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M281, an Anti-FcRn Antibody: 
Pharmacodynamics, Pharmacokinetics, and 
Safety Across the Full Range of IgG Reduction 
in a First-in-Human Study
Leona E. Ling1,*, Jan L. Hillson1,†, Renger G. Tiessen2, Tjerk Bosje2, Mattheus Paulus van Iersel2,  
Darrell J. Nix3,†, Lynn Markowitz1, Nicholas A. Cilfone1,†, Jay Duffner1, James B. Streisand1,†,  
Anthony M. Manning1 and Santiago Arroyo1

M281 is a fully human, anti-neonatal Fc receptor (FcRn) antibody that inhibits FcRn-mediated immunoglobulin G (IgG) 
recycling to decrease pathogenic IgG while preserving IgG production. A randomized, double-blind, placebo-controlled, 
first-in-human study with 50 normal healthy volunteers was designed to probe safety and the physiological maximum 
for reduction of IgG. Intravenous infusion of single ascending doses up to 60 mg/kg induced dose-dependent serum 
IgG reductions, which were similar across all IgG subclasses. Multiple weekly doses of 15 or 30 mg/kg achieved 
mean IgG reductions of ≈85% from baseline and maintained IgG reductions ≥75% from baseline for up to 24 days. 
M281 was well tolerated, with no serious or severe adverse events (AEs), few moderate AEs, and a low incidence of 
infection-related AEs similar to placebo treatment. The tolerability and consistency of M281 pharmacokinetics and 
pharmacodynamics support further evaluation of M281 in diseases mediated by pathogenic IgG.

Pathogenic immunoglobulin G (IgG) antibodies mediate tis-
sue destruction or dysfunction through direct or complement-
mediated mechanisms in several autoimmune and alloimmune 
diseases.1,2 Although current therapies, such as glucocorti-
coids and immunosuppressive drugs, may be effective in re-
ducing pathogenic IgG antibody production, they are broadly 

immunosuppressive and frequently limited by toxicities. In 
addition, inadequate response or relapse complicates manage-
ment of several autoimmune and alloimmune diseases.3,4 B- 
cell–depleting therapies decrease antibody production and are 
effective in some patient populations, but they may increase 
the risk for serious infections and can require several months of 
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
 Anti-neonatal Fc receptor (FcRn) therapeutic agents that 
block immunoglobulin G (IgG)–FcRn interaction, inhibit 
FcRn-mediated recycling, and decrease serum IgG are in early 
development and have the potential to treat diseases induced by 
pathogenic IgG antibodies.
WHAT QUESTION DID THIS STUDY ADDRESS?
 This study provides proof of mechanism for M281, a novel 
anti-FcRn blocking monoclonal antibody, and provides, for 
the first time, robust data relating pharmacokinetics, target 
saturation (receptor occupancy), and IgG decrease and recov-
ery, as well as data on initial safety and tolerability for this 
agent.

WHAT DOES THIS STUDY ADD TO OUR 
KNOWLEDGE?
 A consistent and close relationship is observed between FcRn 
receptor occupancy, serum IgG reduction, and M281 pharma-
cokinetics. This, together with initial safety and tolerability data, 
supports further clinical evaluation of M281 in autoimmune and 
alloimmune diseases driven by pathogenic IgG autoantibodies.
HOW MIGHT THIS CHANGE CLINICAL 
PHARMACOLOGY OR TRANSLATIONAL SCIENCE? 
 An understanding of the anti-FcRn mechanism and 
dose-pharmacokinetics-pharmacodynamics relationship will 
enable clinical studies in diseases induced by pathogenic IgG, in 
which efficacy may require different levels and duration of IgG 
decrease.
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treatment to achieve a maximal response.5–9 Treatments such as 
intravenous immunoglobulin, plasmapheresis, and immunoad-
sorption can reduce IgG to 50% and 95% below baseline, re-
spectively, and produce clinical responses within days to weeks, 
typically with ≈50% serum IgG reduction.10–12 However, these 
regimens are difficult to sustain chronically.10,11,13 Recently, 
novel therapeutics targeting the neonatal Fc receptor (FcRn) 
aim to more specifically and rapidly decrease pathogenic IgG 
through decreasing IgG half-life (t1/2), thereby inducing IgG 
clearance (CL) similar to plasmapheresis or immunoadsorption, 
but with greater potential for long-term maintenance treatment 
and disease control.14,15

FcRn is the endosomal IgG transporter responsible for the 
long t1/2 of IgG.16 Residing primarily in early endosomes, FcRn 
in the reticuloendothelial system serves to salvage IgG, inter-
nalized by nonspecific pinocytosis or Fcγ receptor interactions, 
from lysosomal catabolism and facilitates trafficking of bound 
IgG to the cell surface for release back into circulation.16 This 
pH-sensitive process relies on the increased affinity of IgG bind-
ing to FcRn at endosomal pH (≈6.0) and the low affinity of this 
interaction at extracellular pH (≈7.5). FcRn also transports IgG 
across several tissue barriers, and in the setting of pregnancy, 
FcRn is required for transplacental transfer of IgG from mother 
to fetus.16 Results from preclinical studies demonstrate that 
blockade of FcRn–IgG binding can prevent or ameliorate patho-
genic antibody-induced disease in a variety of autoimmune and 
fetal–neonatal alloimmune disease models, including collagen-
induced arthritis,17 idiopathic thrombocytopenic purpura,18 
immune complex–mediated glomerular disease,19 experimental 
autoimmune myasthenia gravis,20 fetal–neonatal alloimmune 
thrombocytopenia,21 and antiplatelet antibody-induced pla-
centa disruption and miscarriage.22

The key components of IgG metabolism—FcRn-mediated re-
cycling, plasma cell/plasmablast-derived synthesis, endothelial/ 
reticuloendothelial catabolism, and, in some pathological condi-
tions, renal/gastrointestinal elimination—have been well described 
in human and nonhuman species in a variety of healthy and dis-
ease settings.23,24 Specific blockade of FcRn recycling is expected 
to reduce serum and tissue levels of all IgGs, including pathogenic 
IgG, without affecting synthesis, elimination, or catabolism.25,26 
On loss of IgG recycling, the normal equilibrium between synthe-
sis, recycling, catabolism, and elimination, which maintains each 
individual’s baseline serum IgG concentration, is disrupted and IgG 
decreases. However, the IgG decline is expected to reach a lower 
equilibrium set point because of the known decrease in the IgG 
fractional catabolic rate with decreasing serum IgG concentrations, 
the insensitivity of IgG synthesis to changes in serum IgG levels, 
and unchanged elimination rates.24,27 The anticipated lower equi-
librium set point may be near 80–90% below baseline, as seen in 
humans or mice lacking FcRn.26,28

M281 is a high-affinity, fully human, effectorless monoclonal 
IgG1 anti-FcRn antibody that binds with picomolar affinity to FcRn 
at both endosomal pH 6.0 (Kd (dissociation constant), 29 pM) 
and extracellular pH 7.6 (Kd, 44 pM), allowing occupancy of FcRn 
throughout the recycling pathway (Table S1). M281 blocks binding 
of IgG to FcRn at nanomolar concentrations (IC50 (half maximal 

inhibitory concentration), 3 nM or 0.4 μg/mL) (Figure S1).  
We evaluated the safety, tolerability, pharmacokinetics (PK), 
and pharmacodynamics (PD) of M281 in healthy volunteers in 
a first-in-human, two-part, ascending-dose study. This study was 
designed to assess the potential of M281 for modulating FcRn 
blockade to achieve the full range of IgG reduction with M281 
and the relationship between dose, PK, FcRn binding, and serum 
IgG and IgG subclasses.

RESULTS
First-in-human study
A total of 160 subjects were screened; 50 subjects enrolled and 
completed the study. A total of 28 men and 22 women between 
20 and 55 years of age, who had a body mass index (BMI) be-
tween 19.2 and 29.7 kg/m2, participated (Table 1). Age, weight, 
BMI, and race were similar between part 1, single ascending dose 
(SAD), and part 2, multiple dose (MD). In SAD, 24 subjects re-
ceived M281 and 10 subjects received placebo; all 34 subjects com-
pleted per protocol (Table 1). In MD, 12 subjects received up to 
4 weekly doses of 30 mg/kg (n = 6) in the first cohort and 15 mg/
kg (n = 6) in the second cohort, and four subjects received up to 
4 weekly doses of placebo. Two subjects received two of four doses 
planned, and four subjects received three of four doses planned; 10 
subjects received all four planned doses.

Primary PK and PD

SAD study. M281 exhibited consistent and dose-dependent 
PK. M281 serum concentrations increased proportionally to 
dose, and area under the concentration–time curve for time 0 to 
infinity (AUC0-inf) increased greater than dose proportionally 
across all SAD cohorts (Table  2). All single-dose groups 
showed a consistent time to maximum serum concentration 
(Tmax) of 2  hours after start of the 2-hour infusion. Serum 
terminal t1/2 and exposure of M281 increased with dose. The 
dependence of increasing t1/2, decreasing overall CL, and 
greater than proportional increase in AUC on increasing dose is 
consistent with target-mediated disposition that results in more 
rapid CL at concentrations <10 μg/mL. AUC, CL, and t1/2 were 
unaffected by body weight and sex.

Single doses of M281 resulted in rapid FcRn saturation, as mea-
sured by receptor occupancy (RO) using flow cytometry. The per-
centage of occupied receptors reached ≈50% transiently at 2 hours 
after M281 administration at 0.3 mg/kg (maximum serum concen-
tration (Cmax), 0.4 μg/mL), but nearly all (>90%) receptors were 
occupied within 2 hours at doses of 3 mg/kg (Cmax, 53.8 μg/mL)  
or greater, suggesting rapid saturation of FcRn at low serum drug 
concentrations (Figure 1a). The duration of complete receptor 
saturation increased with increasing dose, and the loss of FcRn 
saturation occurred rapidly, associated with plasma drug levels 
<10 μg/mL.

In addition, serum IgG decreased within a day of M281 admin-
istration, and the rate of decrease was consistent across doses and 
individual subjects (Figure 1b). The depth of IgG decrease was 
more extensive with increasing dose as the downward trajectory 
was maintained longer with each ascending dose level (Figure 1; 



ARTICLE

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 105 NUMBER 4 | APRIL 2019 1033

Table S2). A mean decrease in serum IgG of 25%, 55%, 74%, and 
80% from baseline was observed at doses of 3, 10, 30, and 60 mg/kg,  
respectively, suggesting serum IgG decrease may be nearing an as-
ymptote at 60 mg/kg. The recovery of IgG initiated on loss of RO 
and returned toward baseline levels in an asymptotic manner, reach-
ing within 20–25% of baseline levels within 56 days. Single doses of 
M281 at 30 or 60 mg/kg maintained serum IgG at 50% of baseline 
or below for 18 and 27 days, respectively.

Multiple-dose study. PK assessed at first Cmax and each trough 
indicated MD PK was similar to SAD PK at comparable doses 
showing minimal accumulation. Trough levels with 30  mg/
kg weekly were maintained near 100–200  μg/mL but were 
mostly <10  μg/mL with 15  mg/kg weekly. At 30  mg/kg, full 
RO was achieved at 2 hours after the first dose and maintained 
throughout the dosing period, whereas some subjects in the 
15 mg/kg MD group lost full RO at the first trough (Figure 2a). 
Consistent with the findings in SAD, loss of RO occurs between 
9–10  days after the last M281 30  mg/kg dose and between 

7–9 days after the last 15 mg/kg dose, regardless of the number of 
doses given (Figure 2a). IgG decreases initiated within 1 day after 
M281 administration and decreased by 14 days after initiation of 
weekly dosing to an asymptote ≈85% below baseline. Decreased 
IgG was maintained for 16 days at 15 mg/kg or 24 days at 30 mg/kg  
(Figure 2b, Table S2). As in SAD, loss of RO after multiple doses 
was followed within a day by an increase in serum IgG, and both 
PD events corresponded to the period when drug levels decreased 
below 10 μg/mL.

Exploratory PD
Each IgG subclass exhibited similar decreases in serum levels, an 
observation that was highly consistent among subjects and reached 
a maximum reduction within 7–14 days of ≈75–90% below base-
line (Figure 3; Table S2). Recoveries to baseline were initiated 
≈1 week after the last dose for subjects receiving two, three, or four 
consecutive doses, and neared baseline levels within 30–80 days 
of the last dose (Figure 3). In contrast to IgG, no effect of M281 
was observed on immunoglobulin M (IgM), immunoglobulin A 

Table 1  Subject demographics and baseline characteristics

Dose Patients, n Age, mean (SD), y

Sex, %
BMI, mean (SD), 

kg/m2

Race ethnicity, %

Female/male W/B/A/M

Single ascending dose

 Placebo 10 36 (12) 30:70 25.4 (3.0) 90:0:0:10

 0.3 mg/kg 3 34 (17) 0:100 22.1 (2.0) 100:0:0:0

 3 mg/kg 3 23 (4) 33:67 24.0 (1.4) 100:0:0:0

 10 mg/kg 6 33 (16) 33:67 25.7 (2.6) 100:0:0:0

 30 mg/kg 6 29 (13) 67:33 23.1 (3.1) 67:0:33:0

 60 mg/kg 6 42 (12) 50:50 24.5 (3.1) 83:0:17:0

 Total 34 34 (13) 38:62 24.5 (2.9) 88:0:9:3

Multiple ascending dose

 Placebo 4 32 (14) 50:50 22.7 (2.8) 75:25:0:0

 30 mg/kg 6 37 (13) 67:33 24.4 (3.8) 83:17:0:0

 15 mg/kg 6 38 (12) 50:50 26.0 (3.4) 50:33:0:17

 Total 16 36 (12) 56:44 24.6 (3.5) 69:25:0:6

A, Asian; B, black; BMI, body mass index; M, mixed; W, white.

Table 2  PK parameters of M281 after single-dose administration

PK parameters

M281 single dose, mean (SD), mg/kg

0.3 (N = 3) 3 (N = 3) 10 (N = 6) 30 (N = 6) 60 (N = 6)

Cmax, μg/mL 0.446 (0.017) 53.8 (0.73) 206 (23.6) 600 (50.1) 1,320 (152)

Tmax, houra 2.00 (2.00–2.02) 2.03 (2.02–2.08) 2.07 (2.00–12.03) 2.00 (2.00–12.03) 2.06 (2.00–2.13)

t1/2, hour NC 7.82 (3.52) 24.4 (6.32) 30.7 (3.90) 33.7 (10.3)

AUC0-inf, hour•μg/mL NC 945 (122) 9,757 (1,346) 39,213 (7,351) 115,288 (22,528)

CL, L/hour NC 0.241 (0.036) 0.089 (0.017) 0.052 (0.010) 0.039 (0.009)

Vz, L NC 2.62 (0.846) 3.09 (0.715) 2.31 (0.614) 1.87 (0.671)

AUC0-inf, area under the concentration–time curve for time 0 to infinity; CL, clearance; Cmax, maximum serum concentration; NC, not calculated because of 
insufficient data; PK, pharmacokinetic; t1/2, terminal half-life; Tmax, time to Cmax; Vz, volume of distribution.
aData are shown as median (range).
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(IgA), and immunoglobulin E (IgE) or in a panel of inflammatory 
cytokines assessed at Tmax and every 3–7 days in SAD cohorts and 
weekly in MD cohorts.

Safety
Overall, M281 administration was well tolerated in all cohorts 
evaluated. The incidence of treatment-emergent adverse events 
(TEAEs) considered related to study drug was similar between 
M281- and placebo-treated subjects in both SAD (Table 3) and 
MD (Table 4). TEAEs related to study drug constituted 15% of 
TEAEs in M281 subjects and 10% of TEAEs in placebo subjects 
in SAD and 41% of TEAEs in M281 subjects and 45% of TEAEs 
in placebo subjects in MD. All TEAEs were transient, and all sub-
jects recovered without treatment, with one–two doses of parac-
etamol, or, in one case, ibuprofen.

Similar to placebo, most TEAEs in the M281-treated subjects 
(94% SAD, 92% MD) were mild. Moderate TEAEs were transient 
and were reported in 4 of 36 (11%) of M281-treated and 3 of 14 
(21%) of placebo-treated subjects. No severe TEAEs, serious AEs, 
deaths, significant infusion site reactions, or systemic allergic re-
sponses were noted.

The incidence of infection was of interest given that serum IgG 
concentrations were low with M281 treatment. The incidence of 
TEAEs in the category of infections and infestations was similar 

between M281- and placebo-treated groups, with 12.5% in M281-
treated subjects vs. 20% in placebo-treated subjects in SAD cohorts 
and 41.7% in M281-treated subjects vs. 50% in placebo-treated 
subjects in MD cohorts. Infection-related TEAEs with possible 
relation to treatment were also similar in M281-treated subjects 
compared with placebo-treated subjects, with TEAEs occurring 
in 4.2% of M281-treated subjects compared with 0% of placebo-
treated subjects in SAD and in 16.7% of M281-treated subjects 
compared with 25% of placebo-treated subjects in MD.

Antidrug antibodies (ADAs) were low or absent across most 
SAD and MD subjects. ADAs were detected in 12% (4/34, of all 
M281-treated subjects; two at 10 mg/kg and one each at 30 and 
60 mg/kg) of SAD subjects; no subjects were positive for neu-
tralizing antibody. ADAs were detected in 31% (5/16, four in 
M281-treated subjects and one in a placebo-treated subject) of 
the MD subjects, all of whom were in the 15 mg/kg cohort and 
with low titer (at maximum, 1:4, 1:32, 1:64, or 1:128). The four 
M281-treated MD subjects were neutralizing antibody positive. 

Figure 2  Multiple-dose receptor occupancy and serum IgG after 4 
once weekly doses of M281 of 15 or 30 mg/kg. Values are shown 
as mean (SD). (a) M281 receptor occupancy, as measured by 
percentage unoccupied FcRn compared with baseline in monocytes. 
(b) Serum immunoglobulin G (IgG) percentage relative to baseline. 
Each M281-treated cohort is represented by n = 3. Placebo controls 
from each multiple-dose cohort were combined (n = 4).

Figure 1  Single ascending dose receptor occupancy and serum IgG. 
Values are shown as mean (SD). (a) M281 receptor occupancy, as 
measured by percentage unoccupied FcRn compared with baseline 
in monocytes. (b) Serum immunoglobulin G (IgG) percentage relative 
to baseline. M281-treated cohorts are represented by n = 3 (0.3 or 
3 mg/kg), n = 6 (30 mg/kg), and n = 5 (60 mg/kg). Placebo controls 
from each single-dose cohort were combined (n = 10).
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Figure 3  Serum immunoglobulin G subclasses after four once weekly doses of M281 (30 mg/kg). Values are shown as mean (SD). IgG1 (a), 
IgG2 (b), IgG3 (c), and IgG4 (d) percentage relative to baseline. Each M281-treated cohort is represented by n = 3, and placebo controls from 
the same cohort are represented by n = 2.

Table 3  Single ascending dose: treatment-emergent adverse events related to study drug

Preferred term

Patients, n (%)a

Placebo 
(N = 10)

M281, mg/kg

0.3 (N = 3) 3 (N = 3) 10 (N = 6) 30 (N = 6) 60 (N = 6) Total (N = 24)

Total 2 (20) 0 0 1 (16.7) 2 (33.3) 3 (50) 6 (25)

Asthenia 1 (10) 0 0 0 0 1 (16.7) 1 (4.2)

Infusion site 
erythema

0 0 0 1 (16.7) 0 0 1 (4.2)

Fatigue 1 (10) 0 0 0 0 0 0

Headache 0 0 0 0 1 (16.7) 1 (16.7) 2 (8.3)

Influenza 0 0 0 0 0 1b (16.7) 1 (4.2)

Cough 0 0 0 0 1 (16.7) 0 1 (4.2)

Oropharyngeal pain 0 0 0 0 1 (16.7) 0 1 (4.2)

Eczema 0 0 0 0 1 (16.7) 0 1 (4.2)
a All treatment-emergent adverse events with a reasonable possibility to be related to study drug were mild except for those indicated by b.
b Event considered moderate in intensity.
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No determination of the effect of ADA or neutralizing antibodies 
on M281 PK could be made because ADAs that developed after 
M281 had decreased below the level of quantification. ADA and 
neutralizing antibody development and the effect on PK after 
long-term dosing in patient populations remain to be determined.

Because high-dose SAD cohorts and the first MD cohort, 
30 mg/kg weekly, were expected to achieve maximal projected 
IgG decreases, a stopping rule was in place based on low total 
IgG and two common immunization titers, which led to discon-
tinuation of three asymptomatic subjects in the 30 mg/kg weekly 
MD cohort after two (n = 2) or three (n = 1) doses. Because 
no M281-related AEs were observed and IgG recovery oc-
curred, this stopping rule was removed for the second 15 mg/kg  
cohort in whom decreases below the original stopping criteria 
occurred in three of six subjects and in whom safety concerns did 
not develop. Three other subjects in the MD 15 mg/kg group 
discontinued treatment after three doses as a precaution after 
they developed transient asymptomatic elevations in creatine 
phosphokinase, with values up to 1,534, 2,452, and 6,748 U/L, 
respectively, for each subject; one of these subjects experienced 
transiently elevated alanine aminotransferase (119 U/L). These 
abnormal laboratory values were assessed as mild AEs on the day 
before the fourth dose and determined on follow-up not to be 
of cardiac origin or associated with myoglobinuria, recoverable 
within 1–2 weeks, and preceded by exercise in one case. No other 
clinically significant changes or trends were observed in labo-
ratory parameters, with the exception of asymptomatic, tran-
sient reductions in total protein and albumin in the 60 mg/kg  

single-dose group and the 30 and 15 mg/kg MD groups (Table S3).  
These were observed without proteinuria or changes in serum 
creatinine or electrolytes. No treatment-related changes were 
noted in hematological parameters, including white blood cell 
and lymphocyte counts, CH50, C3, C4, interferon-γ, tumor ne-
crosis factor-α, interleukin (IL)-2, or IL-6.

DISCUSSION
This first-in-human study provides initial safety and tolerability 
data for M281 and demonstrates proof of mechanism by achieving 
the maximal anticipated decrease in serum IgG. M281 was safe 
and well tolerated; it demonstrated a rapid onset of action and the 
potential for durable maintenance of a range of decreased serum 
IgG levels at or below efficacious levels obtained by plasmapher-
esis or immunoadsorption for up to 27 days after a single dose or 
for longer with MDs. In patients whose disease is mediated by 
pathogenic IgG antibodies, M281 would be expected to lower 
the circulating levels of such antibodies and could potentially 
provide clinical benefit across multiple rare and severe pathogenic 
antibody-driven diseases.

This study demonstrates proof of mechanism that M281 
can fully saturate FcRn, resulting in the pharmacological con-
sequence of reduction in serum IgG levels. This finding is also 
supported by the close PK–PD relationship observed in this 
study. M281 achieves FcRn RO rapidly on intravenous infusion, 
consistent with its high-affinity binding of FcRn, its rapid cel-
lular uptake, and binding to intracellular FcRn, as established 
in cellular and animal studies. Serum IgG decreased rapidly on 

Table 4  Multiple ascending dose: treatment-emergent adverse events related to study drug

Parameter

Patients, n (%)a

Placebo (N = 4)

M281, mg/kg

30 (N = 6) 15 (N = 6) Total (N = 12)

Total 3 (75.0) 4 (66.7) 4 (66.7) 8 (66.7)

Blood creatine phosphokinase 
increased

0 0 3 (50) 3 (25)

Alanine aminotransferase increased 0 0 1 (16.7) 1 (8.3)

Influenza-like illness 0 0 1 (16.7)b 1 (8.3)

Infusion site erythema 0 1 (16.7) 0 1 (8.3)

Fatigue 1 (25) 0 0 0

Injection site pain 1 (25) 0 0 0

Viral upper respiratory tract 
infection

1 (25)b 1 (16.7) 1 (16.7) 2 (16.7)

Gastroenteritis 0 0 1 (16.7)b 1 (8.3)

Back pain 0 0 1 (16.7) 1 (8.3)

Myalgia 1 (25) 1 (16.7) 0 1 (8.3)

Headache 3 (75)c 1 (16.7) 0 1 (8.3)

Tremor 0 1 (16.7) 0 1 (8.3)

Nausea 0 1 (16.7) 0 1 (8.3)

Oropharyngeal pain 1 (25) 0 1 (16.7) 1 (8.3)
aAll treatment-emergent adverse events with a reasonable possibility to be related to study drug were mild except for those indicated by b and c.  
bEvent considered moderate in intensity. 
cTwo of these 3 events were considered to be moderate in intensity.
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achieving complete RO, consistent with the blockade of IgG 
binding to FcRn and the enhanced IgG catabolism that results. 
Serum levels of IgG started to return toward baseline within a 
day or two after loss of complete RO. This occurred as M281 
plasma concentrations reached near or below 10 μg/mL, con-
sistent with in vitro concentrations required for inhibition of 
IgG binding to FcRn. The maximal decrease in IgG plateaued 
to ≈85% of baseline, consistent with a full blockade of FcRn and 
similar to that observed in individuals lacking FcRn in whom 
serum IgG concentrations are ≈80–90% below baseline.26,28

The results also support the initial safety and tolerability of 
M281, despite sustaining IgG at the physiological maximum level 
of reduction. Consistent with nonclinical studies, TEAEs in sub-
jects who received M281 were generally mild, and all TEAEs were 
monitorable and transient and resolved with minimal or no treat-
ment. The most frequently reported treatment-related TEAE in 
subjects receiving M281 was headache, which occurred at a low 
frequency, similar to that of placebo. There were no severe TEAEs, 
serious AEs, or deaths during the study.

Given the 85% reduction in serum IgG, 50% of individuals in 
the normal range at baseline experienced a decrease of IgG to lev-
els <200 mg/dL over the two highest SAD cohorts and both MD 
cohorts. AEs related to infections were of special interest, and 
although this small study cannot fully assess infection risk, the 
absence of severe or serious infections and comparable incidence 
of infection compared with placebo, along with previous findings 
with anti-FcRn agents in humans and nonhuman primates,29,30 is 
reassuring. It is important to highlight that M281 is not a broadly 
immunosuppressive agent. Mechanistically, FcRn blockade spe-
cifically decreases IgG t1/2, but does not affect IgG production 
or the metabolism of other immunoglobulins. M281 was also 
shown to lower total IgG, IgG subclasses, and antigen-specific 
IgG titers, without affecting IgM, IgA, or IgE. The lowering of 
circulating and systemic IgG by therapies such as plasmapheresis 
and, more similar to M281, intensive immunoadsorption with-
out intravenous immunoglobulin supplementation have not been 
associated with infection.11,12 Clinical conditions of low IgG due 
to IgG clearance rather than low IgG production, such as protein-
losing enteropathy, post-Fontan hypogammaglobulinemia, myo-
tonic dystrophy, and familial hypercatabolic hyperproteinemia, 
are not associated with increased infection.26,31,32 Unlike indi-
viduals with common variable immune deficiency and X-linked 
agammaglobulinemia, which are broadly immunosuppressed 
conditions, many individuals with more selective immunodefi-
ciencies, such as transient hypogammaglobulinemia of infancy 
and selective IgG subclass deficiency, do not display increased 
infection risk.33,34

Three instances of asymptomatic creatine phosphokinase eleva-
tions and one instance of concomitant alanine aminotransferase 
elevation were noted in the 15 mg/kg MD cohort, but not in the 
30 mg/kg MD cohort; these elevated enzyme levels were associ-
ated with exercise or increased activity in at least one case. Notably, 
creatine phosphokinase elevations are often seen in healthy indi-
viduals and in phase I studies,35–38 and no M281-related AEs, in-
cluding these noted herein, were observed in short- or long-term 
cynomolgus monkey toxicology evaluations (data not shown).

The limitations of this study include its small number of sub-
jects, short treatment duration, and assessment of healthy volun-
teers who have no significant comedications or comorbidities 
and do not fully reflect patients with autoimmune or alloimmune 
disease. However, the results do provide a preliminary tolerability 
and safety profile and substantial PK–PD data to support dose se-
lection and study design in phase II evaluation of M281 in auto-
immune or alloimmune diseases, in which lowering of pathogenic 
IgG or inhibiting pathogenic IgG transplacental transport is antic-
ipated to be of benefit.

METHODS
Participants
Healthy men and women volunteers, aged 18–55 years, with a BMI of 
18–30 kg/m2 with baseline IgG concentrations between 680–1,650 mg/
dL at screening and antibody titers for tetanus toxoid or Haemophilus 
influenzae (≥0.01 IU/mL and ≥0.15 μg/mL, respectively) were eligible to 
participate. Women of childbearing potential and nonsterile men agreed 
to use two adequate methods of contraception from 30 days before 
dosing until the final follow-up visit. Subjects with any vaccination or 
planned vaccination, significant whole blood loss, or those who donated 
blood within 1 month before dosing or donated plasma within 14 days of 
dosing were excluded.

Study design
This was a two-part, phase I, single-center, randomized, double-blind, 
placebo-controlled, two-arm, parallel-group study (NCT02828046) 
conducted between May 9, 2016, and August 8, 2017, at PRA Health 
Sciences (Groningen, The Netherlands). Randomization occurred 
after a 4-week enrollment period. In the SAD group, subjects were 
randomized into five groups receiving 0.3, 3, 10, 30, and 60 mg/kg. At 
dose cohorts of 0.3 and 3 mg/kg, five subjects were randomized 3:2, 
M281/placebo. At all subsequent doses, eight subjects were random-
ized 6:2, M281/placebo. In the MD group, subjects were randomized 
6:2, M281/placebo, and received 30 mg/kg M281 in the first cohort 
and 15 mg/kg M281 in the second cohort once weekly or placebo for 
4 weeks. M281 or placebo (saline) was administered as an intrave-
nous infusion over 2 hours. A safety review committee reviewed all 
safety and PK data, and an ethics committee granted approval before 
dose escalations between cohorts during SAD and initiation of MD. 
Subjects, investigators, and site personnel remained blinded to treat-
ment throughout the study, with the exception of the pharmacy staff 
who prepared infusions but who were not involved with assessments 
and an appointed, unblinded staff member who reviewed IgG, teta-
nus, and H. influenzae antibody titers to ensure safety.

Ethics
Informed consent was obtained from all subjects. The study was con-
ducted in accordance with the principles of the Declaration of Helsinki. 
The study was conducted in compliance with the International 
Conference on Harmonisation E6 Guideline for Good Clinical Practice, 
and it was compliant with the European Union Clinical Trial Directive: 
Directive 2001/20/EC. The original and amended clinical study proto-
col (EudraCT number 2016-000986-22) and informed consent forms 
were reviewed and approved by the Independent Ethics Committee of 
the foundation Evaluation of Ethics in Biomedical Research (Assen, The 
Netherlands). All subjects were informed verbally and in writing of the 
objectives, procedures, and risks of study participation.

Safety assessment
Safety and tolerability were assessed through vital sign measurements, 
pulse oximetry measurements, 12-lead electrocardiograms, clinical 
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laboratory tests, targeted physical examinations, body weight, infusion 
reaction evaluations, immunogenicity evaluations, reporting of AEs, and 
any other parameter that was relevant for safety assessment. Pretreatment 
patient medical histories were obtained at screening. AEs were defined 
using the Medical Dictionary for Regulatory Activities (Version 19.0). 
Subjects were followed up for up to 12 weeks in the SAD study and up 
to 14 weeks in the MD study. Infusion reactions and administration site 
AEs were carefully monitored. In the event of any infusion or local site 
reaction, blood was drawn to measure histamine, anaphylatoxin, im-
munoglobulin E, and tryptase levels; these levels were then compared 
against baseline levels. Any occurrence of a moderate or severe infusion 
reaction or severe local site reaction prompted a safety review committee 
meeting to determine whether dosing should continue.

Based conservatively on a general threshold in primary immuno
deficiencies,39 total serum IgG < 200 mg/dL as well as antibody titers for 
tetanus and/or H. influenzae below standard protective levels were con-
sidered safety markers for potential stopping criteria. IgG levels had to be 
≥ 200 mg/dL on day 8 for the subject to be discharged from the clinic. If 
a subject developed a moderate or severe infection, grade 3 hypoalbumin-
emia, or grade 2 hypoalbuminemia with clinically significant edema, the 
study drug was to be discontinued.

PK and PD assays
Blood samples for PK analysis were obtained at baseline and at 0.5, 
1, 2, 8, and 12 hours and days 1–4, 7, 9, 11, 14, 17, 21, and 28 after 
administration of study drug. Free serum M281 concentrations were 
measured by a contract laboratory (Charles River Laboratories, Reno, 
Nevada) using a validated enzyme-linked immunosorbent assay with 
a lower limit of quantification of 0.15 μg/mL and an upper limit of 
quantification of 1.25 μg/mL. The following PK parameters were es-
timated using noncompartmental analysis: Cmax, Tmax, t1/2, AUC for 
time 0 to infinity, CL, and volume of distribution.

The primary PD parameters were serum levels of total IgG and RO on 
circulating monocytes. Blood samples to assess serum total IgG were ob-
tained at baseline and after administration of study drug at indicated time-
points. Blood samples for RO assessment were obtained at baseline and 
after administration of study drug at indicated timepoints. Exploratory 
PD assessments evaluated IgG subclasses (IgG1, IgG2, IgG3, and IgG4), 
tetanus or H. influenzae titers, IgM, IgA, IgE, CH50, C3, C4, and a panel 
of cytokines (interferon-γ, tumor necrosis factor-α, IL-2, and IL-6) using 
clinically validated immunoassays. ADAs to M281 and neutralizing anti-
bodies were also assessed.

RO was assessed by an ex vivo fit-for-purpose assay on monocytes. 
Lysed whole blood cells from subjects treated with or without M281 
were incubated with fluorescently labeled antibodies to CD45, CD3, 
CD20, CD14, and CD66 as immunophenotyping markers and then fixed 
and permeabilized before incubation with fluorescently labeled M281. 
Fluorescence-activated, cell-sorting evaluation of the geometric mean flu-
orescence index for M281 label at baseline for each subject constituted an 
assessment of 100% unoccupied receptors. Saturated RO was defined as 
> 90% occupied receptors (expressed as < 10% of fluorescent M281 cell 
labeling compared with each subject’s baseline value).

Statistics
All statistical analysis and reporting were done using SAS for Windows 
version 9.4 (SAS Institute, Cary, NC). PK parameters were estimated 
using noncompartmental methods with Phoenix WinNonlin version 
6.3 (Certara, Princeton, NJ) with the model for intravascular infusion 
(model 202). Below quantifiable limit (BQL) values occurring at the be-
ginning of the profile or occurring after the first quantifiable point were 
considered missing. Values that were embedded between BQLs or quan-
tifiable values occurring after two or more BQLs were recorded as miss-
ing at the discretion of the pharmacokineticist. Actual sampling times, 
rather than scheduled sampling times, were used in all individual-subject 
PK parameter computations.

Descriptive statistics (number of subjects, mean, and SD) were used to 
summarize PK and PD parameters. For PD parameters, arithmetic mean 
change from baseline, maximum percentage reduction expressed as per-
centage change from baseline, and time of maximum reduction were cal-
culated. RO is expressed as percentage unoccupied receptors.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical 
Pharmacology & Therapeutics website (www.cpt-journal.com).

Figure S1. Inhibition of IgG binding to FcRn by M281.
Table S1. Binding affinity of M281 to human FcRn at pH 7.6 and 6.0.
Table S2. Emax and Tmax for total IgG and IgG subclass by dose group.
Table S3. Mean (SD) serum albumin and total serum protein in subjects 
(n = 3) receiving 4 consecutive M281 weekly doses.
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