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ABSTRACT
GNbAC1 is a humanized IgG4 monoclonal antibody antagonist of Mulitple Sclerosis Retrovirus Envelope
(MSRV-Env), a protein that could play a critical role in multiple sclerosis. This randomized placebo-
controlled dose-escalation study evaluated the safety and pharmacokinetics of GNbAC1 in 21 healthy
volunteers after single intravenous infusion at doses of 6, 18 and 36 mg/kg. Lumbar punctures were
performed at days 2, 15 or 29 to measure GNbAC1 concentrations in cerebrospinal fluid (CSF). GNbAC1
was well tolerated. Serum data show a dose-linear pharmacokinetics. A mean CSF/serum ratio of 0.12%
was observed at Day 2, increasing to 0.39% at Day 15 and 0.42% at Day 29. Linear regression analysis
shows a relationship between GNbAC1 CSF/serum ratio and albumin CSF/serum ratio and a relationship at
the limit of statistical significance with the timing of CSF sampling.
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Introduction

Multiple sclerosis (MS) is an inflammatory, demyelinating,
neurodegenerative disorder of the central nervous system
(CNS) whose etiology remains unknown. In MS pathogene-
sis, dysregulation of both innate and adaptive immune sys-
tem is considered a main triggering or exacerbating factor.
Pathological key features of MS could be due to the multiple
sclerosis-associated retrovirus envelope protein (MSRV-Env),
which is expressed in active brain lesions and has been
shown to exert pro-inflammatory effects and myelination
impairment by its interaction with the TLR4-receptor.
MSRV-Env induces the release of pro-inflammatory cyto-
kines such as interleukin (IL)-1ß, IL-6 or tumor necrosis fac-
tor1 from peripheral blood mononuclear cells (PBMC) in
vitro, an effect that can be prevented by anti-toll-like recep-
tor (TLR)4 antibodies. Furthermore, by interaction with the
TLR4 receptor on oligodendrocyte precursor cells (OPC),
MSRV-Env blocks their differentiation to mature oligoden-
drocytes necessary for remyelination.2 Based on this ability
of MSRV-Env to activate the innate immune system, and
given its direct toxicity on OPCs, MSRV-Env has emerged as
a potential therapeutic target for MS.3 The aim of this
approach is to target a potentially key factor for the disease
without the need to modulate or suppress the immune sys-
tem, which is currently the main approach for MS
treatment.4,5

To explore the effects of targeting MSRV-Env in humans,
the mAb (GNbAC1), which selectively binds with high affinity
to the extracellular domain of the MSRV-Env, was selected for
clinical development. GNbAC1 is a recombinant humanized

monoclonal antibody (mAb) of the IgG4/kappa isotype (for a
review of the GNbAC1 development, see ref. Three). Preclinical
tests of GNbAC1 demonstrated its efficacy in MSRV-Env-
induced experimental allergic encephalitis (EAE) in mice, as
well as in in vitro cellular models. GNbAC1 is expected to neu-
tralize the expression of MSRV-Env in MS plaques and on cir-
culating lymphocytes, and prevent its inflammatory and
neurodegenerative effects.

After a first-in-man study with single doses up to 6 mg/
kg administered intravenously (i.v.) in 33 young healthy
volunteers, GNbAC1 was tested in 10 MS patients in a ran-
domized placebo controlled trial with a one year open label
extension.6,7 Safety was favorable; GNbAC1 pharmacokinet-
ics appears to be dose-linear. Encouraging pharmacodynam-
ics responses in terms of target-related biomarkers and
inflammation markers were observed.6,8 The CSF to serum
ratio was estimated at 0.2% at one month post dosing in a
single patient.7

According to target saturation estimation, a 6 mg/kg i.v.
dose of GNbAC1 was estimated to be sufficient to ensure a
full target occupancy.3 To ensure an optimal target access,
evaluate possible overexpression of the target and maximize
the benefit-risk of the product, investigation of higher dos-
ages of GNbAC1 during further phases of its clinical devel-
opment is planned.

The goals of this double-blind, placebo-controlled dose esca-
lation Phase 1 study were to assess the safety profile of single
higher i.v. doses of up to 36 mg/kg GNbAC1 in healthy sub-
jects, and, in particular, to determine pharmacokinetic parame-
ters in serum and GNbAC1 concentrations in CSF.
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Results

Twenty-one subjects entered the study in accordance with the
protocol and the treatment randomization (GNbAC1 nD15,
placebo nD6) (Fig. 1); all completed the study as per protocol
except one subject in the GNbAC1 6 mg/kg group who with-
drew his consent during the study after being dosed. The three
dose levels of GNbAC1 (6, 18, 36 mg/kg i.v.) were studied as
planned. All subjects were Caucasian men aged between 21 and
55 years, both inclusive; the mean age was 40 y (SD 9.5), the
mean height was 179 cm (SD 8.4) and the mean weight was
81.3 kg (SD 9.5). Demographic data by treatment groups are
summarized in Table 1. The mean age and body mass index
(BMI) were relatively similar for subjects across all treatment
groups. All subjects satisfied the inclusion criteria prior to entry
into the study. There were no findings of clinical concern in the
medical history for any subjects. In addition, there were no
baseline signs and symptoms of clinical concern prior to dosing
for any subjects. The results of the urinary screening for drugs
of abuse, of alcohol detection in breath and of serological tests
at screening indicated that all subjects were suitable for inclu-
sion in the study.

Twenty-one subjects received a single infusion of GNbAC1
or placebo. Single doses of GNbAC1 were well tolerated when
administered at dose levels of 6, 18 and 36 mg/kg during 1, 2
and 4 hours infusion, respectively. The treatment emergent
adverse events are summarized in Table 2. All adverse events

were mild or moderate in severity. No serious adverse events
were reported and no subjects were withdrawn as a result of
adverse events. Overall, 13 events were reported by 7 subjects.
Two adverse events were reported by 2 subjects who had
received placebo. The most commonly reported adverse events
belonged to the system organ classes “musculoskeletal and con-
nective tissue disorders” and “infections and infestations.”
Three adverse events (flu-like symptoms, musculoskeletal pain
and postural dizziness) in one of the 36 mg/kg subject were
considered to have a possible relationship to study drug. One
single increase in alanine amino transferase (ALT) (up to 3
ULN) was reported in a patient receiving the 36 mg/kg dose
and was considered as not related to GNbAC1 by the investiga-
tor. No changes in vital signs or electrocardiogram (ECG) data
apparently related to the study drug were noticed.

The mean serum concentration time curves are presented
in Fig. 2. Pharmacokinetic data are in Table 3. The geomet-
ric mean t1/2 was estimated between 500 to 621 h (20.8 to
25.9 days) across all dose levels. Similarly, geometric mean
residence time (MRT) values by dose were calculated with a
range from 682 to 871 h (28.4 to 36.3 days). The median
tmax were observed at times ranging from 2 to 4 hours
reflecting the increasing durations of drug infusion. Geo-
metric mean clearance ranged from 0.082 to 0.088 mL/h/kg.
GNbAC1 exposure increases with increasing doses in a dose
proportional manner as illustrated by the ratios of the
means for AUC0-tlast and AUC01 between doses of 18 mg/

Figure 1. Study flow diagram.
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kg and 6 mg/kg i.v., which were 2.96 and 3.09, respectively,
and the ratios for these parameters between doses of
36 mg/kg and 18 mg/kg i.v., which were 1.96 and 1.80,
respectively.

Lumbar punctures were performed in 13 of 15 subjects who
received GNbAC1 (one subject withdrew his consent before
puncture and one subject withdraw from the study before lum-
bar puncture). For subjects receiving placebo, a mock lumbar
puncture was performed. Mean CSF/serum ratios are presented
in Fig. 3 by sampling day and dose. A mean CSF/serum ratio of
0.12% was observed at Day 2, increasing to 0.39% at Day 15
and 0.42% at Day 29. GNbAC1 concentrations in CSF and
serum and CSF/serum ratios for GNbAC1 and albumin are
shown in Table 4: 2 subjects had albumin ratios higher than
9.0, suggesting a higher permeability of their blood brain bar-
rier.9,10 The results of the linear regression of the CSF/serum
GNbAC1 ratio by dose, sampling day, and albumin CSF/serum
ratio show that the 2 latter predictors are statistically significant
or close to statistical significance (regression F(3,8) D 5.4,
p<0.025; albumin CSF/serum ratio coefficient t-test p D 0.030,
sampling day coefficient t-test p D 0.058; dose coefficient t-test
p D 0.35).

There was no evidence of antibody production against
GNbAC1 throughout the entire study period. One subject was
positive at baseline but the antibody titers became negative dur-
ing treatment. The data indicate that single ascending i.v. infu-
sions of GNbAC1 did not induce an antibody response in
healthy subjects.

Discussion

We report here the results of a Phase 1 study testing high doses
of the IgG4 mAb GNbAC1, the first mAb targeting an endoge-
nous retroviral protein, MSRV-Env, which may play a critical
role in MS. In this study testing single i.v. doses of GNbAC1 in
healthy volunteers, the safety profile of GNbAC1 appears favor-
able. All reported adverse events were of mild to moderate
intensity. A single transient elevation of transaminases was
observed in one subject receiving the highest dose of GNbAC1:
the liver enzyme perturbation was considered as unrelated by
the investigator, but its origin remains unexplained. Based on
the data, one can conclude that single i.v. administration of
GNbAC1 is well tolerated and safe in healthy subjects up to a
dose of 36 mg/kg.

Pre-existing antibodies were detected in 1 subject, but the
detection became negative during treatment. These results are
in line with the absence of immunogenicity observed so far in
early stage clinical trials.6,7,11 Nonetheless, the limited sample
size and short duration of the study calls for caution in this
conclusion.

The observed pharmacokinetic profile of GNbAC1 confirms
earlier findings observed at lower doses with GnbAC1. Geomet-
ric mean t1/2 values ranged from 21 to 26 d. These values are in
line with the half-lives observed in healthy subjects at low
doses11 as well as in MS patients.6 Geometric mean clearance
by dose ranges from 0.082 to 0.088 mL/h/kg or 2.0 to 2.1 mL/
day/kg are slightly lower than that of the 3.5 mL/day/kg value
published for endogenous IgG in humans with normal IgG
concentrations, which suggests that even at these doses the Fc-
Rn mediated recycling capacity is not saturated.12 The observed
geometric mean volume of distribution by dose ranged from
60.7 to 76.6 mL/kg. These values are similar to the ones found
at lower doses with GNbAC1 in healthy subjects,11 and are in
line with the limited distribution by diffusion of mAbs from
the blood to the extracellular space, leading to relatively low
volumes of distribution.13 The exposure to GNbAC1 increases
with the administered dose in a linear fashion. Taking into

Table 1. Summary of screening demographic data by dose groups.

Placebo (nD6) 6 mg/kg (nD5) 18 mg/kg (nD5) 36 mg/kg (nD5)

Age (years) 39 (9.4) 36 (9.2) 44 (8.1) 43 (12.0)
Height (cm) 180 (5.3) 176 (9.3) 183 (11.6) 178 (8.1)
Weight (kg) 76.7 (9.2) 81.8 (11.0) 82.9 (9.6) 84.8 (9.1)
BMI (kg/m2) 23.7 (3.4) 26.3 (1.3) 24.8 (1.7) 26.8 (1.9)

Arithmetic mean (SD) data are presented
Abbreviations: BMI D body mass index; n D number of subjects studied

Table 2. Adverse events by dose groups (number of subjects with an AE) by preferred term.

GNbAC1
System Organ Class##Preferred Term Placebo##(nD6) 6 mg/kg## (nD5) 18 mg/kg## (nD5) 36 mg/kg## (nD5)

General Disorders And Administration Site Conditions 0 0 0 1
Influenza-Like Illness 0 0 0 1
Infections And Infestations 0 0 2 1
Nasopharyngitis 0 0 1 0
Rhinitis 0 0 0 1
Upper Respiratory Tract Infection 0 0 1 0
Injury, Poisoning And Procedural Complications 0 1 0 0
Post Lumbar Puncture Syndrome 0 1 0 0
Investigations 0 0 0 1
Alanine Aminotransferase Increased 0 0 0 1
Musculoskeletal And Connective Tissue Disorders 1 1 1 1
Back Pain 1 0 1 0
Joint Effusion 0 1 0 0
Musculoskeletal Pain 0 0 0 1
Myalgia 0 0 0 1
Nervous System Disorders 1 0 0 1
Dizziness Postural 0 0 0 1
Headache 1 0 0 0

856 F. CURTIN ET AL.



account the available small sample size, one can conclude that
there is a dose-proportionality of GNbAC1 pharmacokinetics
in healthy subjects at high doses, as observed at lower doses. As
the subjects were slightly overweight in this study, extrapola-
tion of the pharmacokinetic data to future MS patients should
be done with caution.

To our knowledge, this is the first clinical study assessing
sequentially concentrations of a mAb in the CSF. In a paper on
rituximab kinetics in the CSF, 2 MS patients were followed-up
with repeated lumbar punctures, and it was possible to see
increasing ratios over the first weeks post administration; peak
CSF/serum ratios of 0.24% and 0.16% were observed after 3
and 16 weeks, respectively, in these patients.14 In a recent paper
on the IgG1 BIIB033 anti-LINGO, CSF concentrations were
assessed in healthy subject and MS patients at 2 weeks post-
dose. The mean CSF/serum ratios were observed to lie between
0.03% and 0.22%.15 For the same dosages (>10 mg/kg of
BIIB033), the ratios observed in healthy subjects (between
0.03% and 0.08%) were lower than those of MS patients
(between 0.1% to 0.2%), which may be due to blood-barrier dis-
ruption in CNS inflammatory disorders such as MS16 In this
study, CSF/serum ratios were on average at 0.13% at day 2 post
dosing and~0.4% at days 15 and 29 post-dose. The linear regres-
sion analysis show that there is a statistically significant correla-
tion between CSF/serum ratios for GNbAC1 and albumin,

reflecting the blood-brain barrier permeability, as well as a cor-
relation at the limit of statistical significance with the timing of
sampling. These results were also in line with a first observation
of a ratio of 0.2% in one MS patients receiving 6 mg/kg
GNbAC1.7

In conclusion, single doses of GNbAC1 were well tolerated
by male healthy subjects up to a dosage of 36 mg/kg i.v. The
dose-proportional pharmacokinetics in the tested dose range
was in line with the pharmacokinetics data obtained at lower
dosages. The blood-brain penetration was assessed by the CSF/
serum ratios, and were comprised between averages of 0.13%
and 0.4% according to the days of sampling. This ratio is some-
what higher than the few ratio data available in MS, such as
those with rituximab or BIIB033. It should be noted that the
CSF/serum ratios for albumin were high among these healthy
subjects, which may be explained by the slight overweight
observed in the sample;17 this observation may represent a limi-
tation in the extrapolation of the CSF results. Overall, the pres-
ent pharmacokinetic data of GNbAC1 in serum and in CSF are
extremely important for a better understanding of the mAb
penetration in the CNS, and represent a key element in the
rationale of the future study dose planning in order to bind
optimally to the intra-CNS targets.

Patients and methods

This study was a Phase 1, single-center, inpatient, randomized,
double-blind, placebo-controlled, dose-escalating study to eval-
uate the safety, tolerability and pharmacokinetic profiles of sin-
gle i.v. infusions of GNbAC1 over 1, 2 and 4 hours for doses of
6, 18, and 36, mg/kg, respectively, in healthy subjects. The study
was doubleblind to avoid bias in the collection and evaluation
of data during its conduct. As lumbar punctures were deemed
unethical for patients receiving placebo, specific dummy proce-
dures were performed to keep the blind during lumbar punctu-
res. Study drug was administered via i.v. infusion because this
is the intended clinical route of administration of GNbAC1.
The prepared solution for infusion was stored at room temper-
ature and used within 4 hours after dose preparation.

Subjects were eligible if they: 1) were healthy males subjects
as determined by medical history, physical examination, vital
signs, ECG and clinical laboratory evaluations, of any ethnic
origin, and aged between 18 and 55 y inclusive; 2) had clinically
acceptable supine blood pressure and pulse rate; 3) had a body

Two measurements respec�vely done at Days 2 and 29 and below the limit of quan�fica�on are not 

reported in the figure.
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Figure 2. GNbAC1 mean serum pharmacokinetic profiles by dose group.

Table 3. Geometric mean (CV%) of the pharmacokinetic parameters of GNbAC1 by doses following a single infusion with dose normalized values for Cmax and AUC.

Parameter 6 mg/kg (nD5) 18 mg/kg (nD5) 36 mg/kg (nD5)

AUC0tlast (mg¢h/mL) 57188 (24.5) 169392 (18.0) 335204 (8.8)
AUC01 (mg¢h/mL) 71465 (31.8) 220723 (33.0) 411381 (13.9)
Cmax (mg/mL) 178.0 (8.6) 452.3 (13.5) 1018.5 (9.8)
tmax

a (h) 2.02 (1.05-3.05) 3.02 (2.05-8.02) 4.06 (4.05-4.10)
t1/2 (h) 500.4 (28.5) 620.8 (40.3) 606.0 (10.7)
MRT (h) 682.0 (28.4) 870.9 (39.1) 783.1 (11.6)
CL (mL/h/kg) 0.084 (31.8) 0.082 (33.0) 0.088 (13.9)
Vz (mL/kg) 60.6 (6.8) 73.0 (9.6) 76.5 (6.7)
Dose norm AUC0tlast (mg¢h/mL) 9531.4 9410.6 9311.2
Dose norm AUC01 (mg¢h/mL) 11910.9 12262.4 11427.3
Dose norm Cmax (mg/mL) 29.7 25.1 28.3

a Median (range)
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mass index (BMI) between 18.0 and 29.9 kg/m2 inclusive and a
body weight between 50 – 100 kg; 4) had no need for regular
concomitant medication; 5) agreed to use adequate contracep-
tion during, and for at least the 4 weeks after administration of
study medication; 6) had the ability to communicate well with
the investigator and comply with the requirements of the study;
and 7) had given written informed consent to participate in the
study. Subjects were excluded if they had: 1) a history of serious
adverse reactions or hypersensitivity to any drug; 2) had a pres-
ence or history of allergy requiring treatment; 3) had abnormal
physical findings of clinical significance at the screening or
baseline examination which would interfere with the objectives
of the study; 4) needed any prescription medication within 15
d prior to the administration of the drug and/or nonprescrip-
tion medication within 7 d prior to the administration of the
drug or anticipated need for any concomitant medication dur-
ing the study; 5) had participated in a clinical trial during the
previous 3 months before current trial; 6) had a loss of 500 mL
blood or more during the 3 month period before the trial; 7)
had any surgical or medical condition that may interfere with
the subject safety, the distribution, metabolism or excretion of
the drug (e.g., impaired renal or hepatic function, diabetes mel-
litus, cardiovascular abnormalities); 8) had symptoms of a sig-
nificant somatic or mental illness in the 2 week period
preceding drug administration; 9) had a history or clinical evi-
dence of a significant disease in particular disorder of coagula-
tion or bleeding disorder; 10) had a history of positive serology

for hepatitis B or C or a positive HIV serology; 11) had a his-
tory of serious mental disorders including alcohol or drug
abuse; 12) were heavy smokers (i.e., more than 5 cigarettes per
day); 13) had positive results of the drug abuse screening; 14)
needed a vaccination from screening until the end of study; or
15) were considered as vulnerable subjects (e.g., in detention,
under guardianship)

Prior to the start of the study, the study protocol and
informed consent form were reviewed and approved by the
Ethics Committee of the Land of Berlin and the German Paul
Ehrlich Institute. The study was conducted at the Early Phase
Clinical Unit of Parexel Ltd, Berlin, Germany, in accordance
with the relevant articles of the “Declaration of Helsinki,” the
International Conference on Harmonization (ICH) GCP con-
solidated guidelines, and the German laws.

All subjects enrolled in this study had signed the written
informed consent form prior to any study procedures being
performed.

Twenty-one subjects were sequentially assigned to one of 3
escalating dose cohorts (6 mg, 18 mg, 36 mg of GNbAC1 per
kg of body weight). Subjects were randomized to receive a sin-
gle i.v. dose of either GNbAC1 or placebo with the ratio 5:2.
Doses were calculated based on body weight at baseline. All
subjects were randomized by cohort in dose escalating order
between May 2015 and June 2015.

The starting dose was the dose of 6 mg/kg i.v., which has
been tested in MS patients in a Phase 2a study.6,7 We plan to

Table 4. Summary of CSF and serum GNbAC1 concentrations, CSF/serum ratios for GNbAC1 and albumin by dose and sampling day

Dose Level Sampling Day GNbAC1 CSF (ng/mL) GNbAC1 Serum (ng/mL) Ratio GNbAC1 CSF/Serum (%) Ratio Albumin CSF/serum (x10¡3) Age (yrs)

6 mg/kg 15 171.8 45606.2 0.38 7.8 49
6 mg/kg 2 150� 153168.1 n.a 8.0 25
6 mg/kg 15 187 68147.2 0.27 6.7 32
6 mg/kg 29 150� 27724.9 n.a n.a. 41
18 mg/kg 15 577.6 160181.7 0.36 7.3 52
18 mg/kg 15 305.9 153705.3 0.20 4.8 47
18 mg/kg 2 375.5 338064.5 0.11 10.7y 36
18 mg/kg 29 318.3 73672.2 0.43 7.8 49
36 mg/kg 15 1148.7 263940.2 0.44 8.5 40
36 mg/kg 29 675.9 218347.2 0.31 6.8 24
36 mg/kg 15 1791.1 256774.9 0.70 14.6y 55
36 mg/kg 2 1037.7 732517.2 0.14 2.7 46
36 mg/kg 29 838.5 215238.6 0.39 8.4 50

� Concentrations in CSF below the limit of quantification were set to the lower limit of quantification (LLOQ) D 150 ng/mL.
y CSF/serum albumin ratio higher than 9.0 indicates a higher blood brain barrier permeability9,10 (other reference19 proposes lower threshold values: 6.5 for subjects
younger than 40 y and 8.0 for subjects younger than 60 years)

CSF: cerebrospinal fluid. n.a.: not available

Figure 3. GNbAC1 CSF/serum concentration ratios in percent by dose and sampling day.
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test repeated monthly doses up to 18 mg/kg i.v. in future clini-
cal trials. Thus, with an accumulation index of about 2 calcu-
lated based on a monthly administration, an estimated average
half-life of 28 d and assuming a linear pharmacokinetics for
GNbAC1,18 it was necessary to assess the tolerance of a dose up
to 36 mg/kg of GNbAC1 with a single i.v. administration.

Each subject received a single i.v. dose of either GNbAC1 or
placebo during the study; in each dose cohort, 5 subjects
received GNbAC1 and 2 subjects received placebo. All doses of
GNbAC1 and placebo were administered in the fasted state.
There was a need for a follow-up of at least 7 days in at least 6
subjects in a dose cohort to allow satisfactory review of the
safety data prior to progression to the next dose cohort. For the
cohorts at 18 and 36 mg/kg i.v., there was a sentinel pair of sub-
jects – one receiving the active treatment, the other one receiv-
ing the placebo, who were observed for at least 24 h before the
other subjects received their dose. Screening was performed in
the 3 week period prior to admission of the subjects to the
study center. Each subject participated in one study period only
and remained resident in the clinical unit from the morning of
Day –1 (the day before dosing) until Day 2. Dosing occurred
on Day 1 for each subject. The Investigator checked on all sub-
jects’ wellbeing prior to their discharge from the clinical unit.
Subjects returned to the clinical unit at Days 4, 8, 15, 29 and 57
after dosing for their end-of-study assessments. Lumbar punc-
tures were performed on Days 2, 15 or 29: each subject on
active treatment underwent only one lumbar puncture ran-
domly at one of those visits and subjects under placebo under-
went one dummy lumbar puncture; all subjects remained in
the clinical unit for 24 hours.

Blood and urine samples were collected for clinical labora-
tory evaluations at specific times during the study, and when
judged to be clinically appropriate. High sensitivity C-reactive
protein (hsCRP) vital signs (sitting blood pressure and pulse,
respiratory rate and aural body temperature) were determined.
At each visit during the study, except day 4, a 12lead resting
ECG was taken; ECG was monitored every hours during infu-
sion and up to 4 hours after the end of the infusion.

Blood samples were collected for pharmacokinetic assess-
ment at: Pre-dose (0 hours) and after start of infusion at 0.5, 1,
2, 3, 4, 8, 12, 24, 72, 168, 336, 672 and 1344 hours (14 samples
per subject).

The analysis of GNbAC1 was based on a competitive
electrochemiluminescence (ECL) based immunoassay using
an anti-idiotypic mAb (Mab1E4F7H6) against GNbAC1 as
capture antibody.9 Pharmacokinetic parameters were deter-
mined from the serum concentrations of GNbAC1 using
noncompartmental procedures. The following pharmacoki-
netic parameters for GNbAC1 were determined: 1) area
under the serum concentration versus time curve extrapo-
lated to infinity (AUC01); 2) area under the serum concen-
tration vs. time curve from time zero to the last data point
tlast above the limit of quantitation (AUC0tlast); 3) the maxi-
mum observed serum concentration (Cmax); 4) the time to
the maximum observed serum concentration (tmax); 5) the
corresponding half-life calculated from the loglinear termi-
nal slope of the serum concentration versus time (t1/2); 6)
the MRT; 7) the total body clearance (CL); and 8) the vol-
ume of distribution based on the terminal phase (Vz).

Blood samples were taken before GNbAC1 administration
and at days 29 and 57 post infusion to determine the immuno-
genic potential of GNbAC1. The screening for binding antibod-
ies against GNbAC1 was performed by ECL using a bridging
assay.9 Positive samples were further analyzed by a titration
assay. The albumin concentrations in CSF and serum were
measured by a routine nephelometric assay (Behring AG,
Germany).

Sample size considerations for this study were based on the
usual sample size for safety assessment in Phase 1 studies.
Designs ranging from 4 subjects on active and 2 subjects on
placebo per dose level to 6 subjects on active and 3 subjects on
placebo per dose level are usually implemented. Summary sta-
tistics are presented for the pharmacokinetics, safety, and toler-
ability data, as appropriate. Summary statistics are presented
for the pharmacokinetic data using geometric means. Descrip-
tive statistics were determined using SAS® Version 9.2 or higher
(SAS Institute, Cary, North Carolina, USA). The pharmacoki-
netic analysis was performed using WinNonlin Version 6.3 or
higher (Pharsight Corporation, Mountain View, California,
USA). A post-hoc linear regression analysis of the CSF/serum
GNbAC1 ratios over sampling days, doses and CSF/serum
albumin ratios were performed using Stata software 14.0 (Stata-
Corp Inc., College Station, Texas, USA).
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