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Abstract

Background and Objective The terminal complement inhibitor eculizumab is approved in the USA for the treatment of patients
with acetylcholine receptor antibody-positive generalized myasthenia gravis (MG). The ELEVATE study aimed to examine
clinical-practice outcome data on eculizumab effectiveness in US adults with MG (generalized or ocular). This paper reports
the findings on MG exacerbations and crises and associated healthcare resource utilization, and the use of rescue therapy.
Methods A retrospective chart review was conducted of US adults with MG who initiated eculizumab. Outcomes assessed
for up to 2 years before and after eculizumab initiation included percentages and rates per patient per year (PPPY) of exacer-
bations and crises (the latter defined as intubation/impending intubation), healthcare resource utilization, and rescue therapy
administration.

Results A total of 119 patients diagnosed with MG were enrolled in the study; 92 patients had > 3 months of data both
before and during eculizumab therapy and were included in the analyses. The mean rate of MG exacerbations decreased
from 0.385 PPPY before eculizumab initiation to 0.152 PPPY during eculizumab treatment (p = 0.0034); the mean rate of
MG crises decreased from 0.411 to 0.056 PPPY (p = 0.0018). Rates of healthcare resource utilization and rescue therapy
use also decreased significantly during eculizumab treatment.

Conclusions This retrospective chart review analysis provides evidence for a beneficial impact of eculizumab treatment on
the incidence of MG exacerbations and crises and associated healthcare resource utilization in clinical practice, and on rescue
therapy use. These data further support the therapeutic benefits of eculizumab in patients with MG.

This retrospective chart review analysis of data from
the ELEVATE study investigated the impact of eculi-
zumab treatment on the incidence of myasthenia gravis
exacerbations and crises, associated healthcare resource
utilization, and use of rescue therapy in clinical practice
in patients with myasthenia gravis in the USA.
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1 Introduction

Patients with myasthenia gravis (MG) tend to have fluctu-
ating symptoms and can experience exacerbations and, in
patients with generalized MG (gMG), life-threatening crises
requiring intubation and mechanical ventilation if the dis-
ease is inadequately controlled [1-5]. These acute events are
associated with considerable healthcare resource utilization
(HCRU) and can have long-term adverse effects on patient
functioning and well-being [6-9]. A recent US database
analysis showed that hospitalizations due to acute exacer-
bation or an MG crisis increased significantly between 2010
and 2019 in adults with MG [10].

The sustained efficacy and long-term tolerability of ecu-
lizumab (Soliris®; Alexion, AstraZeneca Rare Disease,
Boston, MA, USA) in the treatment of adults with refrac-
tory acetylcholine receptor (AChR) autoantibody-positive
(Ab+) gMG were demonstrated in the randomized, placebo-
controlled, phase III REGAIN study (NCT01997229) [11]
and its open-label extension (OLE; NCT02301624) [12].
Eculizumab has been approved for the treatment of adults
with AChR Ab+ gMG in the USA since 2017. The aim of
the ELEVATE (REal-WorLd Eculizumab EffectiVeness and
ImpAct of DisconTinuation on US PatiEnt Outcomes in
Myasthenia Gravis) study was to comprehensively examine
patient characteristics, treatment patterns, clinical outcomes,
and HCRU of adults with MG treated with eculizumab in
clinical practice in the USA.

The findings of the ELEVATE study relating to symp-
tom improvement and reductions in the use of corticosteroid
and non-steroidal immunosuppressant therapies are reported
elsewhere [13]. Here, we report the findings on rates of MG
exacerbations and crises and associated HCRU, and the use
of rescue therapy.

2 Methods
2.1 Study Design

In the ELEVATE study, an observational, retrospective, mul-
tisite chart review was conducted in the USA using physi-
cian-abstracted data from patient medical records. A sample
of physicians from the Cardinal Health Neurology Provider
Network and other providers who were known to prescribe
eculizumab, from both community practices and academic
centers across the USA, participated in the study (for more
details see Habib et al. [13]). The index date was the date of
initiation of eculizumab treatment for MG. The study inves-
tigated the period up to 2 years before eculizumab initia-
tion and the period from initiation through up to 2 years of
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follow-up during eculizumab treatment or discontinuation
(within 2 years of initiation).

2.2 Standard Protocol Approvals, Registrations,
and Patient Consents

The study was reviewed by the Western Institutional
Review Board (Puyallup, WA, USA) and determined
exempt from requiring ethical approval on the basis that the
study collected only secondary data, which were limited
and comprised only necessary protected health informa-
tion (e.g., treatment dates, date of death), and that all data
were de-identified and aggregated. As this study involved
anonymized structured data, which according to applicable
legal requirements do not contain data subject to privacy
laws, informed consent from patients was not required.

2.3 Patient Inclusion Criteria

Eligible patients were adults (aged > 18 years) with a diag-
nosis of MG at the index date who initiated eculizumab
between 23 October, 2017 (US Food and Drug Adminis-
tration approval date for patients with AChR Ab+ gMG)
and 31 December, 2019. Patients were currently or previ-
ously managed within a participating provider’s practice at
the time of data collection (i.e., the provider could report
complete diagnosis/treatment details, including treatments
prescribed by other physicians and inpatient treatments). No
exclusion criteria were specified.

2.4 Exacerbations, Crises, and HCRU

Rates of MG exacerbations and crises (the latter defined
as intubation/impending intubation) and of exacerbation-
related and crisis-related hospitalizations and emergency
department (ED) visits were assessed in patients with > 3
months of data before and during eculizumab therapy. Exac-
erbations and crises were evaluated as independent events.
Hospitalization was defined as a hospital stay of > 23 h
duration and an ED visit was defined as a visit of <23 h
duration; if the patient was admitted to a general ward or
intensive care unit or if the ED stay was > 23 h in duration,
the visit was considered an inpatient hospitalization. More
than one ED visit and hospitalization could be recorded per
patient per exacerbation or crisis. Rescue therapy adminis-
tration for MG exacerbations and crises (including intrave-
nous immunoglobulin [IVIg], plasma exchange, intravenous
corticosteroids, and increased oral prednisone dosage) was
also assessed in patients with > 3 months of data before and
during eculizumab therapy.
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2.5 Statistical Analysis

Outcomes were summarized for the period before eculi-
zumab initiation (up to 2 years) and the period during ecu-
lizumab treatment (up to 2 years). Univariate analyses were
conducted to compare means and proportions across groups
using paired ¢ tests and chi-square tests, respectively (the
Fisher exact test was applied where the group count was
fewer than five patients). Normal distribution was assumed
for all tests. Bonferroni corrections were not made for mul-
tiple comparisons. To account for varying follow-up times
across the study population, MG exacerbations/crises and
HCRU were calculated as percentages of patients and rates
per patient per year (PPPY) for all patients with > 3 months
of data before and during eculizumab treatment. The PPPY
rates in the periods before and during eculizumab treatment
were compared using chi-square tests. A two-sided « of 0.05
was used to determine statistical significance.

3 Results
3.1 Provider/Practice Characteristics

Patient-level data were provided by 14 experienced neurol-
ogists or neuromuscular specialists from 14 different sites
(mean [standard deviation] time in practice of 18.5 [10.0]
years). Most providers (79%) were from academic centers
or large community practices (for further detail see Habib
et al. [13]).

3.2 Study Population

In total, 119 patients were included in the ELEVATE study.
Study population demographics and clinical characteristics
are described elsewhere [13]. Overall, 92 patients had > 3
months of data before and during eculizumab therapy and
were included in the analyses of MG exacerbations, crises,
and associated HCRU (see Tables 1 and 2 for details of base-
line demographics and clinical characteristics). In the analy-
sis population, 93.5% of patients were recorded as having
generalized disease involvement (gMG). The Myasthenia
Gravis Foundation of America clinical classification was
II/III in most patients (56.5%). Seven patients (7.6%) were
recorded as having Class I disease, although only five (5.4%)
were reported to have ocular MG at initiation of eculizumab
treatment. Myasthenia Gravis Foundation of America clas-
sification data were missing for 32.6% of the analysis popu-
lation. Fourteen patients (15.2%) had a history of thymoma.
Five patients (5.4%) were reported to be pregnant at the
time of eculizumab initiation. No meningococcal infections
were reported. Two patients (2.2%) had died by 24 months

after eculizumab initiation. The follow-up periods before
and after eculizumab initiation for which data were included
in the analyses were of similar duration (mean [standard
deviation] 19.6 [7.2] vs 21.3 [8.7] months, respectively; p =
0.14). In total, 16 patients (17.4%) discontinued eculizumab
(see Table S1 of the Electronic Supplementary Material for
reasons for discontinuation); 36 patients (39.1%) were still
receiving eculizumab at 24 months after initiation.

3.3 MG Exacerbations and Crises

Eculizumab treatment was associated with statistically sig-
nificant improvements in the incidence of MG exacerba-
tions and crises. The proportion of patients experiencing MG
exacerbations (with or without ED visits or hospitalization;
excluding crises) decreased from 45.7% in the period up to 2
years before eculizumab initiation to 21.7% during the eculi-
zumab treatment period (p = 0.0006). Similarly, the propor-
tion experiencing a myasthenic crisis (with or without ED
visits or hospitalization) decreased from 27.2 to 7.6% (p =
0.0005). The exacerbation rates, annualized for the follow-up
duration, decreased by 61.0%, from 0.385 PPPY before eculi-
zumab initiation to 0.152 PPPY during eculizumab treatment
(p =0.0034) [Fig. 1a]. The annualized crisis rate decreased by
86.0%, from 0.411 PPPY before eculizumab initiation to 0.056
PPPY during eculizumab treatment (p = 0.0018) [Fig. 1b].

Table 1 Patient demographics

Characteristic Patients (N = 92)

Sex at birth, n (%)

Male 36 (39.1)
Female 56 (60.9)
Age at MG diagnosis, years
Mean (SD) 47.6 (19.3)
Median (IQR) 50.5 (35-64)
Race, n (%)
White 70 (76.1)
Black/African American 18 (19.6)
Asian 2(2.2)
American Indian/Alaskan Native 1(1.1)
Other 1(1.1)
Insurance status at eculizumab initiation, n (%)*
Medicare 42 (45.7)
Medicaid 8(8.7)
Commercial 45 (48.9)
Military 2(2.2)
Unknown 0

IQR interquartile range, MG myasthenia gravis, SD standard devia-
tion

aCategories not mutually exclusive
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Table 2 Patient clinical
characteristics

Characteristic

Patients (N = 92)

Age at initiation of eculizumab therapy, years

Mean (SD) 56.5 (16.2)
Median (IQR) 56 (43-68)
Time from diagnosis to eculizumab initiation, years, mean (SD) 8.9 (9.9
MG-ADL score before eculizumab initiation®
Mean (SD) 7.6 (3.6)
Median (IQR) 8.0 (5.0-10.0)
MGFA classification at eculizumab initiation, n (%)
Class I 7 (7.6)
Class 1T 23 (25.0)
Class III 29 (31.5)
Class IV 3(3.3)
Class V 0
Unknown 30 (32.6)
AChHR antibody status tested before eculizumab initiation, n (%) 91 (98.9)
Seropositive 90 (97.8)
Seronegative 1(1.1)
Unknown 1(1.1)
Meningococcal vaccination > 14 days before eculizumab initiation, n (%)
Yes 89 (96.7)
No® 3(3.3)
Treatment for MG before eculizumab initiation,® n (%)
Prednisone 56 (60.9)
NSIST 50 (54.3)
Rituximab 4(4.3)
Pyridostigmine 75 (81.5)
Chronic IVIg 35 (38.0)
Chronic PLEX 7(7.6)
None of the above 2(2.2)

ACHhR acetylcholine receptor, /QR interquartile range, /VIg intravenous immunoglobulin, MG myasthenia
gravis, MG-ADL Myasthenia Gravis-Activities of Daily Living, MGFA Myasthenia Gravis Foundation of
America, NSIST non-steroidal immunosuppressant therapy, PLEX plasma exchange, SD standard deviation

Most recent score before eculizumab initiation; n = 71

POf the three patients reported as not receiving a meningococcal vaccination, two received prophylactic
antibiotics in order to start eculizumab immediately and discontinued the antibiotics > 14 days after vac-
cination, and one patient was reported to have not received prophylactic antibiotics

“In the 24 months before eculizumab initiation

3.4 MG-Related HCRU

With the exception of annualized rates of exacerbation-
related ED visits, all HCRU endpoints showed statistically
significant improvements following eculizumab initiation.

3.4.1 Hospitalizations

The proportion of patients undergoing MG exacerbation-
related hospitalizations decreased from 27.2% in the period
up to 2 years before eculizumab initiation to 15.2% during
eculizumab treatment (p = 0.047); MG crisis-related hospi-
talizations decreased from 22.8 to 7.6% (p = 0.0041). The
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mean annualized rate of exacerbation-related hospitaliza-
tions decreased by more than half, from 0.206 PPPY before
eculizumab initiation to 0.086 PPPY during eculizumab
treatment (p = 0.0384; Fig. 1a). The mean annualized rate
of crisis-related hospitalizations decreased to less than one-
fifth, from 0.354 PPPY before eculizumab initiation to 0.056
PPPY during eculizumab treatment (p = 0.0066; Fig. 1b).

3.4.2 ED Visits
The proportion of patients with exacerbation-related ED

visits decreased from 13.0% in the period up to 2 years
before eculizumab initiation to 2.2% during eculizumab
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Fig.1 Mean per patient per year a
(PPPY) rates of a myasthenia 0.5
gravis (MG) exacerbations p=0.003
and b MG crises and related
healthcare resource utilization
in patients with > 3 months’ 04 1 0.385
data before and after eculi-
zumab initiation. Crisis was
defined as intubation/impending — 03 -
intubation. Hospitalization was x p=0.038
defined as any stay of > 23 h &
duration; an emergency depart- E 0.206
ment (ED) visit was defined as & 0.2 - ;
any visit of < 23 h duration (if 0.152
the patient was admitted to a i
general ward or intensive care p= 0056
unit or remained in the ED for 0.1 0.086
> 23 h, then the visit was con- 0.054
sidered an inpatient hospitaliza-
tion). The PPPY rates of exac- . 0.012
erbations/crises in the periods 0 —
before and during eculizumab MG exacerbations MG exacerbation-related MG exacerbation-related
treatment were compared using hospitalizations ED visits
chi-square tests Before eculizumab treatment (n = 92) M During eculizumab treatment (n = 92)
b
0.6
o5 o p =0.002
p = 0.007
0.411
0.4 -
- 0.354
S
&
L 0.3
(0]
§ p=0.023
0.2 H
0.145
0.1 +
0.056 0.056
] ] o
0
MG crises MG crises-related MG crises-related

Before eculizumab treatment (n = 92)

treatment (p = 0.0054); crisis-related ED visits decreased
from 8.7 to 0.0% (p = 0.0067). The mean annualized rate
of exacerbation-related ED visits decreased by four-fifths
after eculizumab initiation, from 0.054 PPPY before ecu-
lizumab initiation to 0.012 PPPY during eculizumab treat-
ment; however, the difference did not reach statistical sig-
nificance (p = 0.0558; Fig. 1a). The mean annualized rate
of crisis-related ED visits was reduced from 0.145 PPPY
before eculizumab initiation to 0 PPPY during eculizumab
treatment (p = 0.0234; Fig. 1b).

hospitalizations ED visits

B During eculizumab treatment (n = 92)

3.4.3 Rescue Therapy Administration

Compared with the 2-year period before eculizumab initia-
tion, significantly fewer patients were administered rescue
therapy for MG-related exacerbations in the 2-year period
following eculizumab initiation. Use of IVIg was reduced
from administration in 29.3 to 10.9% of patients (p = 0.0018)
and increases in oral prednisone dosage were reduced from
21.7 to 10.9% of patients (p = 0.0460) [Fig. 2a]. Addition-
ally, significantly fewer patients were administered rescue
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therapy for crises; use of IVIg decreased from administration
in 21.7 to 4.3% of patients (p = 0.0005), plasma exchange
decreased from 12.0 to 3.3% of patients (p = 0.0261), and
increases in the oral prednisone dosage were reduced from
9.8 t0 2.2% of patients (p = 0.0295) [Fig. 2b].

4 Discussion

This analysis of ELEVATE study data on MG exacerba-
tions and crises as well as MG-related HCRU has demon-
strated the benefits associated with eculizumab treatment
in adult patients with MG in the USA.

Inadequately controlled MG can result in exacerbations
and, in patients with gMG, life-threatening crises requiring
intubation and mechanical ventilation [1-5]. High rates
of exacerbations have been reported in other MG studies.
For example, in a retrospective study in the USA, 58%
of patients with gMG were found to have experienced an
exacerbation in the first 6 years after diagnosis [14]. In
another retrospective study, 71% of treatment-refractory
patients with gMG and 32% of those who were not refrac-
tory had experienced a disease exacerbation during a
1-year follow-up period, whereas 21 and 6%, respectively,
had experienced at least one myasthenic crisis [4]. An
analysis of US national hospitalization data estimated that,
in 2019, there were approximately 5300 hospitalizations

Fig.2 Rescue therapy admin- a
istration: a myasthenia gravis 29%
(MG) exacerbation-related Vig _ 1% —I p=0002
rescue therapy and b MG °
crisis-related rescue therapy, in 15%
patients with > 3 months’ data PLEX —|p =0.058
before and during eculizumab _ 7%
therapy. Crisis was defined as I J
. . . _ ncrease 22%
1ptubat10n/1fmpendm}gl intuba prednisone °—| p = 0.046
tion. Use of rescue t erapy dosage _ 1%
before and during eculizumab
treatment was compared using a v | 0%
chl—square test. IV intravenous, corticosteroid l 1%
1VIg intravenous immunoglobu- °
lin, PLEX plasma exchange
5%
Other/None
f T T T T T T 1
0 5 10 15 20 25 30 35

Before eculizumab treatment (n = 92)

IVig

PLEX

Patients (%)

B During eculizumab treatment (n = 92)

22%
_| p <0.001

4%

12%
—| p =0.026

3%

Increased
prednisone

10%
—| p=0.030

B
\% 1%

| R

dosage

corticosteroid

Other/None
1%

4%

Tl

Before eculizumab treatment (n = 92)
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for acute exacerbations (without a crisis) and 1650 hospi-
talizations for an MG crisis [10].

In the ELEVATE study population included in this
analysis, rates of myasthenic exacerbations and crises
and associated HCRU were statistically significantly
reduced during eculizumab treatment compared with the
period before treatment. These clinical-practice data are
comparable with results from the REGAIN OLE, which
reported that the exacerbation rate was reduced by 75%
and the rate of MG-related hospitalizations by over 80%
after eculizumab initiation compared with the period
before eculizumab treatment [12]. The phase III clinical
trial of ravulizumab (CHAMPION MG, NCT03920293)
and a clinical-practice study have confirmed the benefit
provided by complement C5 inhibitors in reducing the
incidence of clinical deterioration in patients with AChR
Ab+ gMG [15, 16]. A small retrospective chart review of
real-world eculizumab treatment in patients in the USA
with MG defined as treatment refractory also reported that
the mean number of exacerbations per patient was signifi-
cantly reduced following eculizumab initiation compared
with the 12 months before eculizumab treatment [17].
Correspondingly, HCRU associated with MG exacerba-
tions and crises decreased significantly during eculizumab
treatment [17]. Although not assessed in the current study,
it is likely that such reductions will have an impact on the
socioeconomic burden of disease. Further research is war-
ranted in this area as this continues to represent a major
knowledge gap.

It is clear that exacerbations and crises incur substantial
HCRU and costs [18]; however, it should also be borne in
mind that these acute episodes may have a considerable
impact on patients’ long-term function and well-being [7,
8, 19, 20]. For example, a retrospective study of the hospi-
tal records of 53 US patients found that 83% could perform
their activities of daily living independently before hos-
pitalization for a crisis, but only 42% retained independ-
ence at the time of hospital discharge [6]. A multicenter
retrospective study of 250 German patients reported that
50% lived independently at home before an MG crisis,
compared with only 12% after a crisis [21]. Data from the
cross-sectional US Nationwide Inpatient Survey (2001-2)
showed that only 28% of patients were discharged home
after experiencing a crisis, whereas 48% were transferred
to a short-term hospital or other setting such as a skilled
nursing facility or intermediate care [22].

The current analysis has shown that eculizumab initia-
tion was followed by a statistically significant decrease in
the use of rescue therapy involving plasma exchange, IVIg,
intravenous corticosteroids, or increases in oral prednisone
dosage. These results are in accordance with those of the
REGAIN study and its OLE, which reported that the rate
of rescue therapy use substantially decreased from 67.5

events per 100 patient-years in patients receiving placebo in
REGAIN to 23.1 events per 100 patient-years in eculizumab-
treated patients in the OLE [12]. Rescue therapy, while gen-
erally well tolerated, is associated with a range of possible
adverse effects that may have serious long-term clinical con-
sequences [23-26], as well as increased healthcare costs [9].
Any reduction in the use of rescue therapy is therefore likely
to have clinical and economic benefits.

The patient sample included in the ELEVATE study
was derived from a range of clinical-practice settings
and geographic sites in the USA [13]. The clinical and
demographic characteristics of the population (including
race, disease severity, history of thymoma, and ‘refrac-
tory’ status) were more diverse than those of the REGAIN
study, meaning that the results of the two studies should
be compared with caution; however, the findings from
the ELEVATE study provide support for generalizing the
results to a wider patient population with MG. The clini-
cal benefits of complement C5 inhibitors are further sup-
ported by efficacy and safety results from the phase III trial
of ravulizumab [15, 27]. In addition, a recently reported
post-marketing surveillance study conducted in Japan over
a period of more than 10 years in over 1000 patients with
paroxysmal nocturnal hemoglobinuria, atypical hemolytic
uremic syndrome, or AChR Ab+ gMG confirmed that
the safety profile of eculizumab in clinical practice was
consistent with that in clinical trials [28]. Further infor-
mation on the outcomes associated with eculizumab and
ravulizumab treatment in clinical practice in patients with
AChR Ab+ gMG is anticipated from the ongoing registry
study (NCTO04202341) [29, 30] and updated ELEVATE
analyses. Insights from direct comparisons with other
approved targeted MG therapies in clinical practice would
also help guide treatment decisions. Such data are cur-
rently sparse; however, a small study of clinical-practice
outcomes in Italy (n = 63), with a median follow-up time
of 36 weeks, showed that patients treated with eculizumab
were significantly less likely than those treated with efgar-
tigimod (a neonatal Fc receptor blocker) to experience an
MG deterioration/crisis or to suspend treatment [16]. In
addition, patients treated with eculizumab had significantly
greater reductions in the Quantitative Myasthenia Gravis
total score and prednisone dose than those treated with
efgartigimod.

Although the results reported here are based on medical
record data from a wide range of clinical settings and geo-
graphic locations in the USA, there are some limitations.
Physicians were required to record only data available in
the electronic medical records; therefore, some events
may have been underreported if they were not captured.
In addition, patients had variable follow-up periods at the
time of data cut-off; however, this was accounted for by
reporting results as PPPY.
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5 Conclusions

The findings from this study provide evidence of a benefi-
cial impact of eculizumab treatment in reducing the rates
of MG exacerbations and crises, associated HCRU, and the
use of rescue treatment in diverse clinical-practice settings
in the USA, suggesting a reduced socioeconomic burden.
This furthers the observations from prior reports demon-
strating the positive role of complement inhibitor therapy
in patients with MG.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40801-024-00457-8.
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