Rasch-scaled MFM-25 performed similarly overall in both
the COL6-RD and LAMAZ2-RD populations, with all subscores (D1, standing and transfers; D2,
axial and proximal; D3, distal) showing a significant decrease over time, except MFM D1 and
D3 for LAMA2-RD. The MFM D1 subscore was the most sensitive to change for ambulant
individuals, whereas the MFM D2 subscore was the most sensitive to change for nonambulant
individuals. The MCID for the MFM-32 total score was calculated as 2.5 and 3.9 percentage
points according to 2 different methods.

Conclusions: The MFM showed strong responsiveness in individuals with LAMAZ2-RD and
COLG6-RD. Because a floor effect was identified more prominently with the Rasch-Scaled
MFM-25, the use of the original MFM-32 as a quantitative variable with the assumption of scale
linearity appears to be a good compromise. When designing clinical trials in congenital muscular
dystrophies, the use of MCID for MFM should be considered to determine if a given intervention
effects show not only a statistically significant change but also a clinically meaningful change.

Keywords

Disability evaluation; Muscular dystrophies; Rehabilitation

Congenital muscular dystrophies (CMDs) form a heterogeneous group of congenital and
early-onset muscle disorders. This group covers a large spectrum of phenotypic severity
from severe and often early fatal disorders to relatively mild conditions compatible with
survival into adult life. Collagen VI-related dystrophies (COL6-RDs) and laminin alpha2-
related muscular dystrophy (LAMAZ2-RD) together are the most common forms of CMD.

Although the phase 1 study of the antiapoptotic compound omigapil in COL6-RD and
LAMAZ2-RD (ClinicalTrials.gov no.:NCT01805024) marked the completion of the first
clinical trial for these 2 types of CMD, more interventional trials are in the planning stages,
highlighting the importance of establishing outcome measures and natural history data in
these populations. In CMDs, the primary driver of functional impairment, and therefore also
the target for rational treatments, is the skeletal muscle. Thus, the reliable assessment of
motor function becomes a highly relevant outcome measure. The presence of resulting joint
contractures in addition to muscle weakness has the potential to lead to inaccurate motor
function assessment and thus presents a challenge to motor outcome scales.? The Motor
Function Measure (MFM)-32, a 32-item motor function scale designed for patients with
neuromuscular diseases (NMDs),2 has shown encouraging preliminary results regarding
internal consistency, reproducibility, and criterion validity in patients with CMDs.24 To
investigate additional metrological properties of the MFM-32 using item response theory
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models, in the specific context of congenital disorders of muscle, we also applied Rasch
analysis to a larger dataset and provided a derived scale: the Rasch-scaled MFM-25 for
individuals with CMD.# The Rasch-scaled MFM-25 should be retested in another cohort of
individuals with CMD to compare its sensitivity to change versus the original MFM-32.

In addition, the recently published National Institutes of Health (NIH) 4-year CMDs natural
history study reported the MFM-32 as the most suitable outcome measure to detect change
over a period of 1 year across the spectrum of functional severity in LAMA2-RD and COL6-
RD.> When designing a clinical trial, responsiveness (ie, the ability of an instrument to be
responsive to change or to be unresponsive in absence of change) is of prime importance

to consider during the choice of the primary outcome measure in addition to its reliability,
especially for sample size calculation.®”

To ensure that statistically significant changes in outcome measures also reflect clinically
meaningful implications for the affected individuals in real life, it is also crucial to determine
the minimally clinically important difference (MCID), which is to define the clinical
importance of a given change in outcome scores separate from their statistical significance.
Different approaches have been used to define MCID, including distribution-based methods
(eg, effect size, standard error [SE] of the measurement) and anchor-based methods, which
use an external “anchor” scale to obtain the perceived change by the patient or caregiver,
compared with the scale of interest.8-10 To fully evaluate the benefit of a therapeutic
intervention such as would be done in clinical trials in CMD, the target change in the
MFM-32 score effects not only has to be statistically significant but should also reflect
clinically meaningful improvements for affected individuals with CMD.

Therefore, our main objectives in this analysis were to investigate responsiveness of the
MFMs, both for the original MFM-32 and Rasch-scaled MFM-25, in individuals with a
diagnosis of COL6-RD or LAMAZ2-RD, and to establish the MCID of the MFM in CMD,
using an anchor-based approach.

Study approval was obtained from the National Institute of Neurological Disorders and
Stroke Institutional Review Board (protocol no. 12-N-0095). Individuals or parents who
agreed to participate provided informed consent and assent for participants under the age of
18 years.

Individuals included in our study were all originally enrolled in an NIH outpatient

pediatric clinic between 2010 and 2014 during a longitudinal 4-year natural history study
(“Clinical and Molecular Manifestations of Neuromuscular and Neurogenetic Disorders of
Childhood”; ClinicalTrials.gov no.: NCT01568658). Additional inclusion criteria applied to
our specific study were (1) to be diagnosed with LAMA2-RD or COL6-RD, and (2) to have
completed at least 2 MFM-32 assessments 1 year apart during the 4-year natural history
study.
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Outcome measures

The original MFM-32 consists of 32 items that evaluate 3 functional domains: D1, standing
and transfers; D2, axial and proximal motor function; and D3, distal motor function. For
each item, the scoring system uses a 4-point Likert scale (0-3) based on the individual’s
increasing ability to perform each task without assistance. Raw scores were calculated for
each D1, D2, and D3 domain, and a total score (TS) was calculated by adding the scores for
each item.3

We previously performed Rasch analysis on a sample of 289 patients with congenital
disorders of the muscle and established a conversion of the raw MFM-32 (D1, D2, D3)
score into a Rasch-scaled MFM-25 (D1, D2, D3), applying a transformation of MFM-32
ordinal-level scores into linearized measurements via a 2-step procedure.? Briefly, during the
first step, 14 items demonstrating threshold disorders were rescored to 3 response categories,
and 7 items that did not fit the Rasch model were deleted to end on a shorter MFM-25

scale. During the second step, the original MFM-32 D1, D2, and D3 scores were converted
to a linear level provided by the Rasch analysis as a “person location estimates measures!!
(supplemental table S1, available online only at http://www.archives-pmr.org/) to end on

the Raschscaled MFM-25 scores. The original MFM-32 total score was not converted into
Rasch Measurement, because unidimensionality is one of the most important assumption of
the Rasch Model.12

All physical therapists performing the MFM-32 during the study were trained and certified
on the scale with established interrater reliability.13 During the medical history, participants
or caregivers were asked for an overall assessment of disease evolution: “Have you noticed
any change in strength since your last study visit?” Their perceived change was expressed in
3 outcomes: deterioration, stability, or improvement.

Data collection

The participants’ demographic characteristics (sex, age), disease group (COL6-RD or
LAMAZ2-RD), and ambulatory status (defined by the ability to walk 10m indoors without
assistance or orthosis) were collected during the baseline visit (defined as the day on which
the first MFM-32 was performed for each individual). Scores of the 32 items of the MFM
were collected at the baseline visit and at each yearly visit of the longitudinal natural history
study. The individuals’ or caregivers’ perceived changes in term of disease evolution were
collected each year during follow-up visits.

Data analysis

An analysis of prospectively collected data was performed. Cohort characteristics were
described by disease subtype. Continuous variables were quantified using medians and
interquartile ranges and were tested for differences between groups using the Wilcoxon
rank-sum test. Categorical variables were quantified using number and percent and were
tested for differences between groups using Pearson’s chi-square test. The proportion of
individuals having the lower limit function score at baseline was used to determine whether
a floor effect was present.14.15
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To describe the longitudinal behavior of both the original MFM-32 (D1, D2, D3, TS) and the
Rasch-scaled MFM-25 (D1, D2, D3), linear mixed effects models with random intercepts
were fit for each outcome. Models investigated change in the outcome over continuous time
in each CMD subtype (or CMD subtype and severity combination), adjusted for sex, and
time-varying covariates of weight, height, and age. Time was defined as time from baseline
for an individual on a specific outcome measure.

For MCID, the group average changes in the MFM-32 TS for each self-reported change
was consecutively calculated, adjusting for multiple observations per person with a separate
linear mixed effects model for each domain and TS. The outcome measure was the change
between timepoints for that individual and the predictor variable was the self-report rating.

Using the above group-level estimates for each self-report level, 2 MCID values were
consecutively calculated: one by the within-patient method, which is the mean change in
score in the patients who improved, and the other by the between-patient method, which is
the difference in mean change in score between patients who improved and patients who
were stable.

The threshold for significance was set at a of 0.05. All statistical analyses were performed
using R, version 3.3.1.2

Of the 48 participants enrolled in the NIH 4-year longitudinal natural history study, 23

with COL6-RD and 21 with LAMAZ2-RD (age range, 5-21y) were included in our study

(fig 1). Table 1 shows the characteristics of the population at baseline. At baseling,
differences between percentages of nonambulant participants, distribution of MFM-32 score,
and age between each disease group suggested that the disease severity was higher in
participants with LAMAZ2-RD than in participants with COL6-RD. Participants had 2 to 5
MFM-32 measurements during follow-up. No patient had more than 1 consecutive missing
measurement between visits and no individual with only 2 visits had a gap between those 2
visits.

No individuals had a minimal score for D2 and D3 (ie, a score of 0), whether in the

original MFM-32 or the Rasch-scaled MFM-25. Regarding the D1 subscore, 3 out of the

23 individuals with COL6-RD had a score of 0 for the original MFM-32 and 6 for the
Rasch-scaled MFM-25. For LAMA2-RD, 5 out of the 21 individuals had a score of O in

D1 for the original MFM-32 and 16 for the Rasch-scaled MFM-25. Regarding nonambulant
participants in the sample (both COL6-RD and LAMAZ2-RD), 8 individuals had a score of 0
in D1 for the original MFM-32 whereas 22 for the Rasch-scaled MFM-25.

aR, version 3.3.1; The R Project for Statistical Computing.
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MFM responsiveness

Whereas in individuals with COL6-RD, all MFM subscores (D1, D2, D3 and TS) showed a
significant decrease over time, MFM subscores D1 and D3 showed a nonsignificant decrease
in individuals with LAMAZ2-RD. These findings were similar for both the MFM-32 and the
Rasch-scales MFM-25 (table 2).

Considering the essentially similar behavior of each scale, from this point only original
MFM-32 subscores are provided in the text and for the calculation of the MCID. After
categorizing participant function by ambulation status, the MFM D1 subscore appeared
to be the most sensitive to change for ambulant participants, whereas the MFM D2
subscore appeared to be the most sensitive to change for nonambulant participants (table
3). Significant change over time was identified for the MFM D3 subscore in nonambulant
COLG6-RD participants (e1.43; SE, 0.28; A<.001), but not in nonambulant LAMA2-RD
participants (e0.28; SE, 0.25; PZ.26). The MFM TS showed a highly significant change
over time in ambulant and nonambulant COL6-RD participants, but only in nonambulant
LAMAZ2-RD participants (see table 3).

MCID calculation

Sixty-two self-reported impressions of change were available for a total of 35 individuals,
with 26 individuals having multiple observations (22 of 62 emphasized worsening, 28 of

62 indicated stabilization, and 12 of 62 demonstrated improvement). The average MFM
changes (D1, D2 and D3, and TS) in each group of participant-reported evolution (improved,
stable, worsened) are reported in figure 2.

The mean scores changes for D1, D2, D3, and TS improved for participants reporting
improvement (2.32 [SE, 1.96]; 2.08 [SE, 3.84]; 3.57 [SE, 3.98]; and 2.52 [SE, 2.44],
respectively) and declined for participants reporting stability (€1.82 [SE, 1.38]; e 1.96 [SE,
2.52]; e0.51 [SE, 2.61]; and e€1.38 [SE, 1.59]) or deterioration (e1.75 [SE, 1.56]; e2.65 [SE,
2.84]; 0 [SE, 2.94]; and e2.85 [SE, 1.8]). Using the within-patient method (ie, the estimated
mean change for patients who improved), the MCID for the MFM-32 TS was 2.5. With the
between-patient method (ie, deducting the mean change score of stable patients from the
first MCID), the MCID was 3.9.

Discussion

Responsiveness is a key quality required of an outcome measure instrument to be used

in a clinical trial. 1t should not be viewed as only a property of the instrument itself,

as responsiveness is also directly related to the specific disease behavior of the condition
under study and thus must be determined expressively for each such condition.8:16:17 Using
high quality longitudinal data from a 4-year natural history study, we demonstrated the
responsiveness of the MFM in participants with 2 essential forms of CMD, LAMA2-RD
and COL6-RD. We found a similar trend regarding slopes of change and responsiveness
regardless of the type of scale used (original MFM-32 vs the Rasch-scaled MFM-25).
Significant differences were found between change over time in different disease and
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severity groups (LAMA2-RD vs COL6-RD and ambulant vs nonambulant participants),
confirming the construct validity of the original MFM-32.

Our results suggest that the responsive domain of interest is D1 for ambulant patients and
D2 for nonambulant patients, reflecting a similar pattern to that observed in the spinal
muscular atrophy (SMA) population.® For the D1 domain, specifically in non-ambulant
individuals, there was a considerable floor effect in the Rasch-scaled MFM-25, which was
less prominent in the original MFM-32, supporting the ability of D1 from the MFM-32 to
monitor standing position and transfers in nonambulant patients with CMD. These results
confirm our clinical experience suggesting that, in contrast to most SMA and Duchenne
muscular dystrophy (DMD) patients, even if CMD patients lose the ability to ambulate,
some patients may preserve some abilities pertaining to standing position and transfer
functions. The D3 domain was able to capture a change in only the nonambulant COL6-
RD individuals, likely because of the progressive course of distal joint contractures and
weakness after loss of ambulation with consequences for distal motor function. Within our
cohort, LAMAZ2-RD individuals could be described as having the most severely impaired
motor function, including distally, and were likely less subject to change in the D3 domain
even though the D3 domain was identified by Barthels et al as very discriminant in the later
and most severe stage of DMD.1® For the CMD patient population studied here, the MFM
TS appeared particularly valuable because it was able to capture significant changes over
time for each disease and severity group. This was observed in all cases except in ambulant
LAMAZ2-RD individuals (only 4 patients), in whom D1 was found to be most responsive to
monitor disease progression. The greater floor effect for D1 in the Rasch-scaled MFM-25,
the complexity of the score calculation transformation that must be performed for this scale,
and the interest of the MFM TS, which is available only for the original MFM-32 support
the use of the original MFM-32 rather than the Rasch-scaled MFM-25.

There are many approaches to assess responsiveness of an outcome measure, with the most
frequently used being a distribution-based approach like effect size or standardized response
mean.20 However, these methods largely do not address consideration for the MCID, which
involves defining the clinical importance of a given change in outcome scores separately
from their pure statistical significance. Tying changes in an outcome measure to clinical
meaningfulness for the patient is of great importance to regulators involved in the drug
approval processes. Various methods have been described to determine MCID, with a high
amount of variability depending on the method chosen. Several studies have recommended
anchor-based approaches instead of distribution-based methods, which assess minimal
detectable change rather than important changes?1-22 and do not involve participants or
caregivers in any way.23 Among anchor-based approaches, both within-patient and between-
patient methods can be used with a longitudinal data structure. Because there is no evidence
of superiority among these methods, we chose to present both approaches.

In a previous study, a change of 5 points in MFM scores was considered clinically
meaningful in a population of 152 individuals affected with various NMDs,24 whereas the
MCID in this study was 2.5 or 3.9 depending on the method used. This slight difference
may be caused by the mixed population characteristics of the previous study, whereas

the present study is more homogeneous with an overall phenotype of more significantly
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impaired motor function. Other studies have reported an MCID for different scales used in
NMDs: the North Star Ambulatory Assessment and the SMWT in DMD,25:26 the Children’s
Hospital of Philadelphia Infant Test of Neuromuscular Disorders in SMA type 1,27 and the
modified Hammersmith functional motor scale in SMA types 2 and 3.28 These studies used
mainly a distribution-based method. One study used a patient-reported outcome measure, the
Pediatric Outcomes Data Collection Instrument questionnaire,?® and found variable MCID
values for the 6MWT in the DMD population depending on their functional abilities. This
supports the idea that MCID values can differ not only according to the pathology but also
based on the severity of the functional impairment.

The present study also highlights that, in the natural history of a degenerative disease of
muscle, the functionality can be perceived as improved from one year to the next.

Furthermore, optimal sample size estimation ensures appropriate power to detect significant
differences in clinical research studies. Based on expected score change induced by
treatment, an estimation of adequate sample size for a clinical trial using the MFM as the
primary outcome is allowed by the data of the present study.

Study limitations

In this study, the high quality of the prospectively collected data set and optimal data
analysis compensated for the relatively small number of participants, which is related to

the rare nature of these diseases. The data point of the perceived-participant and caregiver
change used to calculate the MCID was necessarily retrospective because it was based on
the participants’” memory of their condition 1 year earlier. Another limitation may be the use
of a 3-point Likert scale to express the perceived change of disease evolution, because the
use of a larger number of response alternatives could have increased the reliability of test
statistics.30 The ability to walk and stand (MFM D1 domain) is usually the most important
driving progression of the disease for patients and family members until it bottoms out. In
future studies, it could be of interest to try to determine an MCID individually for each

of the 3 MFM domains. However, in the current study, a 3-item self-assessment would

have further complicated the task for the participant and required assurance of adequate
participant understanding of the 3 functional domains at the study outset. To record the
perceived change of disease evolution, patients and family members were asked about the
change of strength since the last assessment that could be considered as an approximation of
the evolution of motor function. A question related to the evolution of the functional abilities
could have been more accurate.

Conclusions

We demonstrated robust responsiveness of the MFM in patients with LAMAZ2-RD and
COLG6-RD. The use of the original MFM-32 as a quantitative variable with the assumption
of scale linearity appears to be a good compromise. The MCID of the MFM-32 will permit
the determination of a minimum target efficiency anchored to clinical relevance for the
patient. This in turn will help power clinical trials by choosing the most appropriate MFM
scores change relative to sample characteristics and to calculate the sample size needed to
capture meaningful clinical changes.
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Two-Timepoint Score Change in MFM

40 -
€D
[ ]
204
L ]
[ ]
|
I
L [
L -
. P “w—
04 ® | = . :
—— o |o | |
e I - @ | o
. i ’ t |
® —
L ]
q
o |
@
-20- | 4
°
ol .
@
L ]
—404
D1 Subscore D2 Subscore D3 Subscore Total Score
Fig 2.

Page 13

E Worsened

E3 Stable

E:EI Improvement

Two-Timepoint score change in MFM (D1, D2, D3 and TS) in each group of participant-
reported function (worsened, stable and improvement). Only the first set of timepoints for

each individual is shown.
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Table 3

Page 16

Longitudinal estimates of average change per year in MFM-32 and Rasch-scaled MFM-25 by disease group

and ambulation status

Ambulant Nonambulant
COL 6-RD (n=16) LAMAZ2-RD (n=4) COL6-RD (n=7) LAMAZ2-RD (n=17)
Subscore Rasch- Rasch- Rasch- Rasch-
or TS MFM-32 scaled MFM-32 scaled MFM-32 scaled MFM-32 scaled
MFM-25 MFM-25 MFM-25 MFM-25
-2.63 -0.53 -2.01
MFM D1 (0.35)* (0.08) * (0.54)* -0.34(0.13) -0.76 (0.42) -0.14(0.10) -0.32(0.38)  —0.07 (0.09)
-0.21 (0.10) -3.17 -0.58 -2.01 -0.40
MFM D2 —0.44 (0. —-0.04 (0.81 -0.12 (0.17
BeaEeY) 004(081)  -0.12(0.17) (0.61) " 0.13)" (0.54)* 0.11)*
MFM D3 -0.33(0.23) -0.12(0.11) 0.06 (0.39) 0.06 (0.18) ~143 ~0.56 -0.28 (0.25) —0.09 (0.12)
-3.38 _ -5.28 -2.69 (0.87)
MFM TS (0.79) * NA 2.02(1.25) NA (0.96) * NA 7 NA

NOTE. All values are mean (SE).
Abbreviation: NA, not applicable.

*
FP<.001.

fP<.01.
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