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Reduction rate of anti-acetylcholine
receptor antibody titer
levels is an early prognostic indicator
for myasthenia gravis

i

34

1| K22 L2

D]
5

5

HH E

Ay






By Cheok for updates

Received: 1 December 2023 Accepted: 26 December 2023
DOk 30.1111/ncn3.12793

ORIGINAL ARTICLE WILEY

Reduction rate of anti-acetylcholine receptor antibody titer
levels is an early prognostic indicator for myasthenia gravis

Yasuhiro Hamada?® | Kazushi Deguchi?® | Keita Takaba®? | Rie Kawakita?® |
Tadayuki Takata?@ | Asahiro Morishita?® | Hideki Kobara®?® | Tsutomu Masaki?

Department of Suppartive and Promotive
Medicine of the Municipal Hospital,
Faculty of Medicine, Kagawa University,
Miki, Kagawa, Japan

2Department of Gastroenterology and
MNeuraology, Faculty of Mediclne, Kagawa
University, Miki, Kagawa, Japan

N A Y

Coerrespondence

Kazushi Deguchi, Department of
Gastroenterology and Neurology, Faculty
of Medicine, Kagawa University, 1750-1
lkenobe, Miki, Kagawa 761-0793, Japan.
Email: deguchl.kazushi@kagawa-u.ac.jp

& 00 days) perlodsf
"(ROC) curve wasf{‘_

‘ or-better—Smg achlevement : S : : : ‘
; Conclus:on The RR—AChR.Ab.mlght be an approprlate prognostlc bsomarker durmg
"'th 'early permd of MM or-better-Smg ach:evement In the era of eariy fast-acting.:
reatment strategles the RR- AChR AB trend after startmg lmmunotheraples may‘-';‘

gmde the subsequent treatment chotces

_KEYWORDS : :
L anti-acetylchol!ne receptor anhbodnes fast-actlng treatment mlmmal mamfestatlons. )
: 'myasthema graws, prognostlc predlctlon : :

This Is an open access article under the terrns of the Creative Commons Attribution License, which permits use, distributlon and reproduction in any medium,
provided the original work is properly cnted
© 2024 The Authors, Neurology and Clinical Neurosclence pubhshed by Japanese Society of Neurology and John Wiley & Sons Australia, Ltd.

Neurol Clin Neurosci. 2024:00:1-7. ‘ ’ wileyonlinelibrary.com/jeurnal/ncn3 1



2 HAMADA T AL,
lwitey
Outcome evaluation
MGFA postintervention status,
MG-ADL scale, and daily PSL dose
AChR Ab Pre- P
measurement treatment ost-reaiment
= S S T T T >
Time after the start of 0 " a0 60 100 ) 366

immunectherapy (day)
|

}

Stratification by timing of AChR Ab measurement

after starting Immunctherapy

FIGURE 1 Evaluation time of anti-acetylcholine receptor antibody (AChR Ab) titer levels and clinical status. AChR Ab titer levels were
measured in the early (within 30days; n=33), middle (31-60days; n=34), and late periods (61-100days; n=38}, and the reduction rate
of anti-acetylcholine receptor antibody (RR-AChR Ab) was calculated in each period. Clinical status was assessed 1vear after starting
immunotherapies, MG-ADL, Myasthenia Gravis Activities of Daily Living; MGFA, Myasthenla Gravis Foundation of America; PSL,

prednisolone,

1 | INTRODUCTION

Myasthenia gravis {MG) is an autoimmune disorder of the neu-
romuscular junction characterized by easy fatigability showing
diurnal variation. Eighty-five percent of patients with MG have
anti-acetylcholine receptor antibodies (AChR Abs).l? While it is es-
tablished that AChR Abs are strongly involved in MG pathogenesis,
AChR Ab titer levels themselves do not reflect inter-patient disease
severity. Thus, whether changes in AChR Ab titer levels are markers
of disease activity remains unclear.-

Few patients achieve complete stable remission {CSR) or phar-
macclogic remission (PR} with conventional MG therapy, as as-
sessed by the Myasthenia Gravis Foundation of America (MGFA)
postintervention status.® Therefore, the goal of MG treatment is to
achieve minimal manifestations,or better {(MM-or-better} status and
to maintain medication side effects as asymptomatic or mild symp-
toms without requiring intervention.”® Japanese practical guidelines
for MG recommend the early MM-ar-better status achievement
with prednisclone (PSL) at 5 mg/day (MM-or-better-5mg), which Is
achievable for more patients than CSR or PR and can provide pa<
tlents a high health-related quality of life,%*° Oral PSL s5mg/day
status is a key freatment for MG and is described as level 1 low-dose

oral monotherapy in the Myasthenia Gravis Status and Treatment -

Intensity score.!* Under these circumstances, evaluating the reduc-

, tion rate of AChR Ab titer [evels (RR-AC!-_uR Ab) after 71days (me-
dian) of immunosuppressive treatment was suggested to predict
MM-or-better status after 1year of immunosuppressive therapy.iz
However, whether the RR-AChR Ab can be used to predict MM-or-
better-5mg remains unclear. Recently, early fast-acting treatment
{EFT) strategies that aggressively use fast-acting treatments (FTs),
consisting of intravenous methylprednisolone (JVMP), intravenous
immunoglobulin (IVIg), plasma exchange (PE), and/or their combi-
nations, have been widely used to quickly improve symptoms and
reduce oral steroid dosage.!™3* Predicting the treatment effect
immediately after starting FTs to develop a subsequent treatment
strategy would be useful when implementing FT.

This study aimed (1) to determine the utility of RR-AChR Ab
in predicting MM-or-better-5mg, with a particular emphasis on
the health-related quality of life of patients and (2} to determine
whether RR-AChR Ab assessment immediately after starting immu-

‘notherapies is appropriate for predicting MiM-or-hetter or MM-or-

better-5mg achievement. Furthermore, as EFT strategies have been
recommended for MG treatment, ' we also evaluated the associa-
tion between RR-ACHR Ab and early immunotherapies.

2 | METHODS
2.1 | Patients

This retrospective observational study included 83 patients with AChR
Ab-positive MG treated at our hospital between 2005 and 2022, The
patients' profiles, including the age of onset; sex, presence or absence
of a thymoma, MGFA classification,® and ELT {early-onset, late-onset,
thymoma-assoclated MG} classification!® were extracted from their
medical records, Changes in the Myasthenia Gravis Activities of Daily
Living (MG-ADL) scale scores,’® MGFA postintervention status, AChR
Ah titer levels, and daily dose of oral PSL were additionally investigated.
AChR Ab titer levels were measured using radioimmunoassay.

2.2 | Evaluating RR-AChR Ab

The RR-AChR Ab was calculated using a previously reported for-
mulal? as follows: RR-AChR Ab {%/day)=(pretrestment AChR Ab
titer leve| - posttreatment AChR Ab titer [evel)/pretreatment AChR
Ab titer level/days between starting immunotheraples and meas-
urement of AChR Ab titer levels x 100, AChR Ab measurement was
classified into three time periods to determine the optimal tim-
ing of RR-ACHR Ab evaluation for prognostic prediction: within

30days after starting immunotherapies {early period), 31-60days )

(middle period), and 61-100days {late period) (Figure 1). If AChR
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Ab titer levels were measured multiple times after starting immu-
notherapies, each result was included in the corresnonding period.
If multiple measurements were performed during the same period,
the highest RR-AChR Ab titer level was used for evaluation.

2.3 | Statistical analyses

Receiver operating characteristic {ROC) analyses of RR-AChR Abs
for achieving MM-or-better and MM-or-better-5mg status lyear
after starting immunotherapies were performed at each evaluation
period. If the number of patients who either achieved or failed to
achieve this status was <40, the ROC analysis was not performed.??
Cutoff value was determined using the corresponding Youden index
when the area under the curve (AUC) was >0.70 (moderate accu-
racy). Fisher's exact and Mann-Whitney U tests were performed
for categorical and continuous variables, respectively, to evaluate
differences. The significance level was set at p<0.05. All statistical
anzlyses were performedusing EZR® (Saitama Medical Center, Jichi
Medical University, Saltama, Japan), a graphical user interface for R
{The R Foundation far Statistical Computing, Vienna, Austria).

24 | Ethics

The Research Ethics Committee of Kagawa University Faculty of
Medicine approved this study {approval number; 2022-018). The

TABLE 1 Demographic data of
patients.

W1 LEY—I—3

contents of this study were published on the website of Kagawa
University Hospital, and the patients were free to opt out of partici-
pating in the study.

3 | RESULTS

3.1 | Patient profile

Of the 83 patients with MG, we excluded 14 who did not recelve
immunatherapy (IVMP, IVlg, PE, oral PSL, tacrolimus [TAC), or
cyclosporin A [CSA]), 13 who did not undergo AChR Ab meas-
urement during the follow-up period, and three who were not fol-
lowed up after 1year of inmunotherapy. Therefore, a total of 53
patients were included in the analysis. Patient profiles are shown
in Table 1.

3.2 | Relationship between patient
profile and outcomes
MM-or-better status achievement

321 |

The MG-ADL scale score was significantly lower in the achiev-

ing'group than in the nonachieving group before (p=0.021) and
after (p =0.001) immunotherapy. In the nonachieving and achiev-
ing groups, thymoma was present in 4/4 (67%) and 12/47 patients

MG-ADL scale

Before immunotherapy
Oneycar after starting lmmunotherap1es

| AChRAb titer level

MM or better status

Oneyear after starting immunotherapies (n)
At dan!y PsL dose of 55 mg 1year af
' : Fast-actmg treatment [n)

IVMP: IVIg:PE (n),

Oral i |mmunosuppresswe tre1tment {only PSL PSL+TAC unlv

,'.Before mmunotherapy{nmol/i_): ‘(.
Oneyear after starting |mmunotherap|es (nmoIIL)

_______._631(199 347)'
12033 T

6(0-~21)
o4

© 489(0.5-1400)
- 7:5{0,3-775)

47 (89%)
24 (45%)
35 (66%)
26:19:2
24:24:1:1:1

T starting immunotheraples {n)

TAC:PSL+CS5A: P5L+TAC+ CSA) (n)

: Dady orai PSL dose 1year after starting lmmunotherames [mgldav)

Note: Data are presented as medians {full range} or numbers (percentages)

Abbreviations: AChR Ab, anti-acetylcholine receptor antibody: CSA, cyclosporin A; ELT, early-
onset, late-onset, thymoma-associated myasthenia gravis; [Vlg, intravenous immunoglobuling [VMP,
intravenows methylprednisolone; MG-ADL, Myasthenia Gravis Activities of Daily Living; MGFA,
Myasthenia Gravis Foundation of America; MM, minimal manifestations; PE, plasma exchange;

PSL, prednisolone; TAC, tacrolimus. :
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TABLE 2 Comparison of patient background and treatment between the achieving (MM-or-better or MM-or-better-5 mg) and
nonachieving groups 1year after starting immunotherapies.

fepote bt b : sk B s
Age of onset (years) 65.3 (19.9-84.7) D.933“ 67.45(199-84.7) 609
(29.4~81.9)
: Sex (maleifemale) 08900 a2 s e B2 e L odsd
MGFA classification 0.274" 9:10:2:1:2 7:17:3:1:1 0.705°

A

MG-ADL scale

Before immunotherapy

o

16 (7-13)
13 (2-14)

0.021°
0.001"

8 (4-15)
0(0-16)

0.09¢°
0.056°

Oneyear after starting
immunotherapies

Fast-acting treatment (n) 16 (55%)

31 {66%) 4(67%) 1.0° 19 (79%) .
IVMP {n) 24 {51%) 2 (33%} 0.669°  16(67%) 10 {34%) 0.028"
Vig (n) 15 (32%) 4(67%) 0472  B(33%) 11 {38%)
PE {n} 1(2%) 1{17%) 0.2168°  1(4%)

1.

Daflly-oral PSL dose 1vear after 5 (0-30} 13,75 (5-22.5) 0.058 5{0-5)
starting immunotheraptes

{mg/day)

Note: Data are presented as medians {full range) or numbers (percentages). a: Mann-Whitney U-test; b: Fisher's exact test. The significance level was
set at p<0.05. :

Abbreviations: AChR Ab, anti-acetylcholine receptor antibody; ELT, early-onset, late-onset, thymoma-associated myasthenia gravis; IVig, intravenous
immunoglobulir; IVMP, Intravenous methylprednisolone; MG-ADL, Myasthenia Gravis Activities of Daily Living; MGFA, Myasthenia Gravis
Foundation of America; MM-ar-better, minimal manifestations or better status; MM-or-better-5 mg, minimal manifestations or better status at daily
predniselone doses of s5mg; PE, plasma exchange; PSL, prednisolone; TAC, tacrolimus.

(26%), respectively. AChR Ab titer levels were not significantly
different between the achieving and nonachieving groups be-
fore immunotherapy but were significantly lower in the achieving
group than in the nonachieving group 1vear after starting ‘immu-
notherapies {(p=0.014). The difference in the FT rate between
the two groups was insignificant; however, all patients in the non-
achieving group received not only PSL but also TAC or CSA.

IVMP as an FT was used significantly more frequently in the achiev-
ing group than in the nonachieving group {(p=0.028; Table 2}.

3.3 | Evaluating RR-AChR Ab

RR-ACHR Ab titer levels were calculated in 33, 34, and 38 patients
during the early, middile, and late periods, respectively. Because
only six patients failed to achieve MM-gr-better status, ROC analy-
sis was not performed for the same. The AUC of the ROC curves
for predicting MM-ar-better-5 mg after 1year were 0.75, 0.64, and

3.2.2 | MM-or-better-5mg achievement

LaptweSrmagEanuoyy:

The difference in the MG-ADL scale scores between the achieving
and nonachieving groups before or after starting Immunotherapies
was Inslgnificant. Contrastingly, AChR Ab titer levels were signifi-
cantly lower in the achieving group than in the nonachieving group
before {(p=0.008) and after (p=0.001) starting immunotherapies,

0.49 for the early, middle, and late periods, respectively. Only the
AUC for the early period showed moderate accuracy in predicting
MM-or-better-5mg achievement. The median time from starting im-
munotherapies to measuring of AChR Ab titer levels in the early pe-
riod was 21 days {range: 7-30). The cutoff value of the RR-AChR Ab
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titer levels determined using the corresponding Youden index was
1,68%/day {sensitivity, 85%; specificity, 70%) (Figure 2).

3.4 | Characteristics of patients with high RR-AChR
Ab titer levels in the early period

Patients with high RR-AChR Ab titer levels (>1.68%/day; n=17)
were compared with those with low RR-AChR Ab titer levels
{=1.68%/day; n=18) in the early period {Table 3}. Differences in the
patient background (age of onset, sex, and MGFA and ELT classi-
fications) between the high and low RR-AChR Ab groups were in-
significant, Differences In the MG-ADL scale scores and AChR Ab
titer levels between the high and low RR-AChR Ab groups before
and after starting immunotherapies were insignificant. During the
early period, FTs (p < 0.001), particularly IVMP (p<0.001), were used
significantly more frequently in the high RR-AChR Ab group than in
the low RR-AChR Ab group. Oral immunosuppressive treatment by
only, PSL was significantly more common in the low RR-AChR Ab
group than in the high RR-AChR Ab group (p=0.037),

4 | DISCUSSION

This retrospective chservational study suggested that assessing the
RR-AChR Ab titer levels successfully predicted MM-or-better-Smg

1.0 5
0.8 -
3‘.06 Cutoff value
R 1.68%/day
T
S04 -
0.2 -
n=33
004!

1.0 08 06 064 02 0.0
Specificity

FIGURE 2 AnROC curve for predicting MM-or-better-5mg
1year after starting immunotherapies. The reduction rate of anti-
acetylcholine receptor antibody {RR-AChR Ab) titer levels in the
early period fwithin 30 days of starting immunotherapies). A cutoff
value of 1.68%/day for RR-AChR Ab was able to predict MM-or-
better-5mg achievement {sensitivity, 85%; specificity, 70%). M-
or-better-5mg, minimal manifestations or better status with daily
aral prednisolone <5 mg; ROC, receiver operating characteristic;
RR-AChR Ab, reduction rate of anti-acetylcholine receptor antibody.

affer 1lyear of immunotherapy, with the early period {median:
21 days) being the optimal time of assessment after starting immu-
notherapies. Furthermore, |VMP as an early immunotherapy might
have been highly involved in achieving MM-or-better-5mg 1year
after starting immunotherapies.

. MM-or-better, a conventional treatment goal,”® was predictable,
with a cutoff value of 0.64%/day for RR-AChR Ab (sensitivity, 69%;
specificity, 73%).12 In our study, MM-or-better was achieved In 89%
of patients after 1year of imrhunotherapy. Therefore, a sufficient
sample size for the ROC curve analysis-could not be obtained. The
higher achievement rate of MM-or-better in our study than that pre-
viously reported (79%) might be related to the difference in the
severity of patients, as the percentage of MGFA class | patients in
our study was 30% compared with 19% in the previous report.12

The treatment goal in the international consensus guidance for
the management of MG is to achieve MM-or-better status and to
maintain medication side effects as asymptomatic or mild symptems
without requiring intervention.”® Meanwhile, MM-or-better-3mg is

a practical and concrete treatment goal that provides patients with

a good health-related guality of life as CSR or PR This study
showed that the 1.68%/day cutoff value for RR-AChR Ab assessed in
the early period successfully predicted MM-or-better-5 mg achieve-
ment. Recently, EFT significance has been emphasized in achieving
early MG improvement and oral PSL dosage reduction, with inter-
mittent FT addition as needed.}®3!* Under these clrcumstances,
evaluating RR-AChR Ab titer levels immediately after early immu-
notherapies might be a useful indicator to determine the treatment
;trétegy (FT repetition or maintenance therapy with a small dose
of PSL and nonsteroidal immunosuppressants). In Japan, national
health insurance regulations imit nonsteroidal immunosuppressants
{calcineurin inhibitors; TAC, and CSA) to low doses such that they
do not affect patients’ health-related quality of life.%% The 45% rate
of MM-or-better-5mg achievement in this study was comparable
te the achievement rates reperted in a previous report: 49.4% and
42.1% In the groups with and without EFT,* respectively. Based on
these results, the cutaff value for RR-AChR Ab titer levels immedi-
ately after starting immunotherapies might apply to other cohorts.
Herein, the achievement rate of MM-or-better-S5mg was 65%
in the high RR-AChR Ab group and as low as 12% in the low RR-
AChR Ab group. Since the illness severity (MG-ADL scale score) be-
tween the two groups was similar, the higher frequency of IVMP

‘use In the high-RR-AChR Ab group may have accounted for this dif-

ference. This result is consistent with that of previous reports, 2%

which found that using 'WMP, IVIg, and PE within the first 6 months
of treatment determined MM-or-better-5mg after 2years,?® and

. using EFT including IVMP could achieve MM-or-better-5mg earlier

and more frequently.?* Thus, prompt therapy intensification, such
as additional IVMP, may be desirable when the RR-AChR Ab titer
level is <1.68%/day in the early period (within 30days of starting
immunotherapies).

This study had a few limitations. First, this was a single-center,
retrospective, observational study with a small number of patients,
To evaluate the validity of the RR-AChR Ab fiter levels to predict
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TABLE 3 Comparison of patient characteristics between the high and low RR-AChR Ab groups for the cutoff value of 1. 68%/day in the
cases where AChR Ab titer levels were evaluated within 30 day of starting immunoctherapies.

Age of onset (vears)

; uSex (male female) (n

MGFA c|255|f|cat|on at the |n=t|ai visit (I I| lli IV V) (n)

ELT classlﬂcatlon (earl' onsé set hymoma-assoclated) (n)

MG-ADL scale

LA

Before immunotherapy

Onevyear after starting immunotherapies

Fast-acting treatment during the early period (n}
IVMP {n)
" Vigin)

84.7) 50 7 (29 4-79 9) 0.078*

0.434°
0427
8 (3-21) 714-43) 06207
01(0-2) ) 0(0-13) _ 0.219°
689(ia-1000 - osor
L 168510.6-775) - - 0.098

21 ‘(i1-30) ‘ 23.5 (7—30)

16 (94%) 4 (25%) <0.001®

11 {65%) B 1 I <0,001°

"9 {53%) 4 (25%) 0.157°
16 10

0,037

0.141°

Note: Data are presented as medians {full range) or numbers {percentages). a: Mann-Whitney U-test; b: Fisher's exact test, The significance level was

setat p<0.05.

Abbreviations: AChR Ab, anti-acetylcholine receptor antibody: ELT, early-onset, late-onset, thymoma-associated myasthenia gravis; [Vlg, Intravenous
immunoglobulin IVMP, intravenous methylprednisolone; MG-ADL, Myasthenia Gravis Actlvities of Daily Living; MGEA, Myasthenia Gravis
Faundation of America; MM, minimal manifestations; PE, plasma exchange; PSL, prednisolone; RR-ACHR Ab, reduction rate of anti-acetylcholine

receptor antibody; TAC, tacrolimus.

MM-or-better-5mg, a multicenter prospeqtive study of a large number

of patients with a standardized initial treatment regimen and RR-AChR '

Ab assessment timing is needed. Second, the clinical significance of
RR-ACHhR Ab was not validated as an indicator for developing a treat-
ment strategy after the early immunotherapies to achieve early treat-
ment goals. Achieving an early MM-or-better-§ mg through additional
FTin patients with low RR-AChR Ab should be further investigated.

In colncluslon,' RR-AChR Ab calculated within 30days of start-
ing immunotherapies was useful in predicting MM-or-better-5mg
achievement after 1year in patients with AChR Ab-positive MG.'A
high RR-AChR Ab predicted MM-or-better-5mg achievement and
was cbtained in patients receiving EFT, especially IVMP. In patients
with low RR-AChR Ab titer levels, FT addition could potentially ac-
celerate MM-or-better-5mg achievement. Large prospective multi-
center studies are required to evaluate the clinteal significance of
RR-AChR Abin treating MG.
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