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ABSTRACT

Objective: To evaluate the safety, tolerability, pharmacokinetics (PK), and pharmacodynamics (PD)
of VX15/2503 in a randomized, single-dose, dose-escalation, double-blind, placebo-controlled
study enrolling adult patients with MS.

Methods: Single IV doses of VX15/2503 or placebo were administered. Ten patients each were
randomized (4:1 randomization ratio) into 5 ascending dose cohorts of 1, 3, 6, 10, or 20 mg/kg.
Safety, immunogenicity, PK/PD, MRI, ECG, and lymphocyte subset levels were evaluated. A Dose
Escalation Safety Committee (DESC) approved each dose escalation.

Results: VX15/2503 was well tolerated, and all participants completed the study. Antibody
treatment–related adverse events were primarily grade 1 or 2 and included urinary tract infec-
tion (12.5%) and muscle weakness, contusion, and insomnia (each 7.5%). No dose-limiting tox-
icities were observed, and no maximum tolerated dose was determined. One subject (20 mg/kg)
experienced disease relapse 3 months before study entry and exhibited a grade 3 (nonserious)
increase in brain lesions by day 29, possibly related to VX15/2503. Twenty-nine patients ex-
hibited human anti-humanized antibody responses; 5 with titer $100. No anti-VX15/2503 anti-
body responses were fully neutralizing. VX15/2503 Cmax, area under the time-concentration
curve, and mean half-life increased with dose level; at 20 mg/kg, the T1/2 was 20 days. Cellular
SEMA4D saturation occurred at serum antibody concentrations #0.3 mg/mL, resulting in
decreased cSEMA4D expression. At 20 mg/kg, cSEMA4D saturation persisted for $155 days.
Total sSEMA4D levels increased with dose level and declined with antibody clearance.

Conclusions: These results support the continued investigation of VX15/2503 in neurodegener-
ative diseases.

ClinicalTrials.gov identifier: NCT01764737.

Classification of evidence: This study provides Class III evidence that anti-semaphorin 4D
antibody VX15/2503 at various doses was safe and well tolerated vs placebo, although an
increase in treatment-emergent adverse events in the treatment group could not be excluded
(risk difference 20.7%, 95% CI 228.0% to 32.7%). Neurol Neuroimmunol Neuroinflamm
2017;4:e367; doi: 10.1212/NXI.0000000000000367

GLOSSARY
AE 5 adverse event; AUC 5 area under the time-concentration curve; BBB 5 blood-brain barrier; CTCAE 5 Common
Terminology Criteria for Adverse Event; C-SSRS 5 Columbia–Suicide Severity Rating Scale; EAE 5 experimental autoim-
mune encephalomyelitis; DESC 5 Dose Escalation Safety Committee; DLT 5 dose-limiting toxicity; EDSS 5 Expanded
Disability Status Scale; EOI 5 end of infusion; Gd 5 gadolinium; HAHA 5 human anti-human antibody; MTD 5 maximum
tolerated dose; OPC5 oligodendrocyte precursor cell; PD5 pharmacodynamics; PK5 pharmacokinetics;QTc5QT interval;
SAE 5 serious adverse event; TEAE 5 treatment-emergent adverse event.

Semaphorins are a family of soluble and transmembrane proteins serving as axonal-guidance fac-
tors and other functions in the development and regeneration of the CNS.1 They also participate
in vascular growth, tumor progression, and the activation and migration of immune and
inflammatory precursor cells.
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Semaphorin 4D (SEMA4D) is a 300-kDa
transmembrane protein predominantly ex-
pressed on T cells, but also expressed on
monocytes, professional antigen-presenting
cells, platelets, and oligodendrocytes.2 Cellular
activation stimulates increased expression of
cSEMA4D. In addition, the extracellular
domain of cSEMA4D can be proteolytically
cleaved from the cell surface yielding a 240-
kDa, homodimeric soluble form of the protein
(sSEMA4D)3; both forms are biologically
active.4 Finally, although SEMA4D functions
primarily as a ligand, it may also function as
a receptor, signaling through its cytoplasmic
domain.5

Three cellular receptors have been identi-
fied for SEMA4D. Plexin-B1 (PLXNB1),
a high-affinity receptor, is expressed on den-
dritic and endothelial cells, oligodendrocytes,
astrocytes, and neurons.6 SEMA4D engage-
ment with PLXNB1 induces activation and
migration of endothelial cells; it also induces
growth cone collapse in neurons, apoptosis of
neural precursor cells, and process extension
collapse and apoptosis of oligodendrocytes.7–9

Plexin-B2 (PLXNB2), a SEMA4C receptor
expressed on keratinocytes, has intermediate
affinity for SEMA4D but can activate
SEMA4D-positive gd T cells aiding epithelial
repair.10 Finally, CD72 is a low-affinity
SEMA4D receptor that influences B-lymphocyte
maturation.11

MS is a chronic neuroinflammatory disease
characterized by blood-brain barrier (BBB)
breakdown, localized myelin destruction,
and progressive neuronal degeneration.
SEMA4D-induced signaling cascades induce
glial activation, neuronal process collapse,
inhibit migration and differentiation of oligo-
dendrocyte precursor cells (OPCs), and dis-
rupt endothelial tight junctions forming the
BBB. Because SEMA4D mediates both
inflammatory responses and demyelination,12

it is a potential target for treatment of neuro-
degenerative diseases.6 The murine anti-
SEMA4D antibody MAb 67-2 blocks
SEMA4D binding to OPC in vitro and re-
duces semaphorin-mediated apoptosis13; it
also promotes OPC migration to the site of
lesions, repairs lysolecithin-induced demyelin-
ation in vivo, and attenuates experimental

autoimmune encephalomyelitis in multiple
rodent models.13

VX15/2503, a high-affinity humanized
monoclonal anti-SEMA4D antibody derived
from MAb 67-2, blocks the interaction
between SEMA4D and its three receptors.13–
16 This article describes the results of a phase 1
study evaluating the safety and tolerability of
VX15/2503 in patients with MS; no similar
trials have been described. We conducted this
study to evaluate VX15/2503 as a potential
therapeutic agent for MS and, possibly, other
neurodegenerative diseases.

METHODS Study drug. VX15/2503 was produced by Cata-
lent Pharma Solutions (Madison, WI) and vialed by Ajinomoto

Althea, Inc. (San Diego, CA)14,16; generic and proprietary names

have not been assigned. A matched placebo was supplied for

comparison of safety observations (see appendix e-1 at

Neurology.org/nn).

Study design. This phase 1 study was a single-dose, dose-

escalation, randomized, double-blind, placebo-controlled trial

enrolling adult patients diagnosed with relapsing or progressive

MS for at least 1 year as defined by the McDonald criteria.17 The

primary protocol-specified objective was to determine the safety

and tolerability of VX15/2503 in patients with MS; secondary

and exploratory objectives were to characterize the single-dose

pharmacokinetics (PK), pharmacodynamics (PD), and immu-

nogenicity of VX15/2503 (see appendix e-1). No interim analysis

was planned, and no changes were made to study objectives or

trial design after study initiation.

The study was conducted at 11 US clinical centers. Each of

the 5 dose cohorts included 10 patients; ascending dose levels

of 1, 3, 6, 15, and 20 mg/kg were used based on results of com-

pleted toxicology and clinical studies.14,16 Enrolled participants

were randomly assigned (4:1 randomization ratio, drug to pla-

cebo) on study day 1 to receive a single IV dose of either VX15/

2503 or placebo; each cohort contained 8 antibody-treated pa-

tients. The randomization schedule was software generated;

patient treatment assignments were communicated using an

interactive voice response system. This system also prescribed,

for each patient, specific numbered vials of investigational agent.

Vital signs were measured before, during, and after study drug

infusion. Intracohort patient dosing was staggered by at least 24

hours after the first 4 patients in the prior cohort had been dosed;

study drug administration to the remaining patients in a cohort

was staggered by at least 2 hours between patients. No more than

3 patients were infused in any 1-day period; all patients were

monitored for 24 hours after dosing. On study day 2, serum

chemistry, hematology, PK/PD, and lymphocyte enumeration

samples, among others, were obtained from each subject. Partic-

ipants also received an in-person or telephonic clinical assessment

on day 4. Safety follow-up periods of 6 weeks (cohort 1), 8 weeks

(cohorts 2 and 3), 12 weeks (cohort 4), or 27 weeks (cohort 5),

based on expected durations of cSEMA4D saturation, were spec-

ified for collection of comprehensive safety, PK, and PD samples.

Escalation to the next dose cohort proceeded only after the

DESC (consisting of three independent neurologists with clinical

expertise in MS, the sponsor’s representatives, and the study

medical monitor) determined by data review that the previous

2 Neurology: Neuroimmunology & Neuroinflammation

http://nn.neurology.org/lookup/doi/10.1212/NXI.0000000000000367


dose level was safe and well tolerated. Cohort data reviews were

blinded and included adverse events (AEs), ECGs, vital signs, and

clinical laboratory and lymphocyte subset results through day 15,

and human anti-humanized antibody (HAHA)18 and PK/PD

data; the committee made no requests for review of unblinded

data.

Stopping rules. The infusion for any patient was to be stopped

if the patient experienced a possibly drug-related serious AE

(SAE) or a possibly drug-related significant non–serious AE

which, in the opinion of the principal investigator, study medical

monitor, or sponsor’s medical representative, warranted discon-

tinuation of the study for that patient. The occurrence of any of

the following drug-related safety events also warranted DESC

evaluation and possible subject discontinuation: one or more

SAEs; a severe AE or an elevation in a protocol-specified liver

enzyme occurring in$2 participants at the same dose level; or an

increase in corrected QT interval (QTc) of 60 milliseconds over

baseline on 2 consecutive days or any QTc.500 milliseconds in

$2 patients in the same dose cohort (see appendix e-1 for

additional details).

Standard protocol approval, registrations, and patient
consents. Institutional review board approvals for the study pro-

tocol, amendments, and informed consent documents were ob-

tained before use in the study; written informed consent was

obtained from study participants before the initiation of study

procedures. This study was conducted in accordance with the

Declaration of Helsinki, International Conference on Harmoni-

zation (ICH) guidelines, and applicable portions of the United

States Code of Federal Regulations. The ClinicalTrials.gov

identifier (NCT01764737) was obtained before study initiation.

Study participants. Men or women 18–60 years of age pre-

viously diagnosed with MS for at least 1 year as defined by the

McDonald criteria, and who had an Expanded Disability Status

Scale (EDSS) score of 0–6.5, inclusive, at screening were eligible

for enrollment if they met the following criteria: a body mass

index of 18–32 kg/m2, inclusive; willingness to undergo and

had no contraindications to brain MRI; willingness to use a med-

ically acceptable method of contraception throughout the study

period and for 6 months after the dose of study drug, unless

patient was surgically sterile or postmenopausal. Before study

drug administration, male patients had to agree to defer from

donating sperm for 6 months, and women of childbearing poten-

tial were required to have a negative serum pregnancy test at

screening (confirmed via baseline urinalysis). Finally, participants

on stable treatment regimens of interferon b, glatiramer acetate, or

dalfampridine were allowed to enroll.

Exclusionary criteria were an MS relapse that did not stabilize

within 30 days before the start of screening; any clinically signif-

icant cardiac, endocrine, hematologic, hepatic, immunologic,

metabolic, urologic/gynecologic, pulmonary, neurologic, psychiatric,

or renal conditions; a history of relevant clinically significant allergic

or anaphylactic reactions; any other clinically significant major

disease that, as assessed by the investigator, could have posed a risk

to patient safety or interfered with the study evaluations, procedures,

or completion; any clinically significant laboratory value outside the

normal range at screening; or abnormal hematologic, renal, or

hepatic function based on laboratory tests.

Pregnant or breastfeeding women were excluded. Patients

who had received treatment with any MS disease-modifying ther-

apy other than interferon b or glatiramer acetate within 3 months

before dosing were also excluded, as were subjects who had

received natalizumab, daclizumab, or fingolimod for any indica-

tion within 6 months before dosing, or had any prior treatment

with alemtuzumab, rituximab, mitoxantrone, total lymphoid irra-

diation, bone marrow transplantation, or T cell or T-cell receptor

vaccination. Patients were also excluded if they had received any

experimental agent within 6 months before dosing, or within

a period equivalent to 5 half-lives of the agent (whichever was

longer); or were currently involved in any other research study, or

had undergone any major surgical procedure within 4 weeks

before dosing. Participants were also excluded if they had a history

of congestive heart failure, symptomatic ischemia, conduction

abnormalities uncontrolled by conventional intervention, or

myocardial infarction within 6 months before dosing, or had

a clinically significant ECG finding at screening, as determined

by the investigator. Finally, patients with sensitivity to VX15/

2503 or its excipients, with a known or suspected HIV or hep-

atitis B or hepatitis C infection, or with a known or suspected

allergy to gadolinium (Gd) or other contraindications to brain

MRI were excluded.

Safety assessments. In addition to determining the safety and

tolerability of VX15/2503 in patients with MS, we also character-

ized the single-dose PK, PD, and immunogenicity of VX15/

2503. Safety assessments included AEs and SAEs; immunoge-

nicity (Ig levels; HAHA); enumeration of T/B lymphocytes and

natural killer cells; clinical laboratory evaluations (hematology,

coagulation parameters, serum chemistry, and urinalysis); vital

signs; 12-lead ECGs; physical examination findings; and

Columbia–Suicide Severity Rating Scale (C-SSRS); these assess-

ments were used in the determination of an maximum tolerated

dose (MTD) by the DESC (see appendix e-1 for additional

information).

AE severity was rated according to the Common Terminol-

ogy Criteria for Adverse Events (CTCAE) version 4.03; AEs that

were possibly or probably related to the study drug and were

ongoing at the time a patient completed the study or discontin-

ued early were followed until resolution or until stabilized. All

treatment-emergent AEs were reported to the Food and Drug

Administration.

PK/PD assays. Blood samples were collected at screening, pre-

dose, after the end of infusion (EOI), and on days 1, 2, and 4 and

then periodically thereafter; PK/PD samples were analyzed as

described.16 No CSF samples were collected for analysis. PK

parameters were estimated for the PK population using non-

compartmental analyses. Standard PK parameters (Cmax; CL;

Tmax; and effective half-life, etc.) were determined by cohort and

time point. Analyses of area under the time-concentration curve

(AUC) and Cmax to assess dose proportionality were performed as

described.19 PD evaluations for peripheral blood T-cell

cSEMA4D expression and saturation levels as well as for serum

sSEMA4D levels were performed as described,16,20 using samples

collected at PK time points (see supplemental materials). As

VX15/2503 half-life increased with dose level, final cSEMA4D

saturation samples were collected on day 43 (cohort 1), day 57

(cohorts 2 and 3), and day 85 (cohorts 4 and 5), respectively;

cohort 5 subjects showing persistent cSEMA4D saturation had

additional samples collected on days 155 and 190 for analysis, as

necessary.

Statistical analysis. Because the primary objective of this study

was assessment of the safety and tolerability of VX15/2503, sta-

tistical analyses of typical efficacy variables were not performed.

Results from the PK population were used for summary statistics

and determination of mean serum VX15/2503 concentrations.

Descriptive statistics (number of patients, mean, SD, percent

coefficient of variation, median, minimum, maximum, and the

25th and 75th percentiles) were used to summarize the serum

Neurology: Neuroimmunology & Neuroinflammation 3
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concentrations at each scheduled time point by treatment. Geo-

metric mean values were presented for Cmax, CL, and AUC

values.

Disease activity assessments. Biological activity was assessed

in an exploratory manner using brain MRI and EDSS data.21

EDSS measurements were performed at baseline, on day 29

and at time points specified for PK assessments. Brain scans were

performed at baseline and study day 29 with and without Gd; all

MRIs were centrally analyzed and evaluated for the number of

Gd-enhancing lesions, the number of new and existing un-

enhancing T1 lesions, the number of new and enlarging T2 le-

sions, and total volume of T1 and T2 lesions (see appendix e-1).

RESULTS Demographics and participant disposition.

Fifty patients were enrolled and randomized
(figure 1); the sample size was not based on statistical
considerations. Baseline characteristics were similar
between treatment and placebo groups (see tables
1S and 2S; appendix e-1). Twenty-nine (58%) of
the subjects were women and 44 (88%) were Cau-
casian; 5 patients (10%) were African American. The
median participant age was 48 years (range 22–60);
the median time since MS diagnosis for the study
population overall was 12.0 years (range 2–40 years).
Forty-seven patients (94%) had received prior MS
therapy. The mean EDSS score at baseline for the
treated population (n5 40) was 3.8 (SD5 2.0) vs an
EDSS of 5.1 (SD 5 1.7) for the placebo population
(n 5 10). The first participant was enrolled on
November 29, 2012, and the last subject’s final visit
was on November 14, 2014. There were no early
terminations or discontinuations; all participants
were analyzed in the safety and exploratory
populations.

Each patient received one infusion. The mean
body weight at screening for the treated population
(n5 40) was 77.7 kg (range 51.7–115 kg); the mean
total dose administered was 617.9 mg (range 50.0–
1,940 mg). Serum sample analysis indicated that no
placebo patients received active drug. Dose escalation
proceeded sequentially to 20 mg/kg VX15/2503, the
highest planned dose level; no dose-limiting toxicities
were observed, and no MTD was determined.

Safety assessments. Treatment-emergent adverse events
(TEAEs) were reported for 26 of 40 (65%) VX15/
2503-treated patients (table 1); no dose-dependent
pattern was evident in TEAE incidence. TEAEs for
18 of 26 antibody-treated patients (69.2%) and for 7
of 10 placebo-treated patients were considered unre-
lated to treatment. Treatment-related TEAEs were
noted for 8 (20%) antibody-treated patients and 3
placebo patients; no participants experienced a TEAE
leading to a fatal outcome, early termination, or dis-
continuation. TEAEs most commonly reported by
VX15/2503-treated patients were for urinary tract
infections (5 patients; 12.5%), and muscular weak-
ness, contusion, and insomnia (3 subjects each;
7.5%). Three subjects (7.5%) experienced grade 3
TEAEs after VX15/2503 infusion, and 23 partic-
ipants (57.5%) experienced grade 1 or 2 events. The
severe TEAEs included one SAE (foot fracture
requiring hospitalization and surgery; 3 mg/kg;
unrelated); fatigue (1 patient; 6 mg/kg; nonserious;
unrelated); and CNS lesion (1 patient; 20 mg/kg;
nonserious; possibly related). The latter participant
experienced a grade 3 increase from baseline to day 29

Figure 1 Disposition of study participants enrolled in the single ascending dose phase 1 study of VX15/2503

This flow diagram depicts the disposition of the participants in this single-dose, dose-escalation study of intravenously
administered VX15/2503. Forty participants were treated with VX15/2503 and 10 with placebo; none discontinued the
study. The median infusion time for all patients was 60 minutes, with durations ranging from 45 to 170 minutes.
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of the number of T1 Gd-enhancing lesions from 11
to 27, and an increase in the EDSS score from 3.5 to
4.0. Although the lesion increase was considered
possibly related to VX15/2503 treatment, this patient
experienced a relapse 3 months before study entry
and exhibited active disease at screening.

In general, there were no clinically important
changes in physical examination findings, vital signs,
serum chemistry, hematology, coagulation parame-
ters, or urinalysis values after administration of
VX15/2503. Similarly, C-SSRS results revealed no
suicidal ideation, regardless of the dose level. No
changes in ECG results occurred that suggested
a possible treatment effect. Central evaluation of
ECG results noted transient, clinically nonsignifi-
cant shifts from normal to abnormal for 3 of 40 pa-
tients (7.5%) treated at 3, 6, or 10 mg/kg dose level
of VX15/2503; no dose correlation was apparent,
and no similar shifts were noted for placebo-
treated patients. Last, flow cytometric analyses of
lymphocytes and lymphocyte subsets showed no
obvious trends in changes in the levels of these

various populations after VX15/2503 administra-
tion, regardless of the dose.

Immunogenicity. HAHA responses were confirmed
beginning on day 8 for 25 of 40 VX15/2503-
treated patients (62.5%), and on day 15, or later,
for another 4 patients. Five of these 29 patients
(17.2%) (cohorts 1–3) exhibited HAHA responses
requiring serum dilutions of $100; the remainder
exhibited low-titer responses. One of these 5 patients
(cohort 2) exhibited a T-cell SEMA4D saturation
value of 2% on day 43, vs 88–95% for the 7 other
cohort 2 patients, possibly reflecting a delayed
HAHA (neutralizing) response. Cellular SEMA4D
desaturation occurred on day 57 for the remaining
antibody-treated cohort 2 participants. No other
HAHA-positive patients exhibited similar effects on
cSEMA4D saturation.

TEAEs reported on day 1 possibly reflective of
infusion-related reactions included 1 placebo-treated
patient (mild dizziness/flushing and mild hyperhidro-
sis; possibly related) and 4 VX15/2503-treated

Table 1 Summary of treatment-emergent AEs for the safety population after a single dose of VX15/2503 or placebo

AEs, N (%) Placebo (N 5 10)

VX15/2503, mg/kg

Total (N 5 50)1.0 (N 5 8) 3.0 (N 5 8) 6.0 (N 5 8) 10 (N 5 8) 20 (N 5 8) Total (N 5 40)

Patients reporting AE 4 (40.0) 7 (87.5) 5 (62.5) 3 (37.5) 4 (50.0) 7 (87.5) 26 (65.0) 30 (60.0)

Patients reporting TEAE 4 (40.0) 7 (87.5) 5 (62.5) 3 (37.5) 4 (50.0) 7 (87.5) 26 (65.0) 30 (60.0)

Patients with treatment-related TEAEa 2 (20.0) 2 (25.0) 0 (0.0) 1 (12.5) 1 (12.5) 4 (50.0) 8 (20.0) 10 (20.0)

Patients with serious TEAEb 0 (0.0) 0 (0.0) 1 (12.5) 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.5) 1 (2.0)

Patients with treatment-related
TEAE; CTCAE Grade ‡3c

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (12.5) 1 (2.5) 1 (2.0)

Most frequent TEAEd

Urinary tract infection 0 (0.0) 1 (12.5) 2 (25.0) 0 (0.0) 1 (12.5) 1 (12.5) 5 (12.5) 5 (10.0)

Muscular weakness 0 (0.0) 3 (37.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (7.5) 3 (6.0)

Contusion 1 (10.0) 1 (12.5) 1 (12.5) 0 (0.0) 1 (12.5) 0 (0.0) 3 (7.5) 4 (8.0)

Insomnia 0 (0.0) 1 (12.5) 1 (12.5) 0 (0.0) 0 (0.0) 1 (12.5) 3 (7.5) 3 (6.0)

Pain in extremity 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (12.5) 1 (12.5) 2 (5.0) 2 (4.0)

Upper respiratory tract infection 0 (0.0) 0 (0.0) 1 (12.5) 1 (12.5) 0 (0.0) 0 (0.0) 2 (5.0) 2 (4.0)

Fatigue 0 (0.0) 0 (0.0) 0 (0.0) 1 (12.5) 0 (0.0) 1 (12.5) 2 (5.0) 2 (4.0)

Headache 1 (10.0) 0 (0.0) 0 (0.0) 1 (12.5) 0 (0.0) 1 (12.5)e 2 (5.0) 3 (6.0)

Rash 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (25.0) 2 (5.0) 2 (4.0)

Fall 1 (10.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (12.5) 1 (12.5) 2 (5.0) 3 (6.0)

Abbreviations: AE 5 adverse event; CTCAE, Common Terminology Criteria for Adverse Events; Gd, gadolinium; TEAE 5 treatment-emergent adverse
event.
A summary of the AEs arising after a single dose of VX15/2503 or placebo. Each dose cohort contained ten randomized patients, 8 of whom were treated
with VX15/2503.
a Possibly, probably, or definitely related to study treatment; CTCAE version 4.0.
b Foot fracture resulting from automobile accident requiring hospitalization and surgical repair; unrelated to study treatment.
cGrade 3 increase in Gd-enhancing lesions; baseline to day 29; nonserious; possibly related to study treatment.
dReported for incidence $5% of VX15/2503-treated participants; TEAEs were grade 1 or 2.
eGrade 3; unrelated.
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patients; 1 each in cohort 1 (mild nausea; probably
related; low-titer response) and cohort 4 (moderate
blood pressure elevation 1 hour after infusion; unre-
lated; low titer), and 2 VX15/2503-treated (low-titer)
patients in cohort 5 (subject 1: mild headache and
mild rash; both unrelated, and subject 2: moderate
myalgia; unrelated).

PK and PD. Serum antibody concentration data
derived from analysis of samples from the 40
VX15/2503-treated patients are shown in figure 2;
target-mediated disposition appears evident at lower
serum antibody concentrations. Mean half-life and
Cmax values (table 2) increased linearly with increas-
ing dose level, ranging from roughly 4 days at
1 mg/kg VX15/2503 to approximately 20 days
at 20 mg/kg; AUC0–N values, however, increased at
a rate greater than proportional to the dose.

VX15/2503 serum concentrations of #0.3
mg/mL, attained with single doses of VX15/2503 $

1.0 mg/kg, produced complete T-cell SEMA4D sat-
uration; cSEMA4D desaturation occurred with
VX15/2503 clearance from the periphery (figure 3).
The mean cSEMA4D saturation value at the EOI for
all 5 dose levels was 88.0% (range 68.5%–98.7%).
Cellular SEMA4D saturation fell with antibody clear-
ance and reached approximately 20% saturation at

roughly 30 days after infusion at the 1 mg/kg dose
level. With the increasing VX15/2503 dose level,
longer periods of cSEMA4D saturation were
observed, with $155 days required after infusion
for full cSEMA4D desaturation for patients treated
with 20 mg/kg VX15/2503. Mean saturation values
for samples collected from placebo-treated partici-
pants ranged from zero to 13% (median 0.5%; not
shown). Cellular SEMA4D expression levels
decreased to approximately 50% after VX15/2503
binding to the cell surface receptor and its internali-
zation and returned to baseline expression levels after
antibody clearance, as described previously.16

Levels of total sSEMA4D (free and antibody
bound) in the sera of antibody-treated patients
increased with VX15/2503 dose level and peaked at
roughly day 30 (not shown) primarily because of
complexed sSEMA4D (see appendix e-1). Soluble
SEMA4D levels returned to baseline after antibody
clearance; mean sSEMA4D levels reached to baseline
by day 43 for the 1 mg/kg dose cohort and day 155
for the 20 mg/kg dose cohort. Placebo-treated pa-
tients showed no similar PD effects.

MS disease activity. Although efficacy was not formally
evaluated, EDSS assessments at day 29 remained
essentially unchanged compared with baseline follow-
ing single doses of VX15/2503 from 1 to 20 mg/kg.
Similarly, no effects on MS disease activity were evi-
dent based on brain MRI results (appendix e-1 and
table 3S).

DISCUSSION Single IV infusions of VX15/2503
were well tolerated by the patients with MS enrolled
in this study. The highest planned dose of 20 mg/kg
was evaluated, and no MTD was determined. Analy-
sis of the VX15/2503-treated population for TEAE
incidence and severity revealed no safety trends. No
clinically meaningful changes were reported for
physical examination, laboratory parameters, or
C-SSRS results for antibody-treated patients.
Although 29 VX15/2503-treated patients developed
HAHA responses, most were low-titer responses and
none exhibited fully neutralizing antibodies.

Pharmacologic effects were similar to those re-
ported previously for VX15/2503.14,16 Lymphocyte
levels generally remained unchanged from baseline,
regardless of the antibody dose level. The threshold
for cSEMA4D saturation of human T cells was #0.3
mg/mL, as previously reported.16 Furthermore, as
observed previously, expression of cSEMA4D on
peripheral blood T lymphocytes declined for all
VX15/2503-treated patients because of receptor
internalization and returned to baseline levels
after antibody clearance.16 Also, serum levels of total
sSEMA4D increased with the dose level consistent

Figure 2 Semi-log plot of mean VX15/2503 serum concentrations vs time after
a single infusion

Mean serum VX15/2503 concentrations are shown vs scheduled sampling days. Data
shown are for antibody-treated patients in each of the 5 dose cohorts; samples from pla-
cebo-treated subjects were assayed but not reported because of the absence of antibody
in these samples. Sampling times were end of infusion, 4 and 8 hours on days 1 2, 4, 8,
15, 29, 43, 57, 71, 85, 155, and 190; time points beyond day 29 were successively applied
to cohorts 2 through 5. Data shown represent mean values 6 SD. Serum assays were
performed in triplicate using a validated method.15,16
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with the increased half-life of the VX15/2503-
sSEMA4D complex vs those of the soluble ligand;
these levels also declined after antibody clearance.15,16,22

A semi-log plot of serum antibody concentration
vs time suggested that VX15/2503 clearance was pri-
marily due to target-mediated disposition (figure 2),
as is commonly observed for monoclonal antibodies
targeting cellular ligands.14 The effective half-life
increased linearly from approximately 4 days at 1
mg/kg to roughly 20 days at 20 mg/kg VX15/2503;
Cmax values also increased linearly over this dose
range. AUC0–168 values, however, exhibited a slightly
greater than dose proportional increase with the
increasing dose level.

The findings from this study suggested that
VX15/2503 was well tolerated by this patient popu-
lation. Use of this anti-SEMA4D antibody represents
a potential therapeutic strategy for subjects with neu-
rodegenerative disease. Nonclinical studies indicate
that this approach may promote survival, differentia-
tion, and migration of OPCs, all negatively affected
by SEMA4D, potentially promoting remyelination
of damaged neurons.13 The possible clinical benefits
of VX15/2503 will be evaluated in future studies
enrolling patients with MS.

Anti-SEMA4D treatment may also reverse dam-
age to the BBB,13 and nonclinical studies using the
YAC-128 mouse model of Huntington disease2

Table 2 PK parameters derived from noncompartmental analysis of VX15/2503 PK population data

Parameter

VX15/2503 dose level, mg/kg

1.0 (N 5 8) 3.0 (N 5 8) 6.0 (N 5 8) 10 (N 5 8) 20 (N 5 8)

AUC0–N, h$ng/mL

n 7 8 8 8 8

Mean (SD) 1,479,141.5
(365,733.97)

5,912,533.8
(971,930.82)

14,078,216.2
(2,736,884.47)

31,895,922.7
(7278649.05)

89,606,735.2
(34,207,160.30)

Geometric mean 1,437,307.3 5,844,994.6 13,838,405.9 31,146,683.8 83,803,601.7

Median 1,677,427.6 5,669,043.0 14,292,817.0 32,527,928.8 83,058,364.6

Cmax, ng/mL

n 8 8 8 8 8

Mean (SD) 19,761.9 (7,607.82) 45,455.2 (4,563.71) 96,961.7 (15,362.86) 168,827.8 (39,726.11) 274,287.0 (65,226.10)

Geometric mean 18,592.2 45,241.3 95,947.0 164,901.3 267,814.8

Median 18,301.6 46,018.5 93,620.3 156,083.1 263,206.9

Tmax, h

n 8 8 8 8 8

Mean (SD) 5.1 (8.25) 3.7 (3.49) 2.2 (3.03) 1.7 (1.32) 5.2 (4.05)

Geometric mean 2.4 2.5 1.5 1.4 3.5

Median 1.2 1.6 1.1 1.3 5.5

t1/2, d

n 7 8 8 8 8

Mean (SD) 3.7 (1.61) 6.1 (1.87) 10.1 (2.68) 14.9 (5.95) 20.0 (4.82)

Geometric mean 3.5 5.8 9.8 14.1 19.4

Median 2.9 6.4 9.5 12.9 19.8

CL, mL/h

n 7 8 8 8 8

Mean (SD) 50.5 (8.39) 38.5 (11.01) 35.2 (13.22) 23.6 (7.67) 19.7 (5.49)

Geometric mean 49.9 37.1 33.3 22.4 19.0

Median 50.2 38.3 32.2 23.0 18.2

Abbreviations: AUC0–N 5 area under the concentration-time curve extrapolated to infinity; CL 5 clearance; Cmax 5 maximum serum concentration; t1/2 5

antibody half-life; PK 5 pharmacokinetics; Tmax 5 time of maximum serum concentration.
A summary of the PK parameters determined after a single IV administration of VX15/2503. Summary statistics for each PK parameter were determined
for each dose level. Geometric mean values were presented for Cmax, CL, and AUC values. Analyses of AUCs and Cmax to assess dose proportionality for
VX15/2503 were performed using a power model.20

No subjects randomized to receive placebo were treated with the study drug.
Half-life in days is derived from the data for half-life in hours by dividing the values by 24.
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suggest that repeated anti-SEMA4D treatment slows
brain volume loss in these mice vs sham-treated ani-
mals.2 Finally, anti-SEMA4D treatment may reverse
glial cell and astrocyte activation.2,6,13 Based on these
results and those presented here, we initiated a phase
2 clinical study evaluating VX15/2503 in patients with
prodromal and early-manifest Huntington disease
(NCT02481674).
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Figure 3 Mean percent cellular SEMA4D saturation vs time after VX15/2503
administration

Percent VX15/2503 saturation of cSEMA4D on peripheral T lymphocytes is shown for anti-
body-treated participants in each dose cohort. The scheduled sampling times for each dose
cohort were as described in the legend of figure 2. Data shown represent mean values6 SE;
flow cytometric assays were performed in triplicate and data analyzed as previously
described.16,20 T-cell saturation values below 20% were considered unsaturated; mean pre-
dose saturation values ranged between 0.7% and 18%.
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