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ABSTRACT

Introduction: We investigated the safety and
explore potential efficacy of batoclimab
administered subcutaneously in Chinese
patients with generalized myasthenia gravis
(gMG).

Methods: A randomized, double-blinded, pla-
cebo-controlled, parallel phase II study was
conducted. First, in the double-blinded treat-
ment period, eligible patients received bato-
climab (680 mg), batoclimab (340 mg), or
placebo on days 1, 8, 15, 22, 29, and 36. In the
open-label treatment period, patients received
batoclimab (340 mg) on days 50, 64, and 78. In
the follow-up period, patients were examined
on days 92, 106, and 120. The primary endpoint
was Myasthenia Gravis Activities of Daily Living
(MG-ADL) score change on day 43 from
baseline.
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Results: In total, 30 eligible patients were
enrolled, with 11, 10, and 9 patients in the
batoclimab 680 mg, batoclimab 340 mg, and
placebo groups, respectively. MG-ADL score
changes from baseline to day 43 were
-2.2 ± 0.9, -4.7 ± 0.6, and -4.4 ± 1.0 in the
placebo, batoclimab 340 mg, and 680 mg
groups, respectively. Similar changes were
observed in Quantitative Myasthenia Gravis,
Myasthenia Gravis Composite, and 15-item
Myasthenia Gravis Quality of Life scores in the
placebo, batoclimab 340 mg, and 680 mg
groups, respectively. The proportion of patients
with clinically significant improvement on day
43 was higher in the batoclimab groups. On day
120, all four scales in the placebo group had
more significant improvement compared with
the batoclimab groups, with total serum IgG
levels reaching a plateau. No death or treat-
ment-emergent adverse events (TEAEs) led to
study discontinuation.
Conclusion: Batoclimab is effective and safe in
Chinese patients with gMG.
Trial Registration: This study was registered at
ClinicalTrials.gov (NCT04346888) on 15 April
2020, with the first patient enrolled on 23 July
2020.

Keywords: Batoclimab; Neonatal Fc receptor;
Generalized myasthenia gravis; Safety; Efficacy

Key Summary Points

Why carry out this study?

Targeting the reduction of pathogenic IgG
autoantibodies is a pathophysiological
strategy for myasthenia gravis treatment;
however, some shortcomings, including
therapeutic accessibility, treatment safety,
and cost, require urgent attention to
provide more effective therapies.

This study aimed to investigate the safety
and explore potential efficacy of neonatal
Fc receptor (FcRn) antagonist batoclimab
administered subcutaneously in Chinese
patients with generalized myasthenia
gravis.

What was learned from the study?

Clinical improvement was found in
batoclimab groups compared with the
placebo group demonstrated by
Myasthenia Gravis Activities of Daily
Living score and Quantitative Myasthenia
Gravis score.

This phase II study showed that
batoclimab is clinically effective and safe
in Chinese patients with generalized
myasthenia gravis. The results of this
study may support the next phase III
study assessing batoclimab.

INTRODUCTION

Myasthenia gravis (MG) is an autoimmune dis-
order characterized by antibodies against
acetylcholine receptor (AChR), muscle-specific
kinase (MuSK), and/or other AChR-related pro-
teins in the postsynaptic muscle membrane
[1, 2]. A large cohort study in China reported an
incidence of 0.68 per million person-years for
MG, with an admission mortality rate of
14.69% [3].
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Targeting the reduction of pathogenic IgG
autoantibodies is a pathophysiological strategy
for MG treatment. Previous studies demon-
strated exogenous immunoglobulins, e.g.,
intravenous immunoglobulin (IVIG), extracor-
poreal removal of antibodies (e.g., plasma-
pheresis or immunoadsorption), or depletion of
antibodies producing precursor cells (e.g., CD20
monoclonal antibody) can be advantageous for
patients with generalized MG (gMG) [4]. How-
ever, some shortcomings (e.g., therapeutic
accessibility, as well as treatment safety and
costs) require urgent attention to provide more
effective therapies for patients with MG.

The neonatal Fc receptor (FcRn) plays a piv-
otal role in IgG recycling, and blocking
IgG–FcRn interaction results in enhanced
degradation of IgG [5, 6]. In recent clinical
studies, the analysis of FcRn antagonists con-
firmed the therapeutic advantages of reducing
IgG in patients with gMG [7–9].

Different from some other FcRn antagonists
(humanized IgG1 Fc fragment for efgartigimod,
humanized IgG4 monoclonal antibody for
rozanolixizumab, etc.), batoclimab (HBM9161)
is a fully humanized IgG1 monoclonal antibody
targeting FcRn that accelerates the degradation
of pathogenic autoantibodies. Moreover,
acceptable safety, pharmacokinetics, and phar-
macodynamics of batoclimab in Chinese heal-
thy volunteers were reported [10], with a single
subcutaneous dose of 680 mg, reducing total
IgG levels by 41.2 ± 10.4%.

We hypothesized that reduction of total IgG,
as observed in healthy volunteers in a phase I
trial, leads to clinical improvement in gMG
cases with batoclimab administration. Hence,
this study aimed to investigate the safety and
explore potential efficacy of batoclimab
administered subcutaneously in Chinese
patients with gMG.

METHODS

Study Design

This was a randomized, double-blinded, pla-
cebo-controlled, parallel phase II study involv-
ing seven Chinese medical centers. After a

2-week screening period, study participants
entered a 6-week study drug treatment period
(double-blinded treatment period), followed by
an open-label treatment period. A total of 30
eligible patients were planned. Study groups
were: group 1, batoclimab (680 mg, double-
blinded treatment period) ? batoclimab
(340 mg, open-label treatment period); group 2,
batoclimab (340 mg, double-blinded treatment
period) ? batoclimab (340 mg, open-label
treatment period); group 3, placebo, (double-
blinded treatment period) ? batoclimab
(340 mg, open-label treatment period).

Ethics Approval, Registration,
and Consent to Participate

This study was approved by the ethics com-
mittees of seven participating Chinese medical
centers (Supplemental Table 4; with Institu-
tional Ethics Committee for Drugs Clinical Tri-
als of Huashan Hospital, Fudan University as
the master ethics committee, approval number
2020-074), and registered at ClinicalTrials.gov
(no. NCT04346888). It abided by the Declara-
tion of Helsinki. All patients provided signed
informed consent prior to enrollment.

Inclusion and Exclusion Criteria

Inclusion criteria were: (1)[18 years old; (2)
Myasthenia Gravis Foundation of America
(MGFA) score of IIa-IVa; (3) AChR-Ab-positive
or MuSK-Ab-positive; (4) Myasthenia Gravis
Activities of Daily Living (MG-ADL) score C 6,
with eye muscle score accounting for\ 50%; (5)
stable MG treatments at baseline, including
acetylcholinesterase inhibitors, corticosteroids,
and/or immunosuppressants. The diagnosis of
MG was supported by a history of abnormal
repetitive nerve stimulation test, a positive
edrophonium chloride test, or improvement
with acetylcholinesterase inhibitors, and posi-
tivity of AChR-Ab or MuSK-Ab.

Main exclusion criteria were (see details in
protocol): (1) a history of malignancy; (2) severe
MG (e.g., type IVb or V); (3) thymectomy or
radiation therapy for\12 months; (4) intra-
venous administration of IgG, or
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plasmapheresis/plasma exchange (PLEX)
for\ 4 weeks before the screening; (5)
immunosuppressive monoclonal antibodies
(e.g., rituximab, bevacizumab, eculizumab, etc.)
administered for\ 6 months prior to screening;
(6) other uncontrolled autoimmune diseases
potentially interfering with the study course.

Randomization and Blinding

The randomization was an unstratified ran-
domization, based on block randomization
method. Eligible patients were randomized in a
1:1:1 ratio to the following groups via a cen-
tralized Interactive Web Response System
(IWRS): group 1, batoclimab (680 mg, double-
blinded treatment period) ? batoclimab
(340 mg, open-label treatment period); group 2,
batoclimab (340 mg, double-blinded treatment
period) ? batoclimab (340 mg, open-label
treatment period); group 3, placebo, (double-
blinded treatment period) ? batoclimab
(340 mg, open-label treatment period).

A screening number was assigned to each
patient upon enrollment via the IWRS. The
investigators, clinical staff, and patients
remained blinded to the treatment process until
study end.

Interventions

In the double-blinded treatment period, eligible
patients received batoclimab (680 mg), bato-
climab (340 mg), or placebo once weekly (QW)
on days 1, 8, 15, 22, 29, and 36. In the open-
label treatment period, eligible patients received
batoclimab (340 mg) once every 2 weeks (Q2W)
on days 50, 64, and 78. In the follow-up period,
patients were followed up until day 120,
including three visits on days 92, 106, and 120.

The subjects were required to keep baseline
treatment stable. Adjustment of the dose of
corticosteroids and/or immunosuppressants
was not allowed. Rescue therapy would be pro-
vided, including IVIg and PLEX.

Efficacy was assessed by MG Activities of
Daily Living (MG-ADL) [11], Quantitative
Myasthenia Gravis (QMG) [12], Myasthenia
Gravis Composite (MGC) [13], and revised

15-item Myasthenia Gravis Quality of Life scale
(MG-QoL15r) [14] scores at prespecified visits.

Outcomes and Definitions

The primary efficacy endpoint was MG-ADL
score change on day 43 from baseline. Second-
ary efficacy endpoints included QMG, MGC,
and MG-QoL15r score changes on day 43 from
baseline, the percentage of patients with clini-
cally significant improvement based on MG-
ADL (defined as 2 or more points improvement)
and QMG (defined as 3 or more points
improvement) scores on day 43 compared with
the baseline, and MG-ADL, QMG, MGC, and
MG-QoL15r score changes from baseline to day
120, and the percentage of patients with sus-
tained improvement from baseline to day 120
(improvement in MG-ADL score C 2 or in QMG
score C 3 for 4 consecutive weeks). Minimal
symptom expression was defined as a total MG-
ADL score of 0–1 [15].

Safety endpoints included the incidence of
treatment-emergent AEs (TEAEs) and changes in
albumin levels from baseline. Pharmacody-
namic endpoints included serum total IgG level
changes from baseline to day 120.

Statistical Analysis

The sample size was partly determined by the
chance of observing a relatively rare safety
event. With ten subjects per group, if an adverse
event rate was 10% or higher, the probability of
observing an event was at least 65%.

Efficacy analysis was based on the full anal-
ysis set (FAS), including all randomized patients
administered at least one dose of the study drug,
with MG-ADL scores between treatment initia-
tion and day 50 recorded. MG-ADL score
changes from baseline to day 43 were analyzed
by mixed model for repeated measures (MMRM)
analysis with data collected before treatment
and on day 43. Repeated measures analysis was
undertaken on the basis of the restricted maxi-
mum likelihood approach with changes from
baseline as a dependent variable; treatment
group, visits, and treatment–visit interaction as
explanatory variables; and baseline ADL value
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as a covariate to establish a mixed effects model.
The same MMRM model was used for the anal-
ysis of QMG/MGC/MG-QoL15r score changes
from baseline to day 43, and MG-ADL/QMG/
MGC/MG-QoL15r score changes from baseline
to day 120. For MG-ADL, the numbers of
patients with reductions of C 2, C 3, and C 4
points from baseline, respectively, in at least
one of the first two weeks after treatment were
summarized. Continuous data are mean ±

standard error (SE).
The safety set (SS) was used for safety analy-

sis, including all participants administered the
drug at least once after enrollment, with post-
drug safety assessment data. The numbers of
patients with TEAEs, treatment-emergent seri-
ous adverse events (TESAEs), and TEAEs leading
to premature discontinuation of treatment were
summarized.

AChR antibody was detected by enzyme-
linked immunosorbent assay (ELISA) using
Acetylcholine Receptor Autoantibody ELISA Kit
(RSR, Cardiff, U.K), and MuSK antibody was also
detected by ELISA using MuSK ELISA Kit (AESKU
diagnostics, Wendelsheim, Germany).

The study protocol is available as supple-
mental material.

RESULTS

Demographic and Clinical Characteristics

The first patient was enrolled on 8 August 2020,
and the last patient completed the whole study
on 11 August 2021. In total, 30 patients were
involved in this phase II study. After random-
ization, there were 11, 10, and 9 patients in the
batoclimab (680 mg), batoclimab (340 mg), and
placebo groups, respectively (Fig. 1). All patients
completed the double-blinded period, and 26
completed the whole study. One patient each in
the batoclimab (340 mg) and placebo groups
voluntarily withdrew from the study after one
injection in the open-label period. Two patients
in the batoclimab (680 mg) group withdrew in
the follow-up period owing to dissatisfaction on
rebound of efficacy.

Table 1 presents patients’ demographic
characteristics. On MGFA classification, the

Fig. 1 Study flow diagram. *The two patients who withdrew in the open-label period received one injection
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percentages of type III were higher in the bato-
climab (340 mg, 60.0%) and batoclimab
(680 mg, 54.6%) groups compared with the
placebo group (33.3%). However, the percent-
ages of type IV in the batoclimab (340 mg,
10.0%) and batoclimab (680 mg, 9.1%) groups
were lower than that of the placebo group
(22.2%). Besides, MG-ADL scores at baseline
were comparable among the three groups. The
usage proportions of corticosteroids and
immunosuppressants in background therapies
were higher in the batoclimab groups than in
the placebo group.

In this phase II study, there were two subjects
with positive MuSK Ab, one in the 340 mg
group and the other in the placebo group.

Efficacy

During the double-blinded treatment period,
clinical improvement was found in both bato-
climab groups compared with the placebo
group. MG-ADL score changes from baseline to
day 43 were -2.2 ± 0.9, -4.7 ± 0.6, and
-4.4 ± 1.0 in the placebo, batoclimab
(340 mg), and batoclimab (680 mg) groups,

Table 1 Patient basic characteristics

Basic characteristic Placebo
(N = 9)

Batoclimab 340 mg
(N = 10)

Batoclimab 680 mg
(N = 11)

Batoclimab combined
(N = 21)

Age (years), mean ± SD 40.2 ± 9.3 36.4 ± 9.8 40.6 ± 16.8 38.6 ± 13.7

Sex, % male/% female 22.2%/

77.8%

20.0%/80.0% 18.2%/81.8% 19.0%/81.0%

Duration of disease (years),

mean ± SD

6.0 ± 6.8 9.8 ± 10.8 6.4 ± 5.7 8.0 ± 8.5

MGFA classification, n (%)

II 4 (44.4%) 3 (30.0%) 4 (36.4%) 7 (33.3%)

III 3 (33.3%) 6 (60.0%) 6 (54.5%) 12 (57.1%)

Iva 2 (22.2%) 1 (10.0%) 1 (9.1%) 2 (9.5%)

MG-ADL, mean ± SD 8.2 ± 1.4 7.4 ± 1.6 9.2 ± 2.3 8.3 ± 2.2

QMG, mean ± SD 14.9 ± 5.0 17.4 ± 3.5 18.8 ± 6.1 18.1 ± 5.0

MGC, mean ± SD 17.7 ± 4.0 17.9 ± 3.5 18.2 ± 5.3 18.0 ± 4.5

MG-QoL15r, mean ± SD 18.8 ± 4.6 15.1 ± 2.8 19.8 ± 5.9 17.6 ± 5.2

Background therapy, n (%)

Acetylcholinesterase

inhibitors

7 (77.8%) 10 (100.0%) 10 (90.9%) 20 (95.2%)

Corticosteroids 6 (66.7%) 6 (60.0%) 11 (100.0%) 17 (81.0%)

Immunosuppressants 3 (33.3%) 8 (80.0%) 8 (72.7%) 16 (76.2%)

Thymectomy 2 (22.2%) 3 (30.0%) 3 (27.3%) 6 (28.6%)

AChRAb positive, n (%) 8 (88.9%) 9 (90.0%) 11 (100%) 20 (95.2%)

MuSKAb positive, n (%) 1 (11.1%) 1 (10.0%) 0 (0%) 1 (4.8%)
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respectively. QMG score changes from baseline
to day 43 were -1.7 ± 1.1, -8.0 ± 1.5, and
-8.8 ± 1.2 in the placebo, batoclimab
(340 mg), and batoclimab (680 mg) groups,
respectively. MGC score changes from baseline
to day 43 were -3.7 ± 1.5, -9.0 ± 2.5, and
-8.8 ± 2.2 in the placebo, batoclimab
(340 mg), and batoclimab (680 mg) groups,
respectively. MG-QoL15r score changes from
baseline to day 43 were -4.0 ± 0.9, -8.3 ± 1.7,
and -8.6 ± 1.9 in the placebo, batoclimab
(340 mg), and batoclimab (680 mg) groups,
respectively. On day 120 from baseline, MG-
ADL (-5.1 ± 1.16, -1.2 ± 0.78, and
-2.9 ± 0.89), QMG (-4.8 ± 2.03, -1.2 ± 1.56,
and -3.2 ± 1.61), MGC (-9.9 ± 2.64,
-1.4 ± 1.94, and -5.1 ± 2.46), and MG-
QoL15r (-7.8 ± 1.71, -5.2 ± 1.75, and
-5.3 ± 1.99) scores were obtained in the pla-
cebo, batoclimab (340 mg), and batoclimab
(680 mg) groups, respectively (Fig. 2A).

Regarding MG-ADL scores, maximal
improvement was achieved on day 29 and
maintained until day 57 (day 29, -4.0 ± 0.61;

day 57, -4.3 ± 0.58) or day 78 (day 29,
-4.5 ± 0.95; day 78, -4.4 ± 1.11) for bato-
climab 340 mg and 680 mg groups, respectively.
As for QMG, maximum improvement was also
achieved on day 29 and maintained until day 43
(day 29, -7.7 ± 1.75; day 43, -8.0 ± 1.53) or
day 78 (day 29, -7.7 ± 1.64; day 78,
-7.9 ± 1.34) for batoclimab 340 mg and
680 mg groups, respectively. Similar trends were
observed in MGC and MG-QOL15r scores.

The number of patients with clinically sig-
nificant improvement on day 43 was higher in
batoclimab treatment pooled groups than in
the placebo group, particularly in terms of MG-
ADL (85.7% versus 55.6%) and QMG (95.2%
versus 44.4%) scores (Fig. 2B).

Early response and sustained clinical symp-
toms were noticeable. Within the first 2 weeks
after the first administration, the batoclimab
treatment groups showed higher proportions of
improvement in clinical status compared with
the placebo group (57.1% versus 33.3%)
(Fig. 2C). As for durable response, the number of
patients with clinically significant improve-
ment, particularly in MG-ADL and QMG scores,
for at least 4 consecutive weeks during the
double-blinded treatment period was higher in
batoclimab treatment groups compared with
the placebo group (MG-ADL, 81.0% versus
55.6%; QMG, 85.7% versus 22.2%) (Fig. 2C).

Minimal symptom expression on day 43 was
achieved more in batoclimab-treated patients
(7/21, 33.3%) versus the placebo group (1/9,
11.1%).

Pharmacodynamic Features (Serum IgG
Levels)

In the first week of treatment, total serum IgG
level reductions approximated 23% and 44% in
the batoclimab (340 mg) and batoclimab
(680 mg) groups, respectively, versus 1% in the
placebo group. Maximum total serum IgG level
reductions were measured on day 43, i.e., 57%
and 74% in the batoclimab (340 mg) and bato-
climab (680 mg) groups, respectively, versus 2%
in the placebo group. From day 43, serum IgG
levels began to increase in both batoclimab
treatment groups, with lower levels in the

bFig. 2 Clinical efficacy. A Changes from baseline to day
43 in Myasthenia Gravis Activities of Daily Living (MG-
ADL), Quantitative Myasthenia Gravis (QMG), Myasthe-
nia Gravis Composite (MGC), and revised 15-item
Myasthenia Gravis Quality of Life (MG-QoL15r) scores.
Values are mean ± standard error, expressed as point
reduction from baseline. B Day 43 responder rates for
Myasthenia Gravis Activities of Daily Living (MG-ADL)
(reduction C 2 points) and Quantitative Myasthenia
Gravis (QMG) (reduction C 3 points) scores. The per-
centage of patients with a clinical improvement of specified
value is indicated next to the corresponding bar. Two
batoclimab dose groups were combined. C Fast and
durable clinical improvement. Patients showing fast clin-
ical improvement by Myasthenia Gravis Activities of Daily
Living (MG-ADL) and Quantitative Myasthenia Gravis
(QMG) scores at least 1 week within 2 weeks after the first
dose. Patients showing durable response by Myasthenia
Gravis Activities of Daily Living (MG-ADL) and Quan-
titative Myasthenia Gravis (QMG) scores. MG-ADL or
QMG improvement from baseline with a magnitude as
indicated in the y-axis for 4 or more weeks during the
double-blinded treatment period. Two batoclimab dose
groups were combined
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batoclimab (680 mg) group versus the bato-
climab (340 mg) group until day 92 when equal
serum IgG levels were found in both groups
(Fig. 3A). On day 120, IgG level reductions
decreased to about 12%, 15%, and 11% in the
batoclimab (340 mg), batoclimab (680 mg), and
placebo groups, respectively. In addition, both
reduction and increase of serum IgG concen-
trations shared a mirror pattern with the clini-
cal improvements reflected by MG-ADL and
QMG scores.

Safety and Tolerability

In the double-blinded period, batoclimab
showed acceptable safety and tolerability pro-
files, with no death, SAEs, or TEAEs leading to
treatment discontinuation. During follow-up,
two patients in the batoclimab (680 mg) groups
withdrew from the study because of unsatisfac-
tion with rebound of efficacy, with MG-ADL
scores almost back to baseline.

The reported TEAEs were well comparable
among the three groups during the double-
blinded period. During the double-blinded per-
iod, there were nine (100.0%), ten (100.0%),
and ten (90.9%) patients who experienced
TEAEs in the placebo, batoclimab (340 mg), and
batoclimab (680 mg) groups, respectively,
mainly of mild grade (Table 2). Only two
(22.2%) and three (27.3%) patients in the pla-
cebo and batoclimab (680 mg) groups experi-
enced moderate TEAEs. From open-label to
follow-up periods, there were eight (88.9%),
eight (80.0%), and ten (90.9%) patients who

experienced TEAEs in the placebo, batoclimab
(340 mg), and batoclimab (680 mg) groups,
respectively, mainly of mild grade. Only one
(11.1%) and three (27.3%) patients in the pla-
cebo and batoclimab (680 mg) groups experi-
enced moderate TEAEs (Table 3).

The most frequently reported TEAEs were
hypercholesterolemia, hyponatremia, urinary
tract infection, injection site reaction, and
peripheral edema (Table 4). Serum cholesterol
levels were increased in batoclimab treatment
groups. During the double-blinded period,
maximum increases of serum cholesterol were
19.7 ± 5.1% (day 29), 27.5 ± 4.8% (day 36),
and 2.6 ± 5.2% (day 50) in the batoclimab
(340 mg), batoclimab (680 mg), and placebo
groups, respectively (Fig. 3B). There was no
hypercholesterolemia of CTCAE grade C 3, and
cases of hypercholesterolemia were of grade 1 at
baseline, recovering soon after discontinuation
of the study drug. No clinical abnormality or
serious cardiovascular events related to hyperc-
holesterolemia were identified.

During the study, serum albumin was dose-
dependently decreased in both batoclimab
(340 mg) and batoclimab (680 mg) groups,
returning to the normal range 6 weeks after
study drug discontinuation. Maximum decrea-
ses of serum albumin were 23.1 ± 4.9% (day 29)
and 32.9 ± 2.1% (day 36) in the batoclimab
(340 mg) and batoclimab (680 mg) groups,
respectively, versus 7.7 ± 3.8% (day 36) in the
placebo group (Fig. 3C). Mild peripheral edema
was reported in one (11.1%), two (20.0%), and
four (36.4%) patients in the placebo, bato-
climab (340 mg), and batoclimab (680 mg)
groups, respectively, accounting for one-third
of patients with hypoproteinemia. One 74-year-
old female in the batoclimab (680 mg) group
showed sustained edema when serum albumin
returned to the normal range after study drug
discontinuation, indicating this adverse event
(AE) was attributed to the underlying disease
rather than the study drug.

Besides, ADA was detected in none of the
patients throughout the study. IgM, IgA, and
IgE were unchanged (Supplementary Fig. 1).

bFig. 3 Changes in IgG, total cholesterol, and albumin
levels. A Serum total immunoglobulin G (IgG) levels after
batoclimab and placebo treatment over the whole study
period. Values are mean ± standard error, expressed as the
percentage change from baseline in IgG concentration.
B Serum total cholesterol levels after batoclimab and
placebo treatment over the whole study period. Values are
mean ± standard error, expressed as serum total choles-
terol concentration. C Serum total albumin levels after
batoclimab and placebo treatment over the whole study
period. Values are mean ± standard error, expressed as
serum albumin concentration
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Table 2 Treatment-emergent safety outcomes in the double-blinded periods

TEAEs during double-blinded period, n (%) Batoclimab 680 mg
(N = 11)

Batoclimab 340 mg
(N = 10)

Placebo
(N = 9)

Total 10 (90.9) 10 (100) 9 (100)

Metabolism and nutrition disorders 7 (63.6) 7 (70.0) 5 (55.6)

Hypoalbuminemia 4 (36.4) 0 0

Hypercholesterolemia 3 (27.3) 2 (20.0) 2 (22.2)

Hyponatremia 1 (9.1) 5 (50.0) 4 (44.4)

Hypomagnesemia 1 (9.1) 2 (20.0) 3 (33.3)

Hypoproteinemia 1 (9.1) 1 (10.0) 0

Decreased appetite 1 (9.1) 0 0

Hypertriglyceridemia 1 (9.1) 0 0

Hyperuricemia 0 2 (20.0) 0

Hypocalcemia 0 1 (10.0) 0

Hypokalemia 0 0 1 (11.1)

General disorders and administration site

conditions

5 (45.5) 5 (50.0) 1 (11.1)

Injection site hemorrhage 3 (27.3) 2 (20.0) 1 (11.1)

Edema peripheral 2 (18.2) 2 (20.0) 0

Injection site pain 1 (9.1) 0 1 (11.1)

Injection site reactions 0 1 (10.0) 0

Injection site pruritus 0 1 (10.0) 0

Injection site nodule 0 1 (10.0) 0

Facial edema 0 1 (10.0) 0

Injection site erythema 0 0 1 (11.1)

Infections and infestations 3 (27.3) 4 (40.0) 6 (66.7)

Urinary tract infection 2 (18.2) 3 (30.0) 2 (22.2)

Upper respiratory infection 1 (9.1) 1 (10.0) 2 (22.2)

Herpes simplex 1 (9.1) 0 0

Folliculitis 1 (9.1) 0 0

Urethritis 0 0 1 (11.1)

Blepharitis 0 0 1 (11.1)

Gastrointestinal disorders 3 (27.3) 3 (30.0) 3 (33.3)

Abdominal pain upper 1 (9.1) 1 (10.0) 0

Abdominal pain 1 (9.1) 1 (10.0) 1 (11.1)
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Table 2 continued

TEAEs during double-blinded period, n (%) Batoclimab 680 mg
(N = 11)

Batoclimab 340 mg
(N = 10)

Placebo
(N = 9)

Nausea 1 (9.1) 0 0

Toothache 1 (9.1) 0 1 (11.1)

Diarrhea 1 (9.1) 0 2 (22.2)

Gingival pain 0 1 (10.0) 0

Lower abdominal pain 0 0 1 (11.1)

Investigations 2 (18.2) 5 (50.0) 3 (33.3)

Blood albumin decreased 2 (18.2) 2 (20.0) 1 (11.1)

Blood cholesterol increased 1 (9.1) 1 (10.0) 1 (11.1)

Blood in urine 0 3 (30.0) 1 (11.1)

Weight gain 0 1 (10.0) 0

Urine ketone body present 0 1 (10.0) 0

Blood calcium decreased 0 1 (10.0) 1 (11.1)

White blood cell urine positive 0 0 1 (11.1)

Blood bicarbonate decreased 0 0 1 (11.1)

Musculoskeletal and connective tissue

disorders

2 (18.2) 0 0

Muscle twitching 2 (18.2) 0 0

Skin and subcutaneous tissue disorders 1 (9.1) 1 (10.0) 0

Pruritus 1 (9.1) 0 0

Rash 1 (9.1) 0 0

Night sweats 0 1 (10.0) 0

Respiratory, thoracic, and mediastinal

disorders

1 (9.1) 0 0

Cough 1 (9.1) 0 0

Psychiatric disorders 1 (9.1) 0 1 (11.1)

Trouble sleeping 1 (9.1) 0 0

Anxious 0 0 1 (11.1)

Hepatobiliary disorders 1 (9.1) 0 0

Hepatic function abnormal 1 (9.1) 0 0

Vascular disorders 1 (9.1) 0 0

Flushing 1 (9.1) 0 0

Nervous system disorders 0 4 (40.0) 1 (11.1)
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DISCUSSION

Compared with traditional therapy of MG such
as corticosteroid and immunosuppressants
(azathioprine, mycophenolate mofetil, and cal-
cineurin inhibitor) that suppress a wide range of
lymphocytes and cytokine production, bato-
climab selectively targets IgG, which is central
to MG pathology. Batoclimab has the advantage
of rapid onset of effect, as well as avoiding side
effects of traditional therapy, including glucose
intolerance, osteoporosis, and renal
dysfunction.

In this phase II study, batoclimab showed a
noticeable efficacy on gMG, including MG-ADL,
QMG, MGC, and MG-QoL15r score improve-
ments on day 43, and the maximum efficacy
was observed 4 weeks after the first interven-
tion, and maintained for about 3 weeks. Both
doses of batoclimab showed a favorable safety
profile and were well tolerated. Besides, TEAEs
were balanced among the placebo and bato-
climab treatment groups. No death, SAEs, or
TEAEs leading to study discontinuation were
reported, and AEs were mainly mild and mod-
erate. Rescue therapy (IVIg) was used in one
subject whose MG condition worsened during
the follow-up period.

In double-blinded, open-label and follow-up
periods, the incidence of TEAEs associated with
infections was similar among the two

batoclimab groups and the placebo group, and
the incidence is even slightly higher in the
placebo group; therefore, the treatment with
batoclimab does not increase the risk of infec-
tions. Urinary tract infection was the most
common infection (asymptomatic urinary
leukocyte elevation), followed by upper respi-
ratory infection. However, all infectious AEs
were of mild grade, and a higher incidence was
noted in the placebo group. Serum IgG level
decreases by FcRn antagonist appeared to be
transient and reversible [16, 17]. In the current
study, at least 25.6% of serum IgG levels at
baseline were retained after treatment. In addi-
tion, evidence suggests inhibition of FcRn
selectively reduces serum IgG levels, leaving
IgM, IgA, and IgE levels unaffected [17]. More-
over, inhibition of FcRn is not expected to affect
other cells or components of the innate and
adaptive immune systems [16, 18]. Therefore,
batoclimab is less likely to be associated with
increased risk of infection compared with other
immune modulators.

Phase I study indicated that subjects admin-
istered a single dose of batoclimab experienced
a transient, dose-dependent reduction of serum
albumin level, which fully resolved sponta-
neously after drug withdrawal [10]. In the cur-
rent study, the batoclimab groups also
experienced serum albumin level reductions, in
which maximum decreases from baseline were

Table 2 continued

TEAEs during double-blinded period, n (%) Batoclimab 680 mg
(N = 11)

Batoclimab 340 mg
(N = 10)

Placebo
(N = 9)

Dizziness 0 4 (40.0) 0

Headache 0 0 1 (11.1)

Cardiac disorders 0 1 (10.0) 0

Palpitations 0 1 (10.0) 0

Eye disorders 0 1 (10.0) 0

Blurred vision 0 1 (10.0) 0

Renal and urinary disorders 0 0 1 (11.1)

Urinary frequency 0 0 1 (11.1)
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Table 3 Treatment-emergent safety outcomes in the open-label and follow-up periods

TEAEs during open-label and follow-up
periods, n (%)

Batoclimab 680 mg
(N = 11)

Batoclimab 340 mg
(N = 10)

Placebo
(N = 9)

Total
(N = 30)

Total 10 (90.9) 8 (80.0) 8 (88.9) 26 (86.7)

Infections and infestations 3 (27.3) 2 (20.0) 4 (44.4) 9 (30.0)

Upper respiratory infection 2 (18.2) 1 (10.0) 2 (22.2) 5 (16.7)

Urinary tract infection 2 (18.2) 1 (10.0) 2 (22.2) 5 (16.7)

Nervous system disorders 3 (27.3) 1 (10.0) 0 4 (13.3)

Myasthenia gravis 2 (18.2) 0 0 2 (6.7)

Headache 1 (9.1) 0 0 1 (3.3)

Dizziness 0 1 (10.0) 0 1 (3.3)

Metabolism and nutrition disorders 2 (18.2) 5 (50.0) 4 (44.4) 11 (36.7)

Hyponatremia 2 (18.2) 4 (40.0) 2 (22.2) 8 (26.7)

Hypomagnesemia 2 (18.2) 1 (10.0) 0 3 (10.0)

Hypercholesterolemia 1 (9.1) 3 (30.0) 1 (11.1) 5 (16.7)

Hypertriglyceridemia 1 (9.1) 1 (10.0) 1 (11.1) 3 (10.0)

Hypochloremia 1 (9.1) 0 0 1 (3.3)

Hyperuricemia 0 2 (20.0) 0 2 (6.7)

Hypokalemia 0 0 1 (11.1) 1 (3.3)

General disorders and administration site

conditions

2 (18.2) 1 (10.0) 1 (11.1) 4 (13.3)

Edema peripheral 2 (18.2) 1 (10.0) 0 3 (10.0)

Facial edema 1 (9.1) 0 0 1 (3.3)

Chest pain 0 0 1 (11.1) 1 (3.3)

Chest discomfort 0 0 1 (11.1) 1 (3.3)

Musculoskeletal and connective tissue

disorders

2 (18.2) 1 (10.0) 1 (11.1) 4 (13.3)

Muscle twitching 2 (18.2) 1 (10.0) 0 3 (10.0)

Limb discomfort 0 0 1 (11.1) 1 (3.3)

Pain in extremity 0 0 1 (11.1) 1 (3.3)

Musculoskeletal chest pain 0 0 1 (11.1) 1 (3.3)

Gastrointestinal disorders 2 (18.2) 0 1 (11.1) 3 (10.0)

Diarrhea 1 (9.1) 0 1 (11.1) 2 (6.7)

Tongue edema 1 (9.1) 0 0 1 (3.3)

Investigations 1 (9.1) 5 (50.0) 1 (11.1) 7 (23.3)

828 Neurol Ther (2022) 11:815–834



23% and 32% in the 340 mg and 680 mg
groups, respectively. The mean decrease of
serum albumin was about 20% for nipocalimab
(15 or 30 mg/kg QW) in a phase I study [17],
and 14% for nipocalimab (60 mg/kg Q2W) in
the corresponding phase II study [19]. FcRn
binds to albumin and IgG at two different sites,
respectively, prolonging the molecular half-life
[20]. Thus, smaller specific FcRn inhibitors, such
as the IgG1 Fc fragment efgartigimod, should
not hamper the binding of albumin, leading to
no change in serum albumin concentration
[8, 16]. However, the albumin binding could be
affected by monoclonal antibodies such as
batoclimab and nipocalimab, possibly owing to
bigger molecular size. Accumulating evidence

reveals reduction of serum albumin during
treatment with FcRn inhibitors is recoverable
and often asymptomatic.

Mild-to-moderate elevation of total choles-
terol levels was noted in the current study, in
which the highest increases from baseline were
27% and 19% in the 680 mg and 340 mg
groups, respectively, all returned to baseline
during follow-up. No elevation was observed in
the placebo group. It was postulated that a
negative correlation exists between cholesterol
and albumin, indicating that cholesterol levels
might increase as a result of decreased albumin
levels, which deserves further investigation [21].
The correlation between albumin and choles-
terol levels was not assessed in the current phase

Table 3 continued

TEAEs during open-label and follow-up
periods, n (%)

Batoclimab 680 mg
(N = 11)

Batoclimab 340 mg
(N = 10)

Placebo
(N = 9)

Total
(N = 30)

Blood in urine 1 (9.1) 1 (10.0) 0 2 (6.7)

Blood chloride increased 1 (9.1) 0 0 1 (3.3)

Blood cholesterol increased 1 (9.1) 0 0 1 (3.3)

Blood glucose increased 1 (9.1) 0 1 (11.1) 2 (6.7)

Blood sodium increased 1 (9.1) 0 0 1 (3.3)

Blood calcium decreased 0 2 (20.0) 0 2 (6.7)

Urine ketone body present 0 1 (10.0) 0 1 (3.3)

Blood chloride decreased 0 1 (10.0) 0 1 (3.3)

Blood creatinine increased 0 1 (10.0) 0 1 (3.3)

Blood magnesium decreased 0 1 (10.0) 0 1 (3.3)

Blood glucose abnormal 0 0 1 (11.1) 1 (3.3)

Eye disorders 1 (9.1) 1 (10.0) 0 2 (6.7)

Paraesthesia eye 1 (9.1) 0 0 1 (3.3)

Eye pruritus 1 (9.1) 0 0 1 (3.3)

Visual fatigue 0 1 (10.0) 0 1 (3.3)

Skin and subcutaneous tissue disorders 0 1 (10.0) 0 1 (3.3)

Pruritus 0 1 (10.0) 0 1 (3.3)

Renal and urinary disorders 0 0 1 (11.1) 1 (3.3)

Urinary frequency 0 0 1 (11.1) 1 (3.3)
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II study, but an increase in low-density
lipoprotein cholesterol (LDL-C) levels has been
reported in patients with thyroid-associated
ophthalmopathy administered batoclimab
(680 mg, 65%; 340 mg, 40%) after 12 weeks,
which recovered after discontinuation [22].
Collectively, the levels of cholesterol require
further attention during treatment with bato-
climab in patients with gMG.

In the double-blinded period, there was only
one (11%) TEAE of headache in the placebo
group, and in the open-label and follow-up
periods, there was only one (9%) TEAE of
headache in the batoclimab 680 mg
group;therefore, the incidence of headache was
much lower than in the studies on other FcRn
antagonists. After administration of efgartigi-
mod, 33.3% (phase II) and 29% (phase III) of
patients had headache [7, 8]. The most common
TEAE in patients administered rozanolixizumab
is headache, as reported previously [9, 23].
Similarly, the most common TEAE among sub-
jects administered nipocalimab is headache
[17]. In contrast, batoclimab may not lead to
headache, while further research needs to be
conducted to confirm this hypothesis.

A rapid and sharp fall in total IgG levels was
observed after batoclimab treatment. Total
serum IgG level reduction from baseline at

1 week after the first administration of bato-
climab (680 mg) was 44.2%, which was similar
to a previously reported rate [10]; the decrease
from baseline to the second week in the bato-
climab (680 mg) group was 62.4%, reaching
74.4% at 1 week after the sixth injection. In a
phase II study of efgartigimod, serum IgG levels
were reduced by nearly 40% after the first week
of treatment, and was further reduced by 70% of
pretreatment levels [7]. The total serum IgG
level after rozanolixizumab treatment was
reduced by 68% of the highest level in a phase II
study [9]. As extracorporeal removal procedures,
PLEX could maximally reduce 73.4% of total
serum IgG [24] and immunoadsorption (IA)
could reduce 26.5% after one session with 2.0 L
processing plasma volume (PPV) [25].

The results of the double-blinded period of
present study preliminarily confirmed the close
relationship between total serum IgG level
decrease and the improvement of gMG symp-
toms, corroborating previous findings [24] and
trials of efgartigimod [7, 8]. Treatment with
batoclimab provided a rapid effect, as well as a
durable and meaningful improvement of the
clinical condition. On day 7 after the first
administration, MG-ADL scores were signifi-
cantly decreased from baseline in both bato-
climab groups, In the ADAPT study, maximal

Table 4 Treatment-emergent safety outcomes in all treated patients during the double-blinded period (overall reported
in five or more patients)

TEAEs during the double-blinded treatment period
(reported in five or more patients), n (%)

Placebo
(N = 9)

Batoclimab
340 mg (N = 10)

Batoclimab
680 mg (N = 11)

Hypercholesterolemiaa 3 (33.3) 3 (30.0) 4 (36.4)

Hyponatremia 4 (44.4) 4 (40.0) 1 (9.1)

Urinary tract infection 3 (33.3) 3 (30.0) 2 (18.2)

Injection site reactionb 1 (11.1) 3 (30.0) 3 (27.3)

Peripheral edema 1 (11.1) 2 (20.0) 4 (36.4)

Hypomagnesemia 3 (33.3) 2 (20.0) 1 (9.1)

Abdominal painc 2 (22.2) 2 (20.0) 2 (18.2)

aIncludes hypercholesterolemia and blood cholesterol increase
bIncludes injection site hemorrhage, injection site pruritus, injection site hematoma, injection site pain, and injection site
nodule
c Includes abdominal pain, upper abdominal pain, and lower abdominal pain
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clinical improvement was detected at 1 week
after the fourth administration and was main-
tained for another week [8]. In a phase II study
of rozanolixizumab, the maximal clinical
improvement was maintained 1 week after the
last dose, but dramatically decreased thereafter,
revealing QW intervention for 3 weeks is not
sufficient to maintain the maximal clinical
improvement [9]. Similarly, in this study, the
maximal clinical improvement was achieved at
1 week after the fourth injection, and main-
tained until 4–6 weeks after the last injection of
the double-blinded period. In addition, mini-
mal symptom expression was achieved in 33.3%
of batoclimab-treated patients in this study,
which was close to the rate of 40% reported
previously in ADAPT study [8].

Current pharmacodynamic evidence regard-
ing FcRn inhibitors indicates that serum IgG
level reduction mirrors MG-ADL, QMG, MGC,
and MG-QOL15r score improvements [7, 9, 17].
In the double-blinded period, this correlation
was maintained very well. However, in the
open-label and follow-up periods, the IgG
reduction amplitude was distinctly mismatched
to score improvement. For example, on day 92,
the placebo-340 mg Q2W group only reduced
serum IgG by 28%, while the MG-ADL
improvement exceeded the best outcome of the
active drug group in the double-blinded period.
Further investigation of such discrepancy is
required.

During the open-label period, all three
groups received batoclimab of 340 mg Q2W, to
explore whether this dose could maintain the
clinical improvement from the double-blinded
period. At the same time, the placebo group was
exposed to batoclimab. The IgG level of the
340 mg group begin to increase in the open-la-
bel period, from day 43, and ADL and QMG
score started to increase accordingly from day
50, showing that 340 mg Q2W regimen could
not maintain the reduction of total IgG level
and the improvement of clinical symptoms.
Similar trend was observed in 680 mg group;
however, on day 50, the IgG level of the 680 mg
group remained lower than that of the 340 mg
group until day 92. Since the 680 mg group got
more IgG reduction and clinical improvement
from the double-blinded period, the ADL and

QMG score did not rebound as fast as in the
340 mg group.

We noted similar efficacy for both bato-
climab groups in the double-blinded period;
however, the 680 mg group had higher MGFA
score, higher efficacy scale score, and a larger
proportion of patients using concomitant ster-
oids. Owing to the small sample size and the
imbalanced baseline characteristics, it is pre-
mature to conclude that 340 mg was close to or
reached the efficacy plateau dose. In the open-
label period, symptom recurrence and IgG levels
rose again in both 340 mg and 680 mg groups,
suggesting that the 340 mg Q2W regimen could
not fully maintain the reduction of total IgG
levels and clinical improvement while 680 mg
better maintained symptom and IgG improve-
ment. Therefore, 680 mg was recommended
and selected for the phase III study.

In line with MG-ADL and QMG score, the
MG QoL15r improved significantly in the
batoclimab group, which reflected the increased
life quality of patients with MG undergoing
batoclimab treatment. A higher ratio of bato-
climab group subjects achieved minimal symp-
tom expression with which the disease affects
patients’ normal life and work very little. For
most patients with MG, corticosteroid and
other immunosuppressants are options for
chronic treatment, with severe burden of
adverse event; despite their minimal effective
dose, IVIg and PLEX are mostly used as rescue
therapies owing to their invasiveness, limited
access, and high cost. Batoclimab, with similar
mechanism and effects of PLEX, may provide a
new therapy that could reduce the disease
financial burden both for the patients and
society.

The limitations of the present research
should be pointed out. First, this was an
exploratory study, and only descriptive statistics
were performed. Secondly, the small sample size
of this study restricts the generalization of the
current results. Thus, the above findings should
be further verified in a larger phase III study.
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CONCLUSION

In summary, this phase II study showed that
batoclimab is clinically effective and safe in
Chinese patients with gMG. The results of this
study may support the next phase III study
assessing batoclimab.
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