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INTRODUCTION TO HEALTH-RELATED OUTCOME MEASURES

There are several aspects of health that can be measured, and these represent different

aspects of the disease, from the pathophysiology (eg, antibody titers), to the symptoms and
signs, to the effect on the individual and their relation to society.! Because different outcome
measures are aimed at different aspects of the disease process, it is fundamental to
understand what a given tool measures, as well as for which purpose it was developed and in
which population it was tested. One way to understand these different aspects of the disease
is through the International Classification of Functioning, Disability and Health (ICF),2
published by the World Health Organization. The ICF identifies 3 major ways in which a
disease or injury affects in individual: impairments of body function or structures, which are
basically the signs and symptoms; activity limitations, which are the effects of the disease
and its symptoms on activities of daily life; and participation limitations, which are the
effects on a patient’s social interactions, such as looking for work or caring for their family.
Additionally, these aspects of the disease are also affected by personal and environmental
factors (eg, social support, cultural factors, and accessibility). Disability is—according to the
ICF—the interaction between symptoms, activities, and participation restrictions and
personal and environmental factors.? Health-related quality of life (HRQoL) goes beyond
the concept of disability and it is, by definition, a subjective and multidimensional concept,
including physical functioning, mental or psychological well-being, occupational status, and
social interactions.® The impairments of body functions/structures are thought to be less
affected by social and environmental factors and, therefore, are typically considered to
reflect more directly disease severity. This factor is why most outcome measures aimed at
quantifying disease severity capture the signs and symptoms, whereas measures focused on
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the impact of the symptoms on the individual as a whole are usually disability or HRQoL
measures. Putting these concepts into the perspective of a clinical trial, the primary outcome
should match the study intervention. For example, a phase 1l study for a new medication will
likely be focused on the effect of signs and symptoms, whereas a psychosocial intervention
will probably have more effect on HRQoL or disability than on the symptoms in isolation.
Fig. 1 depicts the ICF model in relation to some of the outcome measures specific to
myasthenia gravis (MG) that are available.

Additionally, when choosing an outcome measure, it is fundamental to recognize that,
beyond what they measure, they might have been developed with different purposes,
typically discriminative, predictive, and evaluative.* Discriminative means that a measure
can distinguish between individuals that have different degrees of the underlying construct
(eg, more or less severe disease). Predictive measures are aimed at classifying individuals
such as in a diagnostic test or predicting an outcome. Finally, evaluative measures are aimed
at detecting change, which is fundamental to determining treatment response. Additionally,
there are several methodologic requirements that need to be met to ensure that the measure
is adequate for the intended purpose. All measures have to be valid (ie, measure what they
are supposed to measure) and reliable (ie, reproducible). In addition, evaluative measures
have to demonstrate responsiveness, or the ability to detect change. To interpret change
scores, it is important to know the minimal important difference (MID), which is the
smallest change in a measure that is meaningful for patients.> Additionally, there has been a
shift in recent years toward more patient-reported outcomes, considering that patients are the
best judges of their disease status and that many symptoms or signs might not be evident in a
clinical encounter or—when present—do not affect patient function. The specific standards
for the development of outcome measures are beyond the scope of this article, but for those
interested, the US Food and Drug Administration® and the COnsensus-based Standards for
the selection of health Measurement INstruments (COSMIN)’ guidelines are excellent
resources. Finally, it is important to keep in mind that validity, reliability, and responsiveness
are not universal characteristics of a measure, and depend on the populations and
interventions tested.®

OUTCOME MEASUREMENT IN MYASTHENIA GRAVIS

MG presents specific challenges for outcome measurement. The classical manifestation of
MG—fatigable weakness—results in signs and symptoms that fluctuate. These fluctuations
can occur within the same day, because typically patients are more symptomatic as the day
goes by, but also from day to day, and even within longer time-frames. Therefore, a clinical
assessment that is anchored in a single time-point might be insufficient to cover the breadth
of the manifestations of MG. In a qualitative study of patients’ experiences with MG,
patients consistently reported fatigability as a major manifestation of the disease.® Regarding
the assessments, one patient said: “It’s [the assessment] just such a quick snapshot of how
I’m doing, really, at that very moment. And it seems so variable throughout the day. | could
have a good hour where people wouldn’t even know that | have MG at all. | look like | have
lots of energy and whatnot. But then, at a moment’s notice, it could completely change.”®
This is why many MG measures include the patients’ report of their symptoms, or other
measures of fatigability.10-12
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There are several measures that have been used in MG studies, including generic measures,
and reviewing all would not be feasible. Therefore, we only cover those measures that have
been specifically developed for MG. Additionally, we only include measures that are
available in English and where there are enough data on the development and validation
process. To further organize the many MG-specific outcomes available, we have divided
them by what they measure: signs and symptoms, and disability/HRQoL. Finally, we discuss
other outcomes that are relevant for MG that do not directly fit into the disability framework,
such as biomarkers and steroid-sparing effects.

MEASURES OF SIGNS AND SYMPTOMS OF MYASTHENIA GRAVIS

These measures constitute the majority of outcomes specifically developed for MG. For each
measure, we provide a brief description of its development process, items, how it is scored,
and its basic psychometric properties. We have organized the measures based on the first
description of the measure or its direct predecessor. Table 1 depicts the primary
characteristics of these measures.

The Myasthenia Gravis Foundation of America Classification

This measure is derived from the Osserman score, developed in the 1950s,13 which was one
of the first classifications systems in MG. The Myasthenia Gravis Foundation of America
(MGFA) classification is aimed at separating patients in groups based on disease severity
and the localization of the symptoms, and does not have an evaluative purpose. The MGFA
classes are pure ocular (class I), mild generalized (class 11), moderate generalized (class Il1),
severe generalized (class 1V), and intubation/myasthenic crisis (class V). Within the
generalized categories I, 111, and 1V, patients are subclassified as class A if their symptoms
are predominantly generalized or class B if their symptoms are predominantly bulbar.14 The
MGFA also has a system to classify patients based on postintervention outcomes and
includes remission, defined as 1 year or longer without signs or symptoms and without any
symptomatic (pyridostigmine) treatment, and which can be divided in complete (no
pharmacologic treatment at all) or pharmacologic remission. Minimal manifestation status is
defined as minimal signs or symptoms (no specific time-frame was defined) and
pyridostigmine use may be accepted. Additionally, patients can be improved, unchanged,
worse, experiencing an MG exacerbation, or have died of MG.14 Because the original
MGFA severity classification does not take into account those patients who are
asymptomatic, many MG studies use a hybrid, whereby symptomatic patients are classified
based on the | to V class system, and asymptomatic or oligosymptomatic patients are
classified as remission or minimal manifestation status.1®

The Quantitative Myasthenia Gravis Score

The Quantitative Myasthenia Gravis Score (QMGS) was developed in the context of a
clinical trial in MG and originally had 8 items®; it was later modified for a trial of
cyclosporine,1” increasing the number of items to 13. This measure was modified again by
Barohn and colleagues,18 making the 13 items all based on the examination, and this is the
version currently in use. The QMGS has several items that measure endurance or
fatigability, taking into account the fluctuating nature of the disease. The items are as
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follows: ptosis, diplopia, orbicularis oculi weakness, swallowing a cup of water, speech,
percent predicted forced vital capacity, grip strength (2 items), arm endurance (2 items), leg
endurance (2 items), and neck flexion endurance. All items are scored on a scale of 0 to 3,
and total scores range from 0 to 39; higher scores indicate greater disease severity. There are
2 studies on interobserver reliability’8-19 and one on test—retest reliability2° showing
adequate reliability coefficients. Construct validity has been studied by demonstrating
correlations between the QMGS scores to other outcome measures like the Manual Muscle
Test (MMT)?2! and Myasthenia Muscle Score,1® as well as comparing QMGS scores across
different MGFA classes, and with electrodiagnostic markers.22 There is study on
longitudinal validity where 53 patients were seen on a second visit between 2 and 10 months
after initial examination. Using the physician’s impression of change as marker or
improvement, the difference in the QMGS score was significantly higher in those improved
compared with those who were stable.23

The QMGS also has shown to be responsive to change in several clinical trials. In a
randomized study of intravenous immunoglobulin (IVIG)?4 and in a cyclosporine trial, 1’
treated patients had a statistically significant improvement in the QMGS compared with a
placebo group. Based on the mean change in the cyclosporine trial and the reliability a
studies, a change of greater than 3.5 points has been typically considered as significant.1718
Using the data from the IVIG versus placebo study, the MID with mild to moderate MG
(QMGS <16) was calculated to be 2 points,2> although patients with higher baseline values
(QMGS >16) had a higher MID of 3 points, which is a well-described phenomenon.
Additionally, the performance of the individual items of the QMGS was studied,2® with
evidence of floor effect—a high proportion of patients scoring 0 (best score) at baseline—on
grip strength, dysarthria, swallowing, and percent forced vital capacity. The items that
changed the most after treatment were ptosis, and arm, leg, and neck endurance. The main
drawbacks of the QMGS are in terms of feasibility and ease of use, because it requires a
dynamometer and spirometer and can take up to 25 minutes to complete. Therefore, it is
mostly used in research rather than routine clinical assessments.

The Myasthenia Muscle Score

This measure was developed in the context of a clinical trial?” and is extensively used in
France. It has 9 items: 3 bulbar (chewing, swallowing, and speech), 1 ocular (combines
diplopia and ptosis), 1 on eye closure, 2 axial muscles (neck flexors and sitting up), and 2 on
limb endurance (arms/legs). All items are based on clinical examination, with maximal
subscore values ranging from 10 to 15, and the total scores ranging from 0 to 100, with
lower scores indicating greater disease severity. There is 1 small study on interobserver
reliability, with an intraclass correlation coefficient (ICC) of 0.9, which is excellent.X® There
are no studies on test-retest reliability. Validity has been studied through correlations with
the QMGS (r = —0.87)19 in a small sample. The Myasthenia Muscle Score has been used as
primary outcome in a trial of IVIG and plasma exchange,28 and patients who received IVIG
or plasma exchange improved by 16 points on average. However, there are no studies on the
MID.
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The Besta Neurologic Institute Rating Scale for Myasthenia Gravis

This measure was initially developed in 1988 for a clinical trial of azathioprine,?® and has
been used extensively in Italy. It was recently modified to improve the reliability of some
items, as well as to remove the need for a spirometer or using a water test for swallowing.30
The current version has 11 items: 1 ocular, 5 generalized, and 5 bulbar, all based on the
physical examination, with the exception of the items on swallowing and breathing, which
are based on the history. The scale is weighted, whereby bulbar items receive more weight
than limb and ocular items—427,000 maximum points for bulbar/breathing problems and
153 maximum points for ocular and limb problems—and higher scores indicate more
disease severity. The Besta Neurologic Institute rating scale for Myasthenia Gravis also
includes 2 endurance tests: one of the arms and one of the legs, which are similar to the
QMGS and measured in seconds. These measures are scored independently, rather than
being factored into the total score. The total, bulbar, and generalized scores had good
internal consistency (Cronbach’s alpha = 0.79, 0.75, and 0.75, respectively), and good
interrater reliability (kappa = 0.92).30 Test—retest reliability was not described. In terms of
construct validity, it has a high correlation with the MGC (r = 0.83). Responsiveness has not
been formally assessed for the sum scores; however, the arm and leg endurance tests are
responsive to change, confirming previous studies.26:31

The Myasthenia Gravis Activities of Daily Living

This instrument, like the modified QMGS, was developed for the trial of IVIG by Wolfe and
colleagues.32 This is a patient-reported outcome that combines 2 items on daily life activities
—ability to brush teeth or comb hair, and limitations in the ability to rise from a chair—with
6 items reflecting other MG symptoms: diplopia, ptosis, chewing, swallowing, voice/speech
problems, and respiratory symptoms.10 Each item is scored between 0 and 3 and total scores
range from 0 to 24, where higher scores indicate more disease severity. Test—retest reliability
was demonstrated in 20 patients, with an ICC of 0.93.33 Construct validity has been studied
through correlations with the QMGS,10 the Myasthenia Gravis Composite (MGC),3* and the
MG Quality of Life (MG-QOL)15,33 showing moderate correlations with the QMGS (r =
0.58) and high with the MGC and MG-QOL15 (r = 0.85, 0.76). The responsiveness of the
Myasthenia Gravis Activities of Daily Living (MG-ADL) was tested in a study of 76
patients who were assessed twice,33 with variable interventions and time intervals between
assessments. Patients were considered improved based on an improvement in a quality-of-
life measure, the MG-QOL15,3% and in the physician impression of change. The MID to
classify an individual patient as a responder was 2 points—using a receiver operator
characteristic curve approach—where the MID is the point of greatest sensitivity and
specificity. The MG-ADL has been used in several clinical trials, including as a secondary
outcome measure in the thymectomy randomized, controlled trial,38 where treated patients
and significantly greater improvement than those in the placebo arm (difference between
groups, 1.17; P=.008). The main advantages of the MG-ADL are that it is very easy to use,
and it is completely patient reported. A drawback is that it does not have a specific recall
time frame (eg, 2 or 4 weeks) because it relies on comparing with the last visit, and that it is
prone to floor effects.1?
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The Manual Muscle Test

This was developed in 2003,2! with the aim of having a simple assessment of MG patients,
without the need for instrumentation. The MMT evaluates the strength in 12 bilateral muscle
groups and 6 ocular or axial (eg, neck flexors) muscles, that are usually affected in MG.
Each muscle is scored from 0 (normal strength) to 4 (paralysis), and the total score is the
sum of each muscle, where higher scores indicate more strength (less disease severity).
Interrater reliability was assessed in 274 patients through Pearson’s correlation, but ICCs
were not reported.?! Construct validity was tested through the correlations with the QMGS.
The MMT has been used as secondary outcome measure in a clinical trial,37 with low to
moderate correlations (r = 0.30-0.59) between the change in MMT scores and change in the
QMGS and the MG-ADL.38 The MMT scores changed significantly after treatment (/<.
001). Additionally, the MMT change scores were higher in those patients deemed improved
(by physician impression of change) than in those who were unchanged. However, there are
no studies on the MID. The main advantage of the MMT is the ease of use, because it is
based on the routine neurologic examination. Drawbacks are that it measures static strength,
so it is likely to be more affected by the natural fluctuations of the disease.

The Myasthenia Gravis Composite

The MGC was developed more recently, aiming for a simple yet comprehensive measure of
MG severity. It was developed by combining items from other MG measures, based on their
performance of 2 clinical trials of mycophenolate in MG.37:3%9 The measures considered for
items were the QMGS, the MG-ADL, and the MMT. Item selection was determined by
responsiveness to treatment (defined by a positive physicians’ and patients’ impression of
change), as well as with the correlations with the MG-QOL 15, a disease-specific quality-of-
life measure.3® Final item selection and weights were decided by a large group of MG
experts, and bulbar and generalized items have more weight than ocular items. The final
measure has 10 items: 2 ocular (diplopia and ptosis) from the QMGS; 4 items (facial, neck,
deltoids, and hip flexors strength) from the MMT, and 4 patient-reported items from the
MG-ADL (chewing, swallowing, breathing, and speech). Regarding the latter, these are read
to the patients and the whole scale is completed by an examiner. Total scores range from 0 to
50 where higher scores indicate greater disease severity. Interrater reliability was high in a
study of 38 patients.3# Construct validity was evaluated in 175 patients, and this was based
on positive correlations between the MGC and other measures, including the MMT, ADL,
and the MG-QOL15.3* Responsiveness was studied in 151 patients who had routine follow-
up examinations, with an average time between assessments of 4.7 months, and variable
interventions within visits.34 In that study, using a receiver operator characteristic curve and
defining improvement based on the physician’s impression of change and the change in the
MG-QOL15, the MID for individuals was estimated at 3 points.3° The MGC was
recommended as the primary outcome measure of choice in MG trials by the MGFA
scientific board,%0 and it has been subsequently used as primary or secondary outcome in
several trials. The main strength of the MGC is its simplicity and the incorporation of the
patient’s history.

Neurol Clin. Author manuscript; available in PMC 2019 August 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Barnett et al. Page 7

The Oculo-Bulbar Facial Score

This measure was developed specifically to quantify the signs and symptoms affecting the
extraocular, facial, and respiratory muscles in MG, specifically considering patients with
musculoskeletal MG.#! The Oculo-Bulbar Facial Score has 1 item that sums the strength of
5 facial muscles, 1 item on palatal contractility, 1 on tongue appearance, 1 on forced vital
capacity, and 1 on swallowing time, based on swallowing 100 mL of water. The total score
ranges from 0 to 21, and higher scores indicate worse oculo-bulbar and respiratory function.
A modified version removed 2 of the 5 facial muscles tested give low agreement between
raters, and has a maximum possible score of 17.41 Overall interrater reliability coefficients
were not described. The Oculo-Bulbar Facial Score has moderate correlations with the
MGC, MG-ADL, and MG-QoL, more so to bulbar-related items. Its sensitivity to change or
its predictive properties have not been studied.

The Myasthenia Gravis Impairment Index

The Myasthenia Gravis Impairment Index (MGII) has been recently developed using a
patient-centered approach, whereby patient input was incorporated through the development
process.12 This method was grounded in a qualitative study of patients’ experiences with
MG,? where fatigability was a key component of overall MG severity. The scale has 22
patient-reported items (2-week recall time) and 6 examination items that reflect severity and
fatigability of ocular, bulbar, and limb/generalized impairments. The total scores range
between 0 and 84, but it can also be scored as an ocular (0-23) and a generalized (0-61)
score, where higher scores indicate greater disease severity. The MGII was validated in a
cohort of 200 MG patients.12 Test-retest reliability for the whole scale and interobserver
reliability for the examination component was high (ICCs of 0.93 and 0.90, respectively).
Construct validity was tested through predefined hypotheses of the correlations between the
MGII and other MG symptoms measures (QMGS, MGC, MG-ADL), an MG-specific
HRQoL measure (MG-QoL15), and generic measures (Short Form-36 [SF-36],42 the
EQ-5D,*3 and the NeuroQoL-Fatigue module*4). Additionally, MGII scores were
significantly different across MGFA classes and between ocular/generalized patients,
indicating gross discriminative validity.12 Responsiveness was studied in 95 patients
receiving prednisone or immunomodulation (IVVIG or plasma exchange), using stable
patients from the reliability study as controls.*® Patients receiving prednisone or
immunomodulation changed significantly more than controls. Additionally, patients in the
pure ocular group changed significantly in the ocular subscore, without change in
generalized items. Overall, patients receiving prednisone changed more in the ocular
subscore than those receiving immunomodulation, who changed more in the generalized
subscore. Patient-meaningful change was studied using the patient’s impression of change,
whereby patients who felt better changed significantly more than those who were unchanged
or worse. The MID at a group level—to estimate sample size for a trial—was 8.1 points, and
at the individual level—to classify a patient as responder—was 5.5 points. The MGII takes
approximately 10 minutes to complete, which is feasible depending on the setting. It has not
yet been used in a clinical trial.

Special considerations should be made regarding outcomes in patients in myasthenic crisis.
Most of these outcomes have been validated in outpatients, so data on crisis are scarce.
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Many of the physician-rated scales can be applied to patients in crisis, because they usually
include intubation/ventilation within the respiratory items. However, patient-reported
outcomes by their nature are not suited for these patients, at least in the acute phase.*6
Considering the mortality associated with myasthenic crisis, survival should be a main
outcome. Additionally, because MG crisis is defined by the need for intubation, then
successful extubation and overall time to extubation have been used to describe the
outcomes in this population, because they are associated with the duration of intensive care
and hospital stay, medical complications, and overall mortality.*’

MEASURES OF DISABILITY AND HEALTH-RELATED QUALITY OF LIFE IN
MYASTHENIA GRAVIS

There is one measure specifically aimed at measuring disability in MG using the ICF
framework, the MG-DIS. Additionally, there are 2 disease-specific measures of HRQoL.: the
MG-QOL 60, a 60-item measure, and the MG-QOL 15, which derives from the 60 item
questionnaire and that has been recently modified (MG-QOL15r). Table 2 summarizes these
measures.

The Myasthenia Gravis Disability Scale

This is a measure specifically developed to quantify disability in patients with MG. The
MG-DIS was developed as a patient-reported outcome, using the ICF framework of
disability.#8 For this, the authors linked items from available measures to different ICF
codes, using previous studies where patients had self-reported their MG-related problems
using this classification system.#? Additionally, the authors conducted semistructured
interviews in a group of MG patients, whereby the different codes previously identified
where explored in depth, to determine if those symptoms or limitations in activities or
participation were directly related to MG. These steps resulted in retaining 42 ICF
categories, with a total of 44 preliminary items covering body functions, activities/
participation, and environmental factors.8 The 31 items reflecting impairments and
restrictions of activities and participation were further studied for validation.®0 Item
reduction was based on interitem correlations and factor analysis, in a cohort of 109 patients,
and 20 items were retained.

These items reflect generalized impairment problems, bulbar-related problems, mental
health and fatigue problems, and vision-related problems. All items have a 30-day recall
period, and are graded on a scale of 1 to 5; total scores are transformed to a scale of 0 to 100,
where higher scores reflect greater disability. Cronbach’s alpha was 0.92, indicating good
internal consistency. The test—retest reliability was tested in 21 patients, with high r
coefficients. Construct validity was studied through correlations with the MGC as well as
fatigability indices, and discriminative validity was tested by comparing MG-DIS scores
between ocular/remission patients and patients with generalized disease.>? Longitudinal data
were available for 75 patients, and MG-DIS scores changed according to the patients’
impression of change. However, there are no data on the MID and no other studies on
responsiveness in relationship to specific interventions.
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The Myasthenia Gravis Quality of Life 60

Before this measure was developed, all studies on HRQoL for MG patients used generic
measures, such as the SF-36.42 The aim of the developers was to obtain a measure that
would also include the specific effects of MG in HRQoL. Item development was based in a
Multiple Sclerosis HRQoL instrument, were experts selected items that were relevant for
MG patients.?! Patients’ interviews were conducted and 100 preliminary items were
obtained, including physical, social, emotional, and functional problems. The authors
obtained feedback from physicians and patients to further reduced the measure to 60 items—
each scored in a Likert scale from 0 to 4—resulting in a total score ranging from 0 to 240;
higher scores indicate worse HRQoL. The 60-item measure was tested in 80 patients
participating in a clinical trial of mycophenolate.3? Internal consistency was excellent
(Cronbach’s alpha, 0.94), test—retest reliability was not assessed, given that patients were
actively receiving interventions. Construct validity was studied through correlations between
the MG-QOLG60 and the SF-36 (r = —8.0), the MG-ADL (r = 0.72), the QMGS (r = 0.53),
and the MMT (r = 0.43).51 The MG-QOL60 was used as a secondary outcome in a
randomized, controlled study comparing IVIG and plasma exchange.>2 In this study, the
MG-QOLS60 scores significantly improved in patients receiving both treatments, changing
more in responders—who improved by 22 points—compared with those who were
unchanged—who changed only by 7 points.53 However, the MID was not specifically
studied.

The Myasthenia Gravis Quality of Life 15 and the Myasthenia Gravis Quality of Life 15r

The MG-QOL15 was developed with the aim of simplifying the MG-QOLG60. First, 20
candidate items were flagged for retention, based on their responsiveness to change in the
mycophenolate study.3> Additionally, data on 13 patients followed in routine clinical visits
who reported worsening was assessed, and based on this input the items were reduced to 15:
mobility (9 items), symptoms (3 items), and contentment and emotional well-being (3
items). Items are scored in a Likert scale from 0 to 4 and the total sum score ranges from 0
to 60, where higher scores indicate worse HRQoL.3® The MG-QOL15 has good internal
consistency (Cronbach’s alpha, 0.89). In terms of construct validity, the MG-QOL15
correlated with the physical and mental components of the SF-36, as well as with MG-
specific measures (QMGS, MG-ADL, and MMT).3% Longitudinal validity was studied in
138 patients with routine follow-up at different centers. Patients were considered improved
if they had a 3 or greater point improvement in the MGC and the MG-QOL changed more in
those improved compared with those not improved, and the change in QOL-15 scores
correlated with the change in MGC (r = 0.53).%4 In the same study, test-retest reliability was
excellent (ICC, 0.98). The MG-QOL15 also demonstrated to be responsive in a randomized,
controlled study of IVIG versus plasma exchange, where responders to treatment improved
in average by 9 points compared with nonresponders, who changed by 2 points, thereby
suggesting that a decrease MG QOL-15 of 7 or more points is correlated with improvement
in the subgroup with moderate to severe MG (QMGS <11).53 The MID has not been fully
determined. The MG-QOL15 has been translated and validated in several languages, such as
Japanese and French,5%:56 and it is widely used around the world. Based on its extensive use,
it has been recently modified, to improve the performance of certain items.>’ The modified
version (MG-QOL15r) retained the 15 items with some wording changes, and these were
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rescored from a 0 to 4 to a 0 to 2 scale, based on Rasch analysis. The resulting measure
scores ranges from 0 to 30, and higher scores indicate worse HRQoL. When compared with
the original scale, the modified version had better psychometric properties than the original
and it is very easy to use.>’” Responsiveness of the MG-QOLr has not yet been studied.

STEROID-SPARING EFFECTS AND OTHER OUTCOMES

Beyond the symptoms and their effect on the patients’ lives, other outcomes have been
incorporated in clinical trials of MG, often as biomarkers or surrogate outcomes. Because of
the side effects of long-term steroid treatment, it is of interest to measure the overall
exposure of prednisone as an outcome, whereby a treatment is superior if it can reduce the
use of prednisone over time with good symptomatic control. This steroid-sparing effect has
been usually studied using the area under the curve of prednisone over time, for example, in
the thymectomy randomized, controlled trial 38 where the prednisone dose was time
weighted and the treated group had a lower prednisone exposure over time than the control
arm. Recently, the results of the methotrexate for MG study were published. In this 12-
month study, the prednisone area under the curve between months 3 and 12 was the primary
outcome.>8 There was no difference in the prednisone area under the curve between the
methotrexate and placebo groups; however, more subjects in the placebo arm withdrew from
the study and all patients that withdrew owing to worsening MG had received placebo.
Finally, some of the secondary measures showed a trend favoring methotrexate. More
studies are needed to better understand what difference in overall prednisone exposure is
clinically significant. Recently, a study of rituximab on musculoskeletal MG used a
composed outcome mixing the MGFA postintervention status and the dose of
immunosuppressants, called the Myasthenia Gravis Status and Treatment Intensity Score.>®
Further studies are needed to validate this measure. For more details, the reader is referred to
the article by Michael K. Hehir and Nicholas J. Silvestri’s article, “Generalized Myasthenia
Gravis: Classification, Clinical Presentation, Natural History, and Epidemiology,” in this
issue.

Electrophysiology testing, such as repetitive nerve stimulation and single fiber
electromyography have also been used as surrogate markers of improvement.6% However,
although the decrement on repetitive nerve stimulation and jitter can improve with treatment,
their correlation with clinical change is only mild to moderate.22 Because these tests can be
painful and time consuming, they are not routinely used in the follow-up of patients with
MG. The titers of acetylcholine receptor antibodies have also been used as biomarker;
however, they do not correlate well with clinical change.6!

SUMMARY

There are several outcome measures available for MG and there is no single, perfect
measure that works for every scenario. Because standards for outcome measure development
have changed in recent years,%’ newer outcomes tend to incorporate more of the patients’
input and have more studies on their psychometric properties. Things to take into account
when choosing a measure are what it measures, in which population it was validated, what
purpose(s) does it serve, and what measurement properties it has. Additionally, feasibility
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has to be considered—for a busy clinical setting shorter measures might be preferable—
whereas in a clinical trial more comprehensive measures might be needed to demonstrate
treatment benefits. The validation of measures is an ongoing process, so current measures
should be studied in different populations and their responsiveness to different interventions
tested.

Finally, more information is needed regarding the interpretation of change scores, to
understand what magnitude of change is meaningful. The MIDs should be studied in
different settings (ie, groups vs individuals), in patient who are worsening—whose MID is
often different than from improvement—and based on baseline severity.> Additionally,
research into Patient Acceptable Symptom States is needed, aiming to find thresholds for
different outcomes were patients are not only a “little better” but “good enough.”%2 These
Patient Acceptable Symptom States thresholds could eventually serve as therapeutic targets
both for clinical and research settings.
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KEY POINTS

Newer outcome measures incorporate more input from patients and have
undergone more rigorous psychometric analysis.

Ideal measures in clinical care are brief to administer, whereas in clinical
trials more comprehensive and overlapping measures are needed to
demonstrate a positive effect.

Minimal clinically important differences are available in very few of the
outcome measures but can help to inform clinical trial design and sample size
estimation.
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Fig. 1.

Commonly Used myasthenia gravis (MG) outcomes in relation to the International
Classification of Functioning, Disability and Health (ICF). The ICF framework (within the
red box) and which aspects of the disease are measured by commonly used MG measures.
Measures of health-related quality of life (HRQoL) also incorporate mental health and
overall wellbeing. INCB-MG, Besta Neurologic Institute rating scale for MG; MG-ADL,
Myasthenia Gravis Activities of Daily Living; MGC, Myasthenia Gravis Composite; MG-
DIS, MG Disability Scale; MGII, Myasthenia Gravis Impairment Index; MMT, Manual
Muscle Test; QMGS, Quantitative Myasthenia Gravis Score. (Modified from \World Health
Organization. International classification of functioning, disability and health (ICF). 1st
edition. Geneva: World Health Organization; 2002.)
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Measures of signs and symptoms severity in myasthenia gravis
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Patient

Total Reported

Items Items Total Score  Interpretation MID Instrumentation
QMGS 13 0 0-39 Higher score, more severe disease 2 or 3 points Spirometer,

dynamometer

MMS 9 0 0-100 Lower score, more severe disease ~ NA No
INCB-MG 11 2 0-427,153 Higher score, more severe disease  NA No
MG-ADL 8 8 0-24 Higher score, more severe disease 2 points No
MMT 30 0 0-120 Higher score, more severe disease  NA No
MGC 10 4 0-50 Higher score, more severe disease 3 points No
OBFR 5 0 0-21 Higher score, more severe disease  NA Spirometer
MGII 28 22 0-84 Higher score, more severe disease 8.1 groups 5.5 No

individual

Abbreviations: INCB-MG, Besta Neurologic Institute rating scale for Myasthenia Graviszg; MG-ADL, Myasthenia Gravis Activities of Daily

Livinglg; MGC, Myasthenia Gravis Composite21; MGlI, Myasthenia Gravis Impairment Index22; MID, minimal important difference (these are

for improvement); MMS, Myasthenia Muscle Score57; MMT, Manual Muscle Test16; NA, not applicable; OBFR, Oculobulbar Facial Respiratory
Score41; QMGS, Quantitative Myasthenia Gravis Score.10
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Table 2

Measures of disability and HRQoL in myasthenia gravis

Total Items  Score Range Interpretation

MG-DIS 20 0-100 Higher score, more disability
MG-QOL 60 60 0-240 Higher score, worse HRQoL
MG-QOL 15 15 0-60 Higher score, worse HRQoL
MG-QOL 15r 15 0-30 Higher score, worse HRQoL

Abbreviations: HRQoL, health-related quality of life; MG-DIS, Myasthenia Gravis Disability Scale; MG-QOL, Myasthenia Gravis Quality of Life.

All these are patient-reported outcomes.
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