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ABSTRACT Botulism is a rare, life-threatening paralytic disease caused by botuli-
num neurotoxin (BoNT). Available treatments including an equine antitoxin and
human immune globulin are given postexposure and challenging to produce and
administer. NTM-1633 is an equimolar mixture of 3 human IgG monoclonal antibod-
ies, E1, E2, and E3, targeting BoNT serotype E (BoNT/E). This first-in-human study
assessed the safety, tolerability, pharmacokinetics (PK), and immunogenicity of NTM-
1633. This double-blind, single-center, placebo-controlled dose escalation study
randomized 3 cohorts of healthy volunteers to receive a single intravenous dose of
NTM-1633 (0.033, 0.165, or 0.330 mg/kg) or saline placebo. Safety monitoring included
physical examinations, clinical laboratory studies, and vital signs. Blood sampling was
performed at prespecified time points for PK and immunogenicity analyses. Twenty-
four subjects received study product (18 NTM-1633; 6 placebo), and no deaths were
reported. An unrelated serious adverse event was reported in a placebo subject.
Adverse events in the NTM-1633 groups were generally mild and similar in frequency
and severity to the placebo group, and no safety signal was identified. NTM-1633 has
a favorable PK profile with a half-life .10 days for the 0.330 mg/kg dose and an
approximately linear relationship with respect to maximum concentration and area
under the concentration-time curve (AUC0!t). NTM-1633 also demonstrated low immu-
nogenicity. NTM-1633 is well tolerated at the administered doses. The favorable safety,
PK, and immunogenicity profile supports further development as a treatment for
BoNT/E intoxication and postexposure prophylaxis.
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Botulinum toxin (BoNT) is the most potent toxin known to humans and is produced
by obligate anaerobic Clostridium species (1). To date, 7 distinct serotypes of botuli-

num toxin have been identified (A–H) (2, 3), of which serotypes A and B account for
the majority of cases and serotype E accounts for a small percentage of cases reported
in the U.S. (4). There are several mechanisms of botulinum intoxication, specifically,
ingestion of food contaminated with preformed toxin, wound infection following trau-
matic injury or intravenous drug use (5), toxicoinfection in infants and adults with in vivo
toxin production, and iatrogenic following therapeutic or cosmetic chemodenervation
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(6). An additional theoretical mechanism considers dispersal and subsequent inhalation
of weaponized toxin (7, 8). While toxicoinfection in infants is the most common, there is a
rising incidence of wound botulism among intravenous drug users (4).

Current therapies for BoNT intoxication are given postexposure to symptomatic
individuals. These include an equine antitoxin (investigational heptavalent botulinum
antitoxin [HBAT]) (9) and a human immune globulin reserved for infant use (Botulism
Immune Globulin Intravenous [BIG-IV]) (10). Production of both the equine antitoxin
and the human immune globulin is labor-intensive and costly, leading to restricted
availability and unstainable production. The equine antitoxin, in particular, is highly im-
munogenic with a short half-life.

These inherent challenges of the current antitoxin and immune globulin supply and
manufacture indicate an urgent unmet need for novel therapeutics in this area both
for treatment of diagnosed patients and for potential postexposure prophylaxis in
high-risk situations. Over the past 15 years, new methodologies, such as small peptides
and peptide mimetics, receptor mimics, and humanized monoclonal antibodies have
emerged as attractive strategies (11). Novel mechanisms including inhibitors of neuro-
toxin uptake and processing as well as endopeptidases and neuronal modulation also
remain attractive (12). While high-throughput screening and structure-based drug
design have led to identification of potential therapeutics, the favorable in vitro profiles
do not translate to in vivo efficacy (13). Small molecules, such as 3,4-diaminopyridine,
are also emerging as potential symptomatic options for BoNT intoxication (14).

Of the above strategies, humanized monoclonal antibodies are among the more
promising. Comixtures of monoclonal antibodies are currently in development by
Ology Biosciences with the support of the National Institute of Allergy and Infectious
Diseases (NIAID) to target multiple BoNT Serotypes. The specific products targeting
BoNT serotypes A (BoNT/A NTM-1631 [formely XOMA 3AB]), serotype B (BoNT/B, NTM-
1632 [formerly XOMA 3B]), C and D (BoNT/C and BoNT/D, NTM-1634 [formerly XOMA
4CD]), and E (BoNT/E, NTM-1633 [formerly XOMA 3E]) are being developed for the pre-
vention and treatment of botulism (15–17). NTM-1633 is an equimolar mixture of 3 IgG
monoclonal antibodies; each antibody is engineered to have distinct light and heavy
chain variable regions that bind unique nonoverlapping epitopes on BoNT/E and com-
mon human gamma-1 and kappa constant regions. Since NTM-1633 is structurally sim-
ilar to NTM-1631, NTM-1632, and NTM-1634, the predicted mechanism is likely similar:
high affinity binding of the mixture to toxin, blockade of cellular binding epitopes on
the toxin, and increased hepatic clearance of the toxin-Ab immune complexes (15, 18,
19). Based on promising preclinical testing (20, 21) and positive results from the Phase
I trials of NTM-1631 (15), NTM-1632 (17), and NTM-1634 (16), the human investigational
product NTM-1633 is in clinical development for the treatment and prophylaxis of bot-
ulism caused by BoNT/E. The purpose of this study was to assess the safety, tolerability,
pharmacokinetics (PK), and immunogenicity of intravenously administered single esca-
lating doses of NTM-1633.

RESULTS
Demographic characteristics. A total of 24 subjects were randomized. All subjects

received full study treatment and completed follow-up per protocol.
The demographic characteristics of the individual cohorts and total study popula-

tion are summarized in Table 1.
Safety profile. No deaths were reported. A total of 36 adverse events (AEs; 33 mild and

3 moderate severity) were reported for 16 (67%) subjects: 4 (67%) in the 0.033 mg/kg NTM-
1633 group, 4 (67%) in the 0.165 mg/kg NTM-1633 group, 2 (33%) in the 0.330 mg/kg
NTM-1633 group, and 6 (100%) subjects in the placebo group. Of the reported events, 9
(25%) were deemed treatment emergent and related; they were all of mild severity and
consisted of 3 headaches, 3 episodes of sinus tachycardia, 1 episode of chest pain, 1 epi-
sode of systolic hypotension, and 1 episode of intermittent diastolic hypertension. A total
of 3 (8%) unrelated, moderate severity AEs were reported: 1 by a placebo subject, 1 by a
0.033 mg/kg NTM-1633 subject, and 1 by a 0.330 mg/kg NTM-1633 subject. A single serious
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adverse event (SAE) of severe tachycardia was reported in 1 subject who received placebo;
this event occurred after the confinement period and was considered not-related to study
product with a suspected etiology of illicit drug (cocaine) use.

AEs reported by 2 or more subjects included sinus bradycardia (21%), upper respira-
tory tract infection (12.5%), and headache (12.5%). A total of 5 subjects experienced 7
bradycardia events; only 1 event was deemed related to study product. All subjects
who reported upper respiratory tract infection had received NTM-1633 (2 in 0.033 mg/
kg group and 1 in 0.165 mg/kg group). No other MedDRA preferred term was reported
by more than one subject in each treatment group. A breakdown of all AEs occurring
in at least 10% of subjects is shown in Table 2.

There were no clinically significant ECG changes observed and no related physical
exam findings.

Laboratory analyses. A total of 57 related biochemistry results were reported in 19
(79%) of subjects, including all 6 placebo subjects. A total of 3 severe biochemistry
results (aldolase and creatine kinase in 1 subject on Day 8 and low fasting serum glu-
cose in a different subject on Day 4) occurred in 2 placebo recipients. A total of 7
(16.7%) subjects had moderate abnormalities: elevated aldolase was the most common

TABLE 2 Summary of adverse events by subject with an overall rate of$10%

Cohort

Adverse event
0.033 mg/kg
n = 6

0.165 mg/kg
n = 6

0.330 mg/kg
n = 6

Combined
n = 18

Placebo
n = 6

All subjects
n = 24

Sinus bradycardia 1 (16.7) 0 (0) 1 (16.7) 2 (11.1) 3 (50.0) 5 (20.8)
Upper respiratory tract infection 2 (33.3) 1 (16.7) 0 (0) 3 (16.7) 0 (0) 3 (12.5)
Headache 2 (33.3) 0 (0) 0 (0) 2 (11.1) 1 (5.6) 3 (12.5)
Aldolase increased 5 (83.3) 1 (16.7) 4 (66.7) 10 (55.5) 4 (66.7) 14 (58.3)
Creatine kinase elevated 2 (33.3) 0 (0) 0 (0) 2 (11.1) 2 (33.3) 4 (16.7)
Hemoglobin decreased 3 (50.0) 2 (33.3) 1 (16.7) 6 (33.3) 1 (16.7) 7 (29.2)
Neutropenia 0 (0) 2 (33.3) 1 (16.7) 3 (16.7) 1 (16.7) 4 (16.7)

TABLE 1 Demographics of the study population

Cohort

Characteristica
0.033 mg/kg
n = 6

0.165 mg/kg
n = 6

0.330 mg/kg
n = 6

Combined
n = 18

Placebo
n = 6

All subjects
n = 24

Age
Mean (SD) 32.8 (7.8) 29.7 (5.4) 32.2 (7.9) 31.6 (6.8) 31.5 (7.5) 31.5 (6.8)
Median 35.0 29.0 32.0 30.5 30.5 30.5
Min, Maxb 22, 41 24, 39 21, 42 21, 42 23, 45 21, 45

BMIc (kg/m2)
Mean (SD) 25.9 (5.6) 27.0 (3.5) 29.0 (4.8) 27.3 (4.6) 22.8 (3.2) 26.2 (4.7)
Median 25.2 26.2 30.0 26.8 22.3 25.7
Min, Max 19.3, 32.5 22.7, 32.8 21.8, 33.6 19.3, 33.6 18.6, 28.0 18.6, 33.6

Sex
Male 2 (33) 2 (33) 1 (17) 5 (27.7) 1 (17) 6 (25)
Female 4 (67) 4 (67) 5 (83) 13 (72.2) 5 (83) 18 (75)

Race
White 5 (83) 4 (67) 5 (83) 14 (77.8) 5 (83) 19 (79)
Black or African American 1 (17) 2 (33) 1 (17) 4 (22.2) 1 (17) 5 (21)

Ethnicity
Hispanic or Latino 2 (33) 0 (0) 0 (0) 2 (11.1) 1 (17) 3 (13)
Non-Hispanic or Latino 4 (67) 6 (100) 6 (100) 16 (88.9) 5 (83) 21 (88)

aData are expressed as no. (%) unless stated otherwise.
bMin, minimum; Max, maximum.
cBMI, body mass index.
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moderate abnormality noted among 4 subjects, 2 who received NTM-1633 (Days 2 and
4; Day 91) and 2 who received placebo (Day 2; Day 91).

A total of 27 related hematology results were reported in 11 (45.8%) subjects, 10 of
whom received NTM-1633. Of these, 26 were mild and primarily involved reductions in
hemoglobin and hematocrit (7 subjects) as well as transient neutropenia (4 subjects)
(Table 2). Only 1 moderate abnormality, transient neutropenia, was observed in a sin-
gle NTM-1633 0.330 mg/kg recipient on Day 29. All hematologic abnormalities had
resolved or stabilized by Day 91 and required no further monitoring.

No related moderate or severe coagulation or urine abnormalities were observed.
Pharmacokinetic analysis. A summary of the PK data is presented in Table 3, and

plots of concentration versus time are shown in Fig. 1. The median Cmax achieved follow-

TABLE 3 Summary pharmacokinetic parameters for NTM-1633. Median values with (min, max) are reported

MAb Cohorta Cmax (ng/mL) Tmax (h) T 1=2 (days) AUC 0-t (ng× h/mL) CLb (mL/h/kg) VSS (mL/kg)
E1 A

B
C

268 (170, 332)
1490 (1190, 1790)
2960 (2560, 4110)

2.01 (1.03, 3.95)
1.03 (1, 4.03)
1.55 (1.05, 4)

21.2 (15.0, 30.1)
24.1 (22.2, 27.2)
25.4 (20.9, 34.5)

89100 (43900, 135000)
638000 (447000, 691000)
1290000 (1180000, 1650000)

0.329 (0.225, 0.690)
0.251 (0.225, 0.356)
0.248 (0.182, 0.271)

238 (188, 342)
204 (173, 269)
205 (147, 251)

E2 A
B
C

248 (157, 306)
1420 (1090, 1680)
2740 (2420, 3530)

2.01 (1.03, 3.95)
2 (1.03, 4)

1.55 (1, 7.9)

13.5 (7.49, 20)
14.7 (11.6, 18.1)
17.3 (12.6, 22.4)

45900 (22300, 67300)
302000 (223000, 381000)
658000 (589000, 895000)

0.656 (0.451, 1.32)
0.54 (0.424, 0.71)

0.499 (0.359, 0.554)

271 (202, 359)
237 (210, 271)
241 (180, 267)

E3 A
B
C

200 (118, 256)
1230 (947, 1450)
2370 (2090, 3010)

2.01 (1.03, 3.95)
1.03 (1, 2.2)
1.54 (1, 2.03)

6.95 (4.75, 9.15)
11.2 (7.9, 12.1)
11.2 (9.15, 16.7)

17600 (9160, 28000)
139000 (104000, 163000)
300000 (261000, 361000)

1.7 (1.46, 1.93)
1.16 (0.983, 1.55)
1.07 (0.899, 1.25)

388 (242, 533)
327 (256, 369)
320 (237, 400)

aDosing by cohort: A (0.033 mg/kg), B (0.165 mg/kg), C (0.330 mg/kg).
bCL, clearance.

FIG 1 The time course of serum monoclonal antibody (MAb) concentrations after single intravenous
(IV) dose administration of NTM1633 is shown on the left with semi-log concentration plots shown
on the right. NTM-1633 component MAbs are denoted as E1 (red), E2 (green), and E3 (blue). Mean
concentration.
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ing a single IV dose of 0.033 mg/kg, 0.165 mg/kg, and 0.330 mg/kg NTM-1633 was simi-
lar for E1 and E2; median Cmax for E3 at all doses was slightly lower. Median tmax was
achieved in 1.03–2.01 h for E1, E2, and E3 at all doses. The median elimination half-life
(t1=2) was 6.95–21.2 days in the 0.033 mg/kg dose and increased to 11.2–25.4 days in the
0.165 mg/kg and 0.330 mg/kg doses. The median AUC(0, t) (ng�h/mL) was highest for E1
and lowest for E3 at all doses. Dose proportionality curves for Cmax and AUC(0, 1) revealed
an approximately linear relationship with respect to both Cmax and total AUC exposure,
suggesting that all 3 components of NTM-1633 exhibit linear kinetics. Median clearance
was similar for E1 and E2 at all doses, ranging from 0.248 mL/h/kg to 0.656 mL/h/kg and
increased for E3 at all doses, ranging from 1.07 mL/h/kg to 1.16 mL/h/kg. Apparent vol-
ume of distribution at steady-state (Vss) was consistent for E1 and E2, ranging from 205
to 271; Vss was increased for E3, ranging from 320 to 388 mL/kg.

Immunogenicity analysis. One subject in the NTM-1633 0.165 mg/kg group had
preexisting ADA to E2; no subjects had preexisting ADA to E1 or E3. One subject in the
placebo group developed a treatment-emergent response to E1. There were 7 treat-
ment-emergent responses among subjects receiving NTM-1633: one subject in each
dose group developed ADA to E1, and a total of 4 subjects (one 0.033 mg/kg, two
0.165 mg/kg, and one 0.330 mg/kg) developed ADA to E2. The E1 treatment-emergent
responses were low-titer (18.6–77.6) and measurable on Day 15 for lowest and middle
dose and on Days 15, 29, 57, and 121 for the highest dose. The E2 treatment emergent
responses were low (10–58.9) in the lowest and highest dosing groups. It was higher
for the middle dosing group (19.1–891.3) and detectable at Days 1, 15, 29, 57, 91, and
121. No subjects developed treatment-emergent ADA to E3 at any dose. Overall, in the
highest dosing group only 2 subjects developed a treatment-emergent response, and
those titers were low (10–77.6). Two subjects in the 0.165 mg/kg group developed a 9-
fold increase in ADA, but this was not observed in the 0.330 mg/kg dosing group.
There were no treatment-boosted responses.

DISCUSSION

This study was the first-in-human assessment of NTM-1633, a BoNT/E product, in
healthy adult subjects. Single escalating doses of NTM-1633 administered intrave-
nously to participants were well-tolerated over the investigational dose range. AEs in
the NTM-1633 cohorts were generally mild and similar in frequency to the subjects
receiving placebo. A single SAE was identified in a placebo subject (tachycardia in the
setting of illicit drug use) and was deemed not related. Multiple subjects were identi-
fied as having bradycardia and transient elevations in aldolase; these more likely reflect
the athletic nature of the healthy volunteer population, consistent with our prior expe-
rience (17), rather than an effect attributable to NTM-1633. No specific safety signal
was identified in this study, and no serious infusion or hypersensitivity reactions
occurred. Antibody levels were detectable up to 91 days in the 0.165 mg/kg group and
121 days in the 0.330 mg/kg dose group, and the estimated half-lives of the individual
components for the highest dosing group were 11.2–25.4 days. This longevity offers an
advantage over the current HBAT antitoxin, which has a documented half-life of
approximately 7 h for components against serotype E (22). NTM-1633 has a benign im-
munogenicity profile. A total of 7 participants developed transient, low titer antibodies
to the constituent components of NTM-1633 (3 to E1 and 4 to E2) following dosing,
and there were no treatment-boosted ADA responses. The highest dose tested,
0.330 mg/kg, is well tolerated and achieved the highest blood concentrations with the
longest half-life, and minimal immunogenicity. Based on the completed mouse protec-
tion assay and extrapolation to humans, a 0.330 mg/kg dose would be expected to
neutralize circulating BoNT/E at the levels tested in preclinical models (23).

BoNT remains a significant threat, particularly as a potential weaponized agent, and
has been prioritized as a Category A biothreat by NIAID (24). The destructive potential of
weaponized BoNTs increases the urgency and necessity for highly efficacious, scalable,
and rapidly deployable therapeutics (25). Investment in new therapeutic strategies and
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new structure-based designs for treatment and prevention of botulinum intoxication
have advanced the therapeutic landscape over the last 10 years. In particular, human
and humanized MAbs capable of neutralizing BoNTs show promise. They offer a number
of key advantages over existing therapies, including in vitro production, low risk of
hypersensitivity reactions and immunogenicity, and consistent potency and stability.
Due to high-affinity binding with BoNT serotypes, BoNT monoclonal antibodies are less
likely to cause off-target effects and can be administered postexposure without causing
adverse effects (23). Completed first-in-human studies of the BoNT serotype A MAb,
NTM-1631; BoNT serotype B, NTM-1632; BoNT serotype C/D MAb, NTM-1634; and BoNT
serotype E, NTM-1633, revealed that the products were well tolerated with a favorable
PK profile (15–17).

The current study has several limitations. NTM-1633 admixtures are active only
against serotype E; the ideal therapeutic contains admixtures of MAbs that would offer
broader coverage against multiple BoNT serotypes. Polyvalent combinations of NTM-
1631, NTM-1632, and NTM-1633 in temperature-stable formulations will greatly
increase the capability to rapidly deploy an antidote to empirically treat BoNT intoxica-
tion when the serotype is unknown.

In conclusion, the initial safety, PK, and immunogenicity profile of NTM-1633 sup-
ports further clinical development as a treatment for BoNT/E intoxication and its inclu-
sion in a potential strategy to develop a new generation of therapeutics for post-expo-
sure prophylaxis following suspected BoNT exposure.

MATERIALS ANDMETHODS
This is a first-in-human, double-blind, single-center, placebo-controlled dose-escalation study to

evaluate the safety and PK of intravenous NTM-1633. Dose selection was based on conversion from the
NOAEL dose of GLP studies in Sprague Dawley rats into a human equivalent dose (HED). A safety factor
of 10 was used to establish a maximal recommended starting dose (MRSD) of 5 mg/kg and further
reduced by 150-fold to establish the starting dose of 0.033 mg/kg. A total of three cohorts were planned
at doses of 0.033 mg/kg (Cohort A), 0.165 mg/kg (Cohort B), and 0.330 mg/kg (Cohort C). Further dose
escalation was deemed unnecessary based on preclinical murine studies demonstrating toxin neutraliza-
tion in this dose range, which approximates expected human BoNT/E exposure levels.

Materials. NTM-1633 is a sterile, clear, colorless, preservative-free, pH 6.0 buffered solution contain-
ing a 5 mg/mL equimolar mixture of E1, E2, and E3. The drug was supplied by Ology Bioservices, Inc.
through a NIAID-Clinical Agents Repository Contract (CAR) by Fisher BioServices (Germantown, MD).
Normal saline was used as placebo. Drug stability testing was developed and performed by Ology
Bioservices, Inc. (Alameda, CA).

Participants. A total of 24 healthy volunteers and a maximum of 4 alternates per cohort were en-
rolled. Eligible participants included healthy, nonpregnant, nonlactating female and male subjects aged
18–45 with body mass index (BMI) between 18.5 and 30 kg/m2 and a negative illicit drug and alcohol
screen who agreed to use contraception per protocol. Exclusion criteria included history of recent febrile
illness, chronic medical conditions, severe allergic reaction to any type of medication or any study prod-
uct components, blood donation within 2 months of enrollment, receipt of a blood product within
6 months of enrollment or an antibody within 5 half-lives, treatment with another investigational drug
within 1 month of dosing, and use of H1 antihistamines or beta blockers within 5 days of dosing.
Additional exclusion criteria included laboratory abnormalities (urinalysis, hematology, and biochemistry
analysis), positive serology for HIV, Hepatitis B or C, and a clinically significant abnormality on electrocar-
diogram including baseline QT/QTc prolongation.

Study design. Research participants were randomized to sequential dose-escalation cohorts consist-
ing of 8 subjects. Within each cohort, participants were randomized in a 3:1 ratio to receive a single in-
travenous infusion of the investigational medicinal product (IMP) or placebo administered over 1 h. Each
participant underwent screening followed within 4 weeks by a 3-day inpatient stay at the Duke Early
Phase Clinical Research Unit (DEPRU) of Duke University Medical Center. The study was approved by the
Duke Health Institutional Review Board, and written informed consent was obtained from all partici-
pants prior to screening. Biosafety committee approval was not required because study participants
received only a monoclonal antibody targeting botulinum toxin E and no botulinum toxin was used.
This trial is registered with ClinicalTrials.gov, number NCT03603665.

Study procedures. Following screening, eligible participants were admitted to the DEPRU 1 day
prior to dosing for a complete physical examination, electrocardiogram, and laboratory testing including
routine biochemistry, hematology, urinalysis, and urine pregnancy test (for females of childbearing
potential). Two sentinel subjects in each dosing cohort were randomized 1:1 to receive IMP or placebo
and monitored for at least 24 h prior to dosing the remaining subjects. All study participants who
received IMP were monitored in the DEPRU for 24 h postdose. Subjects in Cohort A were followed for 91
Days and those in Cohorts B and C for 121 days.
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Safety analyses. (i) Adverse events. Adverse events (AEs) were assessed by targeted interviews for
symptoms, physical examination, and laboratory studies from the day of infusion through Day 57 for all
cohorts and classified in accordance with the Medical Dictionary for Regulatory Activities (MedDRA)
Version 22.0. Relationship to IMP, alternate plausible explanation or etiology, severity, and outcome
were documented for each AE.

(ii) Laboratory analyses. Safety laboratory studies (hematology, biochemistry, and urinalysis)
were conducted on Days 21, 2, 4, 8, 15, 29, and 91. Values outside the reference range were recorded
as AEs.

Pharmacokinetics and immunogenicity analyses. (i) Pharmacokinetics. Blood PK samples were
drawn prior to infusion, at end of infusion, and at 1, 3, 7, 23, 47, and 71 h following end of infusion.
Additional PK samples were drawn at Days 8, 15, 29, 43, 57, and 91 (all cohorts) and 121 (Cohorts B
and C only). Serum samples were analyzed by 3 validated bridging electrochemiluminescence (ECL)
assays for the concentrations of each MAb, E1, E2, and E3 (15, 26). Testing was developed and per-
formed by Ology Bioservices, Inc. (Alameda, CA). The lower limit of quantification for E1, E2, and E3
was 6.67 ng/mL as expressed in 100% human serum. Concentrations below the lower limit of quan-
tification were set to missing if they occurred after the first positive concentration or imputed to 0
if no positive concentration was ever detected. Missing samples were excluded from the PK
analysis.

(ii) Immunogenicity. Serum samples were drawn at Days 21, 29, 57, 91 (all cohorts), and 121
(Cohorts B and C) for measurement of anti-drug antibody (ADA) using 3 validated ECL assays, one each
for anti-E1, anti-E2, and anti-E3. Testing was developed and performed by Ology Bioservices, Inc.
(Alameda, CA). A treatment-emergent response was defined as negative ADA status at baseline, and
positive ADA status at any point after baseline. A treatment-boosted response was defined as positive
ADA status at baseline with increase in titer in any subsequent posttreatment serum samples, that was
at least 9-fold over baseline levels.

Statistical analysis. Categorical variables were summarized as numbers and percentages and con-
tinuous variables as standard deviation, means, and medians. PK parameters included area under the
concentration-time curve (AUC), maximum observed concentration (Cmax), time to maximum concentra-
tion (Tmax), elimination rate constant (ke), terminal half-life (t1/2), clearance, and volume of distribution
(VD) for each monoclonal component for each dosing cohort. Descriptive statistics were calculated using
SAS (v9.4; SAS Institute, Cary, NC), and PK parameters were estimated by noncompartmental methods
using WinNonLin (v8.0 or higher, Certara, Princeton, NJ).
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