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Introduction
Multiple sclerosis (MS) is an inflammatory, progres-
sive neurodegenerative immune-mediated disease of the 
central nervous system (CNS).1–3 Neuroinflammation 
in MS is driven by both peripheral lymphocytes (B- 
and T-cells) and peripheral and CNS myeloid cells 

(macrophages and CNS-resident microglia).1 Current 
MS treatments primarily target peripheral lympho-
cytes. Despite the effectiveness of available treat-
ments at reducing acute inflammatory lesions and 
relapses,4–10 the more moderate effect on disability 
outcomes11,12 indicates there is an unmet need for 
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Abstract
Background: Evobrutinib – an oral, central nervous system (CNS)-penetrant, and highly selective Bru-
ton’s tyrosine kinase inhibitor – has shown efficacy in a 48-week, double-blind, Phase II trial in patients 
with relapsing MS.
Objective: Report results of the Phase II open-label extension (OLE; up to week 192 from randomisation) 
and a cerebrospinal fluid (CSF) sub-study.
Methods: In the 48-week double-blind period (DBP), patients received evobrutinib 25 mg once-daily, 
75 mg once-daily, 75 mg twice-daily or placebo (switched to evobrutinib 25 mg once-daily after week 24). 
Patients could then enter the OLE, receiving evobrutinib 75 mg once-daily (mean (± standard deviation 
(SD)) duration = 50.6 weeks (±6.0)) before switching to 75 mg twice-daily.
Results: Of 164 evobrutinib-treated patients who entered the OLE, 128 (78.0%) completed ⩾192 weeks 
of treatment. Patients receiving DBP evobrutinib 75 mg twice-daily: annualised relapse rate at week 48 
(0.11 (95% confidence interval (CI) = 0.04-0.25)) was maintained with the OLE twice-daily dose up 
to week 192 (0.11 (0.05–0.22)); Expanded Disability Status Scale score remained stable; serum neuro-
filament light chain fell to levels like a non-MS population (Z-scores); T1 gadolinium-enhancing lesion 
numbers remained low. No new safety signals were identified. In the OLE, evobrutinib was detected in 
the CSF of all sub-study patients.
Conclusion: Long-term evobrutinib treatment was well tolerated and associated with a sustained low 
level of disease activity. Evobrutinib was present in CSF at concentrations similar to plasma.
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additional treatment approaches. There is increasing 
evidence that chronic CNS-compartmentalised 
inflammation contributes to ongoing tissue loss and 
disability accumulation from the earliest stages of 
MS.13–16 CNS-compartmentalised inflammation 
associated with microglia activation has been 
detected by positron emission tomography imaging 
in normal appearing white matter of clinically iso-
lated syndrome17 patients and by magnetic resonance 
imaging (MRI) at the borders of slowly expanding 
lesions in relapsing multiple sclerosis (RMS) and 
progressive MS patients.14,15,18 In addition, infiltrat-
ing B- and T-cells that become trapped behind the 
blood–brain barrier also have a contributory role in 
CNS-compartmentalised inflammation.19 Current 
treatments have only modest effects on CNS-
compartmentalised inflammation.20,21

Bruton’s tyrosine kinase (BTK) is a member of the 
Tec family of non-receptor tyrosine kinases expressed 
in B-cells, macrophages and microglia.22,23 BTK 
plays an important signalling role in several immune 
processes relevant to the biological mechanisms 
underlying MS pathology, including B-cell prolifera-
tion, immunoglobulin and cytokine production, pro-
inflammatory macrophage differentiation and 
inflammatory cytokine production by microglia.24 
Elevated levels of activated BTK have been detected 
in circulating B-cell sub-sets and microglia in lesions 
from patients.25–27 Modulation of BTK signalling may 
synergistically reduce both peripherally driven and 
CNS-compartmentalised inflammation,9,28,29 thereby 
halting neurodegeneration and demyelination to more 
effectively prevent disability accumulation in patients 
with MS.

Evobrutinib is an oral, CNS-penetrant, highly selective 
covalent BTK inhibitor.30,31 Evobrutinib decreases the 
activation, proliferation, migration and cytokine release 
of B-cells.26,32 Evobrutinib also inhibits proinflamma-
tory macrophage differentiation24 and inflammatory 
cytokine release by microglia,24 enhances macrophage 
phagocytosis24 and may change the polarisation of 
microglia/macrophages to a neuroprotective, repara-
tive phenotype,24,33 demonstrating its potential to mod-
ulate both adaptive and innate immune processes.

The clinical efficacy of evobrutinib was first observed 
in a Phase II, double-blind, randomised controlled 
trial in patients with RMS, where evobrutinib 75 mg 
twice-daily (BID) had an annualised relapse rate 
(ARR) over 48 weeks of 0.11. Both evobrutinib 75 mg 
once-daily (QD) and BID significantly reduced T1 
gadolinium-enhancing (Gd+) lesions versus placebo 
between weeks 12 and 24 (primary endpoint).34 

Evobrutinib was well tolerated with the most com-
mon adverse events of any grade being nasopharyngi-
tis, increased levels of lipase and asymptomatic, 
reversible liver transaminase increases, which typi-
cally occurred within the first 90 days of treatment.34 
An integrated safety analysis of evobrutinib clinical 
trials in rheumatoid arthritis, systemic lupus erythema-
tosus and MS demonstrated that, overall, evobrutinib 
was generally well tolerated across indications.35

Here, we report the results from the open-label exten-
sion (OLE) of this Phase II trial up to 192 weeks from 
randomisation at the start of the original double-blind 
period (DBP). We also report the results of a sub-
study investigating the ability of evobrutinib to cross 
the blood–brain barrier by measuring the concentra-
tion of evobrutinib in the cerebrospinal fluid (CSF) 
relative to plasma.

Patients and methods
Detailed descriptions of the protocol, methods and pri-
mary results have been published.34 The trial is registered 
with ClinicalTrials.gov (NCT02975349) and was con-
ducted in accordance with the Declaration of Helsinki 
and the International Conference on Harmonisation 
Good Clinical Practice Guidelines. Written informed 
consent was obtained from each patient before any trial-
related activities were performed.

In brief, this Phase II, double-blind, randomised con-
trolled trial with a parallel, open-label, dimethyl 
fumarate (DMF) reference group (Supplemental eTa-
bles 1 and 2), comprised a 48-week DBP followed by 
an OLE (Supplemental eFigure 1). Trial participants 
were 18–65 years of age, diagnosed with relapsing-
remitting MS or secondary-progressive MS with 
superimposed relapses, had ⩾1 documented relapse(s) 
within 2 years prior to screening (either one relapse 
within 1 year prior to randomisation or ⩾1 T1 Gd+ 
MRI lesions within 6 months prior to randomisation), 
and had a baseline Expanded Disability Status Scale 
(EDSS) score of ⩽6.

In the 48-week DBP, patients were randomised 
1:1:1:1:1 to receive either evobrutinib 25 mg QD, 
75 mg QD, 75 mg BID, placebo (switched to evobrutinib 
25 mg QD after week 24), or open-label DMF 240 mg 
BID (120 mg BID for 7 days then 240 mg BID). All 
evobrutinib and DMF doses were administered while 
fasting (i.e. taken >1 hour pre-meal or >2 hours post-
meal). Patients could then enter the OLE. All patients 
were switched to evobrutinib 75 mg QD at OLE entry 
based on the original protocol. After an additional 
review of the DBP data from the primary analysis at 
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24 weeks and the blinded extension analysis at 
48 weeks, which indicated that BID was superior to 
QD dosing across several clinical, imaging and bio-
marker endpoints, a protocol amendment was made to 
switch all patients in the OLE to evobrutinib 75 mg 
BID.

This analysis includes patients who completed 
⩾192 weeks of treatment (i.e. 48 weeks in the DBP 
plus 144 weeks in the OLE) or discontinued (cut-off: 
30 September 2021). For this publication, patient 
groups are referred to by the treatment they received 
in the DBP.

The following OLE endpoints were assessed in 
patients who had completed ⩾192 weeks of treatment: 
ARR, time to first qualified relapse (see Supplement), 
EDSS, T1 Gd+ and T2 lesions. Neurofilament light 
chain (NfL) levels were measured up to week 144 and 
reported as control-adjusted NfL Z-scores (i.e. a 
Z-score of +1.0 represents a mean NfL level in the 
patient population that is 1 standard deviation (SD) 
greater than the mean NfL level in a non-MS control 
population; a Z-score of −1.0 would be 1 SD less than 
the control mean; a Z-score of 0 represents the refer-
ence value of the non-MS control population; age- and 
body mass index(BMI)-adjusted).36

Safety is reported from week 48/OLE baseline to 
⩾week 192 or until discontinuation for all patients, 
assessed by the nature, severity and occurrence of 
treatment-emergent adverse events (TEAEs), as well 
as vital signs, electrocardiograms and clinical labora-
tory safety parameters (including liver transaminase 
levels). Safety for the DBP and 4-week safety follow-
up period have been reported previously.35

Statistical analyses
The statistical analyses are described in the 
Supplemental Material.

CSF sub-study
A separate sub-study to investigate the concentrations 
of evobrutinib in the CSF relative to plasma concen-
trations was also conducted (see Supplement for 
details).

Results

Clinical efficacy
Of the 164 DBP evobrutinib-treated patients who 
entered the OLE, 128 (78.0%) completed ⩾192 weeks 

of treatment with evobrutinib 75 mg QD and then 
75 mg BID (evobrutinib-treated patients, mean (±SD) 
duration of exposure to evobrutinib 75 mg QD before 
switching to 75 mg BID: 50.6 (±6.0) weeks; 
Supplemental eFigure 2). Baseline characteristics of 
these patients are summarised in Table 1.

The mean number of relapses in the year prior to ran-
domisation ranged from 1.1 to 1.2 across the original 
evobrutinib DBP treatment groups (Table 1). In 
patients receiving evobrutinib 75 mg BID in the DBP, 
the low ARR observed at week 48 (0.11, 95% confi-
dence interval (CI) = (0.04–0.25)) increased when 
patients were switched to the OLE QD dosing regi-
men (0.16 (0.07–0.34)) reducing again once patients 
switched back to the BID dosing regimen (0.11 (0.05–
0.22); Figure 1(a) and Table 2). Those patients treated 
with placebo/evobrutinib 25 mg QD, evobrutinib 
25 mg QD and 75 mg QD during the DBP experienced 
a marked reduction in ARR during the OLE, espe-
cially after switching to evobrutinib 75 mg BID. 
Across all treatment groups, the ARR was the lowest 
once the patients had switched to the BID dosing regi-
men (range = 0.06–0.11) rather than the QD dosing 
regimen (range = 0.13–0.30) during the OLE.

Patients receiving evobrutinib 75 mg BID in the DBP 
had a >3-fold longer time to cumulative probability 
of 0.25 for a first qualified relapse than patients initi-
ated on placebo/evobrutinib 25 mg QD (data not 
shown).

Mean EDSS scores remained stable week 0–192, 
regardless of the initial evobrutinib DBP treatment 
(Supplemental eFigure 3 and Table 2), with no change 
in median EDSS score from baseline to week 192 
(Table 2). After reviewing EDSS in 176 patients, 160 
(90.9%) patients did not have 12-week clinical dis-
ease progression by the end of the OLE phase.

MRI lesions
In the first 12 weeks of the DBP, evobrutinib 75 mg 
BID had a rapid onset of action and a large reduction 
in the mean number of new T1 Gd+ lesions versus 
placebo (relative reduction: 94.2%; Figure 1(b) and 
Table 2). In the long-term, the mean number of T1 
Gd+ lesions remained low week 0–192 (Figure 1(c) 
and Table 2). During the OLE, the mean number of T1 
Gd+ lesions fluctuated with dose changes. There was 
a temporary increase from week 48 to week 96, cor-
responding with evobrutinib 75 mg QD, with a subse-
quent decrease following the switch to evobrutinib 
75 mg BID in the OLE. In all treatment groups, the 
switch to evobrutinib 75 mg BID during the OLE 
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resulted in a reduction of T1 Gd+ lesions versus the 
75 mg QD OLE treatment period.

Overall, T2 lesion volume remained stable across 
evobrutinib DBP treatment groups from baseline to 
week 192. Patients who received evobrutinib 75 mg 
BID had higher T2 lesion volume at baseline which 
remained stable during treatment. Patients who 
received QD dosing, however, had lower T2 lesion 
volume at baseline, and experienced a numerical 
decrease after switching to BID (Figure 1(c) and 
Table 2).

Serum biomarker – NfL
Evobrutinib reduced NfL levels in a dose-dependent 
manner during the DBP, with a rapid reduction within 
the first 12 weeks with evobrutinib 75 mg QD and 
BID. While at week 24, reductions in NfL levels com-
pared with baseline levels were only observed in 
patients receiving evobrutinib 75 mg BID. In patients 
who received evobrutinib 75 mg BID during the 
48-week DBP, an increase in NfL Z-score was 
observed while on evobrutinib 75 mg QD during the 
OLE, which decreased after switching back to  
evobrutinib 75 mg BID. The median NfL Z-score for 

Table 1. Demographics and baseline disease characteristics.

Treatment received during the DBP CSF 
sub-study 
populationa 
n = 9 (100%)

 Placebo + evobrutinib 
25 mg QD n = 39 
(100%)

Evobrutinib

 25 mg QD 
n = 39 (100%)

75 mg QD  
n = 42 (100%)

75 mg BID 
n = 44 (100%)

Age, years

Mean (±SD) 42.0 (±11.1) 42.7 (±9.6) 43.5 (±9.9) 44.1 (±11.3) 49.3 ± 11.2

Female, n (%) 28 (71.8) 22 (56.4) 29 (69.0) 30 (68.2) 8 (88.9)

Type of MS, n (%)

Relapsing-
remitting

34 (87.2) 32 (82.1) 35 (83.3) 38 (86.4) 9 (100.0%)

Secondary 
progressive

5 (12.8) 7 (17.9) 7 (16.7) 6 (13.6) 0 (0.0%)

Time since MS onset, years

Median (min; 
max)

7.5 (0.1; 39.4) 8.4 (1.6; 26.4) 13.2 (0.4; 23.3) 11.2 (0.2; 
39.4)

6.9 (0.3; 23.3)

Relapses in the previous 2 years, n (%)

1 relapse 21 (53.8) 25 (64.1) 14 (33.3) 22 (50.0) –

⩾2 relapses 18 (46.2) 14 (35.9) 28 (66.7) 22 (50.0) –

Relapses in year prior to randomisation

Mean (±SD) 1.2 (±0.8) 1.2 (±0.5) 1.2 (±0.4) 1.1 (±0.5) –

Score on EDSS

Mean (±SEM) 3.4 (±0.3) 3.3 (±0.2) 3.6 (±0.2) 3.5 (±0.2) –

Median (min; 
max)

3.5 (0.0; 6.0) 3.0 (1.5; 6.0) 3.5 (1.5; 6.0) 3.3 (1.0; 6.0) 3.0 (2.0; 5.0)

T1 Gd+ lesions

Patients with 
lesions, n (%)

17 (43.6) 12 (30.8) 16 (38.1) 16 (36.4) –

Mean (±SEM) 1.1 (±0.3) 0.6 (±0.2) 1.8 (±0.9) 1.2 (±0.4) –

T2 lesion volume, cm3

Mean (±SEM) 14.4 (±1.7) 13.6 (±1.7) 14.5 (±1.8) 18.6 (±2.1) –

aThese patients had been in the OLE for 121 weeks on average and were treated with evobrutinib 75 mg BID during the OLE for 
73 weeks on average. The patients had no confirmed relapses while on evobrutinib 75 mg BID during the OLE to the time of the CSF 
sub-study (cut-off 7 December 2020).
OLE analysis set.
BID: twice-daily; CSF: cerebrospinal fluid; EDSS: Expanded Disability Status Scale; Gd+: gadolinium-enhancing; MS: multiple 
sclerosis; n: number of patients; OLE: open-label extension; QD: once-daily; SD: standard deviation; SEM: standard error of the 
mean; %: proportion of patients.
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Figure 1. (a) Annualised relapse rate. (b) Mean (SEM) number of new T1 Gd+ lesions at week 12. (c) Mean (SEM) 
number of T1 Gd+ lesions over time. (d) Median T2 lesion volume over time.
ARR (95% CI) for the whole OLE period (week 48/OLE BL to week 192) was: placebo + evobrutinib 25 mg QD, 0.18 (0.10–0.28); 
evobrutinib 25 mg QD, 0.15 (0.08–0.26); evobrutinib 75 mg QD, 0.09 (0.04–0.16); evobrutinib 75 mg BID, 0.13 (0.07–0.22).
Cut-off 30 September 2021.
aPatients switched from placebo to evobrutinib 25 mg QD after 24 weeks in the DBP.
bEvobrutinib-treated patients (n = 151), mean (±SD) duration of exposure to evobrutinib 75 mg QD dose before the switch to 75 mg BID: 
50.6 (±6.0) weeks.
cMean number of new T1 Gd+ lesions was estimated using negative binomial regression, with covariates for presence or absence of 
baseline T1 Gd+ lesions and treatment arm.
dT1 Gd+ lesion counts reported here were measured at individual time points (and do not represent annualised or cumulative values).
ARR: annualised relapse rate; BID: twice-daily; BL: baseline; CI: confidence interval; DBP: double-blind period; Gd+: gadolinium-
enhancing; OLE: open-label extension; QD: once-daily; SD: standard deviation; SEM: standard error of mean; Tx: treatment; W: weeks.
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all evobrutinib-treated patients approached zero, rep-
resenting mean NfL values comparable with the age- 
and BMI-matched control group (Supplemental 
eFigure 4 and Table 2).36 After switching from 

evobrutinib 75 mg QD to 75 mg BID in the OLE, NfL 
levels overall and within the original DBP treatment 
groups were further reduced and Z-scores dropped 
below zero at week 144.

Table 2. MRI and clinical outcomes.

Outcome Treatment received during the DBP

Placebo + evobrutinib
25 mg QD

Evobrutinib
25 mg QD

Evobrutinib
75 mg QD

Evobrutinib
75 mg BID

Treatment received during the OLE Evobrutinib 75 mg QDBID

Unadjusted ARR (95% CI)

Weeks 0–48a 0.37 (0.21–0.59) 0.52 (0.33–0.78) 0.25 (0.12–0.44) 0.11 (0.04–0.25)

OLE evobrutinib 75 mg 
QDc

(week 48/OLE BL to 
75 mg BID dose switchb)

0.30 (0.15–0.53) 0.22 (0.09–0.43) 0.13 (0.04–0.31) 0.16 (0.07–0.34)

OLE evobrutinib 75 mg 
BIDc

(75 mg BID dose switch 
to week 192b)

0.10 (0.04–0.22) 0.11 (0.04–0.24) 0.06 (0.02–0.15) 0.11 (0.05–0.22)

Week 48/OLE BL–week 
192c

0.18 (0.10–0.28) 0.15 (0.08–0.26) 0.09 (0.04–0.16) 0.13 (0.07–0.22)

Change from baseline (week 0) to week 192 in EDSS score

Number of patients 31 27 36 36

Mean (±SEM) 0.06 (±0.14) 0.00 (±0.15) 0.01 (±0.07) 0.04 (±0.08)

Median (min; max) 0.0 (-1.5; 3.0) 0.0 (-1.5; 2.5) 0.0 (-1.0; 1.5) 0.0 (-0.5; 2.0)

Number of new T1 Gd+ lesions at week 12

Number of patients 52 48 51 50

Mean (±SEM) 1.15 (±0.27) 1.73 (±0.78) 0.45 (±0.21) 0.18 (±0.14)

Median (min; max) 0 (0; 9) 0 (0; 34) 0 (0; 10) 0 (0; 7)

Number of T1 Gd+ lesions at week 192

Number of patients 30 27 35 36

Mean (±SEM) 0.87 (±0.43) 0.41 (±0.23) 0.80 (±0.59) 0.58 (±0.19)

Median (min; max) 0 (0; 11) 0 (0; 6) 0 (0; 20) 0 (0; 5)

Change from baseline (week 0) to week 192 in T2 lesion volume, cm3

Number of patients 30 27 35 36

Mean (±SEM) 1.58 (±0.75) 1.31 (±0.65) 0.98 (±0.39) 1.64 (±0.48)

Median (min; max) 0.23 (-3.43; 18.34) 0.06 (-1.86; 14.66) 0.01 (-0.63; 10.67) 0.74 (-2.23; 13.58)

NfL Z-scores at week 144

Number of patients 30 29 33 37
Median (95% CI) 0.11 (0.67–0.84) 0.03 (0.38–0.65) -0.03 (0.85–0.73) -0.13 (0.40–0.93)

amITT analysis set: placebo + evobrutinib 25 mg QD/75 mg QD–BID, n = 53 (98%); evobrutinib 25 mg QD/75 mg QD–BID, n = 50 
(96%); evobrutinib 75 mg QD/75 mg QD–BID, n = 51 (96%); evobrutinib 75 mg BID/75 mg QD–BID, n = 53 (98%).
bEvobrutinib-treated patients (n = 151), mean (±SD) duration of exposure to evobrutinib 75 mg QD dose before the switch to 75 mg 
BID: 50.6 (± 6.0) weeks.
cSAF-OLE analysis set: placebo + evobrutinib 25 mg QD/75 mg QD–BID, n = 39 (72%); evobrutinib 25 mg QD/75 mg QD–BID, 
n = 39 (75%); evobrutinib 75 mg QD/75 mg QD–BID, n = 42 (79%); evobrutinib 75 mg BID/75 mg QD–BID, n = 44 (82%).
The unadjusted ARR was defined as the number of relapses among patients divided by the number of patient-years of follow-up. For 
patients who discontinued the trial early, all relapses and follow-up through the safety follow-up visit were included. Mean number 
of new T1 Gd+ lesions were estimated using negative binomial regression, with covariates for presence or absence of baseline T1 
Gd+ lesions and treatment arm.
ARR: annualised relapse rate; BID: twice-daily; CI: confidence interval; EDSS: Expanded Disability Status Scale; Gd+: gadolinium-
enhancing; OLE: open-label extension; NE: not estimable; NfL: neurofilament light chain; QD: once-daily; SD: standard deviation; 
SEM: standard error of the mean.
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Safety
From OLE initiation to week 192, no new safety sig-
nals were identified (Table 3). A total of 131/164 
(80%) patients initiated on evobrutinib in the DBP 
had a TEAE during the OLE period. The majority of 
TEAEs during the OLE were mild/moderate 
(62%/48%; data not shown). The most common 
TEAEs reported across the evobrutinib-treatment 
groups included nasopharyngitis (15%) and lipase 
increase (12%) (Supplemental eTable 3). Serious 
TEAEs were reported by 24/164 (15%) patients initi-
ated on evobrutinib in the DBP (Table 3 and 
Supplemental eTable 4). Seven patients had TEAEs 
leading to withdrawal (Table 3). Two fatal events 
occurred during the OLE reporting period in patients 
who had received evobrutinib in the DBP; according 
to the investigator, the fatal events were not deemed 
to be treatment related (COVID-19 pneumonia 
(unvaccinated, high BMI), and Escherichia coli sep-
sis with febrile state and acute tubulointerstitial 
nephritis). No clinically remarkable elevations in 
liver aminotransferases as seen in the DBP of the trial 
(data not shown; further information can be found in 
the original Phase II manuscript)34 were observed in 
the OLE after patients switched from lower doses of 

evobrutinib to 75 mg BID, or after prolonged 
treatment.

CSF sub-study
Nine patients administered with evobrutinib 75 mg 
BID for 73 weeks during the OLE were enrolled into 
the CSF sub-study (Table 1). These patients had no 
confirmed relapses while on evobrutinib 75 mg BID 
during the OLE to the time of the CSF sub-study 
(CSF sub-study cut-off: 7 December 2020; week 192 
cut-off: 30 September 2021). Total and free plasma 
evobrutinib concentrations were consistent with the 
population pharmacokinetic (PK) model developed 
with data from all patients in the Phase II trial,  
demonstrating the CSF sub-study patients were repre-
sentative of the entire trial population (Figure 2).37–40

Approximately 2 hours after dosing, the geometric 
mean total evobrutinib concentration in plasma was 
115.0 ng/mL (median (min; max): 152 ng/mL (32; 
202)) and the geometric mean free plasma concentra-
tion was 5.5 ng/mL (7.3 ng/mL (1.5; 9.7) Figure 2). 
CSF samples were collected after blood sampling. 
Evobrutinib was detected in the CSF of all nine 
patients with a geometric mean concentration of 

Table 3. TEAEs during the OLE period.

Patients, n (%) Treatment received during the DBP

Placebo + evobrutinib
25 mg QD

Evobrutinib
25 mg QD

Evobrutinib
75 mg QD

Evobrutinib
75 mg BID

Treatment received during the OLE Evobrutinib 75 mg QD➔BID

n = 39 n = 39 n = 42 n = 44

Any TEAE 30 (76.9) 27 (69.2) 40 (95.2) 34 (77.3)

Any Grade 3 TEAEa 4 (10.3) 7 (17.9) 7 (16.7) 6 (13.6)

Any Grade 4 TEAEa 0 (0.0) 0 (0.0) 0 (0.0) 2 (4.5)

TEAEs related to 
trial agent

9 (23.1) 5 (12.8) 11 (26.2) 13 (29.5)

Any serious TEAE 6 (15.4) 9 (23.1) 5 (11.9) 4 (9.1)
TEAEs leading 
to withdrawal of 
treatmentb

4 (10.3) 2 (5.1) 0 (0.0) 1 (2.3)

Includes all safety data from the OLE using a data cut-off of 30 September 2021.
aAccording to National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE), Version 4.03.
bOf these, four patients had events considered to be treatment related (placebo + evobrutinib 25 mg QD/75 mg QD–BID, n = 2; 
evobrutinib 25 mg QD/75 mg QD–BID, n = 1; evobrutinib 75 mg BID/75 mg QD–BID, n = 1).
Two fatal events occurred in patients receiving evobrutinib in the DBP, which were not deemed to be treatment related by the 
investigators (evobrutinib 25 mg QD (n = 1): COVID-19 pneumonia (unvaccinated); evobrutinib 75 mg BID (n = 1): E. coli sepsis 
with febrile state and acute tubulointerstitial nephritis).
BID: twice-daily; DBP: double-blind period; OLE: open-label extension; QD: once-daily; TEAEs: treatment-emergent adverse 
events.
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Figure 2. (a) Evobrutinib CSF and free plasma concentrations. (b) Evobrutinib CSF and free plasma concentrations 
relative to the population PK model.
CI: confidence interval; CSF: cerebrospinal fluid; PK: pharmacokinetic.
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3.2 ng/mL (3.7 ng/mL (1.3–5.2)); this CSF concentra-
tion was 58% of the free plasma concentration. A PK/
pharmacodynamic (PD) model developed with the 
Phase II data and previous studies predicted the con-
centrations measured in plasma and CSF would result 
in high and sustained Bruton’s tyrosine kinase occu-
pancy (BTKO), an indicator of BTK inhibition.40

Discussion
In this Phase II study, we report the efficacy and safety 
of evobrutinib over a period of >3.5 years. The low 
ARR observed in patients treated with evobrutinib 
75 mg BID during the 48-week DBP was maintained 
in the OLE. The safety profile observed after an addi-
tional >2.5 years of treatment in the OLE was con-
sistent with that observed during the 48-week DBP. 
Finally, this is the first report to measure BTK inhibi-
tor concentrations in the CSF of patients with RMS, 
showing that at a therapeutic dose evobrutinib reached 
a concentration within the CSF, which is predicted by 
PK/PD modelling,37,39 to be sufficient to achieve high 
levels of BTKO. These results support the hypothesis 
that evobrutinib can target immune cells within the 
CNS compartment in addition to effects on peripheral 
immune cells.

Overall, the data support the choice of BID dosing 
over QD dosing of evobrutinib in the OLE and in 
Phase III evolutionRMS1 and evoutionRMS2 trials. 
In the DBP, numerical reductions on ARR and Gd+ 
lesions were the greatest with BID and the signifi-
cant reductions in NfL seen at 12 weeks were main-
tained by BID dosing. In the OLE, following the 
switch from evobrutinib 75 mg QD to 75 mg BID, 
ARR, the number of T1 Gd+ lesions, and NfL levels 
were further reduced compared with both the DBP 
and the OLE pre-switch evobrutinib 75 mg QD 
dose. T2 lesion volume and EDSS remained stable 
throughout the OLE, regardless of the DBP treat-
ment arm, despite the switch to QD and back to 
BID. This might reflect that EDSS is less sensitive 
to changes within a 1-year period compared with 
Gd+ lesions and ARR.

The reason for the reduced efficacy seen with QD 
dosing is likely due to the continuous turnover of 
endogenous BTK protein. Similar to other BTK 
inhibitors, evobrutinib is cleared from the system rap-
idly, plasma concentrations are <1% of Cmax within 
8 hours,41 and any newly synthesised BTK would not 
be bound until the next dose. BID dosing, therefore, 
reduces the time for newly synthesised BTK to 
remain unbound versus QD dosing. Exposure–
response modelling of the DBP showed a significant 

relationship between daily evobrutinib exposure 
(area under the curve) and pre-dose BTK occupancy 
(BTKO), or BTK bound by evobrutinib (an indicator 
of BTK inhibition) in immune cells and the reduction 
in ARR and T1 Gd+ lesions/T2 lesion volume 
observed with evobrutinib. Based on PK and BTKO 
simulations, 75 mg BID dosing was predicted to 
maintain a high level of BTK inhibition (defined as 
>95% BTKO) in 92% of patients when measured 
just before their next dose, while less than half of 
patients (48%) maintained >95% BTKO with 75 mg 
QD dosing.37 In this study, evobrutinib was taken 
with food, which increases the bioavailability by 
49% compared with trials where evobrutinib is 
administered under fasting conditions.40 Modelling 
predicted that an evobrutinib 45 mg BID dose taken 
with food would result in comparable evobrutinib 
exposure and BTKO (pre-dose BTKO > 95% in 93% 
of patients) to the 75 mg BID dose taken without 
food37,40 and was, therefore, the dose that was admin-
istered in the Phase III RMS trials (evolutionRMS 1 
and 2). The combination of covalent binding,31 BTK 
protein turnover41 and BID dosing to achieve maxi-
mal sustained BTKO and daily exposure37,40 in the 
periphery and the CNS is likely the basis for the 
maintained efficacy profile of the evobrutinib BID 
dose over 192 weeks.

During the OLE, no new safety signals were identified 
with long-term evobrutinib treatment or exposure. As 
previously reported, transient liver aminotransferases 
elevations were observed in some patients treated with 
evobrutinib during the first 24 weeks of treatment in the 
DBP.34 Elevations were not observed in the OLE after 
prolonged treatment or after the switch from lower 
doses of evobrutinib to 75 mg BID (Table 3). All 
patients receiving evobrutinib during the DBP had 
been on treatment for at least 56 weeks before entering 
the OLE; no clinically relevant liver enzyme elevations 
occurred in the OLE compared with what occurred at 
treatment initiation. In addition, the collected safety 
data in the DBP and OLE support the low potential for 
off-target inhibition and related adverse effects due to 
the high BTK selectivity of evobrutinib.30,31,42

The potential for evobrutinib to inhibit BTK in the 
CNS is supported by the CSF sub-study results, which 
demonstrated CSF concentrations of evobrutinib 
achieved with a therapeutic dose are in the range pre-
dicted to achieve high BTKO. Preclinical studies 
demonstrated that administration of evobrutinib at 
pharmacological doses resulted in high levels of 
BTKO in the periphery and the brain, persisting 
beyond evobrutinib plasma clearance as a result of 
covalent binding.41,43 Evobrutinib modulates B-cell 
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function via inhibition of BTK signalling rather than 
B-cell depletion via cell lysis or apoptosis and also 
alters macrophage/microglia activity/function.30,32 
Preclinical data have indicated that the effects of 
evobrutinib on B-cells and proinflammatory micro-
glia/macrophages24,33 reduce neuroinflammation, 
demyelination and axonal pathology in the CNS.44 In 
our study, levels of serum NfL, a biomarker of ongo-
ing neuroaxonal damage, were reduced with evobru-
tinib 75 mg BID up to week 144 to levels similar to a 
non-MS control population. Importantly, the rapid 
reduction in NfL levels observed at week 12 was mir-
rored by a similar reduction in the mean number of 
new T1 Gd+ lesions also at week 12, suggesting that 
NfL can be used as a marker of disease activity and 
early treatment response. Indeed, NfL, rather than T1 
Gd+ lesions, has been used as the primary endpoint 
in recent Phase II trials.45 Furthermore, recent evi-
dence that evobrutinib 75 mg BID reduces slowly 
expanding lesion volume indicates that evobrutinib 
affects brain lesions associated with chronic inflam-
mation and tissue loss thought to be driven by micro-
glia activity at the lesion edges.46 Together, these data 
support the potential for evobrutinib to modulate 
both peripherally driven and CNS-compartmentalised 
inflammation.

Interpretation of these Phase II trial data should be 
done with due consideration of the open-label design 
of the extension phase and that the original DBP trial 
was powered for MRI disease activity rather than 
clinical endpoints. The small sample size may have 
also resulted in our study being underpowered to 
compare outcomes across dose levels of evobrutinib. 
Although the dropout rate could be seen as a potential 
source of bias, the dropout rate observed in this study 
is comparable to other OLE studies in MS.47 
Furthermore, the annual efficacy assessments con-
ducted in this OLE study may have precluded the 
ability to observe short-term improvements in disease 
status. Finally, although encouraging, these data can-
not be extrapolated to exposures longer than the 
>3.5 years of treatment reported here.

Conclusion
MS is a lifelong, progressive neurodegenerative dis-
ease characterised by brain tissue loss and disability 
accumulation. With current treatment options that 
primarily target peripheral immune cells, patients 
may experience ongoing CNS inflammation and dis-
ease progression, demonstrating the need for alterna-
tive therapeutic strategies. BTK inhibition is a novel 

mechanism for the treatment of MS and other auto-
immune diseases. This Phase II OLE study provides 
evidence of a maintained efficacy and safety profile 
with CNS-penetrant evobrutinib 75 mg BID.
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