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Abstract

Background Ofatumumab, a fully human anti-CD20 monoclonal antibody indicated for the treatment of relapsing forms of
multiple sclerosis (RMS), binds to a unique conformational epitope, thereby depleting B cells very efficiently and allowing
subcutaneous administration at lower doses.

Objectives The aims were to characterize the relationship between ofatumumab concentration and B cell levels, including the
effect of covariates such as body weight, age, or baseline B cell count, and use simulations to confirm the chosen therapeutic dose.
Methods Graphical and regression analyses previously performed based on data from a dose-range finding study provided
the B cell depletion target used in the present work. All available adult phase 2/3 data for ofatumumab in RMS patients were
pooled to develop a population pharmacokinetics (PK)-B cell count model, using nonlinear mixed-effects modeling. The
population PK-B cell model was used to simulate B cell depletion and repletion times and the effect of covariates on PK
and B cell metrics, as well as the dose response across a range of subcutaneous ofatumumab monthly doses.

Results The final PK-B cell model was developed using data from 1486 patients. The predetermined B cell target was best achieved
and sustained with the 20-mg dose regimen, with median B cell count reaching 8 cells/uL in 11 days and negligible repletion
between doses. Only weight had a significant effect on PK, which did not translate into any clinically relevant effect on B cell levels.
Conclusion The PK-B cell modeling confirms the dose chosen for the licensed ofatumumab regimen and demonstrates no
requirement for dose adjustment based on adult patient characteristics.

Ofatumumab is a fully human anti-CD20 monoclonal
antibody for patients with relapsing multiple sclerosis
that is self-administered, with a once-monthly injection,
delivered subcutaneously. Ofatumumab works by bind-
ing to a distinct epitope on the CD20 molecule, inducing
potent B cell lysis and depletion.
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1 Introduction

Multiple sclerosis (MS) is a chronic autoimmune disorder
that affects the central nervous system. B cells are involved
in the pathogenesis of immune-mediated diseases, includ-
ing MS, through a number of mechanisms [1-4]. In MS,
B cells have been proposed to act via antibody production
and antigen presentation for the activation of T cells, but
also as an essential source of pro-inflammatory cytokines,
which together can lead to the orchestrated inflammatory
infiltration of the central nervous system. Targeted deple-
tion of CD20+ B cells is an effective method of suppress-
ing inflammatory activity in MS while sparing protective
immunity [5].

Ofatumumab is a fully human anti-CD20 monoclonal
antibody, with a 20-mg subcutaneous (SC) monthly dosing
regimen that has been approved in the United States (US),
the European Union (EU), and several other countries for the
treatment of relapsing forms of MS (RMS), to include clini-
cally isolated syndrome, relapsing-remitting disease, and
active secondary progressive disease in adults (US) [6], or in
adults with active disease defined by clinical or imaging fea-
tures (EU) [7]. B cell lysis resulting from ofatumumab bind-
ing primarily occurs through complement-dependent cyto-
toxicity and antibody-dependent cell-mediated cytotoxicity.

Unlike rituximab and ocrelizumab, which only bind to
the large extracellular loop of the CD20 antigen, ofatu-
mumab binds to two distinct regions within the large and
small extracellular loops [8]. Such binding on a unique
conformational epitope is characterized by a low off-rate
and greater complement-dependent cytotoxicity [8]. As
a result, ofatumumab has higher potency compared with
these earlier anti-CD20s, depleting B cells more effi-
ciently, thereby allowing for SC administration at lower
doses [9].

The initial phase 2 program for ofatumumab included
two placebo-controlled studies in patients with relapsing-
remitting MS (RRMS). Study OMS115102 of ofatumumab
administered intravenously (IV) suggested a clinically
meaningful effect of ofatumumab (> 99% reduction in new
gadolinium-enhancing (Gd-enhancing) T1 lesions at weeks
8-24), with no unexpected safety concerns [10]. The subse-
quent MIRROR SC dose-finding study (OMS112831) dem-
onstrated a rapid, dose-dependent reduction in B cell counts
and a reduction in Gd-enhancing T1 lesions by over 90%
(cumulative doses > 30 mg given every 12 weeks [q12w]
SC) relative to placebo [11].

The efficacy and safety of ofatumumab have been con-
firmed in two identically designed pivotal phase 3 stud-
ies versus the active comparator teriflunomide (ASCLE-
PIOS I and II [COMB157G2301 and COMB157G2302])
in patients with RMS [12]. In these phase 3 studies,
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ofatumumab—administered using the SC regimen of 20-mg
initial loading doses given at day 1, 7, and 14, followed by
subsequent monthly (q4w) 20-mg dosing starting at week 4
(no dose on day 21 [week 3])—was associated with a rapid and
sustained B cell depletion over 96 weeks during active treat-
ment [12]. This resulted in a 51-58% reduction in the number
of clinical relapses (as assessed by the annualized relapse rate;
primary endpoint), a 94-97% reduction in the number of Gd-
enhancing T1 lesions, and a 34-35% reduction in the risk of
3-month confirmed disability worsening, versus teriflunomide
14 mg once daily. Additionally, the phase 2 APLIOS study
(COMB157G2102), while demonstrating the pharmacokinetic
(PK) bioequivalence of ofatumumab injected by the prefilled
syringe (PFS) versus an auto-injector (AI) pen (Sensoready®
Pen), also showed that ofatumumab administered using the
same dosing regimen as the phase 3 studies resulted in a rapid
and close to complete B cell depletion over 12 weeks [13].
Finally, a phase 2 study comparing ofatumumab 20 mg SC
and placebo in Japanese versus non-Japanese RMS patients
(APOLITOS [COMB157G1301]) has also been completed
since this analysis was performed, and will be discussed in
the context of our findings.

In a previous work, a B cell-magnetic resonance imaging
(MRI) lesion model was developed based on the MIRROR
phase 2 dose-finding study (AAN 2017 [14]). The results
of this analysis along with dose—B cell modeling based on
the same data (ACTRIMS-ECTRIMS 2017 [15]) provided
both the target for B cell depletion and the rationale for dose
regimen selection in phase 3 trials (Savelieva et al., 2021;
manuscript in preparation).

In the present work, data from all five studies, represent-
ing all the RMS studies that included ofatumumab plasma
concentration and B cell data available at the time of this
analysis, were pooled to develop a pharmacokinetic—phar-
macodynamic (PKPD) model of the ofatumumab concen-
tration—B cell count relationship. Our approach included the
following steps:

1. Present the relationship between B cell levels and lesion
suppression, including the level of B cell depletion
required for maximal suppression of Gd-enhancing T1
lesions.

2. Characterize the PKPD relationship between the ofatu-
mumab drug concentrations and B cell counts in RMS
patients.

3. Predict and compare ofatumumab PK and B cell dynam-
ics given different dose regimens, including the phase 3
dose regimen, through PK-B cell model simulations. In
particular, the pharmacodynamics (PD) were assessed
for their ability to attain the target B cell count deter-
mined in the first step; the dynamics of B cell repletion
after dose discontinuation were also assessed.
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4. Explore the effect of covariates, such as body weight,
age, administration route (IV vs. SC), SC injection
device, and baseline B cell count, on the PK and B cell
dynamics. Based on these findings, the present paper
will draw conclusions regarding the optimal dose regi-
men for ofatumumab in RMS, including different patient

subgroups.
2 Methods
2.1 Data

The analysis of ofatumumab plasma concentration and B cell
counts over time was performed using data from five studies
of ofatumumab (three phase 2 and two phase 3), as described
in Table 1.

Ofatumumab concentrations were quantified in plasma
with a validated chemiluminescence assay (enzyme-linked
immunosorbent assay [ELISA]) using a mouse anti-ofatu-
mumab idiotypic antibody for capture and a horseradish
peroxidase (HRP) conjugated mouse anti-human IgG1 (Fc-
specific) antibody followed by the addition of a chromog-
enic substrate for detection. The lower limit of quantification
(LLOQ) varied by study, with a value of 0.1 mg/L for stud-
ies OMS115102 and MIRROR and 0.05 mg/L for studies
APLIOS and ASCLEPIOS I and 1II.

B cell kinetics were assessed with routine fluorescence-
activated cell sorter analysis using another B cell-specific
surface protein, CD19. Cell counts down to O cells/uL were
quantified in APLIOS and ASCLEPIOS I and II, and as low
as 5 cells/uL in OMS115102 and MIRROR.

B cell data from ASCLEPIOS I and II were reported to a
different number of significant digits than the other studies.
B cell counts were rounded to the nearest 10 cell/uL such

that a B cell count of, for example, 0, 10, and 20 cells/uL
corresponded to interval-censored data with limits (0, < 5),
(5, < 15), and (15, < 25), respectively. It was decided to
model the ASCLEPIOS B cell data as interval censored.

Data below the LLOQ for the PK and B cells, and the
interval-censored B cell data in the phase 3 studies were
handled as explained in https://monolix.lixoft.com/data-and-
models/censoreddata [16].

All concentration and B cell count data were included
in the analysis. Missing covariate data were imputed to the
median value of the population.

2.2 B Cell-Depletion Target

Graphical and regression analyses of data from 231 patients
in the MIRROR study had previously been used to inves-
tigate the relationship between CD19+4 B cell counts and
reduction in cumulative Gd-enhancing T1 lesion volumes at
week 24 under ofatumumab administration (AAN 2017 [14])
(Savelieva et al., 2021; manuscript in preparation). Firstly,
new cumulative Gd-enhancing T1 lesion volume data were
plotted versus the mean B cell count from week 4 to week
20 (during which time most patients had reached their maxi-
mum level of B cell depletion). Patients were binned into
three B cell groups (< 8, > 8-32, and > 32 cells/pL) and also
grouped by baseline Gd-enhancing T1 lesion count (0 or > 1
lesion). The cumulative lesion volume was used rather than
the cumulative lesion count as it allowed for a better signal
detection based on preliminary data exploration.
Secondly, in order to characterize the relationship
between the extent of B cell count reduction and MRI activ-
ity, a negative binomial regression model related the cumu-
lative volumes of new Gd-enhancing T1 lesions to three key
factors: (1) the average B cell levels from weeks 4 to 20,
(2) the number of lesions at screening (0 or > 1 lesion),

Table 1 Characteristics of the studies included in the PKPD model development

Studies Phase Patients® Administra- Ofatumumab dosage regimen Study duration
tion route
and device
OMS115102 [10] 2 RRMS; N=25 IV 100, 300, or 700 mg at week O and 2 or at week 24 and 26 48 weeks + FU
MIRROR [11] 2 RRMS; N=231 SCbyPFS 0, 3, 30, or 60 mg q12w or 60 mg q4w 48 weeks + FU
APLIOS [13] 2 RMS; N=284 SCbyPFS Same as for ASCLEPIOS 12 weeks
(N=143)
or Al (N =
141)
ASCLEPIOS Iand IT [12] 3 RMS; N=946 SCbyPFS 20 mg q4w after 20-mg initial doses at days 1, 7, and 14  Up to 120
weeks (30
months)

Al auto-injector, FU follow-up, IV intravenous, N number of patients from each study who were included in the final model, PFS prefilled
syringe, PKPD pharmacokinetic—pharmacodynamic, RMS relapsing multiple sclerosis, RRMS relapsing-remitting multiple sclerosis, SC subcu-

taneous, g4w every 4 weeks, g/2w every 12 weeks

*Patients treated with ofatumumab and with B cell data who were included in the final model
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and (3) the different ofatumumab treatment groups. In this
model, the effect of B cell count on MRI lesion reduction

was described by a maximum drug effect (E

max) function

(modeling details in poster AAN 2017 [14] available on
demand). A target B cell count was chosen based on the
graphical and regression analyses results (AAN 2017 [14])
(Savelieva et al., 2021; manuscript in preparation).

2.3 PKPD Modeling and Simulation

The PKPD modeling and simulation consisted of four major
steps, including two for the modeling part and two for the
simulation part:

1.

A base structural population PK-B cell count model was
developed to assess the relationship between PK and B
cells. Three main types of model were used as starting
models: the target-mediated drug disposition (TMDD)
model after Struemper et al. [17]; the binding model and
its approximations with the B cell count as the target
[18]; and the binding model and its approximations to
describe the concentration data, with an indirect response
model to describe the B cell count dynamics. All models
were fitted to the concentration and B cell data simulta-
neously using Monolix (v.2019R2). The final base model
evaluation was assessed by using likelihood-based crite-
ria (— 2 X log-likelihood (LL), Akaike's Information Cri-
teria (AIC), Bayesian Information Criteria (BIC)), good-
ness-of-fit plots, parameter estimation convergence, the
precision and correlations of parameter estimates, and the
distribution of random effects using five samples from
the conditional distribution to account for the uncertainty
in the empirical Bayes estimates (https://monolix.lixoft.
com/tasks/conditional-distribution).

Time effects in the PK were tested in the different
structural models by including a time component of the
form 0(t) = 0, + (6, — Qoo)e_;ff%’, where 6, and 6, are
the parameter values at time 0 and infinity, respectively,
and kg, is the time rate constant on receptor synthesis
rate constant. This time-effect model was tested on the
bioavailability (F), clearance (CL), and target synthesis
rate parameters.

A covariate analysis was performed using a priori
selected covariate—parameter relationships, as well as
covariate—parameter relationships significant at the p =
0.001 level using the Pearson correlation and analysis of
variance (ANOVA) tests for continuous and categorical
covariates, respectively, in order to select a full covariate
model. The a priori covariates were selected based on
an initial population PK analysis of the PK data from
the five studies and included the following covariate—
parameter relationships: baseline weight on CL, central
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volume of distribution (V,), intercompartmental flow
(Q), absorption rate constant (k,), elimination rate con-
stant for complex (kp)), synthesis rate constant at time 0
(Kgyno); sex on F; Al on kp); and IV administration route
on Ky

Candidate covariates to determine the full model

included baseline body weight, baseline age, gender,
race, route of administration, SC injection device, base-
line B cell count, and study. The parameter—covari-
ate relationships that were included in the full model
were selected by visualizing the conditional distribu-
tion samples versus covariate scatter plots, as well as
covariate—parameter relationships significant at the p =
0.001 level using the Pearson correlation and ANOVA
tests for continuous and categorical covariates, respec-
tively, also using the conditional distribution samples
[Statistical tests for model building on Monolix (lixoft.
com)]. A one-at-a-time backward elimination procedure
was then performed to obtain a final model by reducing
the covariate model to include only covariates with sig-
nificant effects based on the Wald test at the p = 0.001
level. Outputs from Monolix were used to perform this
covariate analysis.
Simulations were performed using the final PK-B cell
model for the general RMS population—i.e., all the patients
observed across the five studies included in the modeling
dataset—with the drug administered SC using the PFS
(since this was the primary studied route of administra-
tion and device, and provided the largest amount of data
for the model development). The relationships between
ofatumumab doses and B cell response at 7 days, 28 days,
3 months, 6 months, 1 year, and 2 years were simulated
across a range of ofatumumab doses (1, 2, 5, 10, 20, or 40
mg) administered with the phase 3 dosing regimen (sched-
ule used in the phase 3 regimen, i.e., three initial loading
doses given weekly followed by monthly doses starting
from week 4)—referred to as the ‘monthly schedule.’

The ofatumumab concentration profile and B cell
count dynamics were then simulated using the phase 3
dosing regimen (i.e., three initial loading doses of 20 mg
administered weekly followed by monthly 20-mg doses
from week 4—referred to as ‘monthly 20-mg regimen’).
The clinical relevance of the covariates selected for
the final model were assessed (assuming the phase 3
dose regimen with SC PFS administration) by simulat-
ing their effect on (1) the steady state PK metrics area
under the curve (AUC) after 2 years after the start of
dosing and (2) B cell metrics 2 years after start of dos-
ing (at day 728) and time to return to the lower limit of
normal (LLN) (40 cells/uL) after dosing stops at 2 years.
For this purpose, 1000 patients were simulated from the
inter-individual random effects distribution at the 5th
and 95th percentiles of the patient covariate distributions
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of baseline weight, age, and B cell count (observed in
the pooled data from the five studies).

When simulation of each covariate effect was per-
formed, the other covariates included in the final model
were fixed to the median value or typical values, if cat-
egorical.

The steps are summarized in Fig. 1. Nonlinear mixed-
effects modeling was performed using Monolix (v.2019R2)
and R (v.3.6.1) programs.

3 Results
3.1 Summary Statistics

All studies included adult RMS patients with an Expanded
Disability Status Scale (EDSS) score of 0-5.5 at screening.
Baseline summary statistics of the covariates used in the
analyses, as well as additional baseline measures including
EDSS and measures of inflammatory status and subclinical
disease burden, were broadly similar among the five studies
(Table 2).

3.2 Data
3.2.1 PKData

A total of 9168 plasma concentrations provided by 1440
patients with RMS were included in the PK analysis. PK
data of the placebo group were removed, as well as miss-
ing PK data, accounting for the difference between 1440
and the total number of patients (1486). In addition, since
there was an underprediction in the 700-mg group found in
all PK models tested, which was not the case for any of the
other doses, and since, in addition, 700 mg was considered
to be distant from the selected therapeutic SC dose regi-
men, it was decided not to include this dose in the analysis.
Data corresponding to rich PK profiles were available from
320 patients in studies OMS115102 and APLIOS, provid-
ing 4294 concentrations, of which 598 were below the limit
of quantification (BLOQ) (14%). The MIRROR study had
a placebo arm and four dose regimens, including 3, 30, and
60 mg q12w as well as 60 mg g4w, providing 650 concentra-
tions, of which 461 were BLOQ (71%). The phase 3 studies
ASCLEPIOS T and II provided mainly pre-dose concentra-
tions, with a median of five samples per participant from
912 patients and a total of 4495 concentrations, of which
570 were BLOQ (13%).

[ METHOD ] RESULTS ]
PK analysis B-cell analysis
Modeli 9168 plasma concentrations 17158 B-cell samples
oaeling From 1440 patients From 1486 patients
Step 1

PK-B-cell count models exploration
and selection
TMDD model after Struemper; binding model
and approximations indirect response model,

Selected PK model
Quasi-steady state binding model with two
compartments and first order absorption

Selected B-cell model
Indirect response model to stimulate B-cell
lysis by free ofatumumab concentrations

combinations and variations

v

( Step 2 ) 4 . N ~
Covariate analysis R Weiah Selectefd PK.Cf)varllates. o Selected B-cell covariates

Covariates with significant effect based on ” eight, route o :dmlnlstratlon, injection Weight, age, baseline B-cell counts, study

\_ Wald test were included in final model ) L evice ) L )

Simulation v

( Step 3 ) ( Optimal dose 7\ (Median time to deplete < B-cell target (8 ceIIsIuL)?

Simulation of range of doses, drug 5| Low and sustained levels of exposure with ~ f— S 11 days .

concentration and B-cell count profiles 4 20 mg monthly (q4w) Median time to replete to LLN after last dose:

\_based on final model for the RMS population ) _ ) < 6 months (~ 23 weeks) )

v

v

covariates to assess their clinical relevance

Step 4
Simulation of the effect of final selected

Effect of covariates using 20 mg (phase 3) regimen

- Weight had an effect on PK but negligible effect on B-cell depletion
- Age and injection device had negligible effect on both PK and B-cell counts

Fig.1 Modeling steps and results. LLN lower limit of normal, PK pharmacokinetics, g4w every 4 weeks, RMS relapsing multiple sclerosis,

TMDD target-mediated drug disposition
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Table 2 Covariate summary statistics at baseline by study

Variable (N) OMS115102 (25) MIRROR (231)  APLIOS (284) ASCLEPIOS 1 ASCLEPIOS IT All (1486)
(465) (481)

Route of adminis-  AI=0 Al=0 Al =141 Al=0 Al=0 Al = 141
tration (IV, PFS PFS =0 PFS =231 PFS =143 PFS = 465 PFS =481 PFS =1320
[SClor AI[SC]) IV=25 V=0 V=0 V=0 V=0 V=25

Age (years) 36.2 (7.5) 37.1(94) 37.3(8.9) 38.9 (8.8) 38.0(9.3) 37.9(9.1)

33 [26-52] 38 [18-56] 37 [18-55] 40 [19-56] 38 [18-56] 38 [18-56]

Weight (kg) 73.6 (14.9) 73.4 (17.0) 73.7 (18.4) 74.8 (19.9) 73.6 (19.0) 74.0 (18.8)

Sex (% female)

76.0 [48.0-104.0]
64.0

70.0 [42.0-136.0]
67.1

70.0 [44.6-168.0]
70.1

70.2 [41.2-171.5]
68.4

70.0 [40.5-157.9]
66.3

70.0 [40.5-171.6]
67.8

Race (n)
White/Caucasian 25 225 275 411 418 1354
Black/African 0 2 6 15 13 36
American
Asian 0 1 0 15 21 37
Unknown 0 0 0 2 9 11
Other/American 0 3 3 22 20 48
Indian or Alaska
Native
CD19+ B cell count 237.1 (125.4) 2452 (127.9) 238.7 (126.9) 223.0 (124.6) 210.9 (129.0) 225.8 (127.5)
(cells/uL) 194 [69-534] 220 [87-1091]  218.5[15-859] 200 [0-1070] 180 [0-1520] 200.0 [0-1520]
EDSS? 2.9(1.2) 2.3(1.2) 3.0(1.3) 3.0 (1.4) 2.9(1.3) 2.8(1.3)
3.0 [1.0-5.0] 2.0 [0.0-5.5] 2.5[0.0-5.5] 3.0 [0.0-6.0] 3.0 [0.0-6.0] 2.5 [0.0-6.0]

Number of relapses
in the previous 2
years

2.4 (1.5); 2 [1-6]

Gd-enhancing T1 lesions count

1.8 (0.9); 2 [1-5]

2.3 (1.9); 2 [0-22]

2.1(1.2);2[0-9]

2.0 (1.3); 2 [0-8]

2.1 (1.4); 2 [0-22]

0.5 (0.8) 32(7.1) 1.5(5.0) 1.7 (4.9) 1.6 (4.1) 1.9(5.1)
0 [0-2] 1 [0-75] 0 [0-60] 0 [0-47] 0 [0-58] 0 [0-75]
Patients with at 32.0 51.1 37.7 374 43.9 41.6
least 1 Gd-
enhancing T1
lesion (%)
Volume of T2 10.2 (9.0) 10.9 (12.6) 13.6 (16.7) 13.2 (13.3) 14.3 (14.2) 13.2 (14.2)
lesions (cm?) 9.3[0.3-28.7] 6.8 [0.0-111.3] 7.1[0.1-129.4] 8.8 [0.1-85.9] 9.0 [0.1-81.9] 8.1[0.0-129.3]

Eligibility was assessed at the screening visit

For continuous covariates, mean (SD) and median [range] are reported

Al auto-injector, EDSS Expanded Disability Status Scale, Gd-enhancing gadolinium-enhancing, IV intravenous, N number of patients included
in the PK-B cell analysis, n number of patients in each ethnic group, PFS prefilled syringe, SC subcutaneous, SD standard deviation,

“Baseline EDSS score was defined as the score at the last assessment before the first dose administration of trial drug

3.2.2 BCell Data

A total of 17,158 B cell samples provided by 1486 patients
with RMS were included in the B cell analysis. Among these
samples, 718 (4%) were BLOQ from studies OMS115102
and MIRROR. Studies OMS115102 and MIRROR provided
information about the B cell depletion as well as repletion,
while studies APLIOS and ASCLEPIOS I and II provided
data corresponding mainly to depletion as nearly all patients
remained on treatment for the period of time during which
they provided data.

A\ Adis

3.2.3 Data Handling and Exploration

Two participants had missing baseline B cell values, which
were imputed to the median value of the population (200
cells/uL). Two other participants had baseline B cell values
as 0, which faced the numerical difficulty in log transforma-
tion when performing covariate analysis, and therefore were
imputed as 1. There was no other missing data in covariates.

A thorough immunogenicity assessment of ofatumumab
based on data from all five studies was conducted (data on
file). The overall incidence of positive anti-drug antibodies
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in patients with RMS was low (< 2%). This included 1.17%
patients with pre-existing anti-drug antibodies, which is in
line with the 1% false-positive target for defining the con-
firmatory cut-point. The proportion of patients with treat-
ment-induced anti-drug antibodies was 0.5% (7/1476). There
was no impact of positive anti-drug antibody titers on PK,
safety profile, or B cell kinetics in any of the patients.

3.3 B Cell Depletion Target

Data from the dose-finding MIRROR study previously
showed that the cumulative volume of new Gd-enhancing T1
lesions at week 24 depended on average B cell levels (weeks
4-20) (AAN 2017 [14]) (Savelieva et al., 2021; manuscript
in preparation).

In the exploratory graphical analysis, B cell counts were
divided into three groups (< 8, > 8—< 32, > 32 cells/uL),
8 cells/pL being an arbitrarily chosen cut-off representing
close to complete depletion. High levels of both CD19+
B cell numbers (average, weeks 4-20) and lesion counts at
screening were associated with increased cumulative MRI
lesion volumes by week 24 (Fig. 2). The largest reduction in
the cumulative volume of new Gd-enhancing T1 lesions was
observed when the B cell count was < 8 cells/pL regardless
of the presence of lesion activity at screening.

Model-based predictions were consistent with the find-
ings of the graphical exploration (modeling results in poster
AAN 2017 [14] available on demand). The negative bino-
mial regression model confirmed that a consistent reduc-
tion in B cell count (e.g., < 8 cells/pL) yielded a superior

control of cumulative Gd-enhancing T1 lesion volumes at
week 24, even after correcting for Gd-enhancing T1 lesion
count at screening; the efficacy of ofatumumab regimens was
explained by its effect on B cell counts. This indicated that
the dosage regimen could be selected based on its ability to
achieve and maintain low levels of B cells. Since reduction
of B cell count below 8 cells/puL provided the best control
in terms of lesion volumes, this level had been chosen as
the B cell target (AAN 2017 [14]) (Savelieva et al., 2021;
manuscript in preparation).

3.4 PKPD Modeling
3.4.1 PKModel

A quasi-steady state binding model with central and periph-
eral plasma compartments and a first order absorption for
SC administration of ofatumumab adequately described ofa-
tumumab PK. A slight increase of ofatumumab concentra-
tions over time was observed in the phase 3 ASCLEPIOS
studies (Supplementary Fig. 1, see the electronic supple-
mentary material). This was described in the model by a
time-dependent effect on the CD20 synthesis rate (visual
predictive checks [VPC], Supplementary Fig. 2). Time-vary-
ing parameters were tested in the different models including
F, CL, or synthesis rate constant (ksyn) parameters. When the
models were fitted with data from all five studies, the model
with the time effect on y,, provided the best criterion value.
It was decided to keep this model as the final model, though
with certain limitations (see “Discussion”).

Fig. 2 Cumulative volume of No Gd+ T1 lesions at screening One or more Gd+ T1 lesion at screening
new Gd+ T1 lesions at week
24 by CD19+ B cell count and N=30 N=17 N=42 N=28 N=31 N=44
the number of Gd+ T1 lesions 1800+
at screening. Gd+ gadolinium- _
enhancing, SE standard error 5 % 1600+ T
1S
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ERY
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3 & 1000

ES

28 8004

W
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c é 600 - —|_

S 3 400 il
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Categorized mean CD19+ B-cell count across 4-20 weeks (cells/uL)
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Covariates that were included in the final model were
weight, route of administration (IV vs. SC [reference]) and

injection device (Al vs. PFS [reference]) (Fig. 1).

3.4.2 B Cell Model

An indirect response model was selected to describe the
stimulation of B cell lysis by free ofatumumab concentra-
function). Two B cell compartments
were included and parameterized in terms of clearances
and volumes; the hypothetical physiological spaces they
represent in the body were the central compartment, as in
the PK model, and a peripheral compartment specific to the
B cells, which is different to the PK ‘peripheral’ compart-
ment. Covariates included in the final model were weight,

tions (sigmoid E,,,

age, baseline B cell counts, and study (Fig.

3.4.3 Final Model Description

A schematic representation of the compartments, their inter-
actions, and the corresponding variables is given in Fig. 3.
The mathematical description for the final model is given
below, and the PK and PD parameter estimates are displayed

in Table 3.

).

state value, synthesis rate constant at time infinity (Kyp,)-
The peripheral volume of distribution (V) was fixed to a
typical value as reported in Ryman and Meibohm [19], and
the dissociation constant (Kp,) as well as the dissociation rate
constant (k.4 were fixed to preclinically estimated values.
Inter-subject variability was included on all estimated PK
parameters. Inter-subject random effects were assumed to
be normally distributed on the log-transformed parameter
scale, while the bioavailability was logit transformed. A
block covariance structure was included on the PK param-
eters CL, k,, and kg, and another block included on kg,
receptor amount at baseline (R,), and k). The residual
error was quantified by a combined proportional and addi-
tive error model. The B cell count model was related to the
model predicted free ofatumumab concentrations through a
sigmoid E,,, function for the stimulation of B cell lysis in
an indirect response model. Two B cell compartments were
included and parameterized in terms of clearances and vol-
umes. Inter-subject variability was included on all estimated
PD parameters. A block covariance structure was included
on the PD parameters E,,,, B cell elimination rate constant
(kou)> and peripheral compartment for B cells (V}). The
residual error was quantified by a combined proportional
and additive error model.

A quasi-steady state approximation of the target mediated
drug-disposition model with central and peripheral com-
partments was used to describe the observed ofatumumab
plasma concentrations. The absorption was described by a
first order input, and bioavailability was estimated for the SC
administration. A time effect was included on kg, such that

it decreased over time from an initial value, k., to a steady
Fig.3 Schematic structure of A
the final model. EC5, concentra-
tion producing 50% of maxi-
maxi- Free drug

mum drug effect, E,
mum drug effect, k,,, receptor
degradation rate constant, ke(L )

elimination rate constant for

Peripheral compartment
for ofatumumab (Vp) y

Q/Vc

ligand, k,p, elimination rate Q/Vy| ksyn

constant for complex, k;, B cell
input rate, k,; dissociation rate
constant, k,, binding rate, k,,,
B cell elimination rate constant,
ki, synthesis rate constant, L
ligand, Q intercompartmental »
flow, OB flow between B cell S
. Emax - LY <

compartments, V), peripheral o reme
volume of distribution of B RN
cells, V, central volume of dis- Kin Kout(t)
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Table 3 PK and PD parameter estimates for the final model
Parameter (unit) Estimate RSE % Inter-individual variability

SD RSE (%)

[Shrinkage
%]

k, (day™!) 0.157 5.80 0.652 3.95[52]
Pk, Iwt70) —0.457 27.1 -
F(-) 0.685 3.10 0.531 9.00 [72]
V. L) 2.62 2.11 0.116 19.3 [NA]
PV, Iwt70) 1.2 8.66 - -
kep) (days™") 1.31 8.93 1.14 5.10 [65]
BlkepyAD 0.713 22.2 - -
kgyno (nmol/L/day) 0.985 5.91 0.0559 64.1 [99]
Plkgyno,1Wt70) -1.52 12.1 - -
R, (nmol/L) 325 5.86 0.91 4.66 [61]
P(R,,AD) —0.544 21.5 - -
PRyIV) 0.987 24.9 - -
CL (L/day) 0.34 2.99 0.486 4.66 [53]
P(CL,Iwt70) 1.52 4.87 - -
P(CL,IV) -1.07 10.9 - -
Q (L/day) 0.358 10.9 0.705 27.3 [81]
PO IV) -2.31 NA - -
v, L) 2.8 - - -
K (nmol/L) 0.167 - - -
ko (day™) 5.53 - - -
kyes (year™) 2.58 5.69 0.654 7.01 [58]
Kgyneo (nmol/L/day) 0.0554 36.3 2.16 10.3 [64]
Plkgynool V) 2.49 25.3 - -
B, (cells/uL) 194 1.25 0.394 2.63 [26]
P(By,lage38) —0.282 17.1 - -
(B, 1wt70) 0.271 18.9 - -
Epax O 159 3.18 0.587 4.17 [57]
P(E 145-1Bc200) 0.275 11.6 - -
P(E 0 APLIOS) 0.503 9.35 - -
ECs, (mg/L) 0.0057 8.52 0.927 9.68 [81]
Gamma (-) 2.81 11.6 1.46 4.79 [80]
Koy (day™) 0.0124 5.15 0.922 4.64 [64]
Pk, 1Wt70) —0.624 19.8 - -
Pky,x MIRROR) —0.554 14.1 - -
QB (L/day) 0.78 - - -
V, (L) 3.7 6.26 1.37 5.16 [51]
Corr_V,_E, .« 0.28 22.6
Corr_kg,,_Vy —0.336 17.9
Corr_kg,,_Vy 0.423 12.3
Corr_k, CL - 0.294 21.0
Corr_kg., CL 0.642 104
Corr_kye, k, 0.433 23.2
Corr_kyp, Ry —0.551 8.69
Corr_kyyneRo 0.47 13.6
Corr_kyynoo—keep) —0.464 13.6
Ofatumumab conc. additive (mg/L) 0.0316 3.28
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Table 3 (continued)

Parameter (unit) Estimate RSE % Inter-individual variability
SD RSE (%)
[Shrinkage
%)
Ofatumumab conc. proportional 0.278 1.72
B cell count additive (cells/uL) 0.153 -
B cell count proportional 0.381 -

B, baseline B cell count, CL clearance, conc. concentration, ECs, concentration producing 50% of maximum drug effect, E,,,, maximum drug
effect, F bioavailability, Gamma sigmoidicity parameter for drug effect in indirect model, IV intravenous, k, absorption rate constant, K, disso-
ciation constant, k,, time rate constant on kqy,, k, ) elimination rate constant for complex, k,; dissociation rate constant, k,,, B cell elimination
rate constant, k,,, synthesis rate constant, k;y,, synthesis rate constant at time 0, k.., synthesis rate constant at time infinity, L liter, Iwt70 log-
transformed body weight normalized to 70 kg, NA not available, P drug-receptor complex, PD pharmacodynamic, PK pharmacokinetic, Q
intercompartmental flow, OB flow between B cell compartments, R, receptor amount at baseline, RSE relative standard error, SD standard

deviation, V), peripheral volume of distribution of B cells, V, central volume of distribution, Vp peripheral volume of distribution of ofatumumab,

p covariate effect

For the PK part of the model, the equations are:
dA
dt
at absorption site

= —k,A, where A is the amount of ofatumumab

dZp
o - kepLc — kyoLp, where L, and L, are

the concentrations of drug in the peripheral
and central compartments, respectively,
and k., and k. the rate

constants of drug transfer between central
and peripheral [ peripheral

and central compartments, respectively

dL,, kA

v (ke(L) —kepy + kcp)LC — kepyLior + kpeLp,
C

where L, is the total concentration of unbound

and bound drug in the central compartment
and k,;, the elimination rate constant of the unbound

drug concentration

thOt
dr = ksyn(t) - kdegRlot - (ke(P) - kdeg) (Llol - LC)’

where R

1o 1S the total number of receptors and ky,,

the target receptor degradation rate constant

1
2

where Ks is the quasi — steady state constant

Le= (Ltot — Ry — KS) + \/(Ltot — Ry — KS)2 + 4Ly Ks |

A\ Adis

A(0)=FxD,L,(0)=0,Lp0) =0,R,(0) =R,
where F = SC bioavailability; D = dose;
R, = total number of receptors at time O

L . .
Ksyn (1) = kgynoo + (ksynO - ksynoo)e 36525, where t is the time

kew) = g,kcp = g,kpc = 2, where L is the unbound
V. V. A

drug concentration for both compartments

k= Kogg K- kepy + Kott k()
o K_D’ ST kon Phdee RO ‘
For the PD part of the model the equations are:
dB . OB OB
s ki — kgy (1 + stim(L))B — 7CB + 7b3p,

where QB = flow between B cell compartments;
B = central compartment B cell count;
B, = peripheral compartment B cell count;

stim = lysis stimulatory effect function

dB
P=@B—%B

v, v,

4

. _ EmaxL _ .
stim(L) = — where EL50 = Ltot concentration
EL;'O +L

achieving 50 percent of maximum lysis
stimulatory effect and y is the sigmoidicity

parameter
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B(0) = BcellO and B,(0) = BcellO%, where BcellO is

the observed central compartment B cell count at time 0.
The covariate model equations are:

WT,;
log(ka,i) = log(ku) + ﬁ(k”!WTm)log<W> +etay

where [ is the covariate effect, WT the body

weight and eta the individual level random effect

WT,
log(VC,i) = log(Vc) + ﬂ(VC,WTm)lOg < W) +etay ;,
log(ke(P),i) = 1Og(ke(1>)) + ﬂ<ke<p).AI) [Formulationi = AI]

+eta ;.

WT;
log(ksyno«i) = log(ksyno) + ﬂ(k»nOwWTm)lOg 70 + etakSynO'i’

log(RO,i) = log(RO) + ﬁ(RO,AI) [FOrmulatiOHi = AI] + ﬁ(RO,IV)

[Adminroute; = IV] + etag ;s

WT,
log(CL;) = log(CL) + BeLwr,log TN

+ ﬁ(CL,IV) [Admim‘outei = IV] + etaCL,i,
log(Q;) =10g(Q) + By v, [Adminroute; = IV] + etay,

log(ksynoo,i) = log(ksynoo) + ﬁ(k.- IV) [Adminroutei = IV]

synco

+eta,

synco?

WT,
log(By;) = 10g(By) + B, wr,0g < W)

Age; . .
+ Bs,, Agem)log(?) +etag ;, where B is the estimated

central compartment B cell count at time 0

BcellO;
102 (Epay i) = 10g(Eppay ) + Be, . Beelloy,)108 500

+ B Studysg) [Study, = APLIOS] + etag

‘max

WT,
1Og(kout,i) = 1Og(kout) + ﬂ(kom ,WTm)log < W)

+ By Studyag,) [Study; = MIRROR| + eta .

And the residual error models were:

L = (f(tpw;) (1 +b, ) +

where f = function describing time course of

ar. )6Ltot,ij’

drug concentrations or B cell count;, w = vector
of all PKPD model parameters; a;,,, = additive
residual standard deviation for Ltot;

by, = proportional residual standard deviation
for Ltot; eLtot = residual error term for

the total ofatumumab concentrations

B= (f(tl-j, w;)(1+bg) + ‘13)53,17 and &, ; ~ N(0, 1)
and Egyi~ N(0, 1), where ag = additive residual
standard deviation for B cell count; by = proportional
residual standard deviation for B cell count;

€g = residual error term for B cell count

In the equations, i is for the individual and j indexes the
longitudinal observations, y; is the parameter vector of the
structural model f for individual i, eta; describes the inter-
subject variability, and &ij is the residual error.

The covariates that were included in the final model were
weight effects on the PK parameters k,, CL, V., and kg,
and on the PD parameters B, and k_,; IV administration
route effect on the PK parameters R, CL, Q, and ksym; an
Al device effect on the PK parameters k,p) and Ry; an age
effect on the PD parameter B,;; a baseline B cell count effect
on the PD parameter E,,,; a study APLIOS effect on the
PD parameter E,,,; and a study MIRROR effect on the PD
parameter k.. The parameter estimates (Table 3) are based
on a run of three chains, each with 1500 iterations. Nearly
all the relative standard errors (RSEs) were less than 20%,
except for k., the weight effect on k,, Al effect on k,p,
and Ry, IV administration route effect on R, and &y, inter-
individual variability standard deviation on Q and ko, and
the correlation between V, and E,,,, k,, and CL, and k.
and k,. The highest RSE was 64.1% on the inter-individual
variability standard deviation on kqy,.

The VPC as well as the observed versus predicted con-
centrations for the final model are given in the electronic
supplementary material (Supplementary Figs. 2 and 3). The
model parameters were overall well-estimated (except kgyy0),
and the goodness-of-fit diagnostics were acceptable.

3.5 PKPD Simulation
3.5.1 Dose-Response Relationship
Simulated B cell counts by time versus ofatumumab dose

(1, 2, 5, 10, 20, or 40 mg) administered with the standard
monthly schedule (including three initial weekly loading

A\ Adis
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Fig.4 Relationship between ofatumumab doses and B cell deple-
tion at 7 days, 28 days, 3 months, 6 months, 1 year, and 2 years. Box
and whisker plots of simulated B cell counts (middle line = median;
box = 25th and 75th quartiles [IQR]; lower/upper lines = 1.5 X IQR;
points = outliers); simulations performed for the various dosage reg-
imens administered SC with the prefilled syringe with the standard

doses) are shown in Fig. 4. Overall, the 20-mg dose appeared
to be associated with an optimal level of B cell depletion
compared to the other simulated doses. For each time point
at which B cell depletion was evaluated, no further benefits
were observed beyond the 20-mg dose, while the 10-mg
dose did not appear to achieve a similar level of depletion as
the 20-mg dose until after 6 months. In addition, the B cell
variability between patients is lower with the 20-mg dose
than with 10 mg, and not much higher than between-patient
variability at 40 mg. This indicates that there is a higher
proportion of patients who do not achieve the target B cell
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phase 3 schedule (i.e., three loading doses given weekly followed by
monthly doses) and for the patient population included in the five
studies. The dashed line indicates the B cell counts at lower limit of
normal level (40 cells/uL); the dash-dotted line indicates the B cell
target (8 cells/uL). IRQ interquartile range, SC subcutaneously

depletion with 10 mg compared with the 20 mg or higher
doses.

3.5.2 Concentration-Time (PK) Simulations

Figure 5 shows the drug concentration—time profile over the
first year of dosing with the 20-mg monthly (phase 3) regi-
men and after last dose at 2 years. The ofatumumab initial
dosing regimen allowed rapid attainment of relevant phar-
macological levels, as confirmed by rapid achievement of
B cell target (presented in the next section). The subsequent
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Fig.5 Simulated ofatumumab plasma concentration—time profiles.
Over 1 year (Left panel); after last dose at 2 years (Right panel).
Simulated median and 90% prediction interval; simulations per-
formed for the phase 3 dosage regimen administered SC with the pre-

16 20 24 28 32 36 40 44 48 52

0 4 8 12 16 20 24 28 32 36 40 44 48

Time after last dose, Weeks

filled syringe (i.e., three loading 20-mg doses given weekly followed
by monthly 20-mg doses) and for the patient population included in
the five studies

First 6 months

Year 3

300

B-cell count < 8 cells/uL

0.3

0 4 8 12 16 20 24 0 4
Time since first dose, Weeks

Fig.6 Simulated B cell count. B cell depletion over the first 24 weeks
of treatment (Left panel); B cell repletion after treatment stops after
2 years (Right panel). Simulated median B cell count and 90% pre-
diction interval; simulations performed for the phase 3 dosage regi-
men administered SC with the prefilled syringe (i.e., three loading

20-mg monthly maintenance regimen ensured sustained
levels of exposure. In addition, the increase of ofatumumab
concentrations over time is small and remains within the
range of concentrations simulated within the first 12 weeks
(84 days) of dosing. The half-life (#,,) of ofatumumab as

12 16 20 24 28 32 36 40 44 48
Time after last dose, Weeks

20-mg doses given weekly followed by monthly 20-mg doses) and for
the patient population included in the five studies. The dashed line
indicates the B cell counts at lower limit of normal level (40 cells/
uL); the dash-dotted line indicates the B cell target (8 cells/uL). SC
subcutaneously

estimated based on the simulated PK profile at steady state
is 11 days. The simulated median concentration profile
decreased below LLOQ approximately 9 weeks (66 days)
after the last dose (Fig. 5 right panel).

A\ Adis



296

H.Yuetal.

250 -
225-
200 -
175 - s
150 -
125-
100 -

AUC Week 104 to
Week 108 (mg.day/L)

50

' ! .
] .
|
50-
s T
0 4
60 70 80 90

L

100 110

1

Body weight, kg

Fig. 7 Simulated steady state AUC week 104 to week 108 by weight.
Box and whisker plots of AUCs calculated from individual patient
simulated PK profiles (middle line = median; box = 25th and 75th
quartiles [IQR]; lower/upper lines = 1.5 X IQR; points = outliers);

PK profiles are for subcutaneous route with prefilled syringe and
using phase 3 dosage regimen (i.e., three loading 20-mg doses given
weekly followed by monthly 20-mg doses). AUC area under the
curve, IRQ interquartile range, PK pharmacokinetic

Table 4 PK and B cell metrics as a function of baseline weight, age, and B cell count

Covariate AUC (mg day/L) B cell count at 2 years (day 728) Time to LLN (days)
(cells/uL)
Percentiles Weight (kg)
Sth 50 57.2 [17.8-129.1] 1.1 [0.3-5.8] 204.0 [82.0-480.0]
Median 70 33.3[10.6-76.8] 1.3[0.4-7.3] 164.0 [61.1-425.8]
95th 110 16.0 [3.4-37.4] 1.6 [0.5-30.8] 128.0 [32.9-364.0]
Age (years)
Minimum 18 34.4[11.7-80.1] 1.6 [0.5-8.6] 156.0 [52.0-388.4]
Median 38 34.6 [9.5-78.3] 1.4 [0.4-9.8] 160.0 [54.5-412.0]
Maximum 56 34.4[10.2-81.8] 1.2[0.3-7.1] 172.0 [70.0-454.4]
Cell count (cells/uL)
Sth 80 33.0 [11.5-75.9] 1.6 [0.5-7.7] 164.0 [58.0-424.0]
Median 200 34.7 [9.6-76.1] 1.3 [0.4-8.5] 164.0 [52.0-422.4]
95th 460 33.5[10.8-80.4] 1.1 [0.3-10.9] 162.0 [58.0-435.8]

AUC area under the curve, LLN lower limit of normal (40 cells/uL), PK pharmacokinetic

3.5.3 B Cell Count Simulations

B cell simulations with the 20-mg monthly regimen (includ-
ing three initial weekly loading doses) demonstrated a rapid
decrease in B cell count, achieving a median B cell depletion
below 8 cells/uL in 11 days, and converging to a median
count of approximately 1.4 cells/uL (Fig. 6 left panel). There
were negligible signs of B cell repletion between doses, and
over 94% of patients remained below the 8 cells/uL at B cell
steady state for pre-dose B cell counts. The median B cell
count returned to the LLN of 40 cells/uL less than 6 months
(approximately 23 weeks) after dosing was interrupted at 2
years (Fig. 6 right panel).

A\ Adis

3.6 Effects of Covariates
3.6.1 Body Weight

Based on the final PK-B cell model, baseline body weight
displayed the largest covariate effect on the PK. The 5th and
95th percentiles of the observed baseline weights were 50 kg
and 110 kg, with simulations performed at 10-kg intervals.
The inter-dosing AUC at steady state (weeks 104-108) was
71.8% higher for a 50-kg patient and 52.0% lower for a 110-
kg patient relative to a 70-kg patient (median weight) (Fig. 7
and Table 4).

However, body weight had a minimal impact on B cell
levels (Table 4). The effect of body weight on ofatumumab
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Fig.8 Proportion of CD19+

B cell depletion over time by
patient weight quartile. Simula-
tion is for subcutaneous route
with prefilled syringe and using
phase 3 dosage regimen (i.e.,
three loading 20-mg doses given
weekly followed by monthly
20-mg doses)

0.75

0.50 -

0.25

Proportion of patients with CD19+ B-cell < 8 cells/pL)
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Weight

exposure translated into a negligible difference in the steady
state pre-dose B cell count, ranging from 1 to 1.6 cells/uL.
at 2 years (day 728; with a median B cell count of 1.3 cells/
uL). Patients with a high body weight thus achieved close to
complete B cell depletion to only marginally higher levels
in patients with a lower body weight. Similarly, there was
no relevant repletion between doses; B cell depletion was
maintained regardless of patient weight.

This indicates that the ofatumumab effect on B cell deple-
tion is relatively independent of the effect of body weight on
PK for patients given the 20-mg dose regimen, as illustrated
by Fig. 8. Weight was associated with a trend for increased
B cell repletion times with decreasing weight, with reple-
tion to LLN (40 cells/uL) reached within 18-29 weeks on
average after the last dose across all body weight categories.

3.6.2 Age

The 5th and 95th percentiles of the observed baseline ages
were 23 years and 52.8 years. Since these values were close
to the minimum (18 years) and maximum (56 years), it was
decided to simulate across the whole age range in 5-year
intervals. Baseline age had negligible effect on PK expo-
sure and B cell count, including B cell depletion and time to
replete to 40 cells/uL (Table 4).

3.6.3 Baseline Cell Count

The 5th and 95th percentiles of the observed baseline B cell
count were 84 cells/uL and 460 cells/uL. This was approxi-
mated in the simulations as 80 cells/uL and 460 cells/uL,
with simulations performed at 60 cells/uL intervals. Baseline
B cell counts had a negligible effect on PK-B cell count met-
rics (Table 4). Overall, patients with higher baseline B cell
levels did not take longer to deplete to B cell target level, and
conversely patients with lower baseline B cell levels did not

40.55Weight<60.3kg

4 6 8 10 12
Time since first dose (Weeks)

60.3<Weight<70.0kg 70.0<Weight<84.0kg 84.0<Weight<171.5kg

take longer to replete to LLN after the phase 3 ofatumumab
regimen stopped.

3.6.4 Injection Device

Similarly, the injection device (PFS or AI) covariate had
negligible effect on PK exposure and resulting B cell counts.
The median ofatumumab concentration and B cell count pro-
files for the PFS and Al are largely superimposable (Supple-
mentary Fig. 4, see the electronic supplementary material).
This is in agreement with the main finding of APLIOS that
the PFS and Al devices are bioequivalent [15].

The correlation coefficients between all the covariates
were explored and were low.

4 Discussion

The results of the PK-B cell modeling confirm that the ofa-
tumumab monthly 20-mg SC regimen, representing the regi-
men licensed for use in the US, the EU, and other countries
to treat RMS, optimally depletes B cell levels across the MS
patient population.

These findings were based on an analysis of the available
phase 2/3 data on the PK of ofatumumab and B cell levels
obtained from 1486 patients, which were pooled to develop
a model describing the PKPD relationship of ofatumumab
concentrations and B cell levels.

In the final PK-B cell model, PK and B cell data were best
described by two-compartment models including a central
and a peripheral compartment. Both PK and B cells shared
the same volume of distribution in the central compartment
(representing blood plasma), but distribute differently to
their respective peripheral compartments. The peripheral
B cell compartment is likely to refer to the locations of
B cells that are not in the blood, such as the lymph nodes
and spleen and other non-blood tissues (i.e., the lymphoid
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network). A similarly compartmented model account-
ing for lymphocyte kinetics has been previously proposed
[20]. Although B cell turnover may be difficult to compare
between studies, as B cell kinetics may be influenced by
many factors (e.g., subset of B cells, age, diseases), based
on the best match in the patient population and B cell types,
we have found the B cell elimination rate constant (k) in
our model to be in a similar range to that reported in the
literature (0.0124/day vs. 0.02 and 0.04 [21, 22]). The half-
life of ofatumumab was estimated at 11 days based on our
PK-B cell model, with the concentration decreasing below
LLOQ in approximately 9 weeks after the last 20-mg dose.
This half-life is of the same order, although slightly less
than, the half-time estimated in a previous population PK
(popPK) analysis based on the same studies (16 days [6, 7]).

Data from the phase 2 MIRROR dose-finding study had
previously been graphically analyzed and modeled to deter-
mine a target B cell level associated with maximized control
of cumulative Gd-enhancing T1 lesion volume and provide
rationale for dose selection in phase 3 ofatumumab trials
(AAN 2017 [14], ACTRIMS-ECTRIMS 2017 [15]) (Save-
lieva et al., 2021; manuscript in preparation). A negative
binomial model had been chosen for its capacity to charac-
terize the skewed MRI lesion data and because this model
was suggested as a preferred way to describe MRI data in
MS [23]. Results showed that lower lesion volumes were
associated with lower B cell counts, with the strongest effect
of B cell depletion on new Gd-enhancing T1 cumulative
lesion volumes observed at a depletion level of < 8 cells/
pL at week 24, even after correcting for Gd-enhancing T1
lesion count at screening.

Simulations with the PK-B cell model using different
doses of ofatumumab administered with the phase 3 regi-
men using the PFS confirmed that this predetermined B cell
target was best achieved and sustained with the 20-mg dose
regimen. B cell counts with the ofatumumab 20-mg monthly
regimen reached 8 cells/uL in approximately 11 days and
remained low. Lower doses (10 mg monthly) took longer to
achieve the B cell target, and this target was maintained in a
smaller proportion of patients, while a higher dose of 40 mg
did not yield any apparent additional benefits. B cell count
returned to the LLN of 40 cells/uL in less than 6 months
after discontinuation of the ofatumumab 20-mg regimen.

Although the clinical relevance remains to be estab-
lished, the absence of B cell repletion between doses, as
demonstrated with the monthly (q4w) 20-mg SC regimen,
is a unique characteristic of ofatumumab. This is not the
case with other anti-CD20 treatments, such as ocrelizumab,
which shows partial repletion between infusions given every
6 months [24].

These modeling results should be assessed in combina-
tion with the results from the MIRROR dose-finding study
[11] and initial modeling results of these data (Savelieva
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et al., 2021; manuscript in preparation), which had pro-
vided a rationale for the loading and maintenance dose regi-
men used in the PK-B cell simulations and in the phase 3
studies. In MIRROR, the 60-mg q4w dose had the fastest
B cell depletion and a rapid onset of efficacy, but this regi-
men (as well as the 60-mg ql12w regimen) was associated
with more adverse events than the lower dose regimens of
3 mg or 30 mg ql2w. In particular, serious post-injection
systemic reactions reported on day 1, including a report of
cytokine release syndrome, were observed only with the
60-mg dose regimens. Together these results justify the ini-
tial use of 3 X 20 mg during the first 14 days in the stand-
ard phase 3 monthly 20-mg regimen to achieve rapid but
safe B cell depletion with improved tolerability for home
administration.

The results of this model, based mostly on data obtained
from a Caucasian population, were further compared with
data from the phase 2 APOLITOS study including patients
from Japan. The final population PK-B cell model for Japa-
nese patients did not reveal any clinically relevant difference
with the one for Caucasian patients (data on file), thus sup-
porting the validity of the presented findings across ethnic
groups.

In the second part of the PK-B cell analysis, baseline
body weight was identified as a significant covariate on PK
(with inter-dosing AUC at steady-state halved in patients
weighing 110 kg, and increased by more than 70% in
patients weighing 50 kg, compared to median weight of 70
kg); however, this effect of weight on PK did not translate
into any clinically relevant difference in B cell depletion
levels across the weight range. This result suggests that no
dose adjustment of the 20-mg standard regimen is required
based on weight. All the other covariates, including age,
baseline B cell counts, route of administration, and injector
device, had negligible influence on both ofatumumab PK
and B cell levels.

One possible limitation is the potential for biased simula-
tions of long-term effect of ofatumumab on B cell kinetics
since the estimated time effect on the synthesis rate constant
(kgypn) reduces over time and does not return to its baseline
value when dosing stops. The time effect on &, nevertheless
appeared to describe the data better than any of the alterna-
tive models we have tested. It can also be noted that many
of the parameters of the PK-B cell model have high shrink-
age because many of the individuals have mainly pre-dose
samples coming from the phase 3 studies and MIRROR.
Shrinkage here is determined as the ratio of the standard
deviation of the empirical Bayes estimates (EBEs) to the
model estimated inter-individual distribution standard devia-
tion. It has, however, previously been demonstrated that the
stochastic approximation version of expectation—maximi-
zation (SAEM) algorithm performs well in estimating the
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population inter-individual standard deviation under various
sparse sampling designs [25].

The efficacy of the monthly 20-mg dose regimen was
confirmed by results of the pivotal phase 3 ASCLEPIOS
studies, which showed a rapid and sustained B cell depletion
to low levels associated with a strong reduction of relapses
and a significant and clinically relevant reduction in disabil-
ity worsening versus teriflunomide [12]. Notably, a recent
meta-analysis found that ofatumumab 20 mg SC monthly is
as effective as other highly efficacious monoclonal antibody
therapies for RMS (i.e., alemtuzumab, natalizumab, and
ocrelizumab) [26]. Consistent with our findings, the efficacy
improvement of ofatumumab versus teriflunomide within
the two ASCLEPIOS studies was similar across explora-
tory subgroups defined by sex, age, body weight, prior non-
steroid MS therapy, and baseline disability and disease activ-
ity [6, 7]. In particular, no consistent pattern between body
weight and efficacy was noticed, and the efficacy of ofatu-
mumab, including its effect on disability outcomes, clinical
relapse frequency, and MRI lesion formation, was broadly
similar across quartiles of body weight groups (data on file).
This finding is consistent with the fact that in ASCLEPIOS,
ofatumumab provided close to complete B cell depletion in
all patients regardless of their weight quartile [12].

Ofatumumab’s safety profile was overall favorable and
easily manageable, with no important safety signals aris-
ing from the pivotal clinical trial program, thus further sup-
porting the choice of the 20-mg dose regimen. Injection-
related systemic reactions were observed in 20% of patients
(0.2% severe), with rates comparable with that observed
for placebo-dummy injections after the first dose and no
dose adjustment required [12]. Infusion reactions have
been observed at higher rates with other B cell therapies,
for example, in 34% of patients treated with ocrelizumab
(1.7% severe and 0.1% life-threatening), with dose adjust-
ment required and mandatory premedication of steroids and
anti-histamines [27]. Altogether, the safety and tolerability
data of ofatumumab thus support the suitability of the 20-mg
SC monthly regimen for self-administration at home [12].

5 Conclusion

The present PKPD modeling confirms the choice of the ofa-
tumumab licensed dosing regimen for treatment of RMS
patients and additionally demonstrates that no dose adjust-
ment is required based on patient characteristics or injection
device.
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