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ABSTRACT

Introduction: Generalized myasthenia gravis
(gMQ) is a rare autoimmune disease. Symptoms
of gMG are diverse, and understanding of their
impact on patients is limited. This qualitative
study aimed to provide an in-depth exploration
of patients’ daily experiences of gMG.

Methods: Published qualitative studies were
reviewed to identify the most important signs,
symptoms, and functional impacts related to the
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patient experience in gMG. Semi-structured hybrid
concept elicitation interviews (allowing sponta-
neous generation of disease concepts) and cogni-
tive debriefing interviews (assessing the validity of
existing disease assessments) were conducted with
clinicians and adult patients with gMG. Signs,
symptoms, and impacts were reviewed to under-
stand which were most salient (i.e., reported by at
least 50% of patients, with disturbance rating 5 or
higher [10-point numeric scale]); concept satura-
tion was also assessed. The disease conceptual
model was updated. Existing clinical outcomes
assessments (COAs) that capture how patients feel,
function, and survive were assessed.

Results: Interviews with patients (n=24)
identified seven new signs and symptoms and
37 new impacts compared with the literature.
Concept saturation was reached. Signs and
symptoms identified by patients as most
important (salient) were shortness of breath,
general fatigue, muscle weakness of arms, legs,
and neck, dysphonia, dysarthria, trouble swal-
lowing liquids, choking, and heat sensitivity.
Patient-identified salient impacts were work life,
depression, difficulty walking, grooming hair,
showering, and brushing teeth, eating, personal
relationships, family life, and participating in
social activities. Clinicians considered ocular,
respiratory, swallowing, speech/talking, and
extremity function as key clinical manifesta-
tions of gMG. Patients and clinicians found
clinical outcome assessments (COAs) to be
conceptually relevant and comprehensive.
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Conclusion: This research provides a holistic
understanding of gMG signs, symptoms, and
impacts experienced by patients, as observed by
patients and clinicians. The conceptual model
of gMG highlights the range of signs, symp-
toms, and impacts that adult patients with gMG
experience in their everyday lives, emphasizing
the humanistic impact and unmet needs.

Keywords: Clinical outcome assessments;
Disease model; Impacts; Myasthenia gravis;
Patient experience; Signs; Symptoms

Generalized myasthenia gravis (gMG) is a
rare autoimmune disease of the
neuromuscular junction affecting
approximately 200 per 1 million people. It
is characterized by muscle weakness and
tatiguability that varies in severity and
affected muscle group. Symptoms are
progressive throughout the day, requiring
hospitalization in severe cases.

This research aimed to (1) characterize the
most relevant signs, symptoms, and
impacts of the patient experience with
gMG; (2) establish the conceptual model
of the patient experience with gMG, and
(3) explore the content validity for
existing clinical outcome assessments.

This research emphasizes the voice of the
patient, highlighting the everyday
experience of adult patients with gMG;
seven new signs and symptoms and 37
new impacts were identified, and the most
salient signs, symptoms, and impacts were
identified.

The disease conceptual model was
updated to give a holistic, visual
representation of gMG. Clinical outcome
assessments were found to be clinically
relevant, with no missing elements.

These findings may aid in informing a
patient-centric and holistic measurement
strategy within future research, clinical
practice, and/or patient interventions.

INTRODUCTION

Generalized myasthenia gravis (gMG) is a rare,
chronic, autoimmune disease of the neuro-
muscular junction, affecting 14-20 out of every
100,000 people in the USA, with a worldwide
prevalence of approximately 200 per 1 million
people [1]. Clinically, gMG is characterized by
fluctuating muscle weakness, fatiguability with
mild physical activity/as the day progresses, and
in severe cases hospitalization [1]. Symptoms
are due primarily to the production of anti-
bodies that bind the acetylcholine receptor,
resulting in complement-mediated damage to
the neuromuscular junction [2, 3].

In gMG, muscle weakness affects ocular,
bulbar, and extremity function to various
degrees, which in turn impairs many aspects of
patients’ daily lives [4-9]. While the focus for
healthcare professionals is currently clinically
focused, understanding the patient experience
of gMG is important to fully support patients
living with the disease. Although current liter-
ature describing the signs, symptoms, and
impacts experienced by adult patients with
gMG is growing, understanding of their rele-
vance, particularly in relation to patients’
everyday life, is still limited [5-8, 10-12].

The recent 21st Century’s Cures Act and the
release of several patient-focused drug develop-
ment (PFDD) guidance documents emphasize
the importance of the patient perspective
[13-15]. The overall aim is to ensure a patient-
focused approach to drug development and
decision-making; development of a treatment
should meaningfully address the aspects of dis-
ease that are most important to patients, and
studies should be tailored to patients’ needs and
priorities. Combined with similar guidance
from other regulators, health technology
assessments, the clinical and scientific commu-
nity and patient advocates, it has been estab-
lished that the patient voice is paramount,
particularly for diseases such as gMG where
published data are limited [16-19].

With a heightened awareness of the impor-
tance of understanding how patients feel,
function, and survive, this paper explores the
results of an in-depth qualitative study
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exploring patients’ daily experience of gMG. In
parallel, a review of the clinical outcome
assessments (COAs) used in gMG was per-
formed, including a critical appraisal of the
measurement properties of three COAs in line
with US Food and Drug Administration (FDA)
guidance recommendations for COAs to sup-
port labeling claims [20, 21]: Myasthenia
Gravis-Activities of Daily Living (MG-ADL) [22];
Quantitative Myasthenia Gravis (QMG) [23];
and Myasthenia Gravis Composite (MGC) [24]
(Supplementary Material, Table S1).

This research aimed to (1) characterize the
most relevant signs, symptoms, and impacts of
the patient experience with gMG; (2) establish
the conceptual model of the patient experience
with gMG, and (3) explore the content validity
for the three COAs outlined above to ensure
they comprehensively cover all concepts most
relevant to patients with gMG and to ensure
that no fundamental elements are missing.

METHODS

This qualitative study was conducted in two
phases to develop a conceptual model of gMG.
In phase 1, a comprehensive literature search
was conducted from which a semi-structured
discussion guide to investigate the signs,
symptoms, and impact in patients with gMG
was developed. In phase 2, semi-structured
hybrid concept elicitation (CE) and cognitive
debriefing (CD) interviews were conducted with
clinicians and adult patients with gMG to gen-
erate an in-depth understanding of their expe-
rience of the disease. CE interviews allow
spontaneous concepts to emerge by asking
open-ended questions in a non-leading manner,
whereas CD interviews assess the validity of
existing assessments with the intention of
understanding if every aspect of the instrument
is relevant and meaningful to patients and
nothing fundamental is missing [25, 26]. The
signs, symptoms, and impacts identified were
reviewed to understand which were most sali-
ent. Based on findings from both phases, a final
conceptual model of disease was developed.

Phase 1: Literature Review

Initial research included a targeted literature
review of published qualitative studies in gMG
to identify signs, symptoms, and functional
impacts of gMG (search strategy contained
within Supplementary Material Table S2). A
search of the PubMed biomedical database was
performed in September 2020 using the fol-
lowing search terms: myasthenia gravis AND
(qualitative research, interviews, narratives,
focus groups, patient experience, grounded or
phenomenological research, endpoint model,
concepts, patient report, or self-report), limited
to articles in English published in the last
10 years, and with an abstract available.
Peer-reviewed qualitative research studies
focusing on adult (at least 18 years of age)
patient experience of gMG were included. Arti-
cles were excluded if they focused primarily on
experience of treatment, pathogenesis, genetics,
or molecular biology of MG (full list of criteria
in Supplementary Material Table S2). Abstracts
that met all the inclusion and none of the
exclusion criteria were included for closer
review of the full article. Data focused on signs,
symptoms, and impacts of gMG from each
article meeting the eligibility criteria was
extracted into Excel and used to inform a semi-
structured discussion guide for use in qualita-
tive interviews with clinicians and patients.

Phase 2: Qualitative Interviews

Quualitative Evidence Generation

Following the initial literature review, four
streams of qualitative research were conducted
using an iterative, data-driven approach to
provide a comprehensive understanding of the
patient and clinician experience of gMG. The
iterative interview process was conducted in the
following order: (1) clinician CE and CD inter-
views (with a focus on CE); (2) patient CE and
CD interviews (with a focus on CE); (3) clinician
CD interviews; (4) patient CE and CD (with a
focus on CD). Interviews were conducted by
two experienced interviewers from IQVIA: a
doctoral-level medical anthropologist with at
least 20 years of interview experience and a
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health-related market researcher with at least
20 years of experience conducting interviews.
All interviews were conducted via telephone
and via a web-based platform (Mercuri) to pro-
ject the COAs. No patients or clinicians partic-
ipated in both rounds of interviews. Semi-
structured interview guides were developed on
the basis of the literature review and followed
an iterative process for both the clinician and
the patient interviews to allow for refinement
and refocusing of the research objectives, as
needed.

Clinician Interviews All first-round clinicians
were recruited by an external partner Atheneum
who retains a panel of clinicians who opt-in to
participate in research studies. Licensed, cur-
rently practicing neurologists and specialists
with 5-30 years of clinical experience, treating
at least two patients with gMG monthly were
targeted for interviews using a screener. The
sample size was deemed sufficient to achieve
concept saturation. Hybrid CE interviews (to
allow spontaneous generation of disease con-
cepts) and CD interviews (to challenge the
validity of existing disease assessments) were
conducted in two rounds. An interview guide
was developed to guide each clinician interview
specific to objectives to further characterize the
patient experience of gMG and debrief legacy
MG instruments with clinicians to gather any
teedback based on their experience seeing and
treating patients with gMG. The first round was
conducted between July and August 2021 and
the second between March and April 2022.
The first round aimed to elicit insights into
the experience and treatment of patients with
gMG in clinical practice. The second round
involved clinicians who completed didactic
training on administration of the three COAs
(MG-ADL, MGC, and QMG), to understand the
clinicians’ perceptions regarding the ease of
administration, comprehensibility, and rele-
vance. Round1 and 2 interviews lasted
approximately 90 and 60 min, respectively.

Patient Interviews Qualitative interviews
were designed to reach concept saturation and
were completed with a total of 24 patients.
Patients were identified and recruited from Rare

Patient Voice and The Mast Cell Disease Society.
Inclusion criteria were designed to represent the
broader population of patients with gMG: at
least 18 years of age, confirmed diagnosis of
gMG, Myasthenia Gravis Foundation of Amer-
ica Clinical Classification Class II to IVa [27],
not experiencing muscle weakness due to con-
ditions other than gMG, willing to participate
in a 90-min telephone interview, and fluent in
English. The two partner recruitment agencies
screened patients according to a study-specific
screener. Hybrid CE/CD interviews were con-
ducted in two rounds: the first between July and
September 2021 and the second between
February and March 2022. Patient interviews
were conducted using a semi-structured guide
beginning with open-ended questions to allow
patients to spontaneously mention their signs,
symptoms, and impacts of gMG, and probes
were used when participants did not sponta-
neously mention of any concepts uncovered
from the literature review and/or clinician
interviews. Each interview lasted approximately
90 min. Interviewers used reflexivity to limit
biasing interpretation of feedback based on
their own beliefs, judgments, and practices.

The semi-structured discussion guides were
designed specific to each round of interviews. In
the first round, objectives were to (1) under-
stand patient experiences with the disease and
its impact on their daily lives, including signs,
symptoms, and impacts perceived as most
bothersome and disturbing (rated by patients
from O to 10, where O = not bothersome/dis-
turbing at all and 10 = extremely bothersome/
disturbing), and (2) determine whether the
concepts in the three COAs were relevant to
their experience. The second round of inter-
views was designed to confirm findings from
the first round, and allow for more compre-
hensive CD of the COAs, specifically, to ensure
that the concepts and recall periods were rele-
vant, comprehensive, and easy to understand to
patients with gMG.

Data Analysis

Clinician Interviews Clinician transcripts
were qualitatively analyzed using Microsoft®
Excel® (Redmond, WA) to expedite the data
analysis process. Feedback was categorized into
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themes, including establishment of gMG diag-
nosis in routine practice, description of a typical
patient with gMG seen in practice, and follow-
up and assessment of disease progression/dis-
ease control over time.

Patient Interviews Interviews were audio-
recorded with each patient’s permission. Data
from patient transcripts, including ratings of
symptom bothersomeness or impact distur-
bance, were summarized using descriptive
statistics.

De-identified verbatim transcripts were ana-
lyzed using inductive coding techniques, where
codes are developed from qualitative data and
amended as themes emerge, and deductive
coding techniques, where pre-existing codes are
used to analyze data on the basis of established
theories, as well as content and thematic anal-
ysis to identify patterns in the data using soft-
ware specifically designed for qualitative
analysis, MAXQDA Plus, V. 20.3.0 (VERBI Soft-
ware, 2020) [28, 29]. Two researchers trained in
qualitative research methods were involved in
the coding process, overseen by a senior doc-
toral-level researcher with at least 20 years’
experience in qualitative research. The team
collaborated to reach consensus on any changes
made to the coding frame. Dual coding took
place on a minimum of 25% of transcripts to
ensure consistency across coders.

Concept Saturation

Concept saturation is defined as the point at
which no new concepts are introduced during
interviews [13]. Interviews were organized
chronologically and reviewed in three groups of
four patients each to determine saturation for
signs, symptoms, and impacts. Concepts men-
tioned by each group of patients were compared
with the concepts mentioned in the previous
group of interviews; if new concepts appeared,
saturation was considered not achieved. The
assessment of saturation was performed in the
first round of interviews only.

Salience Analysis

Saliency of symptom and impact concepts were
assessed and defined as those reported by at
least 50% of patients, with a disturbance rating
of 5 or higher on a numeric rating scale (with 0
being not severe at all and 10 being extremely
severe). This definition was determined by the
IQVIA study team, as it captures the top 25%
most impactful concepts. To ensure no key
concepts were left out of the saliency analysis,
the study team reviewed the concepts identified
by this numerical method and discussed whe-
ther any other critical concepts mentioned
during the interviews should also be deemed
salient. This discussion was informed by the
team’s experience with gMG, patient inter-
views, and the literature review.

Conceptual Model of gMG

Data arising from interviews were contextual-
ized with evidence from the prior qualitative
research findings of the literature review. Find-
ings from all interviews were used to update and
finalize the conceptual disease model of the
patient experience of living with gMG [25, 28].
This model is a visual representation of the daily
experience of gMG, grouped by signs and
symptoms, immediate impacts, and general
impacts, which allows for a comprehensive
understanding of the patient experience from
both clinicians’ and patients’ perspectives to
emerge.

Ethics Approval

The study was conducted in accordance with
the ethical principles that have their origin in
the Declaration of Helsinki and are consistent
with Good Clinical Practice and applicable reg-
ulatory requirements. The study was reviewed
and approved by the WCG institutional review
board (IRB), IRB number 20213567. The
research protocol, interview guides, all docu-
ments associated with patient interviews, and
all clinician communication documents were
also reviewed and approved by WCG IRB.
Informed, written consent was obtained

I\ Adis



2084

Neurol Ther (2023) 12:2079-2099

electronically from each participant prior to
their enrollment.

This study was completed to a level of rigor
in line with FDA patient-reported outcomes
guidance documents, such as the 21st Century
Cures Act and PFDD guidance, which places
emphasis on the patient perspective [13-135].

Data Availability

Qualified researchers may request access to
study documents (including the clinical study
report, study protocol with any amendments,
blank case report form, statistical analysis plan)
that support the methods and findings reported
in this manuscript. Individual anonymized
participant data will be considered for sharing
once the product and indication has been
approved by major health authorities (e.g., FDA,
European Medicines Agency, Pharmaceuticals
and Medical Devices Agency), if there is legal
authority to share the data and there is not a
reasonable likelihood of participant re-identifi-
cation. Submit requests to https://vivli.org/.

RESULTS

Phase 1: Literature Review

Details of the article selection process for the
targeted literature review are given in Supple-
mentary Material Fig.S1 and Table S3. The
findings revealed that published qualitative
studies describing patients’ real-world experi-
ences with gMG were sparse and did not iden-
tify the most relevant signs, symptoms, and
impacts, although the authors note that there
have been additional publications since the
review was completed [12, 30]. A discussion
guide for interviews was then developed for use
in clinician and patient interviews.

Clinician Interview Results

Qualitative interviews were completed with a
total of nine clinicians familiar with the treat-
ment and management of patients with gMG,
including seven neurologists (four of whom

were from private practice), a neuromuscular
specialist, and a physical therapist specializing
in neurological conditions. Clinicians had
between 6 and 33 years’ experience of treating
patients with gMG and were currently seeing
3-20 patients per month; characteristics of the
clinicians are summarized in Supplementary
Material Table S4. Overall, there was no signifi-
cant heterogeneity among the clinicians
regarding their responses during interviews.

Clinician Feedback About Patients with gMG
All clinicians described patients with gMG as
having a constellation of signs and symptoms
affecting various muscle functions. Commonly
noted signs and symptoms included general
fatigue and muscle fatigability, ocular issues,
difficulty swallowing, difficulty breathing, talk-
ing and speech difficulties, chewing difficulty
and jaw weakness, muscle weakness of the
upper and lower extremities, facial muscle
weakness, and neck weakness. Clinicians noted
that no two patients were the same, and the
presenting signs and symptoms can vary greatly
among patients, particularly if they are seen
later in the day when muscle fatigability may be
exacerbated. Clinicians noted that the type of
muscle function impairment (single or multiple
function impairment) and severity are factors
that they consider when assessing the overall
disease severity and developing treatment
plans. To assess disease progression, clinicians
compare assessments longitudinally while ask-
ing about frequency, resistance, timeframe,
duration, and speed of changes (e.g., of muscle
functions).

Clinician’s Description of the Signs, Symptoms,
and Impacts of gMG and Their Clinical
Assessment

For each of the major signs and symptoms of
gMG, a brief overview of the clinicians’
descriptions and assessment in patients is given
below.

Muscle weakness and fatigability were
reported as the main characteristics of gMG.
Clinicians noted that patients generally exhibit
fatigue, an overall tiredness or general body
weakness, and lack of energy, which is different
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to muscle fatiguability specifically caused by
dysfunction of neuromuscular junctions [31].

Clinicians reported that ocular symptoms
impact patients’ everyday activities in several
ways, including their ability to read, watch
television, and drive. Eye muscle weakness
could also result in headache, light sensitivity,
and nausea or vomiting in some patients.

Clinicians described how swallowing diffi-
culties could be associated with choking epi-
sodes and in extreme cases, saliva aspiration
issues could arise. They also reported that
patients having difficulty swallowing often lose
weight. Additionally, difficulty swallowing
could cause coughing, which could lead to
aspiration, which in turn puts patients at risk of
infection.

Respiratory difficulties are one of the main
symptoms clinicians look for when assessing
MG. Breathing difficulties were noted to be a
key sign of disease progression or worsening
and could result in the need for a ventilator.

Changes in speech described by the clini-
cians included slurring, nasal voice/talking
through the nose, lowered/weakened voice, and
slower speed when speaking. Clinicians noted
that this was a symptom they expected to wor-
sen as the disease progressed. They also descri-
bed the connection between speech ditficulties
and breathing difficulties.

Clinicians reported that muscle weakness of
upper and lower extremities can have profound
effects on patients’ lives, including difficulty
walking, impairment of balance, washing or
managing hair, lifting objects, and, in severe
cases, paralysis.

Other signs, symptoms, and assessments
included chewing difficulties, jaw and facial
muscle weakness, and neck weakness.

Cognitive Debriefing of COAs

Clinicians were asked to debrief the items on
the MG-ADL, MGC (round 1 and 2 interviews)
and QMG (round 2 interviews only due to time
constraints). For the MG-ADL, the focus was on
item relevance, appropriateness of the recall
period and response options for use in a clinical
trial, and what would represent a clinically
meaningful change for patients on the MG-ADL
items. For the MGC, the focus was on items

relating to patient history, as there was overlap
with the MG-ADL and QMG; for the QMG, the
focus was on the practical elements of per-
forming each test item based on clinical
experience.

All the MG-ADL items (talking, chewing,
swallowing, breathing, impairment of ability to
brush teeth or comb hair, impairment of ability
to arise from chair, double vision, and drooping
eyelid) and their respective response options
were found to be relevant and understandable
to patients per four of the five clinicians’ feed-
back. Clinicians offered slight modifications to
select items to enhance clinical assessment,
specifically regarding swallowing, getting up
from a chair, and double vision. Furthermore,
clinicians suggested follow-up questions for
speech and fatigue. All clinicians who were
asked about the recall period for MG-ADL indi-
cated the 7-day period was appropriate for
patients. Some clinicians suggested that as a
result of factors such as medication usage and
variation in symptom control, a longer recall
period may be helpful.

Clinicians were asked to describe what they
thought would be a clinically meaningful
improvement or worsening on each of the MG-
ADL items. Overall, a 1-point change for most
of the items was found to be meaningful in
either direction (improvement or worsening).
There were, however, some instances in which
one clinician described a 1-point change dif-
ferently depending on the concept being mea-
sured. For example, a 1-point worsening on
“shortness of breath” was described as con-
cerning from a clinical perspective because of its
importance for breathing and talking. Con-
versely, a 1-point worsening on “combing hair/
brushing teeth” was considered less important,
while a 2-point change on this item would be
indicative of a greater impact on patients’ lives.

In round 1, the MGC speech, chewing, and
swallowing items overlap with respective MG-
ADL items. Round 2 interviews focused on the
remaining MGC items, based on physical
examination of the patient (ptosis, neck flexion,
shoulder abduction, and hip flexion). All clini-
cians reported that a change in one category on
each of the items of the MGC corresponded to a
clinically = meaningful improvement or
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Table 2 Sociodemographic and clinical characteristics of patients with gMG who participated in round 2 interviews

Respondent  Sex Age, Race Education Diagnosis Time since Current treatments
years date diagnosis,
years
13 Male 54 White/ Bachelor’s 2016 5 Pyridostigmine, mycophenolate
Caucasian ~ degree mofetil, IVlg infusions, immune

globulin intravenous

14 Male 29 White/ Some 2009 12 IVlg infusions, eculizumab
Caucasian college

15 Male 58 White/ Graduate 2015 6 Pyridostigmine, prednisone, IVlg
Caucasian degree infusions, rituximab

16 Female 31 White/ Bachelor’'s  March 4 Prednisone, pyridostigmine,
Caucasian degree 2017 eculizumab infusions, IVlg

infusions

17 Female 57 White/ Graduate 2017 4 Pyridostigmine, mycophenolate

Caucasian degree mofetil, immune globulin

subcutaneous, dexlansoprazole

18 Female 37 Black/ Bachelor’'s November 1 Azathioprine, pyridostigmine
African degree 2020
American

19 Female 65 White/ Bachelor's December 1 Prednisone
Caucasian degree 2020

20 Female 63 Black/ Some 1995 26 Immune globulin, mycophenolate
African college mofetil, prednisone
American

21 Female 43 White/ Bachelor’s March 2 Rituximab infusions
Caucasian degree 2019

22 Male 71 White/ Bachelor’s 2018 3 Ravulizumab infusions, prednisone
Caucasian degree

23 Female 36 White/ Medical October 1 Mycophenolate mofetil,
Caucasian degree 2020 prednisone, pyridostigmine

24 Female 19 White/ High April 2019 2 Pyridostigmine, eculizumab

Caucasian school

gMG generalized myasthenia gravis, /VIg intravenous immunoglobulin
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worsening, which would aid assessment of
patients’ signs, symptoms, and impacts
over time, thereby allowing for treatment
modifications when necessary.

Clinicians in round 2 interviews gave their
perspectives on the QMG facial muscles, arm
outstretched (90° sitting), forced vital capacity,
hand grip, and leg outstretched (45° supine)
items based on clinical practice experience.
Clinicians noted that comorbidities, specifically
orthopedic issues, could potentially complicate
arm outstretched and hand grip assessments.
Furthermore, accurately assessing forced vital
capacity could be challenging because of facial
muscle weakness.

Patient Results

The first round of patient interviews (n = 12)
included a comprehensive CE section to fully

Difficulty swallowing

capture the patient experience of gMG, specifi-
cally the signs, symptoms, and impacts of the
disease. The second round of interviews (n = 12)
focused on the relevance of the MG-ADL, QMG,
and MGC. The sociodemographic and clinical
characteristics of patients with gMG who par-
ticipated in round 1 and round 2 interviews are
presented in Tables 1 and 2, respectively.

Signs and Symptoms

In total, 29 unique signs and symptoms were
reported during round 1 interviews, five of
which were newly identified (i.e., not reported
in the initial literature review; Supplementary
Material Table S5). Saturation was achieved,
with no new sign and symptom concepts
emerging in the third group of round 1 inter-
views when compared to the first two groups
within round 1 interviews (Supplementary
Material Table S6).
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Bothersome ratings

Fig. 1 Symptom saliency from round 1 patient interviews
(N = 12). Bothersome ratings are based on the number of
patients who provided a rating, which is not always the
same as the number of patients who endorsed the concept.
As a result of the iterative process during the interviews,
some concepts were not explored with all the patients but
were discussed later in the process, thus with fewer
patients. Additionally, some patients provided qualitative
descriptions and even with gentle encouragement by the
interviewer did not provide a quantitative number.

Therefore, not all symptom concepts were able to be
included in this saliency grid. There are five symptom
concepts for which no bothersome rating was provided,
and which do not appear in this graph, including
fatigability upon exertion, fatigability progression through-
out the day, trouble aspirating saliva, sleep apnea, and
cognitive impairment. The most salient signs and symp-
toms identified by patients are shown within the box. GI
gastrointestinal
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Table 3 Patient quotes for the most salient signs and
symptoms

Sign/symptom Patient quotes

Shortness of breath  “I could walk outside and then
maybe 10 seconds later; ’'m

gasping for breath’
“I sleep on a AVAPS machine so

it’s... It’s like a ventilator that
breathes for me most of the time.
But I still feel like I don’t get...
Sometimes I feel like ’'m not
getting enough air, even though

I'm breathing’

“I have to consciously breathe. In
order to keep myself stable and
constant, I have to think about
breathing sometimes. Physically

breathe in and breathe out”

General fatigue “I'm just tired. It’s just too much.
Like when there’s too many
muscles that are too weak...
Fatigue, to me, is like I just can’t
function. At all. Tired is just my
muscles are done. I'm just tired.
There’s just too many of them
that have quit or don’t want to do
anything else’

“Your mind is awake, but the rest of
your body is just deadweight, like
you feel like you can’t move...
like just moving takes every bit of

»
energy you have

“When 1 fall asleep, my battery will
never get fully charged... It’s just
kind of like a base level of
exhaustion and fatigue when I

wake up’

Table 3 continued

Sign/symptom Patient quotes

Muscle weakness “The best way I can describe any
type of limb weakness is it’s
almost like a paralysis... I know
it’s different, but that’s... it’s just
I can’t use my limbs, or I can’t use
my hands, or my legs just

completely give out and I fall”

‘I think I overestimated my ability
to walk more than 50 feet, which

. g
is just so weird

“People look at me and think, ‘Oh,
she can do that, and I go to lift
something and instead of it
feeling like it’s 2 pounds, it feels
like it’s 30”

‘I actually ended up getting a neck
brace so I could keep my head up,
so I didn’t have a hard time

swallowing and drooling’

Dysphonia/ ‘I don’t know what I sound like, but

dysarthria it’s hard to understand me. For
my family even. Sometimes it’s
like that. But then other times my
voice will just be very raspy and

coarse, or like it’s gone”

“My voice would just turn off and
on. Parts of words would be
missing completely”

“It just exhausts my mouth, and my
tongue just feels heavy, and I just

start slurring my words
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Table 3 continued

Sign/symptom Patient quotes

Swallowing/choking “I'm always choking on my own
saliva, and this mostly happens at
night”

“If ’'m reminding myself to swallow
my saliva, then I know that I'm
having a difficult time, for sure,

swallowing”

“And I was aspirating saliva a lot. I
was choking all the time, multiple

times a day, choking, coughing...”

Heat sensitivity “When it’s really hot out... I get

fatigued a lot faster”

‘I don’t exercise as much... I don’t
even try in the summertime
because heat really bothers people
with MG. It makes things worse”

AVAPS average volume-assured pressure support, MG
myasthenia gravis

During round 2 patient interviews, 37 signs
and symptoms were reported spontaneously.
Overall, the findings from the second set of
interviews confirmed the CE findings of the first
set. In addition, noise sensitivity and light sen-
sitivity emerged as new concepts (each reported
by one patient). During the second round of
patient interviews, most patients considered
muscle weakness of the legs and arms as their
most bothersome symptom (n = 7), while gen-
eral fatigue (n = 4), double vision (n = 4), neck
weakness (n =3), and shortness of breath
(n = 3) were also reported as the most bother-
some symptom.

Signs and symptoms identified as salient
(defined in the “Salience Analysis”) were short-
ness of breath, general fatigue, muscle weakness
of arms, legs, and neck, poor voice quality/los-
ing voice (dysphonia), speech impairment
(dysarthria), trouble swallowing liquids, chok-
ing, and environmental temperature heat sen-
sitivity (Fig. 1).

Key illustrative patient quotes for the most
salient signs and symptoms are given in Table 3.

Impacts

During round 1 interviews, patients identified
50 unique impacts that were later divided by the
researchers into nine domains, namely emo-
tional, psychological, daily activities, physical
function, self-care, eating, professional, social,
and burden. Twenty-four of these impacts were
newly identified (i.e., not reported in the initial
literature review, Supplementary Material
Table S7).

Concepts were distributed into “immediate
impacts” (direct consequences of disease signs
and symptoms) and “general impacts” (conse-
quences of immediate impacts).

During round 1 interviews, identified salient
impacts were work life, depression, difficulty
walking, difficulty grooming hair, difficulty
showering, difficulty brushing teeth, eating,
personal relationships, family life, and partici-
pating in social activities (Fig. 2).

Saturation was reached for most impacts;
however, there were a few concepts that
emerged during the third group of interviews
with four patients (anger, loss of identity, hot
baths, physical yard labor, and hand grip).
Upon reviewing concepts closer, two were
merged with other impacts previously identified
(anger with irritation; physical yard labor with
exercise). As loss of identity and hot baths were
distal impacts mentioned by one and two
patients, respectively, no further interviews
were conducted.

During the second round of patient inter-
views, 52 impacts were spontaneously men-
tioned, of which 13 were not previously
reported in interviews or literature, namely
difficulty with writing, unable to sit upright,
difficulty getting to the bathroom, difficulty
bending down, education, perceived as disin-
terested by others, difficulty going outside, dif-
ficulty singing, cutting nails, shaving, weight
gain, unable to play video games, and other
people frustrated with them due to disease.

Key illustrative patient quotes for the most
salient impacts are summarized in Table 4.
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Fig. 2 Impact saliency from round 1 patient interviews
(N = 12). Disturbance ratings are based on the number of
patients who provided a rating, which is not always the
same as the number of patients who endorsed the concept.
As a result of the iterative process during the interviews,
some concepts were not explored with all the patients but
were discussed later in the process, thus with fewer
patients. Additionally, some patients provided qualitative

Cognitive Debriefing of COAs
Specific aspects of the COAs assessed during
patient interviews included (1) relevance of the
concepts covered both by the muscle function
impairments and by the response options, (2)
the appropriateness of the recall period of the
COAs, and (3) the ecological validity (i.e., the
degree to which scores of the COA reflect
experience in the natural environment), which
was assessed by asking the patients the link
between the situation involving the muscle
function impairment assessed and the associ-
ated response options covered by the COAs to
their everyday experience with this situation.
Responses from patients suggest that the
items on the MG-ADL, MGC, and QMG are all
capturing concepts that are important and rel-
evant to them, generally capturing their real-
world experiences of living with gMG. Patients
suggested additional items to the MG-ADL to

descriptions and even with gentle encouragement by the
interviewer did not provide a quantitative number.
Therefore, not all impact concepts were able to be
included in this saliency grid. There are two impact
concepts for which no disturbance rating was provided,
and which do not appear in this graph, including stress and
feeling upset about the disease. The most salient impacts
identified by patients are shown within the box

capture signs and symptoms they experience
that are not asked about in the instrument (e.g.,
walking, cognitive functioning, having a
shower, blurry vision and headaches, overall
fatigue, lifting arms in front of the patient, arm
strength, neck extension, a visual assessment of
the face, measurement of mucus/secretion
pooling at waking, and walking on tiptoes/
heels). With these exceptions related to perfor-
mance-based instruments, patients thought all
three COAs generally reflected their day-to-day
experience. Some patients did not consider
performance-based instruments sufficient to
capture the full extent of the severity of their
signs and symptoms, particularly strength-
based instruments; however, these were descri-
bed as somewhat difficult to reliably capture
and accurately measure the real-world lived
experience.
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Table 4 Patient quotes for the most salient impacts

Impact

Patient quotes

Work life

Depression

‘I usually have to take at least
1 day off of work a week

because I just... It’s like I can

push my body to a certain limit

in terms of exhaustion... but at

that point it’s just kind of my

body is just screaming at me to

rest it”

‘I'm retired by medical... because

of MG I had to take an early

retirement”

“That was very depressing because

now what good was I? I mean

seriously. I couldn’t do

anything... I couldn’t do

anything. I wasn’t any good for

anything, and it took a while
before I came to terms with

that. It took a while”

‘I suffer from depression anyway.

It takes a lot of effort to keep
myself upbeat. Because if I
dwell on it too much, I get

down”

“There’s a lot of depression...

I've worked on that for several

years... but I don’t know if
that’s ever going to fully go

away”

Table 4 continued

Impact

Patient quotes

Difficulty walking

Difficulty grooming/

showering

“It makes it difficult to walk,

especially to step up like on

stairs or anything’

“Walking around... once [my

legs] start moving, then
sometimes they just give out. It
varies on different places of
where they just quit.
Sometimes it could be my
ankle, or my shin... Or right
above my knee. Sometimes it’s

from my hip’

‘I would brush my hair. I would

still have to rest and sit down
to do it. I'd have to sit down...
it'd take me 20 min to brush

my hair”

‘I'm brushing my teeth and

literally toothpaste is going all
the way off my elbow. It’s not
like a normal person brushes
their teeth. It’s like this is how
I can get it done, I need to get
this done, this is my window to
get it done. It’s not like it’s
casy, but it’s possible and

messy”

“Brushing my hair, brushing my

teeth, taking a shower. I can get
in the shower, but then
sometimes I can’t physically

wash my body or my hair”

“If I have to shower, I have to

give myself a 3-h window

because showering involves hot
water, which makes the muscles
weak and I have to recuperate

from that”
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Table 4 continued

Table 4 continued

Impact Patient quotes Impact Patient quotes
Eating ‘T just try to go with something Social activities “T've had to either cancel plans
that’s a consistency that I can completely or change plans at
chew and swallow easily, like the last minute, because I just, I
yogurt and things like that” can’t do something super
“Even on a good day, if physically active”
something’s tough, I can’t chew ‘I could tell by the way people
it. It takes too much... I don’t were looking at me that it was
have the strength in my jaw’ not in a helpful, ‘Oh my god,
“Normal people don’t think this girl needs help,” kind of
about what they eat at each way. It’s like, ‘God, she’s a
meal... At first, T was 100% mess; stay away from her,” kind
using the feeding tube, and of way”
then we realized that we could “Not being able to participate in
blend real food and put it in programs and things that I
the blender’ want to do. It affects
Personal ‘I think my children take it the everything I do. Every single
relationships/family worst... they’re going from thing of my day has to be
life super mom to absent mom, so rethought out’

it really affects them...”

“I've lost a lot of friendships over

the years because of it”

‘I just cut out all of the other
people in my life because I just

don’t have time for it

“The big challenge there... is a
disease that you look normal...
so people look at you like why
are you parked in handicap, or
why can’t you walk this far? So,
getting others to understand
the condition and understand
the disease is probably the most
difficult part initially”

MG myasthenia gravis

Conceptual Model of gMG

Findings from all clinician interviews, patient
interviews, and previous qualitative literature,
including a recently published conceptual
model, were combined [32]. The final model is a
comprehensive representation of signs, symp-
toms, and impacts experienced by people living
with gMG (Fig. 3).

DISCUSSION

Literature published prior to the initiation of
this work describing the signs, symptoms, and
impacts experienced by adult patients with
gMG was limited. This qualitative study pro-
vides a robust and holistic picture of the signs,
symptoms, and impacts that characterizes gMG
from both a clinician and patient perspective
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«Fig. 3 Conceptual model of patient sign, symptom, and
impact experience with gMG. CE concept elicitation gMG
generalized myasthenia gravis MG-ADL Myasthenia
Gravis-Activities of Daily Living, QMG Quantitative
Myasthenia Gravis, MGC Myasthenia Gravis Composite,
MG-QoL-15R Myasthenia Gravis Quality of Life 15-item
Scale-Revised, Neuro-QoL-F Neurology Quality of Life
Fatigue-short form

more completely than was previously under-
stood. gMG has a detrimental impact on many
domains of patients’ lives, which expands on
previous understanding, as demonstrated by the
conceptual model (Fig. 3), results for which are
substantiated by other qualitative investiga-
tions conducted in parallel to the current study.

Among the signs and symptoms identified,
muscle weakness that affects several muscle
functions (bulbar, ocular, respiratory, and upper
and lower extremities), and the fatigability
upon exertion and/or as the day progresses, are
the main characteristics of gMG. Importantly,
this study identified seven new signs and
symptoms and 37 new impacts of gMG that had
not been previously reported (Supplementary
Material Tables S5, S6, and S7).

The most salient signs and symptoms iden-
tified from patient interviews were shortness of
breath, general fatigue, muscle weakness of
arms, legs, and neck, poor voice quality/losing
voice, speech impairment, trouble swallowing
liquids, choking, and heat sensitivity. At the
time of the interviews, all patients were receiv-
ing treatment for their gMG and rated their
experiences on the basis of their current con-
dition; therefore, these findings highlight the
persistent nature and continuing unmet need of
gMG irrespective of treatment. Symptoms of
light sensitivity and noise sensitivity were also
reported by the sample. Light sensitivity was
mentioned by one clinician as well in the con-
text of manifestations of impacted ocular func-
tioning due to gMG. Further to this, patients
and clinicians reported gastrointestinal symp-
toms, and patients reported new symptoms
such as sleep apnea, stiffness, and heat sensi-
tivity which may or may not be attributable to
impaired neuromuscular transmission seen in
gMG. Importantly, gastrointestinal symptoms

are also reported as adverse events experienced
by patients receiving treatment with acetyl-
cholinesterase inhibitors. All experiences
reported by patients are given due considera-
tion in the conceptual model.

The MG-ADL, MGC, and QMG are widely
used questionnaires in gMG that can be used to
aid clinical assessment of patients’ signs,
symptoms, and impacts. All the muscle func-
tion impairments assessed by the MG-ADL,
MGC, and QMG were found to be relevant and
appropriate to patients’ experience of living
with gMG and reflective of the physical func-
tions and related activities of patients’ everyday
life that are impacted by the disease. The limi-
tations in daily activities and the attributes (e.g.,
frequency, severity) associated with each MG-
ADL item also aligned with the clinicians’
understanding of the impacts of gMG signs and
symptoms. While this study found that these
specific COAs are not used routinely in the
clinical practice of the study clinicians, the
items that comprise all three COAs are reflective
of how clinicians assess disease progression and
treatment benefit, and facilitate decision-mak-
ing around treatment planning.

Across all COA assessments, the importance
of fatigability on the assessment of gMG-related
signs and symptoms was highlighted by both
clinicians and patients; it is therefore recom-
mended that patients are assessed at the same
time of day and at the same interval from visit
to visit in clinical practice to get a clear picture
of other signs, symptoms, and impacts outside
of fatigability, as this will aid in minimizing
variability due to the increase in fatigability
throughout the day that patients often experi-
ence as a result of their gMG.

The majority of physical signs and symptoms
related to muscle function impairments are
covered when the three COAs are administered
in concert, indicating good conceptual coverage
of physical signs and symptoms related to
muscle function impairment, which provides a
comprehensive picture of gMG from the per-
spective of the patient (MG-ADL), substantiated
with tests of patients’ performance (QMG,
MGC). Five of the 14 physical function impacts
mentioned in the CE interviews are included
(difficulty keeping the arm lifted, difficulty
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gripping objects, holding up the head, difficulty
bending down, and getting out of a chair).
Emotional, social, psychosocial, coping, cogni-
tive functions, or other distal impacts from the
conceptual model are also not captured in the
three COAs, although these are more accurately
assessed by patients themselves.

The patient population in this study was
sufficient to meet the objectives; concept satu-
ration was reached at the third round of inter-
views. It was diverse in terms of age (30-75 years
old), time since diagnosis (less than a year to
over 25years), and education levels, thereby
supporting the representativeness of these data
to the wider gMG population. However, it was
limited by geographic location (within the USA)
and the inclusion requirement for participants
to be fluent in English. Further research could
explore the patient experience in the rest of the
world to understand linguistic and cross-cul-
tural nuances. Although there are diversity
challenges for the research of rare diseases, a
more inclusive patient study could analyze the
lived experience of gMG further.

Importantly, determination of what the
optimal outcomes measurement strategies are
within gMG continues to evolve, including new
consensus recommendations for addressing
variability in gMG clinical trials [33] as well as
development of de novo patient-reported out-
come domains to assess gMG symptoms from
the patient perspective [32, 34]. While the cur-
rent research focuses on instruments widely
considered relevant assessments of the key
aspects of gMG, assessment of the patient
experience with other outcomes instruments,
such as the MG-QoL-15R and Neuro-QoL Fati-
gue, may allow coverage of immediate and
general impacts experienced by patients and
could be used as part of a holistic and patient-
centric measurement strategy (illustrated in
Fig. 3).

CONCLUSION

This research emphasizes the voice of the
patient, including a conceptual model of gMG
highlighting the wide range of symptoms and
impacts that adult patients with gMG

experience in their everyday lives. As treated
patients were involved in this research, this
highlights an unmet need from the patient
perspective as well as those aspects most rele-
vant and bothersome to patients with gMG not
previously identified in the literature review. As
the MG landscape continues to evolve with
respect to best means of assessing the patient
experience, these findings may aid in informing
a patient-centric and holistic measurement
strategy within future research, clinical practice,
and/or patient interventions.
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