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Abstract

Background and purpose: Anti-acetylcholine receptor (AChR) antibodies (ab) in the
serum are detected in most patients with generalized myasthenia gravis (MG) and used
as a diagnostic tool. The aim of this study was to analyse a possible association between
anti-AChR-ab serum levels and clinical improvement of MG.

Methods: The Maastricht University Medical Center is a centre of expertise for the treat-
ment of MG. Between 1997 and 2020, more than 4000 anti-AChR-ab blood samples
were measured for clinical care using a quantitative radioimmunoassay technique. These
results, in combination with clinical status obtained from the patients’ electronic patient
files, were retrospectively analysed by a single blinded clinician. Symptoms of MG were
classified using the Myasthenia Gravis Foundation of America (MGFA) scale.

Results: In total, 90 anti-AChR-ab-positive MG patients with 837 blood samples were in-
cluded. The median follow-up time was 72 months. The majority of the included patients
were women (61.1%), were on immunosuppressive drug therapy (88.9%), and underwent
a thymectomy (54.4%). Multilevel logistic regression analysis showed a significantly in-
verse association between change in anti-AChR-ab level and the odds of MGFA improve-
ment (per 10% decrease of anti-AChR-ab level: odds ratio 1.21, 95% confidence interval
1.12-1.31; p < 0.001).

Conclusions: A change in anti-AChR-ab serum level is associated with clinical status in
patients with MG. Analyses of anti-AChR-ab are not only useful for diagnostics but also
in follow-up of adult symptomatic patients with MG. The use of repetitive anti-AChR-ab
serum levels might be valuable in long-term monitoring for clinical improvement in pa-

tients with MG, however, further research is required for specific recommendations.
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INTRODUCTION

In myasthenia gravis (MG), the nicotinic acetylcholine receptor
(AChR) is one of the targets for autoantibodies. MG is a neuromus-
cular autoimmune disease featuring fluctuating muscle weakness
and exhaustion worsening upon exertion [1]. In MG, one of the
pathological mechanisms in anti-AChR-positive patients is the loss of
postsynaptic AChR due to anti-AChR antibodies (ab). The decrease
of functional AChR at the endplate leads to less binding of acetyl-
choline, which results in muscle weakness [2,3]. Depending on the
affected muscle groups, MG is more defined in ocular MG (diplopia
and ptosis), bulbar MG (dysarthria and dysphagia), or generalized MG
(muscle weakness to the limbs and neck). MG has high morbidity
when treated inadequately. Serum anti-AChR-ab are present in 90%
of patients with generalized MG and in 50% of patients with ocular
MG [4]. One in 10 patients with MG develops a thymoma, and vice
versa, one in four patients with a thymoma have MG. The presence
of anti-AChR-ab is found in most patients with thymomatous MG
[5,6].

In clinical practice, the majority of anti-AChR-ab analyses are
used to confirm the diagnosis of MG. Although MG is considered
a life-long autoimmune disease, there is no consensus on the use
of anti-AChR-ab during the years of follow-up. Previously, multiple
studies have been performed on this topic. Some of these studies
reported a significant association between change in anti-AChR-ab
serum levels and clinical severity, especially after thymectomy or
when patients used immunosuppressants [7-10]. Other studies did
not report a significant association, but these studies did not have
consistent follow-up durations, there was differential use of serial
dilutions in the assay kit, or they included a relatively small number
of patients [11-13].

Anti-AChR-ab are measured with a radioimmunoprecipitation
assay (RIA). The sensitivity and specificity are high at 87% and
100%, respectively [14,15]. For follow-up of MG patients, quantita-
tive values of the anti-AChR-ab level are essential and this often re-
quires serial dilutions due to the restricted measuring range of both
enzyme-linked immunosorbent assay and RIA [16].

The primary aim of this retrospective study was to analyse the
longitudinal association between reduction in serum anti-AChR-ab
levels and clinical symptoms, using a clinically relevant follow-up du-
ration and the most accurate assay kit available, with inclusion of a
substantial number of patients.

PATIENTS AND METHODS

In this retrospective study, pre-existing data previously used for
regular healthcare in the Maastricht University Medical Center
(MUMC+) were obtained from the patients’ electronic patient files.
The MUMC+ is a national centre of expertise for the treatment of
MG and thymomas in the Netherlands. This study was approved by
the medical ethical commission of the MUMC+ in 2020 (applica-
tion number: 2018-0865), no informed consent was necessary in

this retrospective design. In clinical care, blood samples were ana-
lyzed for anti-AChR-ab concentration using an RIA (IBL International
GmbH, Hamburg, Germany) in the central diagnostic laboratory of
the MUMC+ between 1997 and 2020. Only patients who were at
least 18 years old at the time of the first blood sample taken in the
MUMC+ and who had two or more positive anti-AChR-ab blood
samples (defined as >0.25 nmol/L) were included. Patients who had
a negative test were excluded. Patients with subclinical MG were
excluded because it is known that these patients have positive anti-
AChR-ab at baseline, although the development of clinical MG may
become manifest many months, or even years, later [6]. Patients who
were in total clinical remission at the first anti-AChR-ab test, with-
out relapse after the first test, were excluded as well because these
patients were not able to change in terms of clinical improvement.
In case of incomplete clinical data in the electronic patient files, the
patient was excluded. A blinded clinician retrospectively determined
the clinical status according to the Myasthenia Gravis Foundation
of America (MGFA [17]) scale around the time of the blood sample,
with a maximum variation of 1 month. The baseline for the results
was defined as the time of the first measured anti-AChR-ab serum
level in the MUMCH+. Clinical improvement was determined, using

a binary model (yes/no) and was based on the MGFA classification.

Acetylcholine receptor antibody assay technique

AllAChR-ab assays were performed by trained laboratory technicians
in the immunodiagnostic laboratory in the MUMC+. Quantitative
assessment of anti-AChR-ab was performed on human serum ac-
cording to the instructions of the manufacturer. The AChRs, labelled
with [-125-alpha-bungarotoxin, from human muscle were used as an
antigen. Anti-AChR-ab present in the patients’ serum were bound to
the labelled receptors. Radioactivity was determined using a gamma
counter after excess labels were washed out. Based on a standard
curve (0.2-8.0 nmol/L) the outcomes were translated into an anti-
AChR-ab concentration (nmol/L). Results above 2.0 nmol/L were
further stepwise diluted (1/10, 1/20, 1/100 and 1/500), as appropri-
ate. The inter-assay variation of the assay kit used was reported to
be 7% (range 2.8%-13.1%) by IBL International GmbH [18]. Based on
internal quality control in the MUMCH, the inter-assay variation in
clinical practice appeared to be 10%.

Statistical analysis

Descriptive statistics are reported as mean and standard devia-
tion (SD), or median and range, as appropriate. Statistical analysis
was performed with SPSS statistical software (IBM SPSS Statistics
for Windows, version 25.0. Armonk, NY: IBM Corp) and R (ver-
sion 3.6.1). Statistical significance was considered with o < 0.05.
Percentage of change and baseline anti-AChR-ab serum level were
used as continuous (per 10% decrease), and categorical (decrease
>50%, decrease 0%-50%, and improvement) variables. In this study,
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the MGFA was used as a tool for measuring clinical improvement
on the MGFA scale between each measurement (binary outcome:
yes/no), not for associations with severity of disease. Multilevel
logistic regression analyses were performed to assess the relation-
ship between the percentage change in anti-AChR-ab concentra-
tion on clinical improvement. A random intercept was calculated for

each participant to incorporate variability between subjects. These

models were additionally adjusted for time since baseline measure-
ment (months), age (years) and sex (male/female), immunosuppres-
sive medication use (yes/no), thymectomy (yes/no) and time since
thymectomy in days (continuous, centered). Results are reported as
odds ratios (ORs) including 95% confidence intervals (Cls). Additional
subgroup analyses were performed among those who had under-

gone thymectomy or were diagnosed with a thymoma (Subgroup

Anti-AChR-ab* analysed in the MUMC+
N =1.912 patients

Positive anti-AChR-ab test
N = 481 patients

Inclusion
N = 90 patients, 837 blood samples
Patient characteristics: Table 1

IMG: myasthenia gravis

Multi-level logistic regression analysis
N =90 patients
Results: Table 2 + Table 3

Subgroup analysis 1
Thymectomy (N = 49) vs. non-thymectomy (N = 41)
Thymoma (N = 17) vs. non-thymoma (N = 73)
Results: Table 4

Subgroup analysis 2
Baseline anti-AChR-ab test and after min.12- and max.24 months follow-up, compared
with clinical improvement.
N = 65 patients
Results: Table 5 + Table 6

Subgroup analysis 3
Differences between ‘fast- and slow-responders’ in 24 months follow-up.
‘Fast-responder’: anti-AChR-ab serum level reduction 250% in <12 months: N = 40
‘Slow-responder’: anti-AChR-ab serum level reduction £50% in 224 months: N = 11
Results: Table 7

* Anti-AChR-ab: anti-acetylcholine receptor antibodies

FIGURE 1 Flowchart of the study. AChR-ab, anti-acetylcholine receptor antibody; MG, myasthenia gravis [Colour figure can be viewed at

wileyonlinelibrary.com]
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analysis 1). Chi-squared tests of independence and Student's t-tests
were performed to compare categorical and continuous variables.
Additional binary logistic regression analyses were performed to
estimate the association between the percentage of change in anti-
AChR-ab concentration and clinical improvement (Subgroup analysis
2). A third subgroup analysis was performed to assess possible (base-
line) differences between patients who had a fast- or slow response
of anti-AChR-ab to immunosuppressive drugs over time (Subgroup
analysis 3). Fast responders were defined as patients on immuno-
therapy, with an anti-AChR-ab serum level reduction of at least 50%
in 12 months. Slow responders were defined as patients on immuno-
therapy, with less than 50% reduction in anti-AChR-ab serum level
in 24 months. Figure S1 (Data S1) shows an example of the curve of

two fast responders and two slow responders.

RESULTS

From January 1997 to December 2020, more than 4000 blood sam-
ples of 1912 patients were analyzed for anti-AChR-ab using an RIA
at the MUMCH+. A flowchart of this study is shown in Figure 1. The
result of the test was positive (>0.25 nmol/L) in 481 patients. After
exclusion, 90 patients with a total of 837 blood samples (mean 10.2,
SD +6.6) were included. The characteristics of these patients are
shown in Table 1. Excluded patients had a negative anti-AChR-ab
test (N = 1.431), had an anti-AChR-ab serum level measured with
less than 12 months’ follow-up (N = 348), had remission of MG
without relapse after baseline (N = 7), had subclinical MG (N = 7),
were children (N = 4), or had incomplete data (N = 25). Of the 90
included patients, the majority were women (61.1%), were on immu-
nosuppressive drug therapy (88.9%), and underwent a thymectomy
(54.4%). Intravenous immunoglobulins (IVIg) assessment or plasma-
pheresis was performed in seven patients during a myasthenic cri-
sis or severe exacerbation. The median (range) follow-up time was
72 (16-223) months. The median (range) time between diagnosis of
MG and baseline measurement was 7 (0-300) months. The median
(range) age at baseline was 53.5 (18-83) years. The baseline anti-
AChR-ab concentration ranged from 0.36 to 487 nmol/L. In 7.8% of
the patients, remission of MG (MGFA score 0) was reached at base-
line, with a relapse of symptoms afterwards, meaning that these
patients were already treated, before the anti-AChR-ab concentra-
tions were analyzed in the MUMC+. Over half the study population
(58.8%) had a baseline MGFA score in class | (ocular weakness) or Il
(mild weakness).

During follow-up, 76 patients (84.4%) went into remission
(MGFA score 0) after a median (range) of 19 (2-139) months. Of
the 14 patients who experienced no remission, the majority were
women (64.3%), had immunosuppressive therapy (64.3%), and did
not have a thymoma (85.7%). Furthermore, the group who experi-
enced no remission had a shorter total follow-up time, compared
with the patients who did experience remission during follow-up
(46.4 vs. 85.8 months). Of the 14 patients without remission, 40%
experienced an increment of the anti-AChR-ab during follow-up,

TABLE 1 Baseline patient characteristics of included myasthenia

gravis patients

Characteristics Data
Patients, n 90
Females, n (%) 55(61.1)
Age at baseline®, median years (range) 53.5(18-83)
Duration of MG at baseline?, median months 7 (0-300)
(range)
Follow-up, median months (range) 72 (range:
16-223)
Therapy at baseline?, n (%)
None 0(0.0)
Anticholinesterase monotherapy 10 (11.1)
Immunosuppressive drug therapy 80 (88.9)
MGFA classification at baseline?, n (%)
0 (remission) 7(7.8)
| 21(23.3)
A 13 (14.4)
1B 19 (21.1)
A 10(11.1)
1B 11(12.2)
IVA 4(4.4)
IVB 3(3.3)
\% 2(2.2)
Remission of MG after baseline?, n (%), median 76 (84.4), 19
months (range) (2-139)
Thymectomy, n (%) 49 (54.4)
Thymectomy before baseline®, n (%) 13 (26.5)
Thymectomy 0-12 months after baseline, n (%) 34 (69.4)
Thymectomy >12 months after baseline, n (%) 2(4.1)
Thymoma, n (%) 17 (18.9)
WHO histological type of thymoma, n (%)
A 0(0.0)
AB 4 (23.5)
B1 3(17.7)
B2 5(29.4)
B3 4(23.5)
C 0(0.0)
Unknown 1(5.9)
Staging of thymoma, n (%)
Early stage thymomasb 12 (70.6)
Advanced stage thymomas®© 2(11.8)
Unknown 3(17.6)

Abbreviations: MG, myasthenia gravis; MGFA, Myasthenia Gravis
Foundation of America; WHO, World Health Organization.

At baseline: first analyses of anti-acetylcholine receptor antibody
serum levels in the Maastricht University Medical Center.

PEarly-stage thymomas: Masaoka-Koga stages | and 11/

TNM < T3NOMO.

“Advanced-stage thymomas: Masaoka-Koga stages Il and IV/

TNM = T3NOMO.
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46.7% had an unchanged anti-AChR-ab serum level and 13.3% ex-
perienced a decrease of anti-AChR-ab serum level. Around one-third
of the patients without remission had ocular MG (35.7%). In total,
49 patients (54.4%) underwent a thymectomy, of whom 17 patients
were diagnosed with a thymoma. The thymomas were mostly diag-
nosed as type AB (23.5%), type B2 (29.4%) or type B3 (23.5%).

Multi-level logistic regression analysis showed a significant in-
verse association between change in anti-AChR-ab and the odds
of MGFA score improvement (per 10% decrease of anti-AChR-ab
serum level: OR 1.21, Cl 1.12-1.31; p < 0.001), as shown in Table 2.
Similar results were observed when we additionally adjusted for
confounders such as age (years) and sex (male/female; Model 2), and
immunosuppressive medication use, thymectomy and time since
thymectomy (Model 3). Patients who had undergone a thymectomy
had a numerically lower OR than patients without a thymectomy
(per 10% decrease of anti-AChR-ab serum level: OR 1.15, Cl 1.05-
1.25, p = 0.002, vs. OR 1.45, Cl 1.17-1.80, p = 0.001), as shown in
Table 3. However, no significant interaction was observed between
the groups (p = 0.067). Patients without a thymoma had a numeri-
cally lower OR than patients with a thymoma (per 10% decrease of
anti-AChR-ab serum level: OR 1.19, CI 1.10-1.30, p < 0.001 vs. OR
1.36, Cl 1.10-1.69, p = 0.005).

Subgroup analysis

Patients who had undergone a thymectomy were more often women
(72%, p = 0.028) and were younger than the patients who had not
undergone a thymectomy (median age 40.0 vs. 68.0 years; p < 0.001
[Table 4]). Furthermore, the patients who underwent a thymectomy
experienced slower remission of MG, than the group who did not
undergo a thymectomy (median 19 vs. 11 months; p = 0.027). In pa-
tients who underwent a thymectomy, 75% of the nonthymomatous
and 100% of the thymomatous patients used immunosuppressive
drugs.

The second subgroup analysis was performed to compare the base-
line anti-AChR-ab serum level with the first anti-AChR-ab serum level
after at least 12 months’ follow-up, with a maximum of 24 months’ fol-
low-up. In total, 65 out of 90 patients (72.2%) were included in this
subgroup analysis. Patient characteristics are shown in Table 5 and the
results in Table 6. A statistically significant inverse association was ob-
served between change in anti-AChR-ab concentration and MGFA im-
provement (p = 0.004). Altogether, after 12 to 24 months of follow-up,
a 10% decrease in anti-AChR-ab concentration was associated with an
increased odds for improvement on the MGFA clinical classification
scale by a factor of 1.30 (OR 1.30, Cl 1.09-1.56; p = 0.005).

TABLE 2 Change in anti-acetylcholine receptor antibody concentration (multivariable logistic regression)

Obs Event, n (%) n OR 95% Cl p value
Model 1*
Change in anti-AChR-ab concentration
Decrease 250% 53 46 (87) 4.39 1.79-10.74 0.001
Decrease 0%-50% 158 96 (61) Reference Reference Reference
Increase 84 29 (35) 0.31 0.17-0.57 <0.001
Continuous (per 10% decrease) 295 171 (58) 90 1.21 1.12-1.31 <0.001
Model 2°
Change in anti-AChR-ab concentration
Decrease 250% 53 46 (87) 4.11 1.67-10.15 0.002
Decrease 0%-50% 158 96 (61) Reference Reference Reference
Increase 84 29 (35) 0.32 0.18-0.58 <0.001
Continuous (per 10% decrease) 295 171 (58) 90 1.21 1.12-1.30 <0.001
Model 3¢
Change in anti-AChR-ab concentration
Decrease 250% 47 41 (87) 3.65 1.40-9.54 0.008
Decrease 0%-50% 143 88 (62) Reference Reference Reference
Increase 77 27 (35) 0.31 0.17-0.57 <0.001
Continuous (per 10% decrease) 267 156 (58) 82¢ 1.19 1.10-1.29 <0.001

Note: Event was defined as improvement in MGFA score.

Abbreviations: AChR-ab, anti-acetylcholine receptor; MGFA, Myasthenia Gravis Foundation of America; n, number of individuals; Obs, number of

observations.

2Additionally adjusted for time since baseline measurement (months; continuous).

bModel 1 additionally adjusted for age (years), and sex (male/female).

“‘Model 2 additionally adjusted for use of immunosuppressive medication (yes/no), thymectomy (yes/no), and time since thymectomy (days (centered),

continuous).

dLower number of patients due to missing values for immunosuppressive medication use, and/or (time since) thymectomy.
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TABLE 3 Change in anti-acetylcholine receptor antibody concentration in patients with/without thymoma and/or thymectomy

(multivariable logistic regression)

Obs Event n (%) n OR 95% Cl p value
No thymectomy
Model 1*
Change in anti-AChR-ab concentration
Decrease 250% 27 22(81) 1.89 0.48-7.48 0.367
Decrease 0%-50% 59 43(73) Reference Reference Reference
Increase 24 5(21) 0.05 0.01-0.27 0.001
Continuous (per 10% decrease) 110 70 (64) 41 1.45 1.17-1.80 0.001
Model 2°
Change in anti-AChR-ab concentration
Decrease 250% 27 22(81) 1.68 0.40-6.99 0.479
Decrease 0%-50% 59 43(73) Reference Reference Reference
Increase 24 5(21) 0.05 0.09-0.26 <0.001
Continuous (per 10% decrease) 110 70 (64) 41 1.45 1.17-1.80 0.001
Thymectomy
Model 1?
Change in anti-AChR-ab concentration
Decrease 250% 26 24 (92) 10.78 2.38-48.73 0.002
Decrease 0%-50% 99 53 (54) Reference Reference Reference
Increase 60 24 (40) 0.58 0.30-1.13 0.107
Continuous (per 10% decrease) 185 101 (55) 49 1.15 1.05-1.25 0.002
Model 2°
Change in anti-AChR-ab concentration
Decrease 250% 26 24(92) 10.49 2.32-47.38 0.002
Decrease 0%-50% 99 53 (54) Reference Reference Reference
Increase 60 24 (40) 0.57 0.29-1.12 0.101
Continuous (per 10% decrease) 185 101 (55) 49 1.14 1.05-1.25 0.003
p-interaction® (thymectomy: 0.067
yes vs. no)
No thymoma
Model 1?
Change in anti-AChR-ab concentration
Decrease 250% 39 33(85) 3.56 1.31-9.65 0.013
Decrease 0%-50% 137 84 (61) Reference Reference Reference
Increase 69 24 (35) 0.30 0.16-0.58 <0.001
Continuous (per 10% decrease) 245 141 (58) 73 1.19 1.10-1.30 <0.001
Model 2°
Change in anti-AChR-ab concentration
Decrease >50% 39 33(85) 3.21 1.17-8.85 0.024
Decrease 0%-50% 137 84 (61) Reference Reference Reference
Increase 69 24 (35) 0.31 0.16-0.60 0.001
Continuous (per 10% decrease) 245 141 (58) 73 1.18 1.09-1.28 <0.001
Thymoma
Model 1?
Change in anti-AChR-ab concentration
Decrease 250% 14 13(93) 9.97 1.09-91.46 0.042
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TABLE 3 (Continued)
Obs Event n (%) n OR 95% ClI p value
Decrease 0%-50% 21 12 (57) Reference Reference Reference
Increase 15 5(33) 0.38 0.10-1.51 0.170
Continuous (per 10% decrease) 50 30 (60) 17 1.36 1.10-1.69 0.005
Model 2°
Change in anti-AChR-ab concentration
Decrease 250% 14 13(93) 10.33 1.11-96.18 0.040
Decrease 0%-50% 21 12 (57) Reference Reference Reference
Increase 15 5(33) 0.37 0.09-1.51 0.166
Continuous (per 10% decrease) 50 30 (60) 17 1.37 1.10-1.70 0.005
p-interaction® (thymoma: yes 0.147
VS. NO)
Note: Event was defined as improvement in MGFA score.
Abbreviations: AChR-ab, anti-acetylcholine receptor antibody; n = number of individuals; Obs = number of observations.
2Additionally adjusted for time since baseline measurement (months; continuous).
®Model 1 additionally adjusted for age (years), and sex (male/female).
p-interaction calculated based on continuous outcome (per 10% decrease), Model 2.
TABLE 4 Patient characteristics of subgroup with thymectomy and thymomas
Thymomas Thymectomy
Characteristics Yes No p value Yes No p value
Patients, n 17 73 49 41
Females, n (%) 8(47.1) 47 (64.9) 0.187% 35(72.0) 20 (48.8) 0.028
Age at baseline®, median years (range) 49.0 (30-73) 55.0(18-83) 0.200° 40.0 (18-78) 68.0 (35-83) <0.001
Immunosuppressive therapy, n (%) 17 (100) 63 (86.3) 0.090° 41 (83.6) 39 (95.1) 0.085
MGFA-score at baseline?, n (%)
0 (remission) 1(5.9) 6(8.2) 3(6.1) 4(9.8)
| 4(23.5) 17 (23.3) 9(18.4) 12(29.2)
1A 2(11.8) 11(15.1) 7 (14.3) 6(14.6)
113} 3(17.6) 16 (21.9) 15 (30.6) 4(9.8)
1A 2(11.8) 8(11.0) 4(8.2) 6(14.6)
1B 4(23.5) 7(9.6) 7(14.3) 4(9.8)
IVA 0(0.0) 4(5.5) 2(4.1) 2(4.9)
VB 1(5.9) 2(2.7) 1(2.0) 2(4.9)
\% 0(0.0) 2(2.7) 1(2.0) 1(2.4)
Severity of MG at baseline?, n (%) 0.312° 0.354
MGFA 0—IIB 10(58.8) 50 (68.5) 34 (69.4) 26 (63.4)
MGFA [IA—IV 7(41.2) 23(31.5) 15(30.6) 15 (36.6)
Remission of MG after baseline, n (%) 15(88.2) 61 (83.6) 0.632°7 42 (85.7) 34 (82.9) 0.716
Remission of MG after baseline, median 13 (3-163) 15 (2-66) 0.459° 19 (3-163) 11 (2-35) 0.027

months (range)

Abbreviation: MG, myasthenia gravis; MGFA, Myasthenia Gravis Foundation of America.

?At baseline: first analysis of anti-acetylcholine receptor antibody serum levels in the Maastricht University Medical Center.

The third subgroup analysis focused on the possible different

types of responders after the start of immunosuppressive ther-

apy. In total, 53 out of 90 patients (58.9%) were included based on

the use of immunosuppressive drugs with a minimum follow-up of

24 months. Fast responders had an anti-AChR-ab serum level reduc-
tion of at least 50% in 12 months (N = 40). The slow responders had
less than 50% reduction in anti-AChR-ab serum level in 24 months

(N = 11). Only two out of 53 patients had an intermediate response
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TABLE 5 Patient characteristics of subgroup with two anti-
acetylcholine receptor antibody test within 24 months after
baseline?

Characteristics Data
Patients, n 65
Female, n (%) 40 (61.5)
Age at baseline?, median years (range) 57.0(18-83)
Duration of MG at baseline?, median months (range) 4 (0-204)
Follow-up, median (range) 16 (12-24)
Immunosuppressive drug therapy, n (%) 53(81.5)
MGFA classification at baseline?, n (%)

| 17 (26.1)

1A 10 (15.4)

11B 15(23.1)

1A 7(10.8)

1B 8(12.3)

IVA 3(4.6)

IVB 3(4.6)

\ 2(3.1)
Thymectomy, n (%) 34 (52.3)
Thymoma, n (%) 11 (16.9)

Abbreviations: MG: myasthenia gravis; MGFA: Myasthenia Gravis
Foundation of America.

?At baseline: first analysis of anti-acetylcholine receptor antibody serum
levels in the Maastricht University Medical Center.

and were excluded because they did not fit into one of the two
defined groups. A specific overview of the two groups is shown in
Table 7. The two groups significantly differed with respect to age

(median age of fast responders 63.0 years vs. median age of slow
responders 53.0 years; p = 0.042) and history of a thymectomy, with
thymectomy more frequently performed in the group with slow re-
sponders compared to fast responders (73.3% vs. 41.5%; p = 0.035).
There was no significant difference between the groups in severity
of MG, or level of anti-AChR-ab at baseline.

DISCUSSION

In this retrospective cohort study, an inverse association between
the percentage of change in anti-AChR-ab serum levels and clini-
cal improvement was found in both bivariate and multilevel logistic
regression analyses. This indicates that repetitive measurements of
anti-AChR-ab serum levels can potentially be used to assist in the
follow-up of a patient with MG.

Although most patients did experience remission of MG during
follow-up, this could take many months to years, and change in im-
munosuppressive therapy is no exception. A patient without clin-
ical improvement can present a challenge for clinicians to decide
when a switch in immunosuppressive therapy is indicated, due to
the time it generally takes before the effect is established in drugs
such as azathioprine and mycophenolate mofetil. [19]. In this study,
the MGFA scale was used as a tool for measuring clinical improve-
ment between measurements (binary outcome: yes/no). Using
classification such as the MGFA has limitations because scoring
by a clinician is possibly subjective and the scale is also prone to
influence by patients’ perception of the symptoms. Therefore,
an improvement on the MGFA scale should not be interpreted
as an indicator of severity of a disease for which more suitable

TABLE 6 Change in anti-acetylcholine

Eventn receptor antibody concentration in
" %) OR 95%cl p-value patients with a follow-up of 12-24 months

Model 1° (binary logistic regression)
Change in anti-AChR-ab concentration

Decrease 250% 36 34(944) 7.29 1.31-40.57 0.023

Decrease 0%-50% 20 14 (70.0) Reference Reference Reference

Increase 9 5(55.6) 0.54 0.11-2.72  0.452

Continuous (per 10% decrease) 65 53(81.5) 1.30 1.09-1.56  0.005
Model 2°
Change in anti-AChR-ab concentration

Decrease 250% 36 34(94.4) 6.28 1.09-36.19  0.040

Decrease 0%-50% 20 14 (70.0) Reference Reference Reference

Increase 9 5(55.6) 0.62 0.11- 0.583

0.3.40
Continuous (per 10% decrease) 65 53(81.5) 1.27 1.06-1.53 0.011

Note: Event was defined as improvement in Myasthenia Gravis Foundation of America score.

Abbreviations: AChR-ab, anti-acetylcholine receptor antibody; n = number of individuals; Obs,

number of observations; OR, odds ratio.

?Additionally adjusted for time since baseline measurement (months; continuous).

®Model 1 additionally adjusted for age (years), and sex (male/female).
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measurement tools are available, such as Quantitative Myasthenia
Gravis (QMG) combined with Myasthenia Gravis Activities of Daily
Living (MG-ADL) score [20]. Unfortunately, these tools were not
available in the present study setting because of its retrospective
nature. MG is a disease characterized by fluctuating muscle weak-
ness over the course of a day. These daily fluctuations in symp-
toms can also influence the grading of disease severity. In addition,
central fatigue is a frequently described symptom in MG and can
be confused with peripheral muscle weakness [21]. Furthermore,
the intake of acetylcholinesterase inhibitors can play an important
factor in the imprecision of the rating scales due to their short
interval of action [19]. The addition of a more objective measure-
ment tool, such as anti-AChR-ab serum levels, that is not heavily
subjective to daily fluctuations and barely invasive for a patient, is
a tool that can support decisions regarding change in immunosup-
pressive therapy. An anti-AChR-ab serum level that shows a signif-
icant decline in concentration, indicates that the chosen therapy is
working and should therefore be continued. Vice versa, no change
or anincrease in concentration indicate that a change in drug ther-
apy could be beneficial in a particular patient, which can lead to
faster remission, fewer exacerbations, a lower dose of immuno-
suppressive drugs, and fewer costs in clinical care. In this study,
we did not focus on change in immunosuppressive therapies and
further prospective research is necessary. It would be beneficial to
examine more closely whether changes in anti-AChR-ab concen-
tration can assist clinicians in deciding when exactly an immuno-

suppressive therapy should be changed. Moreover, specific types

of therapy for the particular patient to reduce time to remission,
exacerbations and costs should be analyzed in further research.

We found that patients who underwent a thymectomy experi-
enced slower remission of MG than the group who did not undergo
a thymectomy. Furthermore, the patients who had undergone a
thymectomy were also more often classified as a ‘slow responder’;
defined as a less than 50% reduction of anti-AChR-ab serum level
in 24 months. A possible explanation could be that the thymectomy
group was significantly younger and in a less stable phase of the dis-
ease. Moreover, the patients in the thymectomy group used fewer
immunosuppressive drugs, which could be also a factor in the de-
layed achievement of MG remission. Severity of MG or the quantita-
tive level of anti-AChR-ab were not significantly different between
these patients and the fast responders. Another hypothesis could
be that the thymectomy patients in our study were able to taper
the prednisolone, but did not started azathioprine on time, to take
over the effect of the prednisolone. Azathioprine as an adjunct to
prednisolone is considered as a treatment that reduces the dose of
prednisolone, has fewer treatment failures, longer remissions, and
has fewer side effects [22]. Further research is necessary to observe
the daily use of different types of immunosuppressive drugs com-
bined with changes in anti-AChR-ab serum levels.

Anti-AChR-ab serum levels can also play a role in creating a cor-
rect indication for treatment-resistant MG patients. For example,
eculizumab, a humanized monoclonal antibody, is indicated mainly in
patients with anti-AChR-ab positive MG who are treatment-resistant
to general immunosuppressive therapy [23,24]. Although, previ-
ous research showed beneficial effects in this study population,

TABLE 7 Patient characteristics of

. s Fast Slow p
subgroup ‘fast- and slow responders’ on L. a b
. . Characteristics responders' responders value
immunosuppressive therapy
Patients, n 40 11
Females, n (%) 23(57.5) 7 (63.6) 0.714
Age, median years (range) 63.0 (18-83) 53.0 (22-69) 0.042
Level of anti-AChR-ab at baseline®, median 21 (1.4-202) 14 (0.36-214) 0.372
(range)
Severity of MG at baseline®, n (%) 0.08
MGFA | - IIB 21(52.5) 9(81.8)
MGFA IIIA - IV 19 (47.5) 2(18.2)
Thymectomy, n (%) 17 (41.5) 9(81.8) 0.021
Thymectomy before baseline® 3(17.6) 3(33.3)
Thymectomy 0-12 months after baseline 13 (76.5) 6(66.7)
Thymectomy >12 months after baseline 1(5.9) 0(0.0)
Thymoma, n (%) 7 (17.1) 3(27.3) 0.47
Remission of MG after baseline, n (%) 38(95.0) 10 (90.1) 0.61
Remission of MG after baseline, median (range) 11 (2-50) 14 (4-45) 0.418

Abbreviations: AChR-ab, anti-acetylcholine receptor antibody; MG: myasthenia gravis; MGFA:
Myasthenia Gravis Foundation of America.

@Fast responder: anti-AChR-ab serum level reduction 250% in <12 months.

bSlow responder: anti-AChR-ab serum level reduction <50% in 224 months.

‘At baseline: first analyzation of anti-AChR-ab serum levels in the Maastricht University Medical

Center.
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cost-effectiveness is a topic of discussion. Therefore, a more objec-
tive tool such as anti-AChR-ab serum level (combined with clinical
examination tests) can possibly contribute to a reasoned indication
for drug therapies in treatment-resistant MG.

In this study, an RIA was used to accurately measure anti-
AChR-ab concentration. If blood samples are diluted, the assay kit
can determine concentrations from 0.25 to 500 nmol/L within a rea-
sonable margin of error. By determining the precise concentration,
it is possible to obtain an insight into the fluctuation of the concen-
tration over time, instead of a binary outcome (positive/negative).
Therefore, the use of anti-AChR-ab with serial dilutions is recom-
mended in all patients with clinical MG.

The aim of this study was to investigate whether there was
an association between anti-AChR-ab and clinical status in MG.
Because this association is now found in several studies, it is im-
portant to achieve an international consensus about the use of
anti-AChR-ab in follow-up, in addition to the well-known diagnos-
tic value.

This study has some limitations which can be optimized in fur-
ther research. A future prospective study is necessary to standard-
ize follow-up time and treatment, with precise information about
doses and switch of immunosuppressive therapy. Furthermore, the
inclusion of patients at the same point in the disease and the use of
a combination of rating scales (e.g. QMG combined with MG-ADL)
are recommended in further research. Lastly, this study was not able
to make specific recommendations on an individual level, but we
support the continuation of research on this topic to achieve more
personalized treatment of patients with MG.

In conclusion, this blinded retrospective cohort study found that
a change in anti-AChR-ab serum level was associated with clinical
status in MG. These results indicate that the use of anti-AChR-ab
serum levels might be valuable as a long-term monitor for clinical
improvement in MG patients, and could possibly support clinicians
in their decisions regarding continuing or changing immunosuppres-
sive treatment. Repetitive measurements of anti-AChR-ab serum
levels can objectively assist in the follow-up of a patient with MG. A
future prospective study is necessary to provide additional informa-
tion about the influence of different immunosuppressive strategies
on anti-AChR-ab serum levels to lead to more personalized treat-

ment of patients with MG.
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