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Abstract

Background: Generalized myasthenia gravis (gMG) is characterized by fluctuating muscle
weakness. Exacerbation frequency, adverse events (AEs) related to immunosuppressant
therapy and healthcare resource utilization (HCRU) are not well understood. Our study
aimed to describe long-term clinical outcomes, drug-related AEs and estimated HCRU in
gMG patients.

Methods: This was a retrospective cohort analysis of clinical data from patients with gMG
followed-up over eight consecutive years in a Spanish referral unit. Myasthenia Gravis
Foundation of America (MGFA) clinical classification, MGFA post-interventional status
(MGFA-PIS), Myasthenia Gravis Activities of Daily Living (MG-ADL) score, exacerbations,
MG crises, therapies, AEs reported, specialist consultations and emergency room visits
were studied biannually. An estimation of HRCU was made based on these data.
Results: Some 220 patients newly diagnosed with gMG were included. Ninety percent
were seropositive (84.5% anti-acetylcholine receptor [AChR], 5.9% anti-muscle-specific
kinase [MuSK]). Baseline mean MG-ADL score was 5.04 points (SD 3.17), improving to
0.7 points (SD 1.40) after 8 years. Exacerbations were more frequent in years 1-2 (30.1%)
but still occurred in years 7-8 (20.2%). Myasthenic crisis frequency remained 1% in years
7-8. Eighty-nine percent achieved MGFA-PIS minimal manifestations or better at 8 years.
Fifty-one percent of patients reported at least one AE during the study period, leading
to drug withdrawal in approximately 20% of cases. HCRU decreased between years 1-2
to years 7-8 with an estimated cost of MG from 8074.19 € per patient/year to 1679.46
€, respectively.

Conclusions: There is a group of MG patients that suffers from persistent symptoms and
exacerbations (11%-20%) or MG crises, and drug AEs, which may increase disease burden

and impact on the healthcare system.
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INTRODUCTION

Myasthenia gravis (MG) is a rare, autoimmune, neuromuscular dis-
ease mediated by autoantibodies against diverse proteins of the
postsynaptic membrane in the neuromuscular junction. This inter-
action leads to fluctuating muscle weakness. There are two main
clinical phenotypes: (1) ocular MG (oMG) with muscular weakness
involving extrinsic ocular muscles and eyelid muscles and (2) gener-
alized MG (gMG) where muscle weakness involves cervical, bulbar,
respiratory and limb muscles [1, 2].

For many patients, gMG is characterized by periodic acute exac-
erbations, or MG exacerbations, that impact their quality of life [3].
Some patients may experience MG crises, which are life-threatening
exacerbations leading to respiratory insufficiency and intensive care
unit (ICU) admission. Exacerbations during the disease course may in-
crease the number of visits to the emergency room (ER) department or
consultations with neurology specialists and may lead to hospitaliza-
tion, resulting in high costs for public health systems. The need for ICU
admission during MG crisis further increases healthcare resource utili-
zation (HCRU). Currently the annual rate of disease worsening and the
clinical characteristics of those patients who deteriorate are not well
known [4]. Reporting of HCRU is variable depending on the region and
the characteristics of the population (e.g., age distribution, prevalent
comorbidities) and this information is scarce in Spain [5-7].

In recent decades, several treatment strategies have been used
to treat MG. Symptomatic treatments based on acetylcholinesterase
inhibitors and disease-modifying treatments such as corticosteroids
and nonsteroidal immunosuppressants (IST) have been primarily
used as disease-modifying drugs, with regimen choice based on
immunological and patient's clinical characteristics. Thymectomy
has proved to be effective in anti-acetylcholine receptor (AChR)
antibody-positive disease [8-12]. Immunomodulatory drugs includ-
ing intravenous immunoglobulin (IVIG) or plasma exchange (PLEX)
can be used acutely during clinical exacerbations, MG crises and,
sometimes, as a coadjuvant chronic therapy in patients with drug-
refractory MG, but these therapies have short-term effects. Despite
the widespread use of nonsteroidal ISTs in gMG, prescribing is often
off-label, and their safety profiles have been primarily described in
other autoimmune diseases. Evidence from randomized clinical trials
on the frequency and severity of adverse events (AEs) in MG patients
and on long-term safety are therefore scarce. The incidence of AEs,
some of them serious, may increase the burden of disease in MG,
sometimes leading to therapy changes, and also increasing the costs
related to disease management.

The aim of our study was to describe the clinical characteris-
tics and outcomes, including occurrence of exacerbations and my-
asthenic crisis, incidence and severity of drug-related AEs, and to
estimate HCRU in gMG patients diagnosed and followed for eight

consecutive years in a referral unit in Spain.

METHODS
Data source

The Neuromuscular Diseases Unit database is a single-center data-
set that includes individual medical and pharmacy electronic records
of patients with confirmed MG diagnosis attending the Hospital
de la Santa Creu i Sant Pau (HSCP) in Barcelona, Spain. The HSCP
Neuromuscular Diseases Unit is a referral unit for patients with neu-
romuscular diseases from different geographical areas in Spain.

MG was diagnosed by a consultant neurologist based on com-
patible clinical features together with one or more of the following
criteria: (1) positive results on an AChR or muscle-specific kinase
(MuSK) antibody assay; (2) electrophysiological study findings com-
patible with a postsynaptic neuromuscular junction disorder (repet-
itive stimulation, single-fiber electromyography, or both); and (3)
clinical response to cholinesterase inhibitors.

Patients were recruited and data collected by neurologist experts
in neuromuscular diseases. The dataset for this study comprises de-
mographic, clinical, immunologic and therapeutic information from
a baseline assessment at MG diagnosis or first assessment after di-
agnosis in another center, and up to four consecutive biannual fol-
low-up medical assessments.

Study design

This was a retrospective cohort analysis. The study period started on
1 January 1998 and ended on 31 December 2020. The study cohort
included all patients aged 18years or more at first clinical visit with
gMG, diagnosed between 1 January 1998 and 31 December 2018.
Patients were followed from the first visit in our referral unit with a
frequency of visits dependent on the severity of MG symptoms and
drug changes based on clinical judgement. Data were included from
first visit in our unit until the earliest of the following dates: 8 years'
follow-up achievement, the study period end date, the last clinical
record available before 31 December 2020, or patient death. The
follow-up period was split into four biannual periods post MG diag-
nosis to assess study outcomes (Figure 1).

The study excluded patients with oMG, defined as Myasthenia
Gravis Foundation of America class | (MGFA class I) [13] during all the
study period, those initially diagnosed and followed for longer than
2years in another center or with a different usual MG center, and
patients enrolled in a MG drug clinical trial during the first 2years
after diagnosis. Information about patients that were enrolled in a
clinical trial after the first 2years post-diagnosis was included and
data during the trial was censored. Patients with oMG phenotype
at disease onset who progressed to generalized disease during the

study period were included.
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FIGURE 1 Study design and example. Upper panel (A) shows an example of three hypothetical patients (P1, P2 and P3) included in our
study. P1 had a complete 8-year follow-up. P2 had an incomplete 4-year follow-up because of attrition or death. P3 had an incomplete 6-
year follow-up because of the end of study period. Lower panel (B) illustrates the study design from the baseline visit, with biannual periods
(time periods) of observation. It also represents the aforementioned hypothetical patients organized from first visit to our center, considered
as the baseline study visit. From the first visit or baseline visit data on clinical outcomes, treatments, adverse effects and healthcare resource
utilization were collected for every biannual period. Data were collected biennially until patients reached 8years of follow-up, follow-up
reached 31 December 2020 or the patient's death. AE, adverse effect; HCRU, healthcare resource utilization; MG, myasthenia gravis;

MGFA, Myasthenia Gravis Foundation of America; P, patient; Y, year.

Informed consent and ethics committee approval

Every patient provided a written informed consent for inclusion of
clinical data and biological samples in the Neuromuscular Diseases
Unit from Hospital de la Santa Creu i Sant Pau database and sample
collection (code ¢.0002365). The study was approved by the local
ethics committee (code IIBSP-MGG-2022-12).

Study procedures and definitions

Patient baseline characteristics were recorded at first clinical visit
during the study period, hereafter designated as “baseline visit”.

Study outcomes included clinical characteristics, prescribed
medication, AEs and HRCU:

e Clinical characteristics: Myasthenia Gravis Foundation of America
(MGFA) clinical classification [14] and Myasthenia Gravis Activities
of Daily Living (MG-ADL) scale [15, 16] were collected at baseline
visit and in the clinical visit that was closest to the beginning of each
time period +2months. MGFA post-interventional status (MGFA-
PIS) classification [14] was collected at the clinical visit that was
closest to the beginning of each time period +2months. Minimal

symptoms expression was defined as presenting mild symptoms,
equivalent to MG-ADL score <2 [17]. Data about thymic pathology
and thymectomy were also collected. Thymectomy was offered to
all patients with a suspicion of a thymoma based on chest imaging
evaluation (computed tomography scan or magnetic resonance im-
aging). Patients included before 2016 without suspicion of malignant
thymic pathology were not systematically offered thymectomy.
From 2016 onwards all patients with gMG, anti-AChR-positive and

early onset were recommended thymectomy [8].

Frequency of clinical exacerbations, defined as a worsening in
clinical status in a patient previously in stable or pharmacologic re-
mission, or with minimal manifestations as per MGFA-PIS classifica-
tion [14]; and MG crisis, defined as exacerbations leading to severe
respiratory distress and mechanical ventilatory support (MGFA V)

[13], were collected during the study period.

e Medications: Patients were treated according to the standard
of care following international recommendations [13] using pyr-
idostigmine as needed. Prednisone (PDN) was started at 1mg/kg/
day dose and then doses were tapered on alternate days if possi-
ble, based on MG symptom severity, tolerance and comorbidities.
Immunomodulatory therapy (IVIG and PLEX) was used as rescue
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MG patients attended study clinic
between 1998-2020
n=723

FIGURE 2 Study participants’ flow
diagram. gMG, generalized myasthenia
gravis; MG, myasthenia gravis.

Exclusion criteria: n=378

Ocular MG phenotype
n=125

Diagnosis before 1998: n=109
* >2 yr follow-up before index date: n=40

* <2 yrfollow-up: n=139

¢ Other, non-MG final diagnosis: n=16

No digital records available: n=70

Clinical trial during first 2 years: n=4

gMG patients included
n=220

therapy to treat patients with moderate to severe gMG. Chronic
immunomodulatory therapy was administered to no responders
or intolerant to immunosuppressors, with periodicity tailored to
the patient's symptoms. Azathioprine (AZA) dose was calculated
based on thiopurine methyltransferase activity (TPMT) and weight.
Immunosuppressant drug (IS) dosage, such as mycophenolate
mofetil (MMF), cyclosporine, tacrolimus, cyclophosphamide, ritux-
imab, was adjusted as specified by local guidelines [18]. AZA and
MMF were usually the firstimmunosuppressant therapies (IST) pre-
scribed. Cyclosporine and tacrolimus were used if AZA and MMF
were ineffective, produced side effects, or were contraindicated.

Rituximab and cyclophosphamide were used for drug-refractory °

anti-AChR-positive MG; for anti-MuSK MG, rituximab was an earlier
option from 2012 onwards [10]. For IST and chronic immunomodu-
latory therapies, once treatment goals were achieved, the drug was
maintained for at least 1-2years and then tapered to the minimal
effective dosage [13]. Neonatal Fc receptor (FcRn) blockers and
complement inhibitors were not used as they were not approved
for MG in Spain during the study period. Time from baseline visit to

treatment start and discontinuation were collected.

Drug refractory status was defined as lack of clinical changes
following treatment with corticosteroids and two other IS agents
[13]. Drug refractoriness was evaluated biannually during the study

follow-up.

e Immunosuppressive and immunomodulatory agent-related AEs

(events introduce a low level of inconvenience or concern to the
participant and may interfere with daily activities), severe (events
interrupt the participant's normal daily activities and generally
require systemic drug therapy) or serious (events that result in
hospital in-patient stay, an extension of a hospital stay, perma-
nent disability or death) (ema.eu protocol CPMP/ICH/377/95).
The causative drug was decided based on drug administration
timing, AE appearance and clinical judgement. For AEs from co-
administered drugs (e.g., infection in a patient receiving predni-
sone and an immunosuppressant drug), the AE was attributed to
both treatments.

HCRU and costs: Direct costs from inpatient and outpatient
services (length of MG-related hospitalizations and ICU stays;
number of ER visits, days of hospital/ambulatory day care and
MG-related neurologist or other specialist consultations) and
pharmacy, including dose of hospital-administered IVIG (hos-
pitalization or day hospital administration) and number of PLEX
sessions. Given the long duration of the study (1998-2020) and
variability in costs over this period, 2022 prices for drugs and pro-
cedures were used. Hospital department price estimations from
2022 were: IVIG, 478.31 €/10g; hospitalization, 634.23 € per
day; ICU, 2019.87 € per day; day hospital, 286.67 € per session;
first ambulatory consult: 181.39 €; follow-up consult, 90.7 €; ER
consult: 234.67 €; PLEX, 1209 € per session; thymectomy sur-
gery, 8922€.

were collected with groups defined by the most common event RESULTS

types: cephalalgia, digestive impairment (including abdominal pain

and non-infectious diarrhea), bone fracture, urinary infection, re- Patient characteristics

spiratory infection, digestive infection and other infections. Other

AEs included very infrequent AEs. Severity of each AE was graded A total of 723 new MG patients visited the Neuromuscular Disease
using the European Medicines Agency's classification, as mild Unit during the 1998-2020 period. Of those, 125 (17.3%) had oMG
(awareness of signs or symptoms, but easily tolerated), moderate phenotype during the study period (and transitioned to gMG) and
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378 (52.3%) did not meet the study selection criteria (Figure 2). The
remaining 220 gMG patients were included. Median age at baseline
visit was 70.0(P25-P75 56-83) years and 120 (54.5%) were female.
(Table 1). Some 166 patients (60.5%) had been diagnosed by another
neurologist a median of 2.07(P25-P75 1.03-6.07) months prior to
the first assessment in our referral unit.

Patient outcomes over 8-year study follow-up

In total, 219 (99.5%) patients completed the initial biannual follow-
up consultation (time period 1), 164 (74.5%) completed 4 years (time
period 2), 124 (56.4%) completed 6years (time period 3) and 94
(42.7%) completed the 8-year follow-up (time period 4). One patient
had incomplete follow-up during the first study time period (year
1-2) but resumed follow-up at the third year, and was included from
time period 2 (year 3-4). For 104 patients the baseline visit occurred
after 31 December 2012 and their duration of study follow-up was
less than 8years. Five patients were lost to follow-up before com-
pleting 8 years of follow-up.

Twenty-seven patients died between 1998 and 2020. Seventeen
patients died during the study follow-up causing an attrition, and
10 patients died after having completed the 8years of follow-up.
None of the patients died from MG or MG-related complications
(e.g., cardiovascular disease related to hypertension and diabetes
and malignancies).

Sixty-seven patients (30.5%) had their thymus removed, eight of
them prior to baseline. All of them had their elective thymectomy
during the first 2 years after diagnosis. Thymoma (29/67; 43.3%) and
thymic hyperplasia (24/67; 35.8%) were the two main pathologic
findings in surgical biopsies. Fourteen thymectomized patients had

an atrophic or normal thymus.

MG clinical manifestations

Table 2 details the MG-ADL, MGFA class, MG exacerbations and MG
crisis during the study period. Seventy-seven patients (35.0%) pre-
sented exclusively with ocular symptoms at diagnosis (MGFA class I)
and progressed to generalized disease within the first 3years from
diagnosis (mean time of 8.9 months; standard deviation [SD] 13.5).

Concerning MG-ADL assessment, we noticed a decrease in the
mean total MG-ADL score from 5.0 (SD 3.2) to 0.7 (SD 1.4) after
8years’ follow-up. The MG-ADL assessment by score domain (ocu-
lar, bulbar, limb and respiratory) at baseline showed a patient mean
ocular score of 2.2 (SD 1.62), bulbar score of 1.8 (SD 2.0), limb score
of 1.0 (SD 1.3) and respiratory score of 0.2 (SD 0.6). At 8years’ fol-
low-up (time period 4), patients had a mean ocular MG-ADL score of
0.5 (SD 0.9); bulbar score of 0.1 (SD 0.5); limb score of 0.2 (SD 0.6)
and respiratory score of 0.0 (SD 0.3).

A total of 86 patients (39.1%) had at least one clinical exacerba-
tion during follow-up, and 47.1% of them had more than one exac-
erbation. All the MG crises reported belonged to the same patient

TABLE 1 Description of demographic and clinical characteristics
of the study patients (N=220).

Demographic and clinical characteristics Value
Demographics
Sex female, n (%) 120 (54.5)

Median age at first MG symptom, years 60.5 (44.3-73.0)

(P25-P75)
Median age at first visit, years (P25-P75) 70.0 (56-83)
Clinical characteristics

Time from first symptom to diagnosis, months 8.8(21.3)
(SD)

Time from baseline visit to diagnosis, days® 8(132.0)
(SD)
Autoimmunity, n (%)°

Anti-AChR 186 (84.5)

Anti-MuSK 13(5.9)
Seronegative 22 (10.0)

Baseline MGFA clinical classification, n (%)
| 7(35.0)
1A 8(21.8)
1B 8(26.4)
1A 7(3.2)
1B 17(7.7)
IVA 1(0.
IVB 9(4.1)
\% 3(1.4)

MGFA class at maximal worsening during the study follow-up, n
(%)

1A 48(21.8)
1B 49 (22.3)
A 34 (15.5)
1B 47 (21.4)
IVA 5(2.3)
VB 24 (10.9)
\Y 13(5.9)

Drug refractory status during study follow-up, 22(10.0)

n (%)

Death during study period n, (%) 27 (12.3)

Abbreviations: AChR, acetylcholine receptor; MG, myasthenia gravis;
MGFA, Myasthenia Gravis Foundation of America; MuSK, muscle-
specific kinase; P, percentile; SD standard deviation.

Among the 133 (60.5%) patients who were diagnosed after their first
visit.

®One patient was anti-AChR-positive and anti-MuSK-positive.

except for the two MG crises observed in a male patient with late-
onset anti-AChR gMG, predominantly bulbar symptoms and no thy-
mic pathology, during time period 3.

The number of MG crises and MG exacerbations decreased
over time but events were observed during the 8years of patient
follow-up.
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Baseline Year 1-2 Year 3-4
Clinical outcome (N=220) (N=219) (N=164)
Mean MG-ADL score 5.04 1.56(2.30) 1.09
(SD) (3.17) (1.83)
Minimal symptom NA 141 (64.4) 115 (70.0)
expression, n (%)
Exacerbations in NA 112 (30.1) 54(23.8)
2years, n (%)?
Myasthenic crisis in NA 7 3
2years, n
MGFA class, n (%)
Asymptomatic NA 104 (47.1) 95 (57.9)
| 77 (35.0) 18(8.1) 15(9.1)
1A 48(21.8) 59 (26.9) 33(20.1)
1123 58 (26.4) 25(11.4) 14 (8.5)
1A 7(3.2) 6(2.7) 3(1.8)
B 17 (7.7) 4(1.8) 4(2.4)
IVA 1(0.5) 1(0.5) 0
IVB 9 (4.1) 1(0.5) 0
\% 3(1.4) 0 0

TABLE 2 Description of clinical

(\ﬁirlsz;é) zﬁir974-)8 outcomes (mean Myasthenia Gravis
— — Activities of Daily Living [MG-ADL] score,

1.15 0.7 (1.40) number and percentage of exacerbations,

(2.06) myasthenia gravis crisis, minimal

82 (66.1) 69 (73.4) symptoms expression and Myasthenia
Gravis Foundation of America [MGFA]

28(22.6) 20(20.2) clas,.s) during the biannual study follow-up
periods.

2 1

79 (63.7) 63 (67)

10(8.1) 7(7.4)

22(17.7) 18 (19.1)

10(8.1) 5(5.3)

2(1.6) 1(1.1)

1(0.8) 0

0 0

0 0

0 0

Abbreviations: MG-ADL, Myasthenia Gravis Activities of Daily Living; MGFA, Myasthenia Gravis

Foundation of America; NA, not applicable; SD, standard deviation.
@Percentage of patients experiencing exacerbations.

Treatment-related outcomes

At baseline, 86 patients had started pyridostigmine and PDN treat-
ment at another center, 9 had AZA, 2MMF, 2 tacrolimus, 2 cy-
closporine and 1 rituximab. Furthermore, two patients had been
referred to our center for drug refractoriness.

During the study period, 187 (85.0%) patients required pyr-
idostigmine treatment, 191 (86.8%) used PDN, 105 (47.7%) AZA,
75MMF, 47 (21.4%) cyclosporine A, 5 (2.3%) cyclophosphamide, 6
(2.7%) periodic IVIG and 2 (0.9%) periodic PLEX. Figure 3 illustrates
the distribution of use of the various therapies and drug combina-
tions over time and the evolution of the response based on MGFA-
PIS classification (Figure 3). At year 1-2 period end 13 patients were
drug-refractory (11 new drug-refractory patients); 14 patients at
year 2-4 period end (4 of them newly refractory); 16 at year 5-6
period end (4 new refractory) and 16 at year 7-8 period end (1 new
refractory).

Table 3 describes the occurrence of AEs and the percentage of
patients who stopped drug use during the study period.

Fifty-one percent of patients (n=112) experienced at least one
AE during follow-up. The mean number per patient was 0.75 (P25-
P75 0-1). Overall, 107 AEs from 83 patients were reported during
year 1-2, 32 from 23 patients during year 3-4, 26 from 19 patients
during year 5-6, and 12 from 8 patients during year 7-8. Table S1
shows the AEs classified by drug and severity in each biannual

period.

HCRU and costs of MG care

The number of patients requiring neurology ward admissions during
the consecutive biannual observational periods were 92 (42.0%; year
1-2), 18 (11.0%; year 3-4), 9 (7.3%; year 5-6) and 4 (4.3%; year 7-8).
Similarly, the number of patients who required day hospital care were
39 (17.8%), 16 (9.8%), 16 (12.9%) and 1 patient (1.1%), respectively.
Table 4 summarizes the total number of neurology consultations,
days of hospitalization due to MG exacerbations or treatment-
derived complications, days in ICU due to MG or treatment-derived
complications, and days of outpatient hospital. There was a decrease
in HCRU over the study duration. Estimated MG-related costs were

highest during the first 2 years from diagnosis.

DISCUSSION

In this study we comprehensively described the clinical evolution
and management of a cohort of gMG patients during the first 8 years
of disease, including clinical outcomes, therapies, HCRU and related
costs.

Disease severity and symptom expression usually vary through-
out the disease course. In our study, we observed that disease
activity was much higher in the first 2years after diagnosis: mean
MG-ADL scores were higher (with a higher burden of ocular and

bulbar symptoms), patients experienced more disease exacerbations
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FIGURE 3 Drug use and clinical outcome (Myasthenia Gravis Foundation of America post-interventional status, MGFA-PIS) in each time
period. The upper panel shows MGFA-PIS at each study period. The lower panel shows information about immunosuppressant therapy use
at each study time period. CORT + NS-IST, combination of corticosteroids and nonsteroidal IST; CORT, corticosteroids; CSR, clinical stable
remission; Impr, improved; MM, minimal manifestations; No IST, no immunosuppressant therapies, but may be using pyridostigmine; NS-IST,
nonsteroidal IST; PhSR, pharmacologic stable remission; Unch, unchanged.

TABLE 3 Description of adverse events

(AEs) and AE-related drug interruptions. Drug/procedure :iz)reported/patients ;atteifrl:jt:t‘i’::\: ::;;elated
Pyridostigmine 19/187 (10.2) 10 (5.3)
Prednisone 65/191 (34.0) 36 (18.8)
Azathioprine 35/105 (33.3) 21(20.0)
Mycophenolate mofetil 25/75(33.3) 14 (18.7)
Cyclosporine A 23/47 (48.9) 10 (21.3)
Tacrolimus 2/17 (11.8) 2(11.8)
Cyclophosphamide 3/5(60.0) 1(20.0)
Periodic IVIG 2/6(33.3) 2(33.3)
Rituximab 2/17 (11.8) 2(11.8)
Periodic plasma exchange 1/2(50.0) 1(50.0)

Note: For each drug or procedure, total number of patients with AEs, total number of patients
treated with the drug and percentage (in parentheses) of treated patients with AEs are shown in
the second column. Total number of patients and percentage (in brackets) of patients with AE-
related interruptions are shown in the third column.

Abbreviations: AE, adverse event; IVIG, intravenous immunoglobulins.

and MG crises, and needed immunomodulatory rescue therapies
more often than at later timepoints. Although the IST developed
over recent decades have improved patients' prognosis, our study
shows that a considerable number of patients remain symptom-
atic, and some may experience exacerbations and even MG crises

during the 8years of follow-up. We found that 65%-70% of patients
achieved minimal symptom expression, which is the usual treat-
ment goal, during the study period. In addition, 10% of MG patients
became drug-refractory during follow-up. All these observations
suggest that MG is an unpredictable disease and that new, more
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TABLE 4 Description of myasthenia gravis-related healthcare resource utilization during the study follow-up periods.

Year 5-6 (N=124) Year 7-8 (N=94)

Parameter Year 1-2 (N=219) Year 3-4 (N=164)
Ambulatory neurologist consultations 1916 (4.38) 1075 (3.28)
(per patient/year)

Other specialist consultations (per 340 (0.78) 123 (0.38)
patient/year)

Hospital admission due to MG or 1249 (2.85) 267 (0.82)
complications (days per patient/year)

Hospitalization due to thymectomy 479 (1.09) NA

(days per patient/year)

Day hospital sessions (days per 458 (1.05) 157 (0.48)
patient/year)

ER consultations due to MG (per 20(0.05) 22(0.07)
patient/year)

ICU admission (days per patient/ year) 81(0.18) 13(0.04)
Total amount of IVIG in grams (per 24,138 (55.11) 7650 (23.32)
patient/year)

PLEX sessions (per patient/year) 90(0.21) 23(0.07)
Estimated costs of MG care (per 3,496,952.65 €

patient/year) (8074.19 €)

748,132.75 € (2280.89 €)

720(2.67) 495 (2.38)
96(0.39) 52(0.28)
280(1.13) 53(0.28)
NA NA

122 (0.49) 8(0.04)
12(0.05) 0

50(0.20) 62(0.33)
5590 (22.54) 2195 (11.67)
25(0.10) 0

689,793.58 € (2774.09 €) 315,739.24 € (1679.46 €)

Note: Total and mean number per patient/year are shown for each timepoint analyzed. Data about health care consumption per patient and year are

shown in parentheses.

Abbreviations: ER, emergency room; ICU, intensive care unit; IVIG, intravenous immunoglobulin; MG, myasthenia gravis; NA, not applicable; PLEX,

plasma exchange.

effective therapies capable of maintaining disease stability are ur-
gently needed.

However, drug-refractoriness is not the only unmet need in MG. In
our study, we showed a high incidence of AEs related to IST, leading to
drug withdrawal in 5%-25% of patients depending on the drug and AE
severity. Some of the AEs registered were serious, potentially leading to
increased disease burden and potentially affecting patients' quality of
life. The current, widely used drug-refractory definition includes both
the patients not responding to treatment and patients who need to
discontinue therapies because of side effects, limiting the therapeutic
options available to treat MG [19, 20]. Given the difference between
both patient subgroups, it might be appropriate to consider patients
who are either drug-refractory [13] or therapy intolerant as “hard-to-
treat” MG patients. Drug intolerance may be determined by the toxicity
of the treatment and the biological features, including pharmacogenet-
ics, of the pre-morbid MG patient, whereas drug-refractoriness seems
to depend on disease severity and immunological features. However,
both situations lead to difficulties in the treatment of patients [21, 22].
A new hope for “hard-to-treat” MG patients may be the new emer-
gent agents that act on non-cellular targets, such as anti-complement
and anti-FcRn therapies. These drugs have demonstrated efficacy and
tolerability in clinical trials with a faster onset of action, which are im-
portant attributes when treating MG exacerbations and crises [23-25].

The clinical characteristics of MG and the nature of the therapies in
use make it necessary to follow patients closely, resulting in high HCRU.
The Spanish health system is based on universal access to healthcare
independent of patient income. Also, the drugs and other therapeutic
procedures are unrestricted, administered in accordance with clini-

cal guidelines and clinician judgment. The study findings reflect MG

management in Spain and provide new data about HCRU and related
costs for MG in a national healthcare organization. Many HCRU studies
focus on pharmacological costs, but in the case of MG the resources
needed also include inpatient and outpatient services (e.g., ER consul-
tations, hospitalizations, ICU admissions, day hospital care, neurologist
and other specialists' consultations) and non-pharmacological interven-
tions, such as thymectomy and PLEX, that increase financial burden.
Our study considered these costs, showing a high HCRU and associated
costs, particularly during the first 2 years after MG diagnosis.

To our knowledge, this is the first study to systematically and
comprehensively describe the clinical manifestations (measured by
commonly used scales such as MG-ADL, MGFA clinical classification
and MGFA-PIS), immunological status, drug use and associated AEs
and HCRU in a universal health care system, using a reliable source
of information from clinical records obtained by trained neuromus-
cular disease neurologists in a reference unit and over a long time
period (up to 8years’ post-diagnosis). Other similar studies about
clinical characteristics [26], drug use and AEs [27] and HCRU [5, 7,
28, 29] were based on information from general practitioners (GPs),
based on insurance claim databases [30-33], were patient-based
registries [34] or had shorter follow-up periods. Despite differ-
ences in design, evidence from previous studies also suggest that
MG activity is higher at the beginning of the disease course, with
a greater number of exacerbations and MG crises and, thus, higher
MG-related HCRU and costs.

The main study limitation is the retrospective design and use of
an existing database created from medical and pharmacy records
that may result in missing information. However, completeness of

the information analyzed was extremely high. A second potential
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limitation is the high proportion of patients with late MG onset in-
cluded. Nevertheless, a previous study confirmed the high preva-
lence of late-onset MG in our region (Catalonia) [35].

Third, this is a single-center study conducted in a reference unit in
Spain, which might limit the generalizability of the findings, as clinical
criteria may differ between centers across Europe and countries out-
side Europe; and the study population may overrepresent hard-to-treat
patients. In addition, reported HCRU is likely to be underestimated
given that cost of the commonly prescribed IST and pyridostigmine,
GP consultations or other specialists not working in our center, and
indirect costs due to disability, medical sick leave, workdays' loss, ab-
senteeism, and caregiver expenses, were not considered. Furthermore,
the expected lower HCRU of patients who had oMG at baseline (one
in three study patients) might have contributed to the dilution of the
initial peak in HCRU during years 1 and 2. Also, the use of a refer-
ence price table from 2022 throughout the study period influenced the
reported cost estimations. Finally, our study lacks information about
quantitative clinical assessment (such as the Quantitative Myasthenia
Gravis [QMG] scale) and quality of life scales, which would have en-

abled a more complete description of the real burden of MG.

CONCLUSIONS

Despite great improvement in MG management owing to the wide
range of immunosuppressive drugs available in recent decades,
there is still a group of patients (11%-20%) that suffer from persis-
tent MG symptoms, exacerbations or MG crises, and drug AEs which
impact clinical management and the healthcare system.
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