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A B S T R A C T

Background: Preclinical studies have demonstrated that inhibition of the O-linked β-N-acetylglucosaminidase 
enzyme increases tau O-linked β-N-acetylglucosaminylation and may attenuate tau pathology in Alzheimer’s 
disease.
Objectives: To examine the safety, tolerability, pharmacokinetics, and target occupancy of single- and multiple- 
ascending oral doses of the small-molecule O-linked β-N-acetylglucosaminidase inhibitor, BIIB113.
Design: Study 276HV101 was a first-in-human, multicenter, Phase 1, randomized, double-blind, placebo- 
controlled, single- and multiple-ascending dose trial.
Setting: 72 participants were enrolled from February 2022 through July 2023.
Participants: Adult healthy female and infertile/vasectomized male participants.
Intervention: In the single-ascending dose substudy, participants received a single dose of placebo or BIIB113 0.5, 
3, 15, or 50 mg. In the 14-day multiple-ascending dose substudy, participants received placebo or BIIB113 15 or 
50 mg once daily. In the target occupancy substudy, participants received either a single dose of BIIB113 0.5 or 3 
mg or a once-daily dose of BIIB113 0.5 mg.
Measurements: Safety and tolerability were measured by incidence of adverse events. Pharmacokinetic and 
concentration-time profiles were assessed. Target occupancy was evaluated using the carbon-11 BIO-1819,578 
radioligand.
Results: BIIB113 was generally well tolerated. Pharmacokinetics were linear over the dose range, with a half-life 
of approximately 30 h. Administration with food decreased the rate but did not affect the extent of absorption. 
There were no clinically meaningful differences in pharmacokinetics between elderly and nonelderly partici
pants. Multiple once-daily doses of BIIB113 0.5 mg maintained a target occupancy of ≥90 % up to 48 h.
Conclusions: BIIB113 was well tolerated and achieved high levels of target occupancy.
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1. Introduction

In Alzheimer’s disease (AD), accumulation of amyloid plaques and 
hyperphosphorylated neurofibrillary tangles (NFTs) underlie the pro
gressive decline in cognition and behavior [1,2]. AD is considered to be 
an amyloid-driven secondary tauopathy in that amyloid is thought to 
drive the accumulation of NFTs in a distinct spatiotemporal pattern as 
the disease progresses [3]. The progression of tau pathology across brain 
regions, which can be measured by tau positron emission tomography 
(PET), correlates well with the neurodegeneration and cognitive and 
functional decline in AD [3,4].

Reduced O-linked β-N-acetylglucosaminylation (O-GlcNAcylation) 
of tau provides a link between glucose hypometabolism and the aggre
gation of tau into NFTs during AD [5]. In patients with AD, cerebral 
glucose hypometabolism, measured by fluorodeoxyglucose-18-PET, 
correlates with tau deposits measured by tau PET, and glucose hypo
metabolism and the regional distribution of tau deposits correlate well 
with symptom severity [6,7]. The O-linked β-N-acetylglucosamine 
(O-GlcNAc) modification, which happens frequently in neurons, is a 
nutrient-responsive posttranslational modification of neuronal proteins 
[5]. O-GlcNAc levels are coupled to glucose availability through the 
action of the enzymes O-GlcNAc transferase and O-GlcNAcase (OGA). 
O-GlcNAc transferase conjugates O-GlcNAc onto tau proteins, and OGA 
catalyzes the removal of O-GlcNAc from tau (Supplemental Figure 1) 
[8,9]. O-GlcNAcylation is thought to play a role in the development of 
tau pathology in AD because of its ability to attenuate tau aggregation 
[5,10].

Decreased brain O-GlcNAcylation is observed in AD, which suggests 
that glucose hypometabolism may impair the protective roles of O- 
GlcNAc within neurons and enable tau aggregation and neuro
degeneration [5,11]. Studies in transgenic tau pathology mouse models 
have demonstrated that OGA inhibition increases tau O-GlcNAcylation 
and reduces tau pathology [11–17]. Together, these findings and the 
striking regional overlap of glucose hypometabolism and tau deposition 
in AD brains suggest that inhibition of the OGA enzyme is a potential 
therapeutic approach to target tau accumulation in AD.

BIIB113 is an oral small-molecule inhibitor of OGA intended to 
reduce the progression of tau pathology through increased tau O- 

GlcNAcylation and attenuated aggregation [18], which is hypothesized 
to slow the cognitive decline seen in AD [5]. BIIB113 was shown to 
reduce the formation of tau pathology in a mouse model of tau pathol
ogy [18].

The present study evaluated the safety, tolerability, pharmacoki
netics, and target occupancy of BIIB113 in a randomized, double-blind, 
placebo-controlled, single- and multiple-ascending dose (SAD and MAD, 
respectively) Phase 1 trial in healthy volunteers. To analyze target 
engagement, OGA-PET was performed after single and multiple doses of 
BIIB113. Target occupancy was evaluated using the OGA-PET tracer 
carbon-11 (11C) BIO-1819,578 [10,19].

2. Methods

2.1. Study design

Study 276HV101 (NCT05195008) [20] was a first-in-human, 
multicenter, Phase 1, randomized, double-blind, placebo-controlled, 
SAD and MAD trial evaluating the safety and pharmacokinetics of 
BIIB113 in healthy adult participants. The patient flow and dosing 
schema are shown in Fig. 1. Parts A (SAD substudy) and B (MAD sub
study) were randomized, double-blind, placebo-controlled studies 
assessing the safety, tolerability, and pharmacokinetics of BIIB113. Part 
C was a single-center, open-label substudy to determine brain target 
occupancy of BIIB113 using [11C]BIO-1819,578 [10,19].

This study enrolled healthy female and infertile/vasectomized male 
participants aged 18 to 64 years in Parts A (SAD) and B (MAD) (Part B 
also contained an elderly cohort of individuals aged 65 to 75 years) 
across 2 sites. Part C (OGA-PET SAD/MAD substudy) enrolled healthy 
participants aged 20 to 64 years at a single site.

In Part A (SAD substudy), 35 participants were randomized across 4 
dose-ascending cohorts; within each cohort, participants were ran
domized 6:3 to receive 1 of 4 doses of BIIB113 (0.5, 3, 15, or 50 mg) or 
placebo. In Part B (MAD substudy), 27 participants were randomized 6:3 
across 3 cohorts (2 cohorts of nonelderly healthy adults and 1 cohort of 
elderly healthy adults) to receive BIIB113 or placebo. Nonelderly par
ticipants received placebo or BIIB113 15 mg or 50 mg orally once daily 
(QD) for 14 days. The elderly participants randomized to BIIB113 

Fig. 1. Patient flow and dosing schema during the SAD, MAD, and OGA-PET SAD substudies.
Participants in the SAD/MAD cohorts were dosed consecutively, with 6 participants on active dose and 3 on placebo in each cohort. All participants were monitored 
closely in the patient unit, and a safety medical review was conducted at the completion of each cohort to make dose-escalation decisions. Cohort 8, the highest dose 
cohort (100 mg) in the Part B MAD substudy, was not initiated as the dose was refined based on the target occupancy readout from Part C (OGA-PET SAD substudy). * 
Three participants from Cohort 3 (fed, Period 2) received a second oral dose of placebo, separated from the first dose by a washout period of at least 2 weeks. All 3 
participants completed the study treatment, and none withdrew. MAD, multiple-ascending dose; OGA, O-GlcNAcase; PET, positron emission tomography; SAD, 
single-ascending dose.
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received a 15-mg dose QD for 14 days. In Part C (OGA-PET substudy), 7 
participants received a single oral dose of BIIB113 0.5 or 3 mg (SAD), 
and 3 participants received BIIB113 0.5 mg QD for 14 days (MAD).

The trial was conducted in accordance with the Declaration of Hel
sinki and all applicable International Council for Harmonisation and 
Good Clinical Practice guidelines. Investigators obtained institutional 
review board or ethics committee approval before beginning the study. 
All participants provided written informed consent before participating 
in any study-related activities.

2.2. Study objectives

The primary objective of the study was to assess the safety, tolera
bility, pharmacokinetics, and target occupancy of single- and multiple- 
ascending oral doses of BIIB113 in healthy participants. Secondary ob
jectives included an evaluation of the single and multiple oral-dose 
pharmacokinetic profile of BIIB113 in healthy participants and an 
evaluation of the effect of food on the single oral-dose pharmacokinetic 
profile of BIIB113 in healthy participants. Exploratory objectives 
included assessment of the effect of BIIB113 on corrected QT (QTc) in
terval and other electrocardiogram (ECG) parameters and an evaluation 
of the potential induction of cytochrome P450 3A (CYP3A) activity by 
BIIB113 in healthy participants.

2.3. Fed and fasting conditions for the SAD cohort

The effect of food on the pharmacokinetics of a single dose of 
BIIB113 was investigated in participants enrolled in Cohort 3 of Part A 
(SAD). In Period 1 of Cohort 3, participants received BIIB113 15 mg or 
placebo under a fasted condition. Period 2 (fed condition) followed after 
a washout period of ≥2 weeks, during which participants received the 
same treatment as in Period 1 (after an overnight fast of ≥8 h, which did 
not include water, and within 30 min after starting a high-fat, high- 
calorie breakfast). A high-fat (approximately 50 % of total caloric con
tent of the meal) and high-calorie (approximately 800 to 1000 kcal) 
meal was provided that derived approximately 150, 250, and 500–600 
kcal from protein, carbohydrate, and fat, respectively.

2.4. Target occupancy of BIIB113 measured by OGA-PET

For participants enrolled in Part C, the target occupancy of OGA by 
BIIB113 was assessed using an OGA-PET tracer [11C]BIO-1819,578 [10,
19]. Each participant received a baseline PET scan with no adminis
tration of BIIB113 following the intravenous administration of 194 ± 35 
megabecquerels of [11C]BIO-1819,578. Participants received a pre
determined oral dose of BIIB113 and then another IV dose of [11C] 
BIO-1819,578, and they were scanned again after an early (between 2 
and 6 h after BIIB113 administration) and late (between 24, 48, or 72 h 
after BIIB113 administration) time point.

PET acquisition was performed for up to 93 min, and arterial blood 
was collected using an automatic blood sampling system followed by 
discrete blood samples. Radiometabolite analyses were performed using 
reverse-phase radio-high-performance liquid chromatography [21] to 
establish the parent fraction. Correcting the radioactivity measured in 
blood with the parent fraction yielded the arterial input function. Vol
umes of distribution (VT) were estimated using Ichise’s multilinear 
analysis model [22] with arterial input function and were calculated for 
baseline measurements and posttreatment with BIIB113. Up to 3 ad
ministrations of the tracer [11C]BIO-1819,578 and 3 PET scans were 
obtained for each participant. The difference between the baseline and 
the postdose VT at 2 time points was calculated using a revisited Lassen 
plot to determine target occupancy in a dose- and time-dependent 
manner. Plasma pharmacokinetics were assessed at multiple time 
points up to 72 h after BIIB113 administration.

2.5. Statistical analyses

2.5.1. Primary endpoints
Adverse events (AEs), severe AEs (SAEs), clinical laboratory abnor

malities, vital signs, and ECGs were summarized using frequency tables 
for categorical outcomes and descriptive statistics for continuous out
comes by treatment and dose level. Columbia Suicide Severity Rating 
Scale (C-SSRS) data were summarized using descriptive statistics (i.e., 
the number of participants, mean, standard deviation [SD], median, 
minimum, and maximum) for continuous variables and using frequency 
and percentage for discrete variables. For the 15-mg dose level in Part A, 
the data were summarized by fasting versus fed conditions. In Parts A 
and B, placebo data across cohorts were pooled, while in Part C, target 
occupancy was summarized by treatment group and time.

2.5.2. Secondary endpoints
Descriptive statistics were evaluated for the pharmacokinetic pa

rameters and plasma concentrations of BIIB113. Mean concentration- 
time profiles were plotted on linear and semi-logarithmic scales. The 
dose proportionality of BIIB113 after administration of a single dose 
(Day 1 of the SAD substudy) was descriptively assessed based on area 
under the concentration-time curve from time zero to the time of the last 
measurable concentration (AUClast), AUC from time zero extrapolated to 
infinity (AUCinf), and maximum observed concentration (Cmax) using a 
power model. The estimated slope and 95 % confidence interval (CI) 
were calculated. Dose proportionality of BIIB113 after administration of 
multiple doses (Days 1 and 14 of the MAD substudy) was assessed 
descriptively based on AUClast, AUC within a dosing interval (AUCtau), 
and Cmax.

To estimate the effect of food on BIIB113 single-dose pharmacoki
netics (Part A SAD), the log-transformed AUClast, AUCinf, and Cmax from 
Day 1 of the fasting and fed periods were analyzed using a mixed-effect 
model, with treatment (fasted or fed) as a fixed effect and participant as 
a random effect. Estimates of the adjusted mean differences and corre
sponding 90 % CI were obtained from this model. The adjusted mean 
differences and 90 % CIs for the differences were exponentiated to 
provide estimates of the ratio of adjusted geometric means and 90 % CI.

To assess the relationship between OGA target occupancy and 
plasma concentrations of BIIB113, a simple maximum effect (Emax) 
model was fitted to the OGA target occupancy versus plasma BIIB113 
concentrations at the time of the PET scan. The best-fit parameters were 
used to determine the plasma BIIB113 concentrations that result in 50 % 
and 90 % of the maximum target occupancy (half-maximal effective 
concentration [EC50] and 90 % effective concentration [EC90], 
respectively).

2.5.3. Exploratory endpoints
Analysis of the concentration-QTc relationship was conducted with 

BIIB113 plasma concentrations and change from baseline in QTc using 
Fridericia’s heart rate correction formula (ΔQTcF). Concentration-QTc 
modeling of the relationship between the BIIB113 plasma concentra
tions, QTc, and other ECG parameters was performed. The change from 
baseline in cholesterol and 4β-hydroxycholesterol over the study period 
was assessed using descriptive statistics to assess the effect of BIIB113 on 
CYP3A activity in the Part B MAD cohorts.

3. Results

3.1. Participant disposition

In the Part A SAD substudy, 35 participants were screened and 
enrolled from February 2022 through July 2023 (Fig. 1A). A total of 23 
participants were randomized to receive BIIB113, and 12 participants 
received placebo. All 35 participants completed Part A. In the Part B 
MAD substudy, 27 participants were screened and enrolled from 
October 2022 through July 2023 (Fig. 1B). Eighteen participants were 
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randomized to receive BIIB113, and 9 participants received placebo. A 
total of 26 participants (96.3 %) completed Part B. One participant in the 
pooled placebo group discontinued study treatment and was subse
quently withdrawn from the study due to an AE of tonsillitis.

In the Part C OGA-PET target occupancy substudy for SAD cohorts 
(Fig. 1C), 7 participants were screened and enrolled from September 
2022 through July 2023. All 7 participants were assigned to receive 
BIIB113, and all participants completed Part C. In the Part C OGA-PET 
MAD cohort, 3 participants were screened and enrolled from May 
through July 2023. All 3 participants were assigned to receive BIIB113, 
and all participants completed Part C.

3.2. Baseline demographics

Baseline characteristics of participants from each study arm are 
summarized in Table 1. In Part A, there were 4 cohorts (randomly 
assigned to receive either BIIB113 or placebo in a 6:3 ratio). A total of 23 
participants were dosed in Cohorts 1 (0.5 mg; n = 6), 2 (3 mg; n = 6), 3 
(15 mg, fasted/fed; n = 6), and 4 (50 mg; n = 5), with a total of 12 
participants in the pooled placebo group. The mean age ± SD was 46.9 
± 13.54 years for the pooled placebo and 46.4 ± 13.10 years for the 
active BIIB113 dose groups. Of the 23 participants who received 
BIIB113, 2 (8.7 %) were male, and 21 (91.3 %) were female. Of the 12 
participants who received placebo, 2 (16.7 %) were male, and 10 (83.3 
%) were female. In Part B, 18 participants were dosed in Cohorts 6 (15 
mg; n = 6), 7 (50 mg; n = 6), and 9 (15 mg [elderly cohort, 65 to 75 years 
of age]; n = 6), with a total of 9 participants in the pooled placebo group. 
Cohort 8, the highest planned dose cohort (100 mg) in Part B, was not 
initiated as the dose was refined based on the target occupancy readout 
from Part C (OGA-PET SAD substudy).

The mean age ± SD was 46.1 ± 21.00 years for the pooled placebo 
and 50.4 ± 16.79 years for the active BIIB113 dose groups. To evaluate 
the pharmacokinetics, safety, and tolerability of BIIB113 in an older 
population, Cohort 9, which included participants aged 65 to 75 years, 
was included and had a median age of 68.5 years (range, 65 to 73 years). 
Of the 18 participants who received BIIB113, 6 (33.3 %) were male, and 
12 (66.7 %) were female. All 9 participants who received placebo were 
female. Of note, fertile males were excluded from the study as O- 
GlcNAcylation plays a significant role in sperm motility [23,24]. Toxi
cology studies revealed comparable effects on spermatogenesis in both 
rats and dogs in the presence of BIIB113, with full recovery when 
treatment was stopped (data not published).

In the Part C OGA-PET SAD substudy, there were 2 cohorts: Cohorts 1 
(3 mg; n = 3) and 2 (0.5 mg; n = 4). The mean age ± SD was 34.7 ±
11.35 years for the active BIIB113 dose groups. All 7 participants were 
female and White. In the Part C OGA-PET MAD substudy, Cohort 5 
included 3 participants who received BIIB113 0.5 mg. The mean age ±
SD was 32.0 ± 3.61 years for the active BIIB113 dose groups. One 
participant (33.3 %) was male, and 2 participants (66.7 %) were female. 
Two participants (66.7 %) were White, and 1 participant (33.3 %) was 
other (race was not reported).

Overall, the study population included predominantly female, 
White, and non-Hispanic participants. Demographics and baseline 
characteristics such as body mass index and weight were similar be
tween the total active dose and the pooled placebo groups (Table 1).

3.3. Safety

Table 2 details the safety data from each study arm. Across all study 
arms, there were no deaths, severe AEs, or SAEs observed. Overall, 
across study arms, the observed AEs were mild or moderate in intensity. 
In Part A, AEs were experienced by 11 participants (47.8 %) who 
received BIIB113 and 5 participants (41.7 %) who received placebo. The 
most frequently reported (>2 participants in either treatment group) AE 
was headache (BIIB113: 5 participants [21.7 %]; placebo: 2 participants 
[16.7 %]). Two participants (8.7 %) who received BIIB113 experienced 
related AEs (as assessed by the investigator), which included AEs of feces 
soft, frequent bowel movements, fatigue, and headache; 1 placebo- 
treated participant (8.3 %) had a related AE (as assessed by the inves
tigator) of headache. No participants discontinued study treatment due 
to AEs in Part A.

In Part B, AEs were experienced by 13 participants (72.2 %) who 
received BIIB113 and 5 participants (55.6 %) who received placebo. The 
most frequently reported AEs included headache (BIIB113: 6 partici
pants [33.3 %]; placebo: 1 participant [11.1 %]), dizziness (BIIB113: 3 
participants [16.7 %]; placebo: 1 participant [11.1 %]), and tremor 
(BIIB113: 3 participants [16.7 %]; placebo: 0 participants). Two par
ticipants (11.1 %) who received BIIB113 experienced related AEs (as 
assessed by the investigator), which included AEs of tremor and night
mare; 1 placebo-treated participant (11.1 %) experienced a related AE of 
dizziness. Two participants experienced AEs that led to discontinuation 
of study treatment: 1 in the MAD Cohort 7 (BIIB113 50-mg) group with 
tremor (assessed as related to study treatment by the investigator) and 1 
in the placebo group with tonsillitis (assessed as unrelated to study 
treatment by the investigator). The event of tonsillitis also led to the 
placebo-treated participant withdrawing from the study.

In the Part C OGA-PET SAD/MAD substudy, all participants received 
BIIB113. In the Part C OGA-PET SAD, 7 participants (100 %) experi
enced AEs. The most frequently reported AEs included catheter site pain, 
contusion, and postprocedure contusion (2 participants each [28.6 %]). 
No AEs in Part C OGA-PET SAD were considered related to study 
treatment. In the Part C OGA-PET MAD substudy, 3 participants (100 %) 
experienced AEs. The most frequently reported AE was medical device 
site eczema (3 participants [100 %]). One participant (33.3 %) reported 
an AE (headache) that was assessed as related to study treatment by the 
investigator.

Table 1 
Characteristics of participants at baseline for the SAD, MAD, and target occu
pancy studies.

Baseline 
characteristics

Part A: SAD Part B: MAD Part C: target 
occupancy

Pooled 
placebo 
(n = 12)

Total 
active 
(n =
23)

Pooled 
placebo 
(n = 9)

Total 
active 
(n =
18)

Active 
only, 
SAD 
(n = 7)

Active 
only, 
MAD 
(n = 3)

Dose, mg – 0.5, 3, 
15, 50

– 15, 50 0.5, 3 0.5

Age in years, 
mean ± SD

46.9 ±
13.54

46.4 
±

13.10

46.1 ±
21.00

50.4 
±

16.79

34.7 ±
11.35

32.0 ±
3.61

Female, n ( %) 10 
(83.3)

21 
(91.3)

9 
(100.0)

12 
(66.7)

7 
(100.0)

2 
(66.7)

Weight in kg, 
mean ± SD

65.7 ±
10.00

67.5 
±

9.32

70.0 ±
7.53

72.7 
±

11.12

70.0 ±
8.83

64.3 ±
13.60

BMI in kg/m2, 
mean ± SD

24.4 ±
2.96

24.7 
±

2.42

26.3 ±
2.56

25.8 
±

2.37

25.5 ±
3.19

23.1 ±
3.55

Race, n ​ ​ ​ ​ ​ ​
African 
American

– 1 – 1 – –

Asian 1 2 – – – –
White 9 16 9 17 7 2
Not 
reported

2 4 – – – 1

Ethnicity, n ​ ​ ​ ​ ​ ​
Hispanic or 
Latino

1 1 – – – –

Non- 
Hispanic or 
Latino

11 22 9 18 4 3

Not 
reported

– – – – 3 –

BMI, body mass index; MAD, multiple-ascending dose; SAD, single-ascending 
dose; SD, standard deviation.
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Compared with baseline, there were no clinically meaningful 
changes in vital signs, laboratory results, or C-SSRS scores. Treatment 
with BIIB113 was not associated with clinically significant ECG changes 
over time, and no clinically meaningful trends were observed in any 
treatment groups. None of the participants had a maximal QTcF interval 
of >500 milliseconds or an increase in QTcF interval of >60 millisec
onds from baseline. Overall, single and multiple doses of BIIB113 were 
well tolerated up to 50 mg in healthy volunteers.

3.4. Pharmacokinetic properties of BIIB113 in the SAD and MAD 
substudies

The mean BIIB113 concentration-time profiles from the SAD and 
MAD cohorts are shown in Fig. 2A and B The pharmacokinetics of 
BIIB113 demonstrated dose proportionality and steady-state accumu
lation. The Cmax and AUClast increased approximately dose proportion
ally in the SAD and MAD substudies, and the geometric mean half-life 
(t1/2) was approximately 30 h in most cohorts. Additional plasma 
pharmacokinetic parameters for the SAD and MAD substudies are shown 
in Supplemental Tables 1 and 2.

Steady state was reached at Day 7, with minimal (approximately 2- 

Table 2 
Summary of safety data.

Part A: SAD Part B: MAD Part C: target occupancy

Pooled placebo 
(n = 12)

Total active 
(n = 23)

Pooled placebo 
(n = 9)

Total active 
(n = 18)

Active only SAD 
(n = 7)

Active only MAD 
(n = 3)

Dose, mg – 0.5, 3, 15, 50 – 15, 50 0.5, 3 0.5
All TEAEs, n ( %) 5 (41.7) 11 (47.8) 5 (55.6) 13 (72.2) 7 (100.0) 3 (100.0)

Mild TEAE 2 (16.7) 8 (34.8) 2 (22.2) 6 (33.3) 6 (85.7) 3 (100.0)
Moderate TEAE 3 (25.0) 3 (13.0) 3 (33.3) 7 (38.9) 1 (14.3) 0
Severe TEAE 0 0 0 0 0 0
Related TEAE 1 (8.3) 2 (8.7) 1 (11.1) 2 (11.1) 0 1 (33.3)

SAE, n ( %) 0 0 0 0 0 0
Deaths, n ( %) 0 0 0 0 0 0
Treatment discontinuation due to AE, n ( %) 0 0 1 (11.1) 1 (5.6) 0 0
Study withdrawal due to AE, n ( %) 0 0 1 (11.1) 0 0 0

AE, adverse event; MAD, multiple-ascending dose; SAD, single-ascending dose; SAE, severe adverse event; TEAE, treatment-emergent adverse event.

Fig. 2. Mean concentration-time profiles from the SAD and MAD cohorts.
* Indicates the number of participants with complete plasma BIIB113 concentration-time profiles available. † Indicates the number of participants with evaluable 
plasma BIIB113 concentration-time profiles per study arm. MAD, multiple-ascending dose; SAD, single-ascending dose; SD, standard deviation.
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fold) accumulation in Cmax and AUC from 0 to 24 h (AUC0–24). Renal 
clearance was a minor route of elimination for BIIB113 (<5 % of the 
dose) in the SAD and MAD substudies.

3.5. Effect of fasted and fed conditions and age stratification on the 
pharmacokinetics of BIIB113

The plasma BIIB113 pharmacokinetic results after administration of 
a single 15-mg oral dose in the fed and fasted states are presented in 
Fig. 2C and Supplemental Table 3. Administration of BIIB113 with a 
high-fat meal had no significant clinical effect on AUClast or AUCinf 
relative to administration in the fasted state. Following a single oral dose 
in the fasted state, BIIB113 was rapidly absorbed, with the median time 
to maximum observed concentration (Tmax) ranging between 1.0 and 1.5 
h postdose over the dose range of 0.5 to 50 mg. The geometric mean t1/2 
of BIIB113 was approximately 30 h in the 1-, 3-, 15-, and 50-mg dose 
cohorts. Under fasted conditions, BIIB113 systemic exposure increased 
in an approximately dose-proportional fashion over the dose range of 
0.5 to 50 mg. Renal excretion was a minor route of elimination for 
BIIB113. The administration of BIIB113 with food did not affect the 
extent of absorption as evidenced by the lack of a relevant change in 

AUC after administration with or without food; however, the rate of 
absorption was reduced (50 % decrease in Cmax and a 2-h increase in 
Tmax).

The plasma BIIB113 pharmacokinetic profiles in elderly (65 to 75 
years of age) and nonelderly (18 to 64 years of age) participants are 
shown in Fig. 2D. Plasma BIIB113 Cmax and Tmax values were similar 
after a single 15-mg dose of BIIB113 administered in a fasted state in the 
SAD substudy and after the first dose in both of the MAD cohorts (Cohort 
9/elderly participants and Cohort 6). The geometric mean plasma 
BIIB113 pharmacokinetic parameters were generally similar in the MAD 
cohorts; the geometric mean accumulation ratio on Day 14 for the 
AUCtau was slightly higher in the elderly (2.61) compared with the 
nonelderly (1.99) cohort but was not clinically relevant. These results 
suggest that there are no clinically meaningful differences in the phar
macokinetics of BIIB113 between elderly (65 to 75 years of age) and 
nonelderly (18 to 64 years of age) participants after single and multiple 
doses of BIIB113 QD for 14 days.

3.6. OGA-PET target occupancy of BIIB113

The target occupancy of OGA by BIIB113 is presented in Fig. 3. Ten 

Fig. 3. OGA-PET target occupancy and plasma concentration of BIIB113.
The line (panel B) is the fit of an Emax model to the observed data. EC50, half-maximal effective concentration; EC90, 90 % effective concentration; Emax, maximum 
effect; OGA, O-GlcNAcase; PET, positron emission tomography; QD, once daily.
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participants were dosed with BIIB113 and imaged at various time points 
after administration (Supplemental Table 4). A single dose of BIIB113 
3 mg maintained >90 % target occupancy up to 48 h after administra
tion. A single 0.5-mg dose was associated with 90.1 % target occupancy 
at 2 h after administration. The binding was reversed to approximately 
50 % at the 72-h postdose assessment.

Target occupancy was also assessed in a multiple-dose setting in 
which participants were treated QD for 14 days. Multiple doses of 
BIIB113 0.5 mg maintained ≥90 % target occupancy for up to 48 h after 
administration (Fig. 3A) and maintained a target occupancy of 65.2 % 
for up to 72 h after administration. There was no shift in target occu
pancy following multiple doses of BIIB113.

A simple Emax model describes the relationship between plasma 
BIIB113 concentrations and target occupancy observed on Days 1 and 14 
(Fig. 3B). There was no apparent delay between the presence of BIIB113 
in plasma and target occupancy. The EC50 was approximately 0.17 nM 
(0.0658 ng/mL), and the EC90 was 2.32 ng/mL. There was no difference 
in the relationship on Day 1 and Day 14 QD administration. Thus, 
BIIB113 0.5 mg QD can achieve a mean target occupancy of ≥90 % over 
the entire dosing interval.

3.7. Cardiodynamic exploratory objectives

BIIB113 had no clinically relevant effect on heart rate or cardiac 
conduction, defined as the PR or QRS intervals, i.e. the time from the 
beginning of the P wave (atrial depolarization) to the beginning of the 
QRS complex (ventricular depolarization). Based on the concentration- 
QTc analysis, an effect on the placebo-corrected change from baseline 
in QTcF exceeding 10 ms can be excluded within the full observed range 
of BIIB113 plasma concentrations up to approximately 900 ng/mL. The 
information obtained from characterisation using the various tools 
above, led to the confirmation of the proposed structures for CuAL in 
Figure 1 and CuGe in Figure 2, respectively.

3.8. Assessment of CYP3A activity in the MAD substudy

The absolute median percent changes from baseline on Days 7 and 14 
of BIIB113 administration (15 and 50 mg QD) were <20 % for choles
terol and 4β-hydroxycholesterol, consistent with no meaningful induc
tion of CYP3A by BIIB113 at doses up to 50 mg QD. Change from 
baseline and percent change from baseline in plasma cholesterol and 4β- 
hydroxycholesterol levels are presented in Supplemental Tables 5 and 
6.

4. Discussion

BIIB113 is an oral small-molecule inhibitor of OGA that had an 
acceptable safety profile and was well tolerated after single and multiple 
oral doses up to 50 mg in healthy adult participants in this Phase 1 study. 
Across all study arms, AEs were mild or moderate in intensity with no 
deaths, severe AEs, or SAEs observed. The pharmacokinetics of BIIB113 
were linear over the dose range studied, with a t1/2 of approximately 30 
h, demonstrating that QD dosing is appropriate for BIIB113. Renal 
clearance was a minor route of elimination for BIIB113. The adminis
tration of BIIB113 with food did not affect the extent of absorption but 
decreased the rate of absorption. Furthermore, there were no clinically 
meaningful differences in the pharmacokinetics of BIIB113 between 
elderly and nonelderly participants after single and multiple oral doses 
of BIIB113 15 mg. The elderly population included in this study reflects 
the age range of the target population in AD. In the OGA-PET substudy, 
multiple oral QD doses as low as BIIB113 0.5 mg maintained a target 
occupancy of ≥90 % up to 48 h after last dose administration. BIIB113 
had no clinically relevant effect on cardiovascular function. There were 
no significant increases in levels of 4β-hydroxycholesterol observed over 
the dose range of 15 to 50 mg QD, which suggests that there was no 
induction of CYP3A by BIIB113.

Results emanating from the use of the OGA-PET tracer in the present 
study suggest its importance as a clinical development tool for dose 
selection in future studies. However, it has yet to be determined whether 
OGA inhibition is beneficial for the treatment of AD and other 
tauopathies.

OGA is a highly ubiquitous enzyme [25], and long-term exposure to 
OGA inhibitors, traditionally 18 months in clinical trials of patients with 
AD, are needed to understand its safety profile and efficacy. Ceper
ognastat (LY3372689) was the first small-molecule OGA inhibitor to 
advance to a Phase 2 clinical trial [26]. Ceperognastat failed to 
demonstrate benefit in clinical endpoints despite high levels of target 
engagement in patients with AD who met the inclusion criteria of 
low-medium and high baseline tau PET burden. Of note, in the 
low-medium tau burden group, the high-dose group performed worse on 
the primary endpoint, whereas the low-dose group showed a trend to
wards improvement compared with the placebo group. On the other 
hand, volumetric magnetic resonance imaging changes indicated less 
brain volume loss in the treatment arms, and tau PET and fluid 
biomarker changes suggested a treatment effect on tau pathology and 
neuroinflammation, in alignment with findings in model systems of 
preclinical disease. The lack of clinical benefit despite evidence of 
biomarker changes may indicate that the biomarker changes were not 
robust enough to impact the progression of the disease in the patient 
population studied. Furthermore, many proteins are altered by 
O-GlcNAcylation; thus, OGA inhibition may have elicited pathway re
sponses that negatively impacted clinical outcome measures. For 
example, a recent study described synaptic toxicity associated with OGA 
inhibition [27]. The pleiotropic nature of O-GlcNAc biology poses a 
potential challenge to develop OGA inhibitors for the treatment of 
chronic neurodegenerative diseases. Current studies of OGA inhibition 
offer the opportunity to learn more about the effect of OGA inhibition on 
measures of clinical efficacy, biomarkers, and safety.

4.1. Study limitations

This first-in-human study of BIIB113 has a relatively small sample 
size, as is typical of Phase 1 studies, and it was conducted in healthy 
volunteers for a short duration (14 days) in the MAD substudy. In this 
study, BIIB113 0.5 mg QD achieved ≥90 % target occupancy of OGA 
over the dosing interval studies. Whether this high occupancy of the 
OGA enzyme by BIIB113 could have effects on tau measured by tau PET 
or other tau biomarkers will require evaluation in a larger clinical study 
in patients with AD. Additionally, the exclusion of fertile male partici
pants may have influenced the female:male ratio in the study cohorts as 
a higher number of female participants were enrolled in all cohorts.

5. Conclusions

In this Phase 1 trial, BIIB113 had an acceptable safety profile and was 
well tolerated by healthy adult participants after single and multiple oral 
doses up to 50 mg, and there were no clinically meaningful differences in 
the pharmacokinetics of BIIB113 between elderly and nonelderly par
ticipants. Multiple 0.5-mg doses of BIIB113 maintained OGA target oc
cupancy of ≥90 % up to 48 h after the last dose administration.
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