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Abstract [ MoREONUINE

@ Class of Evidence

Background and Objectives
Criteria for rating

To evaluate in a phase 2 study the safety and efficacy of IV nipocalimab, a fully human, antineonatal

Fc receptor monoclonal antibody, in patients with generalized myasthenia gravis (gMG). therapeutic and diagnostic

studies

Methods NPub.org/coe
Patients with gMG with inadequate response to stable standard-of-care (SOC) therapy were
randomized 1:1:1:1:1 to receive either IV placebo every 2 weeks (Q2W) or one of 4 IV
nipocalimab treatments: S mg/kg once every 4 weeks (Q4w), 30 mg/kg Q4W, 60 mg/kg Q2W
each for 8 weeks, or a 60 mg/kg single dose, in addition to their background SOC therapy. Infusions
(placebo or nipocalimab) were Q2W in all groups to maintain blinding. The primary safety
endpoint was incidence of treatment-emergent adverse events (TEAEs), including serious adverse
events and adverse events of special interest. The primary efficacy endpoint was change from
baseline to day 57 in Myasthenia Gravis-Activities of Daily Living (MG-ADL) total scores. Dose
response of change at day 57 was analyzed with a linear trend test over the placebo, nipocalimab
5 mg/kg Q4W, nipocalimab 30 mg/kg Q4W, and nipocalimab 60 mg/kg Q2W groups.

Results

Sixty-eight patients (nipocalimab: n = 54; placebo, n = 14) were randomized; 64 patients
(94.1%) were positive for antiacetylcholine receptor autoantibodies, and 4 patients (6%) were
positive for antimuscle-specific tyrosine kinase autoantibodies. Fifty-seven patients (83.8%)
completed treatment through day 57. The combined nipocalimab group compared with the
placebo group demonstrated similar incidences of TEAEs (83.3% vs 78.6%, respectively) and
infections (33.3% vs 21.4%, respectively). No deaths or discontinuations due to TEAEs and no
TEAEs of special interest (grade >3 infection or hypoalbuminemia) were observed with
nipocalimab treatment. A statistically significant dose response was observed for change from
baseline in MG-ADL at day 57 (p = 0.031, test of linear trend).

Discussion

Nipocalimab was generally safe, well-tolerated, and showed evidence of dose-dependent re-
duction in MG-ADL scores at day 57 in this phase 2 study. These results support further
evaluation of nipocalimab for the treatment of gMG.
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Glossary

AChR = acetylcholine receptor; ADA = antidrug antibodies; AESIs = adverse events of special interest; COVID-19 =
coronavirus disease 2019; C-SSRS = Columbia-Suicide Severity Rating Scale; FcRn = neonatal Fc receptor; gMG = generalized
myasthenia gravis; HDL = high-density lipoprotein; IgG = immunoglobulin G; LDL = low-density lipoprotein; MG-ADL =
Myasthenia Gravis-Activities of Daily Living; MGFA = Myasthenia Gravis Foundation of America; MMRM = mixed-effects
model for repeated measures; NAb = neutralizing antibodies; PD = pharmacodynamics; PK = pharmacokinetics; Q2W = every
2 weeks; Q4W = every 4 weeks; QMG = quantitative myasthenia gravis; SOC = standard-of-care; TEAEs = treatment-emergent

adverse events.

Trial Registration Information

Clinical Trials Registration: NCT03772587; first submitted December 10, 2018; EudraCT Number: 2018-002247-28; first
submitted November 30, 2018; date of first patient dosed April 10, 2019.

Classification of Evidence

This study provides Class I evidence that for patients with gMG, nipocalimab was well-tolerated, and it did not significantly
improve MG-ADL at any individual dose but demonstrated a significant dose response for improved MG-ADL across doses.

Introduction

Myasthenia gravis (MG) is an immunoglobulin G (IgG)
autoantibody-mediated disease, characterized by muscle
weakness due to pathogenic IgG-mediated disruption of cho-
linergic transmission at the neuromuscular junction." Available
therapies for generalized MG (gMG) include cholinesterase
inhibitors that ameliorate the neuromuscular transmission de-
fect and/or immunomodulators and immunosuppressants.
However, symptom persistence, exacerbations, side effects that
limit tolerability, impaired quality of life, and disease morbidity
limit long-term use of current therapies and create an unmet
need for safer options with increased efficacy.”™

Neonatal fragment crystallizable (Fc) receptor (FcRn) in-
teracts with the Fc portion of IgG and extends IgG half-life by
preventing its lysosomal degradation; inhibition of FcRn is an
emerging treatment strategy for IgG autoantibody-mediated
diseases such as MG.>” Recent approvals of anti-FcRn agents
in gMG, including efgartigimod8 and rozanolixizumab,” sup-
port this treatment strategy in gMG. Nipocalimab (M281) is a
fully human monoclonal antibody that binds to FcRn with
high affinity and blocks binding of endogenous IgG to FcRn
throughout the recycling pathway.”® Nipocalimab is engi-
neered to remove immune effector functions including Fc
gamma receptor and complement binding due to an aglyco-
sylated Fc. In the first-in-human phase 1 study, nipocalimab
demonstrated rapid, dose-dependent reduction of IgG up to
85% following single and weekly dosing, with mild or mod-
erate adverse events, no serious adverse events or deaths, and
low incidence of infection-related adverse events that were
comparable with placebo treatment.®

This phase 2 study was designed to assess the safety and
efficacy of nipocalimab and evaluate its pharmacokinetics
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(PK) and pharmacodynamics (PD) across a range of nipo-
calimab doses in patients with gMG who had an inadequate
response to ongoing stable standard-of-care (SOC) therapy.

Methods
Study Design and Patients

This was a multicenter, randomized, double-blind, placebo-
controlled, phase 2 study, comprising a 4-week screening
period followed by an 8-week double-blind treatment period
and an 8-week posttreatment follow-up. Patients were en-
rolled at 38 sites in 8 countries (United States, Canada, Ger-
many, Italy, Poland, Spain, Belgium, and United Kingdom).
Eligible patients were adults (aged 18 years or older) with a
history and clinical symptoms of gMG. Diagnosis of gMG was
confirmed by a positive serologic test for gMG-related auto-
antibody (antiacetylcholine receptor [AChR] or antimuscle-
specific tyrosine kinase [MuSK] autoantibodies). Patients were
required to have insufficient control of symptoms (defined as
a quantitative myasthenia gravis [QMG] score of >12 and
Myasthenia  Gravis-specific Activities of Daily Living
[MG-ADL] score of >4) despite ongoing stable MG SOC
therapy, and Myasthenia Gravis Foundation of America
(MGFA) Clinical Classification Class II, III, or IVa. Women
of childbearing potential were required to have a negative
serum pregnancy test at screening, to have a negative urine
pregnancy test at baseline, to remain abstinent, or to use an
effective method of contraception during the study to 30 days
after last study treatment. Exclusion criteria included patients
receiving a systemic biologic antibody for any concurrent
disease, rituximab or eculizumab use within 12 months before
screening, plasmapheresis, immunoadsorption therapy, or
intravenous immunoglobulin (IVIG) within 6 weeks before
randomization, clinically significant acute or chronic infection,
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an unresected thymoma or history of malignant thymoma,
thymectomy within 12 months before screening, and if serum
IgG (unless attributed to immunomodulators), albumin or
calcium levels were outside the normal range.

Standard Protocol Approvals, Registrations,
and Patient Consents

The study protocol was approved by an institutional review
board/ethics committee at each participating center. The
study was conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice guidelines, as defined by
the International Conference on Harmonization. All patients
provided written informed consent.

Procedures

Eligible patients were randomized 1:1:1:1:1 to one of the
following S groups: placebo (5% dextrose in water) once every
2 weeks (Q2W); S mg/kg nipocalimab once every 4 weeks
(Q4W); 30 mg/kg nipocalimab Q4W; 60 mg/kg nipocalimab
single dose; and 60 mg/kg nipocalimab Q2W (eFigure 1, links.
Iww.com/WNL/D272). The 60 mg/kg nipocalimab single-
dose arm was chosen to measure the durability of drug effect
and magnitude of IgG reduction. Patients received infusions
(placebo or nipocalimab) Q2W in all groups to maintain the
blind, for a total of S infusions over the 8-week treatment
period. Infusions were administered at the study facility on
designated infusion days (days 1, 15, 29, 43, and 57). A per-
muted block randomization was used, stratified first by auto-
antibody type (anti-AChR vs anti-MuSK) and then by baseline
MG-ADL score (<10, >10) for anti-AChR-positive patients.
Infusions were prepared by an unblinded site pharmacist
according to an electronic password-protected randomization
schedule. Patients, investigators, sponsor, and all other site
personnel were blinded to treatment assignments for the study
duration. Nipocalimab was supplied as a sterile solution for IV
infusion in 20-mL glass vials containing 30 mg/mL (600 mg) of
nipocalimab protein in solution.

Patients were required to continue stable dosing of allowed
SOC therapy including acetylcholinesterase inhibitors, glu-
cocorticoids, or nonsteroidal immunosuppressants through-
out the study duration unless safety issues mandated a change.
Stable doses and regimens of herbal, naturopathic, traditional
remedies and nutritional supplements were allowed if their
use was acceptable to the investigator. Acetylcholinesterase
inhibitors were to be withheld for at least 10 hours at each
study visit before conducting the efficacy assessments of MG.

Blood and serum samples were collected immediately before
starting infusion of the study drug/placebo on study visits,
and postinfusion on days 1 and 57, and analyzed for nipoca-
limab concentrations using an ELISA method. Serum total
IgG levels were assessed by Roche Cobas 8000. Serum IgG
subclasses (IgG1, IgG2, IgG3, and IgG4) and IgA, IgM, and
IgE levels were measured by a validated immunonephelom-
etry platform (Siemens) on the Behring Nephelometer II.
Serum levels of anti-AChR and anti-MuSK autoantibodies
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were analyzed by ARUP Laboratories, UT, and The Doctors
Laboratory, London, UK, respectively. Antidrug antibodies
(ADA) and neutralizing antibodies (NAb) to nipocalimab
were assessed using an electrochemiluminescence immuno-
assay method by Charles River Laboratories, Inc., USA, and a
cell-based Fluorescence Activated Cell Sorting method based
on detection by Flow Cytometry by PRA Health Sciences in
Assen, Netherlands, respectively.

Endpoints

The main results were the safety and primary eflicacy end-
points; secondary and exploratory endpoints were used for
hypothesis generation. All efficacy measures are defined in
eTable 1 (links.lww.com/WNL/D273). The primary efficacy
endpoint was change from baseline to day 57 in the total MG-
ADL score. Safety was evaluated based on treatment-emergent
adverse events (TEAEs), with severity determined by study
investigators using the National Cancer Institute’s Common
Terminology Criteria for Adverse Events version 5.0 criteria.
Grade 3 or higher TEAEs of infection (severe or medically
significant but not immediately life-threatening; IV antibiotic,
antifungal, or antiviral intervention indicated; invasive in-
tervention indicated) and grade 3 or higher hypoalbuminemia
(albumin <2 g/dL) were considered adverse events of special
interest (AESI). Other assessments included clinical laboratory
tests, vital signs, physical examination, electrocardiograms, and
Columbia-Suicide Severity Rating Scale (C-SSRS).

Secondary endpoints included the correlation between
change in total MG-ADL score and total serum IgG reduction
from baseline. Other secondary efficacy endpoints included
change from baseline to day 57 in QMG, Revised Myasthenia
Gravis Quality of Life —15 (MG-QoL 15) scores and shift in
MGFA dlassification based on posttreatment status from
baseline to day 57. Exploratory endpoints included percent-
age of patients with durable response (>4 consecutive weeks
with clinically meaningful improvement of >2 on MG-
ADL),'® the PD activity of nipocalimab as measured by
changes in concentrations of total IgG, IgG subclasses, IgA,
IgM, and IgE, and autoantibodies (anti-AChR and anti-
MuSK), and the incidence of ADA and NAb to nipocalimab.

Statistical Analysis

This study was designed to have >80% power with a 1-sided
type 1 error of 5% to detect a dose response in change from
baseline in MG-ADL total score at day 57 using a linear trend
test over the placebo, nipocalimab S mg/kg Q4W, nipocali-
mab 30 mg/kg Q4W, and nipocalimab 60 mg/kg Q2W dose
groups. Change from baseline in MG-ADL total score at day
57 was assumed to be =2 and -6 in the placebo and nipoca-
limab 60 mg/kg Q2W groups with a common standard de-
viation of 3. Based on these considerations, a sample size of 60
was planned with 12 patients in each of the 5 arms, assuming
10 evaluable patients (allowing 15% attrition) in each arm.
Dose-response analyses included 1-sided tests of linear trend
and rank-based association. Change from baseline in MG-
ADL total score was also analyzed with a mixed-effects model

Neurology | Volume 102, Number 2 | January 23, 2024


http://links.lww.com/WNL/D272
http://links.lww.com/WNL/D272
http://links.lww.com/WNL/D273
http://neurology.org/n

for repeated measures (MMRM) using data from days 15, 29,
43, and 57. The MMRM included variables for baseline MG-
ADL score, treatment, study week, treatment-by-study week
interaction, and autoantibody type, with variance-covariance
structure assumed as compound symmetry. MMRM analyses
were conducted on observed data; no imputation was per-
formed for missing observations. Similar analyses were per-
formed for secondary endpoints. Durable response was
defined as >4 consecutive weeks with >2 points improvement
in MG-ADL total score. Comparisons of the proportion of
patients with durable response were analyzed with the Fisher
exact test. A post hoc analysis of durable response with onset
by day 17 was also performed. The distribution of categorical
shifts in MGFA classification from baseline to day 57 was
analyzed with a Cochran-Mantel-Haenzel test. The efficacy
analysis was performed using the intent-to-treat population,
which included all randomized patients. Safety was summa-
rized descriptively for the safety population, which included
all patients who received any dose of nipocalimab or placebo.
Serum nipocalimab concentrations were summarized by
treatment groups and nominal time points using descriptive
statistics. The PK population included all randomized patients
in the safety population with >1 evaluable serum concentra-
tion of nipocalimab. The study protocol (eSAP 1, links.lww.
com/WNL/D270) and statistical analysis plan (eSAP 2, links.
Iww.com/WNL/D271) are available for reference.

Data Availability

The clinical trial transparency policy of Janssen Pharmaceu-
tical Companies of Johnson & Johnson is publicly available.""
Requests for access to study data can be submitted through
the Yale Open Data Access (YODA) Project.12

Results

The study was initiated on December 18, 2018, the first pa-
tient was dosed on April 10, 2019, enrollment ended by early
2020, and the last patient’s last visit occurred on June 2§,
2020. A total of 68 patients (nipocalimab: n = 54; placebo: n =
14) were randomized, and 57 patients (83.8%; nipocalimab: n
=46, placebo: n = 11) completed the study treatment through
day 57. However, study drug administration was suspended
on April 17, 2020, because of the coronavirus disease 2019
(COVID-19) pandemic, and while data collection continued
either remotely or in-person, 7 nipocalimab-treated patients
discontinued early from the study and 14 patients missed or
delayed their day 29, 43, 57, 85, and/or 113 visits. 14 patients
had remote MG-ADL assessments; QMG assessments were
missed during these visits because QMG cannot be performed
remotely. The reasons for treatment discontinuation in the
combined nipocalimab group were study disruption due to
the COVID-19 pandemic (n = 7) and violation of exclusion
criteria (n = 1). The reasons for discontinuation in the pla-
cebo group were adverse events (AEs) (n = 2) and withdrawal
of consent (n = 1) (Figure 1). The study was completed on
June 25, 2020 (date of last follow-up).
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Demographics and baseline characteristics were similar across
all treatment groups (Table 1); 64 patients (94.1%) were
positive for anti-AChR autoantibodies and 4 patients (6%)
were positive for anti-MuSK autoantibodies. At baseline, most
of the patients had previously received medications for
treatment of gMG (combined nipocalimab group: 74.1%;
placebo: 85.7%). All patients were on concomitant medica-
tions for treatment of gMG during this study. The most
commonly prescribed medications (combined nipocalimab
group vs placebo) were acetylcholinesterase inhibitors (90.7%
vs 85.7%), glucocorticoids (68.5% vs 78.6%), and non-
steroidal immunosuppressants (40.7% vs 57.1%) (eTable 2,
links.lww.com/WNL/D273). Fifty-four patients (S mg/kg
Q4W: 14; 30 mg/kg Q4W: 13; 60 mg/kg single-dose: 13;
60 mg/kg Q2W: 14) were treated with nipocalimab for a
mean (SD) duration of 53.8 (11.80) days, while 14 patients
received placebo Q2W with a mean (SD) duration of 48.1
(16.88) days.

The overall incidence of TEAEs was similar between the
combined nipocalimab group (83.3%) and placebo group
(78.6%; Table 2). No relationship was observed in the overall
incidence of TEAEs across the 4 nipocalimab dose regimens
or for any individually reported preferred term. No TEAEs
leading to death were reported during the study. Serious
TEAEs were reported in 1 (1.9%) nipocalimab-treated patient
(grade 1 musculoskeletal pain, worsening of shoulder pain
from prestudy rotator cuff surgery) in the 30 mg/kg Q4W
group and in 2 (14.3%) placebo-treated patients (grade 3
ischemic stroke and grade 3 MG worsening); all 3 events were
deemed unrelated to study drug by the investigator.

In the placebo group, 2 (14.3%) discontinued treatment be-
cause of TEAEs (nonserious TEAE of grade 3 myasthenia
exacerbation and serious TEAE of grade 3 MG worsening;
both required rescue treatment). No patient in the nipocali-
mab groups discontinued treatment because of TEAEs;
MG worsening/exacerbation TEAE occurred in 1 patient in
the S mg/kg Q4W group (7.1%), who did not require rescue
treatment and did not discontinue treatment. All TEAEs ex-
perienced by patients in the nipocalimab group were mild or
moderate (grade 1 or 2). The most frequent TEAEs in the
combined nipocalimab group (n = 54) were diarrhea, head-
ache, and nasopharyngitis (11.1% each). No grade 3 AESI of
infection was reported. The percentage of infections in the
combined nipocalimab group (18/54 or 33.3%) was compa-
rable with those in the placebo group (3/14 or 21.4%) with
the most common infection being nasopharyngitis.

Mild dose-dependent decreases from baseline in the mean
serum albumin were observed in the nipocalimab groups. At
the highest dose group of 60 mg/kg Q2W, the mean albumin
reduction at day 57 was —0.83 g/dL (baseline mean 4.34 g/dL,
day 57 mean 3.5 g/dL); the albumin levels returned to
baseline by the end of the posttreatment follow-up (4.8 g/dL
at day 113). Overall, mean serum albumin concentrations
stayed within the normal limits of 3.5-5.5 g/dL throughout
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Figure 1 CONSORT Diagram: Patient Disposition

Assessed for eligibility

(N=281)
Excluded (n =13):
«» Did not meet inclusion criteria (1)
+ Declined to participate (1)
« Other reasons (4)
« COVID-19 (7)

Randomized
(n=68)

Nipocalimab 5 mg/kg
Q4w
(n=14)

Nipocalimab 30 mg/kg
Q4W
(n=13)

Nipocalimab 60 mg/kg
single dose
(n=13)

Nipocalimab 60 mg/kg
Q2w
(n=14)

Placebo
(n=14)

* Discontinued treatment
due to COVID-19°
(n=1;7.1%)

« Discontinued due to
other reasons (n = 0)

+ Discontinued treatment
due to COVID-19°
(n=2;15.4%)

+ Discontinued due to
other reasons©
(n=1;7.7%)

+ Discontinued treatment
due to COVID-19°
(n=3;23.1%)

+ Discontinued due to
other reasons (n = 0)

* Discontinued treatment

due to COVID-19°
(n=1;7.1%)

+ Discontinued due to

other reasons (n = 0)

« Discontinued treatment

due to COVID-19° (n = 0)

+ Discontinued due to

other reasons¢
(n=3;21.4%)

l

l

l

l

l

Treatment completed
(n=13;92.9%)

Treatment completed
(n=10; 76.9%)

Treatment completed
(n=10; 76.9%)

Treatment completed
(n=13;92.9%)

Treatment completed
(n=11; 78.6%)

PTreatment discontinuation was due to site not being able to conduct studies or patients not being able to travel; “One ineligible patient discontinued
treatment after 1 infusion; “Two patients discontinued because of exacerbation of MG, and 1 patient withdrew consent. COVID-19 = coronavirus disease

2019; Q2W = every 2 weeks; Q4W = every 4 weeks.

the treatment and follow-up periods for all doses tested
(eFigure 2, links.lww.com/WNL/D272). No grade 3 AESI of
hypoalbuminemia was reported.

Nonfasting lipid levels were measured in this study (eTable 3,
links.Iww.com/WNL/D273). Mild dose-dependent and re-
versible elevations of cholesterol, low-density lipoprotein
(LDL), and high-density lipoprotein (HDL) were observed.
Baseline and postbaseline (average value over all postbaseline
visits from day 8 to day 113 for that patient) values in the
highest dose group of 60 mg/kg Q2W for mean total cho-
lesterol levels were 168 (range 98-210) and 198 mg/dL
(range 114-268), respectively, and mean LDL levels were 90
(range 37-131) and 108 mg/dL (range 40-170), respectively.
Increases in HDL levels were also seen in the highest dose
group of 60 mg/kg Q2W; the baseline and postbaseline mean
HDL levels were 56 (range 23-83) and 64 mg/dL (range
25-94), respectively. Due to the increase in HDL level, the
maximum mean percentage increases in the cholesterol-to-
HDL ratio were <5% across all nipocalimab dose groups. The
average values for all dosing arms did not exceed the National
Cholesterol Education Program’s reference safety guidelines
(Figure 2)."* No cholesterol change was reported as clinically
significant in the study. Similarly, there were no clinically
significant changes reported in other clinical laboratory eval-
uations, nor in vital signs, physical examinations, ECGs, and

C-SSRS.
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The mean change in MG-ADL total score over time is shown
in Figure 3. For the primary efficacy endpoint, a statistically
significant linear trend over the placebo, 5 mg/kg Q4W,
30 mg/kg Q4W, and 60 mg/kg Q2W groups, with a positive
dose-response trend, was observed for the change from
baseline at day 57 in the MG-ADL score (p = 0.03). A similar
analysis based on the rank of the change from baseline at day
57 was also statistically significant (p = 0.004). Mean changes
(LS mean (SE)) from baseline in MG-ADL total score at day
57, as estimated by the MMRM analysis, were —3.7 (0.9) for
both the nipocalimab 30 mg/kg Q4W and 60 mg/kg Q2W
groups but were not statistically significant compared with
those for the placebo (-2.4 (0.9); p > 0.22), with LS mean
differences (95% Cls) with placebo of —1.3 (-3.5, 0.9) for the
30 mg/kg Q4W group and —1.3 (-3.4, 0.8) for the 60 mg/kg
Q2W group.

For the secondary endpoints, patients with a greater magni-
tude of IgG lowering tended to have greater MG-ADL score
reductions (eFigure 3, links.lww.com/WNL/D272). Single-
dose administration of 60 mg/kg of nipocalimab assessing
durability of effect with maximal IgG reduction showed
large reductions in MG-ADL total scores through day 29
(mean [SD] change from baseline: —3.9 [1.32]); the magni-
tude of reduction decreased thereafter (mean [SD] change
from baseline at day 57: —1.5 [2.82]). Reductions in QMG
(eFigure 4) and MG-QoL-15r scores (eFigure S) were
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Table 1 Patient Demographics and Baseline Characteristics (ITT Population)

Nipocalimab
Placebo 5 mg/kg Q4W 30 mg/kg Q4W 60 mg/kg single dose 60 mg/kg Q2W Combined
Q2W (n=14) (n=14) (n=13) (n=13) (n=14) (n=54)

Age in years, median (range) 60.5(25-83)  53.0(29-81)  44.0 (24-74) 47.0 (24-74) 63.0 (27-76) 57.5 (24-83)
Sex, n (%)

Women 8(57.1) 6 (42.9) 9(69.2) 9(69.2) 5(35.7) 29 (53.7)
Race

White 12 (85.7) 12 (85.7) 12(92.3) 13 (100) 14 (100) 51(94.4)

Black or African American 0 2(14.3) 0 0 0 2(3.7)

Other 2(14.3) 0 0 0 0 0

American Indian or Alaska Native 0 0 1(7.7) 0 0 1(1.9)
Ethnicity, n (%)

Not Hispanic or Latino 10(71.4) 13(92.9) 10(76.9) 11 (84.6) 14 (100) 48 (88.9)

Hispanic or Latino 4(28.6) 1(7.1) 3(23.1) 1(7.7) 0 5(9.3)

Not reported 0 0 0 1(7.7) 0 1(1.9)
Time since symptom onset, mean (SD),y 13.2(9.81) 8.0 (8.61) 8.4 (7.15) 7.0 (7.90) 6.0 (5.84) 7.3(7.31)
Baseline MG-ADL total score, mean (SD) 7.3 (2.79) 8.0 (2.75) 8.0 (2.61) 7.9 (2.78) 8.1(3.25) 8.0 (2.78)
Baseline QMG total score, mean (SD) 17.6 (4.20) 15.9(2.93) 17.1 (4.23) 16.1 (4.07) 16.9 (2.79) 16.5 (3.48)
MGFA class, n (%)

lla 2(14.3) 2(14.3) 2(15.4) 3(23.1) 2(14.3) 9(16.7)

[114] 3(21.4) 4(28.6) 1(7.7) 2(15.4) 4 (28.6) 11 (20.4)

llla 5(35.7) 5(35.7) 6(46.2) 5 (38.5) 5(35.7) 21 (38.9)

b 3(21.4) 3(21.4) 2(15.4) 3(23.1) 3(21.4) 11 (20.4)

IVa 1(7.1) 0 2 (15.4) 0 0 2@3.7)
Anti-AChR positive 13(92.9) 13(92.9) 12(92.3) 13 (100) 13(92.9) 51(94.4)
Anti-MuSK positive 1(7.1) 1(7.1) 1(7.7) 0 1(7.1) 3(5.6)

Abbreviations: AChR = acetylcholine receptor; ITT = intent-to-treat; MG-ADL = Myasthenia Gravis-Activities of Daily Living Total Score; MGFA = Myasthenia
Gravis Foundation of America; MuSK = muscle-specific kinase; Q2W = every 2 wk; Q4W = every 4 wk; QMG = Quantitative Myasthenia Gravis.

observed over time in all treatment groups and were not
significant compared with those in the placebo group. There
were 14 patients with >1 missed QMG assessment due to
study disruption by the COVID-19 pandemic. On day 57,
mean (SD) reductions from baseline in total QMG scores
were —4.1 (3.45) in the nipocalimab 30 mg/kg Q4W and -5.9
(5.30) 60 mg/kg Q2W treatment groups, although the dif-
ferences between these groups and the placebo group (-3.7
[2.94]) at day 57 were not significant (p > 0.23) with LS mean
differences with placebo of —0.5 (=3.6 to 2.6) for the 30 mg/
kg Q4W group and —1.8 (—4.8 to 1.2) for the 60 mg/kg Q2W
group (Table 3). Similarly, on day 57, the mean (SD) re-
ductions from baseline in the mean total MG-QoL-15r scores
were —6.8 (5.73) in the nipocalimab 30 mg/kg Q4W group
and -3.7 (5.37) in the 60 mg/kg Q2W treatment group, with
a statistically significant difference between the 30 mg/kg
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Q4W and placebo groups at day 57 (LS mean difference
(95% CI): =5.1 (-8.6 to —1.5); p = 0.005) (Table 3).

MGFA classification status at day 57 compared with base-
line either shifted to a lower class, for example, Class III
to Class II, (21.4%-53.8% across all nipocalimab groups
and 42.9% in the placebo group) or was unchanged
(23.1%-64.3% across all nipocalimab groups and 42.9% in
the placebo group) in most of the patients; 2 patients (n =1
each in the 30 mg/kg Q4W and 60 mg/kg Q2W treatment
groups) had worsened (shifted to a higher class). The
distribution of patients across these categories (shifted
lower, unchanged, shifted higher) was not statistically sig-
nificantly different in any individual nipocalimab group
compared with that in the placebo group (p > 0.22; eTable 4,
links.lww.com/WNL/D273).

Neurology.org/N


http://links.lww.com/WNL/D273
http://neurology.org/n

Figure 2 Mean (+SE) Total Cholesterol, LDL, and HDL Over Time (Safety Population)

Total cholesterol LDL
250 250+
g 2004 %} 200
©
s k
A 'gn 150 4 150 4
TE
o 100 + 100
=
50 50
T T T T T I/\ T T T T T T T l/\ T T
(’e\\oe ‘b»\(’) nl,q b:b 1% cb(’) \\"5 6@\6\6 ‘br\<’) n[9 b?) S cb(’) ’\r\’:‘)
R Day R Day
HDL
250
Group
9]
E 200 - - Plécebo Q2W
s ~+ Nipo 5 mg/kg Q4W
o3 Nipo 30 mg/kg Q4W
» 2 150 + Nie B8R
H %0 —+- Nipo 60 mg/kg single dose
c = —+ Nipo 60 mg/kg Q2W
©
[} 100
=
50 - - SR E )
T T T T T T HDL = high-density lipoprotein; LDL =
< DO P P G & ,\\’6 low-density lipoprotein; Nipo = nipo-
?;,é calimab; Q2W = every 2 weeks; Q4W =
R Day every 4 weeks; SE = standard error.

Exploratory endpoints showed that the proportion of patients
with a durable response through day 57 ranged from 42.9% to
64.3% in the nipocalimab groups compared with 14.3% in the
placebo group (eFigure 6, linkslww.com/WNL/D272).
Comparison with the placebo group was statistically signifi-
cant for the 60 mg/kg single-dose (53.9%; p= 0.046) and the
60 mg/kg Q2W dose (64.3%; p = 0.02) groups but not for the
S mg/kg Q4W group (42.9%; p = 0.209) or 30 mg/kg Q4W
group (46.2%; p = 0.103). The percentage of patients with a
rapid onset of durable response within 17 days ranged from
42.9% to 46.2% in the nipocalimab groups vs 14.3% in the
placebo group (eFigure 7); however, comparison with the
placebo group did not reach statistical significance for any
nipocalimab group (p > 0.103). Treatment with nipocalimab
resulted in substantial, rapid, and dose-dependent reduction
in serum total IgG levels (eFigure 8). Maximal IgG reductions
observed were 42% (S mg/kg Q4W), 72% (30 mg/kg Q4W),
80% (60 mg/kg single-dose), and 83% (60 mg/kg Q2W).
Mean total IgG reductions from baseline were noted as soon
as 1 week after the first nipocalimab infusion, ranging from
42% at S mg/kg to 69% at 30 mg/kg or higher doses. The
Q2W dosing regimen provided a sustained reduction in mean
total IgG, and the Q4W dosing regimen produced variable
changes in mean total IgG levels across the dosing interval,
with a nadir approximately 2 weeks after nipocalimab
administration and a peak approximately 4 weeks after ad-
ministration. Corresponding to the reductions in total IgG,
dose-dependent reductions in anti-AChR autoantibodies
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were also observed across nipocalimab treatment groups
(Figure 4). Similar reductions were seen with all IgG sub-
classes (eFigure 9), with no changes in total IgM, IgA, and IgE
across the nipocalimab treatment groups. The sample size of
anti-MuSK-positive patients was insufficient to draw any
conclusion regarding anti-MuSK (an IgG4 subclass autoan-
tibody) reduction; however, the nipocalimab treatment group
showed a dose-dependent reduction in IgG4 (eFigure 9).

Median serum nipocalimab concentrations at the end of in-
fusion (C,;) on day 1 (0 week) and day 57 (8 weeks) were
approximately dose proportional across the 5 mg/kg Q4W, 30
mg/kg Q4W, and 60 mg/kg Q2W groups (eFigure 10, links.
Iww.com/WNL/D272). However, mean or median preinfusion
serum nipocalimab concentrations on day 15 (i.e., 2 weeks after
the infusion on day 1) were not dose proportional, similar to the
nonlinear, dose-dependent PK of nipocalimab reported in the
phase 1 study.’ No accumulations in serum nipocalimab con-
centrations over time were observed based on the mean or
median Cyougn and Ceo; values observed across the S mg/kg
Q4W, 30 mg/kg Q4W, and 60 mg/kg Q2W treatment groups.

A total of 54 patients receiving nipocalimab had posttreat-
ment serum samples that were evaluable for ADA. The in-
cidence of ADA through day 113 (16 weeks) was 40.7% (n =
22) in the combined nipocalimab group, compared with 7.1%
(n=1) in the placebo group. Of note, 35.8% samples from the
combined nipocalimab group tested positive for ADA on day
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Figure 3 Mean (+SE) Change From Baseline in MG-ADL Total Score Over Time (ITT Population)
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1S, but the ADA-positive rates dropped substantially at sub-
sequent visits (from 12.2% on day 29 to 8.7% on day 113).
The ADA-positive rates at the later time points (day 29 and
beyond) in the nipocalimab-treated patients were similar to
the sample ADA-positive rates in the placebo group (from
7.7% on day 29 to 10.0% on day 113). Titers of ADA were
generally low (<1:480). Eight (14.8%) of the 54 nipocalimab-
treated patients were positive for NAb. The presence of ADA
did not alter the PK or IgG lowering of nipocalimab based on
comparisons of median serum nipocalimab concentrations or
median serum IgG concentrations over time between ADA-
positive and ADA-negative patients. In addition, development
of ADA was not associated with reduced clinical efficacy
(MG-ADL change from baseline over time) of nipocalimab or
adverse events. The incidence of NAb was too low to assess its
impact on PK or PD.

This study provides Class I evidence that for patients with
gMG, nipocalimab was well-tolerated, and it did not signifi-
cantly improve MG-ADL at any individual dose but demon-
strated a significant dose response for improved MG-ADL
across doses.

Discussion

This phase 2 dose ranging study evaluated the safety, efficacy,
and PK/PD of nipocalimab in patients with gMG who had an
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inadequate response to ongoing stable SOC therapy. Nipo-
calimab was generally safe and well tolerated. There were no
deaths, discontinuations due to TEAEs, or clinically signifi-
cant grade 3 TEAEs of infection or hypoalbuminemia. In-
cidence of infections in the nipocalimab groups was low and
comparable with those in the placebo group. Elevations in
total cholesterol and LDL have been reported with drugs in
the same pharmacologic class of FcRn antagonists.14 Modest
elevations in nonfasting mean total cholesterol, LDL, and
HDL were also observed with nipocalimab in the higher dose
groups, especially in the 60 mg/kg Q2W group. These ele-
vations were dose dependent and reversible, and there was no
significant change in the lower dose groups. Furthermore, due
to the concomitant elevation in HDL levels, the maximum
mean percentage increases in the cholesterol-to-HDL ratio
was low (<5%); low total cholesterol-to-HDL ratios are po-
tentially suggestive of limited impact on cardiovascular risk
status.”® The elevation in total, LDL, and HDL cholesterol
levels may be secondary to decreases in serum albumin. Al-
bumin has been reported as a regulator of cholesterol trans-
port and acts as a shuttle to facilitate flux of cholesterol
between plasma lipoproteins and red blood cells and trans-
port of cholesterol to hepatocytes.'® Reduction of albumin
may result in elevation of blood lipids, as has been reported
with primary hypoalbuminemia."”

A positive dose response on change from baseline in MG-
ADL total score at day 57 over the placebo, nipocalimab
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Table 2 Summary of TEAEs (Safety Population)

Placebo Nipocalimab
Q2w 5mg/kg Q4W 30 mg/kg Q4W 60 mg/kg Single dose 60 mg/kg Q2W Combined
(n=14) (n=14) (n=13) (n=13) (n=14) (n=54)
Any TEAEs 11(78.6) 12 (85.7) 9(69.2) 12(92.3) 12 (85.7) 45 (83.3)
Any TEAEs related to study agent 1(7.1) 5(35.7) 3(23.1) 6 (46.2) 7 (50.0) 21(38.9)
Any TEAE with CTCAE grade >3 4(286) O 0 0 0 0
Any TEAE leading to treatment discontinuation 2 (14.3) 0 0 0 0 0
Any TEAEs leading to death 0 0 0 0 0 0
Any serious TEAEs 2(143) 0 1(7.7) 0 0 1(1.9)
Most common TEAEs (5% in combined group)
Diarrhea 1(7.1) 1(7.1) 1(7.7) 2(15.4) 2(14.3) 6(11.1)
Headache 1(7.1) 2(14.3) 1(7.7) 2 (15.4) 1(7.1) 6(11.1)
Nasopharyngitis 0 1(7.1) 1(7.7) 2(15.4) 2(14.3) 6(11.1)
Rash 0 1(7.1) 0 0 3(21.4) 4(7.4)
Back pain 0 1(7.1) 0 1(7.7) 1(7.1) 3(5.6)
Dizziness 0 0 1(7.7) 2(15.4) 0 3(5.6)
Hypertension 0 2(14.3) 1(7.7) 0 0 3(5.6)
Musculoskeletal pain 0 0 1(7.7) 2(15.4) 0 3(5.6)
Edema peripheral 0 0 0 1(7.7) 2(14.3) 3(5.6)
TEAEs of infections and infestations
Grade 1 2(14.3) 2(14.3) 2(15.4) 3(23.1) 3(21.4) 10 (18.5)
Grade 2 1(7.1) 3(21.4) 1(7.7) 2 (15.4) 2(14.3) 8(14.8)
Grade 3 0 0 0 0 0 0
Grade 4 0 0 0 0 0 0

Abbreviations: CTCAE = Common Toxicity Criteria for Adverse Events; Q2W = every 2 wk; Q4W = every 4 wk; TEAE = treatment-emergent adverse event.

5 mg/kg Q4W, nipocalimab 30 mg/kg Q4W, and nipocali-
mab 60 mg/kg Q2W groups was observed. Pairwise com-
parisons of each nipocalimab group with placebo were not
statistically significant; however, the study was not powered
for these comparisons.

The hypothesis-generating secondary and exploratory end-
points had some interesting results. Single-dose 60 mg/kg of
nipocalimab showed the greatest reduction in MG-ADL
through day 29 and declined thereafter, indicating the clinical
effect of a single dose may not extend beyond 1 month. Du-
ration of MG-ADL reduction was consistent with the duration
of PK exposure and IgG lowering, which were dose de-
pendent and dose-frequency dependent. The percentage of
patients achieving a durable response on the MG-ADL
through day 57 was also greater than that in the placebo group
in all nipocalimab groups, with significant differences between
placebo and 60 mg/kg (single-dose or Q2W). Overall, the
results for MG-ADL indicate some clinical benefit with
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nipocalimab therapy. The results for QMG and MG-QoL15r
did not show significance over placebo; however, missed
QMG assessments due to study disruption related to the
COVID-19 pandemic affected the analysis of this endpoint.

Nipocalimab is designed to bind, saturate, and block the IgG
binding site on the FcRn with high affinity, thus inhibiting IgG
recycling and lowering all IgG, including autoantibodies.>"®
Consistent with this mechanism of action, marked dose-
dependent reductions in total serum IgG were observed
across all nipocalimab treatment groups, with a maximal re-
duction (83%) observed in the 60 mg/kg Q2W dose group.
The highest dose of 60 mg Q2W was expected to saturate the
FcRn target, based on results from the phase 1 study.5 Re-
ductions in anti-AChR autoantibodies were also observed in
parallel with the reduction in total IgG and to a similar
magnitude. Nipocalimab treatment was also associated with
reductions in all 4 IgG subtypes. Patients with greater IgG
reduction tended to have greater reduction in the MG-ADL
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Table 3 Changes in Efficacy Measures (ITT Population)

Placebo Nipocalimab
Q2w 5 mg/kg Q4W 30 mg/kg Q4W 60 mg/kg single dose 60 mg/kg Q2W
(n=14) (n=14) (n=13) (n=13) (n=14)
MG-ADL scores
Baseline, mean (SD) 7.3(2.79) 8.0 (2.75) 8.0(2.61) 7.9(2.78) 8.1 (3.25)
Day 57, mean (SD) 52(3.09) 5.5(3.32) 4.0 (2.63) 6.5(3.84) 4.3(2.95)
Change from baseline, mean (SD) -1.8(3.22) -2.5(2.41) -3.9 (3.00) -1.5(2.82) -3.9(3.66)
LS mean values (SE)? -2.4(0.9) -2.4(0.9) -3.7(0.9) -1.4(1.0) -3.7 (0.9)
Difference in LS mean values (nipocalimab vs placebo)? -0.0(1.1) -1.3(1.1) 1.0(1.1) -1.3(1.1)
95% ClI -2.1to 2.1 -3.5t00.9 -1.2t0 3.1 -34t00.8
p Value 0.99 0.24 0.36 0.22
p Value of linear trend test of change from baseline® 0.03
p Value of linear trend test based on the rank of 0.004
change from baseline®
QMG scores
Baseline, mean (SD) 17.6 (4.20) 15.9(2.93) 17.1 (4.23) 16.1 (4.07) 16.9 (2.79)
Day 57, mean (SD) 13.2(4.92) 12.2(4.62) 13.1 (2.64) 14.0 (4.56) 11.3 (4.40)
Change from baseline, mean (SD) -3.7(2.94) -3.5(4.10) -4.1(3.45) -1.5(2.54) -5.9(5.30)
LS mean values (SE)® -3.4(1.2) -3.5(1.1) -3.9(1.2) -1.3(1.2) -5.2(1.1)
Difference in LS mean values (nipocalimab vs placebo)® -0.1(1.5) -0.5(1.6) 2.1(1.6) -1.8(1.5)
95% Cl -3.1t0 2.9 -3.6t02.6 -1.0to0 5.2 -4.8t0 1.2
p Value 0.93 0.73 0.18 0.23
MG-QoL-15r total scores
Baseline, mean (SD) 17.4(5.24) 15.4(6.26) 15.6 (7.83) 17.8 (5.87) 15.7 (6.82)
Day 57, mean (SD) 15.6 (7.03) 13.6(7.49) 9.1 (7.88) 16.7 (5.54) 12.0(8.53)
Change from baseline, mean (SD) -2.0(4.58) -1.7(4.16) -6.8 (5.73) -1.2(1.91) -3.7 (5.37)
LS mean values (SE)® -1.9(1.4) -2.1(1.3) -6.9(1.4) -1.3(1.4) -4.0(1.3)
Difference in LS mean values (nipocalimab vs placebo)? -0.2 (1.7) -5.1(1.8) 0.6 (1.8) -2.2(1.7)
95% Cl -3.7t03.2 -8.6to-1.5 -3.0to 4.1 -5.6t01.3
p Value 0.90 0.005 0.754 0.21

Abbreviations: ITT = intent-to-treat; LS mean = least squares mean; MG-ADL = Myasthenia Gravis - Activities of Daily Living Total Score; MG-QoL-15r = Revised
Myasthenia Gravis Quality of Life -15; QMG = Quantitative Myasthenia Gravis; Q2W = every 2 wk; Q4W = every 4 wk; SE = standard error.

2 LS meanvalues, Cls, and p values are from a Mixed-effect Model Repeated Measures (MMRM) at day 57 with treatment group, visit, treatment group by visit
interaction, and autoantibody type as fixed effects and the baseline score as a covariate. Compound symmetry covariance structure is used.

b Linear trend test is based on the change from baseline at day 57. The 60 mg/kg nipocalimab single-dose treatment group was not included in this analysis,
and the coefficients for testing linear trend used were -3, -1, 1, 3 for the placebo, 5 mg/kg nipocalimab Q4W, 30 mg/kg nipocalimab Q4W, and 60 mg/kg
nipocalimab Q2W groups, respectively.

¢ Linear trend testis based on the rank of the change from baseline at day 57. Patients without a day 57 result were assigned the largest rank based on the rest
of the patients’ results. The 60 mg/kg nipocalimab single-dose treatment group was not included in this analysis, and the coefficients for testing linear trend
used were -3, -1, 1, 3 for the placebo, 5 mg/kg nipocalimab Q4W, 30 mg/kg nipocalimab Q4W, and 60 mg/kg nipocalimab Q2W groups, respectively.

total score, supporting the hypothesis that IgG lowering is the =~ ADA were developed in 40.7% of the 54 nipocalimab-treated
primary driver of efficacy for nipocalimab and supporting  patients, with the highest titer generally on day 15 or day 29
the causality of autoantibodies in gMG. This observation also (19 of 22 ADA-positive patients) and diminished thereafter.
suggests that IgG lowering could be a potential biomarker of ~ Low titers of ADA (<1:60) were seen in only 3 patients on day
efficacy in gMG. 113 when serum nipocalimab concentrations were no longer
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Figure 4 Mean (+SE) Percentage of Baseline IgG and AChR-Binding Antibody by Dosing Arm Over Time (Safety Population)
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detected, suggesting that the ADA were developed transiently
and could be diminished with continued nipocalimab treat-
ment. Regardless, the development of ADA or NAb did not
affect the PK, PD (IgG lowering), efficacy (MG-ADL re-
duction), and/or safety profiles of nipocalimab in patients
with gMG.

Limitations to this study include the small sample size in each
treatment group and the COVID-19-related study activity
disruption. Although multiple doses were evaluated, the du-
ration of treatment was short (8 weeks); further clinical
benefit may be possible with prolonged treatment. Although
QMG assessments were affected by pandemic-related study
disruptions, MG-ADL could be assessed remotely during the
pandemic. The limited sampling may potentially have affected
the ability to detect a treatment effect in QMG scores.

In conclusion, the Vivacity phase 2 study in gMG showed dose-
dependent reduction in MG-ADL scores at day 57 and were
associated with total IgG and anti-AChR autoantibody lowering,.
All dose groups demonstrated acceptable safety and tolerability
profile, with no clinically significant safety signals identified.
Based on the analysis of safety, tolerability, and clinical end-
points from this phase 2 study, a phase 3 confirmatory study for
nipocalimab in the treatment of gMG is ongoing.
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