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ABSTRACT
Objective This phase 2a randomised, double blind, 
placebo controlled, parallel group study evaluated the 
safety and efficacy of a first- in- class drug candidate 
ABX464 (obefazimod, 50 mg and 100 mg per day), 
which upregulates the biogenesis of the mRNA inhibitor 
micro- RNA (miR)- 124, in combination with methotrexate 
(MTX) in 60 patients (1:1:1 ratio) with moderate- 
to- severe active rheumatoid arthritis (RA) who have 
inadequate response to MTX or/and to an anti- tumour 
necrosis factor alpha (TNFα) therapy.
Methods The primary end point was the safety of 
ABX464; efficacy endpoints included the proportion of 
patients achieving American College of Rheumatology 
(ACR)20/50/70 responses, disease activity scores (DAS) 
28, simplified disease activity score, clinical disease 
activity score), European League Against Rheumatism 
response, DAS28 low disease activity or remission.
Results ABX464 50 mg was safe and well tolerated. 
Two serious adverse events were reported (one on 
placebo group and one on ABX464 100 mg). Eleven 
patients were withdrawn for AEs (9 patients on 100 mg, 
1 on 50 mg and 1 on placebo). Drug discontinuation 
was mainly due to gastrointestinal disorders. No cases 
of opportunistic infection, no malignancies and no death 
were reported. Compared with placebo, ABX464 50 
mg showed significantly higher proportions of patients 
achieving ACR20 and ACR50 responses at week 12. 
DAS28- C reactive protein (CRP) and DAS28- erythrocyte 
sedimentation rate decreased significantly and rates 
of categorical DAS28- CRP response or CDAI remission 
increased significantly on ABX464 at week 12. A 
significant upregulation of miR- 124 was observed in 
blood for every patient dosed with ABX464.
Conclusion ABX464 50 mg was safe, well tolerated 
and showed a promising efficacy. Mild- to- moderate 
gastrointestinal AEs led to a high drop- out rate of patients 
on ABX464 100 mg, which may not be a relevant dose to 
use. These findings warrant exploration of ABX464 at 50 
mg per day or less for treating patients with RA.
Trial registration name Phase IIa randomised, double 
blind, placebo controlled, parallel group, multiple dose 
study on ABX464 in combination with MTX, in patients 
with moderate to severe active RA who have inadequate 
response to MTX or/and to an anti- TNFα therapy or 
intolerance to anti- TNFα therapy.

EUDRACT number: 2018- 004677- 27
Trial registration number NCT03813199.

INTRODUCTION
Rheumatoid arthritis (RA) is an autoimmune disease 
characterised by persistent synovitis and systemic 
inflammation. In the absence of disease control, 
RA ultimately results in severe progressive joint 
damage, disability, decreased quality of life, comor-
bidities and higher risk of mortality.1 2 Conven-
tional therapy with synthetic disease- modifying 
antirheumatic drugs (DMARDs) should be started 
as soon as the diagnosis of RA is made and meth-
otrexate (MTX) should be part of the first treat-
ment strategy.2 If treatment target is not achieved 
and if poor prognosis factors are present, a targeted 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ ABX464 (obefazimod) is a first- in- class drug 
candidate for treating patients with active 
rheumatoid arthritis. ABX464 upregulates 
the biogenesis of the mRNA inhibitor micro- 
RNA- 124 and can act as a natural brake on the 
production of various inflammatory mediators 
involved in inflammatory diseases.

WHAT THIS STUDY ADDS
 ⇒ This randomised, double- blind, placebo- 
controlled proof- of- concept study showed that 
at an oral daily dose of ABX464 50 mg was safe 
and well tolerated by patients.

 ⇒ An increased incidence of largely mild- to- 
moderate gastrointestinal adverse events in the 
ABX464 100 mg group led to a high drop- out 
rate of patients.

 ⇒ Several early efficacy endpoints showed 
promising results with ABX464 50 mg.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE AND/OR POLICY

 ⇒ Findings warrant further exploration of ABX464 
as a rheumatoid arthritis treatment, using 50 
mg per day or lower doses.
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therapy (biological (b) or targeted synthetic (ts) DMARD) is 
added. Although ts- and bDMARD drugs have revolutionised 
RA prognosis, safety concerns and difficult- to- treat RA3 4 leave 
a room for novel, safe and effective oral targeted treatments, 
which may act with a different mechanism of action and better 
control the course of the disease.

ABX464 (obefazimod) upregulates the biogenesis of the 
mRNA inhibitor micro- RNA (miR)- 124, which in turn modu-
lates monocyte and macrophage activations5–8 and can act as 
a natural brake on the production of various inflammatory 
mediators involved in inflammatory diseases such as ulcer-
ative colitis (UC) and RA.5–10 Among targets that miR- 124 
represses, CCL2 (monocyte chemoattractant protein- 1, MCP- 
1), Signal transducer and activator of transcription 3 (STAT3), 
interleukine 6 receptor and tumour necrosis factor alpha 
(TNFα) converting enzyme (TACE) are important actors in 
RA.11–13 ABX464 has demonstrated durable efficacy in treating 
patients suffering from UC, a chronic inflammatory disorder 
of the colonic mucosa.14 The efficacy and safety profiles of 
this compound are likely related to its unique mechanism of 
action.15 Recently, non- clinical in vivo data provided evidence 
that ABX464 (40 mg/Kg, per os) strongly reduced the inci-
dence of collagen- induced arthritis in DBA- 1 male mice.10 
These encouraging data have led to design the present 12- week 
randomised double- blind, placebo- controlled proof of concept 
study aimed to investigate the safety of ABX464 administered 
daily (50 mg or 100 mg) in patients with RA with active disease 
not responding to MTX.

METHOD
The study was conducted in 21 centres (eight in France, three in 
Belgium, seven in Poland and three in Hungary) in accordance 
with the standard operating procedures of the sponsor, which 
were designed to ensure adherence with the Declaration of 
Helsinki and Good Clinical Practice.

Patients
Eligible patients (ages 18–75 years) had a confirmed and docu-
mented diagnosis of RA, for at least 12 weeks, according to 
the revised 2010 American College of Rheumatology (ACR)- 
European League Against Rheumatism (EULAR) classification 
criteria, in addition to at least one positive criteria among rheu-
matoid factor, anticitrullinated peptide antibody or bone erosion. 
Inclusion criteria comprised swollen joint count (SJC) of ≥4 
(28- joint count) and tender joint count of ≥4 (28- joint count), 
disease activity score (DAS)28 C reactive protein (CRP) of ≥3.2 
and CRP ≥5 mg/L. Patients either had an inadequate response 
or failed either MTX (≥10 mg/week) or/and anti- TNFα therapy 
or were intolerant to anti- TNFα therapy for ≥12 weeks before 
trial entry. Exclusion criteria comprised a confirmed diagnosis of 
systemic lupus erythematosus or active or history of serious or 
opportunistic infections (OIs). Patients with a history of immu-
nodeficiency or with history of malignancy were also excluded. 
In addition, patients were excluded if previously treated with 
non- anti- TNF bDMARDs, tsDMARDs, systemic corticosteroids 
at a dose >10 mg/day within 2–4 weeks prior to the study; or 
immunosuppressive drugs.

All participants provided written informed consent before 
participation. First patient was randomised on 1 August 2019 
and the last patient was randomised on 2 February 2021; the last 
patient completed on 27 April 2021.

Randomisation and procedures
Randomisation was performed via a centralised treatment allo-
cation system. Eligible patients were randomised according to a 
1:1:1 ratio and were treated for 12 weeks followed by a 21- day 
follow- up period. During the treatment phase, patients were 
receiving either capsules containing ABX464 50 mg (n=21), 
ABX464 100 mg (n=19) or placebo (n=20) given orally once 
per day in a fed condition. Patients who completed the induc-
tion study at week 12 could roll over into a 52- week open- label 
maintenance study to evaluate the long- term safety and effi-
cacy of 50 mg per day oral ABX464 in RA (trial ABX464- 302; 
NCT04049448). Here, we present the results of the 12- week 
treatment induction phase of this clinical trial.

Assessments
Safety
The primary end point was the safety and tolerability of two 
doses of ABX464 versus placebo. The primary safety endpoint 
was the rate of all treatment- emergent adverse event (TEAEs). 
Safety was evaluated based on adverse events (AEs), clinical 
laboratory parameters, vital signs, physical examination, stan-
dard 12- lead ECG results. AEs were coded using the Medical 
Dictionary for Regulatory Activities (V.23.0). Severity of AEs 
was graded on a 5- point scale according to the Common 
Terminology Criteria for Adverse Events (V.5.0). The causal 
relationship between the study treatment and the occurrence 
of each AE was assessed by each investigator using clinical 
judgement.

Efficacy
Efficacy endpoints included an evaluation of the effects of 
ABX464 versus placebo on (1) the ACR 20/50/70 responses 
(≥20/50/70% improvement in tender/painful joint count (TJC) 
(28- joint count) and SJC (28- joint count) plus ≥20/50/70% 
improvement in three of the five remaining ACR core set 
measures) and all, components of the ACR response (CRP, TJC, 
SJC, pain- patient assessment of joint pain, patient global assess-
ment of disease (PtGA), physician’s global assessment of disease, 
disability index of the healthy assessment questionnaire (HAQ- 
DI), (2) DAS28 scores, simplified disease activity score (SDAI) 
and clinical disease activity score (CDAI), (3) clinical response 
(DAS28 EULAR good and moderate responses), (4) low disease 
activity (LDA; DAS28- erythrocyte sedimentation rate (ESR) 
≤3.2) or remission (DAS28- ESR remission (DAS28 <2.6), ACR/
EULAR Boolean remission (TJC(28), SJC(28), CRP (mg/dL) and 
PtGA, all ≤1), SDAI remission (SDAI ≤3.3) and CDAI remis-
sion (CDAI ≤2.8), (5) Functional Assessment of Chronic Illness 
Therapy (FACIT)- Fatigue score.

Laboratory tests
Blood samples from patients in each group were used to measure 
the expression of miR−124 at baseline and week 8. For each 
sample, RNA and DNA were extracted (AllPrep DNA/RNA/
miRNA Universal kit, Qiagen) and their concentrations were 
determined (Nanodrop 2000 and Qubit V.2.0 fluorometer, Ther-
moFisher). The miRNAs were retro transcribed from 70 ng of 
the extracted RNA (TaqMan Advanced miRNA cDNA Synthesis 
Kit, ThermoFisher), then, after preamplification, cDNA was 
subjected to duplicate droplet digital PCR measurements using 
two singleplex assays targeting miR- 16 and miR- 124 at specified 
dilutions (1:10 for miR- 124; 112 000 for miR- 16).
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Statistical methods
The rate of all TEAEs, categorical DAS28- CRP response, 
DAS28- ESR remission, SDAI remission, CDAI remission, 
ACR/EULAR Boolean remission, LDA and ACR 20/50/70 
response rates were compared in patients who received a dose 
of ABX464 or placebo by likelihood ratio χ2 test on a 10% 
two- sided significance level. A mixed model analysis of cova-
riance was conducted for change from baseline in SDAI and 
CDAI scores, DAS28- CRP, DAS28- ESR, ESR, CRP and all ACR 
components.

The Full Analysis dataset (FAS population) was defined as those 
patients included in the study, who had received at least one dose 
of the study treatment, and who had at least one baseline data. 
Post hoc efficacy analyses were performed for the intent- to- treat 
(ITT, ie, patients randomised, regardless of whether the patient 
received a dose of study treatment or completed the study) and 
per- protocol (PP) (patients of the FAS population without any 
major protocol deviation) populations. Additional post hoc 
efficacy and safety analyses were also performed on subgroups 
of patients with or without previous exposure to anti TNFα 
therapy.

Statistical analyses were carried out using SAS, V.9.4 or 
later (SAS Institute, Cary, North Carolina). For miR- 124 anal-
yses, non- parametric Kruskal- Wallis test followed by a Dunn’s 
multiple comparisons test was performed using GraphPad Prism 
software (V.9.3.0).

RESULTS
Demographics and baseline characteristics
Patient disposition is summarised in figure 1. For FAS, ITT and 
Safety sets, there were 19, 21 and 20 patients in ABX464 100 
mg, 50 mg and placebo groups, respectively. For PP set, there 
were 18, 20 and 20 patients in ABX464 100 mg, 50 mg and 
placebo groups, respectively. Baseline demographic characteris-
tics were similar among the three groups (table 1). Most patients 
(61.7%) were women, with a mean age of 57.0 years and a 
mean RA duration of 6.4 years. Thirty per cent of patients were 
previously exposed to anti- TNF therapies and 53.3% received 
corticosteroids at baseline. At baseline, mean DAS28- CRP and 
DAS28- ESR were, respectively, 5.4 and 5.8. History of MXT 
dose was comparable across treatment groups.

Safety
A total of 220 AEs were reported by 50 subjects (83.3%) during 
the study, and among them, 211 AEs were treatment emergent. 
Treatment with ABX464 was associated with the occurrence of 
mainly mild to moderate AEs. AEs occurred more frequently in 
the ABX464 treatment groups than in the placebo group (AEs, 
94.7%, 85.7% and 70.0%, in ABX464 100 mg, 50 mg and 
placebo groups, respectively). When compared with placebo, a 
higher incidence of TEAEs was reported in the ABX464 groups, 
with a statistically significant difference for the 100 mg dose 
group (p=0.035) (online supplemental table 1). The onsets of 
headaches, nausea and vomiting were more rapid (mostly in the 
first 2 weeks) than the onset of diarrhoea (mostly in the two 
first months). Most dropouts in the 100 mg group took place 
rapidly in the first 2 weeks of treatment (online supplemental 
figure 1). One serious AE (SAE) was reported in each treatment 
group, including one atrial fibrillation in the 100 mg ABX464 
group and a severe COVID- 19 disease in the placebo group, of 
which both were treatment emergent. The patient hospitalised 
for a severe atrial fibrillation had experienced severe diarrhoea 
and the conclusion of hospitalisation was an atrial fibrillation 
reactive to hypokalemia secondary to diarrhoea in the context of 
study drug treatment. Another SAE was a severe RA worsening, 
as it required patient hospitalisation; it occurred before the first 
ABX464 50 mg dose. The incidence of severe AEs (grade 3 or 
above) was numerically higher in the ABX464 50 mg and 100 
mg groups (14.3% and 15.8%, respectively) than in placebo 
group (5%).

TEAEs that occurred in >5% of patients in any ABX464 treat-
ment group included headache (22 patients, 36.7%), followed 
by diarrhoea (12 patients, 20.0%), nausea (12 patients, 20.0%), 
abdominal pain upper (10 patients, 16.7%), vomiting (5 patients, 
8.3%), dyspepsia (4 patients, 6.7%) and RA exacerbation (4 
patients, 6.7%). Except for abdominal pain and RA exacerba-
tion, the highest incidence of TEAEs occurred in the 100 mg 
ABX464 group (table 2). In the 100 mg ABX464 group, there 
were numerically higher incidences for neurological (dizziness, 
headache, taste disorder, tremor) and infectious AEs than for 
ABX464 50 mg and placebo groups. Drug discontinuation was 
mainly due to gastrointestinal disorders (online supplemental 
table 2) and was the main cause of patient withdrawals. Eleven 
patients were withdrawn for AEs (nine patients in the 100 mg 
ABX464 group and one in each of the other groups). Nine 
patients had temporary discontinuation (four patients in each 
of the ABX464 groups and one patient in the placebo group) 
with a mean duration of 4 days (ranging from 1 to 9 days). Vital 
signs and ECG parameters were similar across the ABX464 50 
mg and 100 mg groups and the placebo group. No clinically 

Figure 1 Patient disposition. *: For PP set, there were 18, 20 and 20 
patients in ABX464 100 mg, 50 mg and placebo groups, respectively. 
To derive the PP set, one patient was excluded in the ABX464 100 mg 
group, one patient was excluded in the ABX464 50 mg and no patient 
was excluded in the placebo group. FAS, Full Analysis dataset; ITT, 
intent- to- treat.
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meaningful changes were observed in laboratory data or other 
safety assessments (online supplemental table 3). No cases of 
OI were recorded, and the infestation rate was similar between 
placebo and ABX464 groups. No deaths or malignancies were 
reported. No AE persisted or had sequelae at the end of trial.

Efficacy
In the ITT population, the DAS28- CRP and DAS28- ESR 
decreased sequentially from baseline to week 12 after both 
ABX464 doses. Decreases in the DAS28- CRP and DAS28- ESR 
were statistically significant between the placebo group and 
the 50 mg ABX464 dose at week 12 (p=0.043 and p=0.035, 
respectively) (figure 2, table 3). In the PP population, signifi-
cant decreases in the DAS28- CRP and DAS28- ESR were seen 
between placebo and the 50 mg or 100 mg ABX464 groups as 
early as week 8 (figure 2, online supplemental table 4).

Compared with placebo, mean changes in CDAI scores from 
baseline to week 12 were significantly different for the 50 mg 
ABX464 dose in the ITT population (p=0.020) (table 3) and for 
both ABX464 doses in the PP population (online supplemental 

table 4). No significant differences between groups were 
observed for SDAI scores change in ITT and PP populations.

Rates of categorical DAS28- CRP response at week 12 were 
significantly higher versus placebo at 50 mg and 100 mg ABX464 
doses in the PP population (p=0.004 and p=0.038, respectively) 
(online supplemental table 5). These differences did not reach 
statistical significance in the ITT population (table 4).

In the ITT and PP populations, difference in LDA responses 
across groups did not reach statistical significance at week 12 
(table 4, online supplemental table 5). There was a significant 
difference in CDAI remission rates at week 12 between the 
ABX464 50 mg group and the placebo group (ITT set: p=0.039; 
PP set: p=0.024). DAS28- ESR remission, SDAI remission and 
ACR/EULAR remission rates were not significantly different 
across groups (table 4, (online supplemental table 5).

In the ITT population, differences between treatment groups 
for the proportions of patients achieving ACR20, ACR50 and 
ACR50 did not reach statistical significance (table 4). When 
considering the very small- sized subsets of patients exposed or 
not to anti- TNFα, ACR20, ACR50 and ACR70 response rates at 

Table 1 Baseline patient demographic and clinical characteristics (Full Analysis set*)

ABX464 100 mg (N=19) ABX464 50 mg (N=21) Placebo (N=20) All (N=60)

Age (years) Mean (SD) 54.4 (10.6) 57.9 (11.4) 58.6 (11.0) 57.0 (11.0)

Sex Male 8 (42.1%) 6 (28.6%) 9 (45.0%) 23 (38.3%)

Female 11 (57.9%) 15 (71.4%) 11 (55.0%) 37 (61.7%)

BMI (kg/m2) Mean (SD) 26.8 (5.0) 25.8 (4.4) 28.4 (5.9) 27.0 (5.2)

Range 20.2–37.0 18.7–35.1 21.1–42.9 18.7–42.9

RA duration (years†) Mean (SD) 6.0 (4.7) 7.3 (9.1) 5.8 (7.8) 6.4 (7.4)

Range 0.9–18.8 0.6–29.7 0.4–32.7 0.4–32.7

MTX dose on day 0 (mg/week) Mean (SD) 16.4 (3.0) 17.9 (3.4) 18.0 (3.4) 17.4 (3.3)

Range 10–20 0–25 10–20 0–25

History of anti- TNFα therapy N (%) 6 (31.6%) 6 (28.6%) 6 (30.0%) 18 (30.0%)

Anti- TNFα washout (months) Mean (SD) 27.0 (35.2) 45.4 (89.2) 7.3 (2.3) 25.5 (51.2)

Range 3–93.2 1.1–204.9 3.4–10.1 1.1–204.9

Patients with corticosteroids N (%) 9 (47.4%) 10 (47.6%) 13 (65.0%) 32 (53.3%)

DAS28- CRP Mean (SD) 5.5 (0.8) 5.5 (0.7) 5.3 (0.7) 5.4 (0.7)

Range 3.7–6.5 4.2–6.8 3.7–6.4 3.7–6.8

DAS28- ESR Mean (SD) 5.9 (1.1) 5.9 (0.8) 5.8 (0.8) 5.8 (0.9)

Range 4.2–7.7 3.4–7.0 3.9–7.4 3.4–7.7

ESR Mean (SD) 31.5 (18.4) 37.4 (24.8) 38.3 (24.2) 35.8 (22.6)

Range 5–85 2–105 3–89 2–105

CRP (mg/L) Mean (SD) 20.6 (28.6) 22.7 (24.6) 14.9 (13.5) 19.5 (22.9)

Range‡ 1.1–129.0 1.9–99.5 2.5–58.4 1.1–129.0

TJC Mean (SD) 12.2 (5.8) 12.2 (4.6) 10.7 (4.5) 11.7 (4.9)

Range 4–27 5–24 4–22 4–27

SJC Mean (SD) 9.5 (3.8) 8.3 (3.5) 7.8 (3.4) 8.5 (3.6)

Range 3–19 4–15 3–16 3–19

HAQ- DI Mean (SD) 1.28 (0.48) 1.49 (0.63) 1.48 (0.66) 1.42 (0.60)

Range 0.12–2.0 0–2.5 0–2.37 0–2.50

FACIT- Fatigue Mean (SD) 28.3 (10.7) 26.7 (11.2) 24.4 (10.5) 26.5 (10.7)

Range 7–49 3–45 12–45 3–49

The denominator for each percentage is the number of non- missing observations within the column.
*The Full Analysis dataset (FAS population) was defined as those patients included in the study, who had received at least one dose of the study treatment, and who had at least 
one baseline data.
†The disease onset was defined as the date of diagnosis.
‡A value of CRP ≥5 mg/L was requested at screening but eight patients had baseline CRP values ranging from 1.1 to 4.8 mg/L (two patients in the placebo; four patients in 
ABX464 50 mg group and 2 patients in ABX464 100 mg group).
BMI, body mass index; CDAI, clinical disease activity score; CRP, C reactive protein; DAS, disease activity score; ESR, erythrocyte sedimentation rate; FACIT, functional assessment 
of chronic illness therapy; HAQ- DI, Healthy Assessment Questionnaire—Disability Index; max, maximum; min, minimum; MTX, methotrexate; RA, rheumatoid arthritis; SDAI, 
simplified disease activity score; SJC, swollen joint count; TJC, tender/painful joint count.
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week 12 were not significantly different across groups (online 
supplemental table 6). In the PP population, the proportions 
of patients achieving ACR20 and ACR50 responses at week 12 
were significantly higher (p=0.030 and p=0.037, respectively) 

in the ABX464 50 mg group than in placebo (online supple-
mental table 5). The ACR20 and ACR50 response rates were 
numerically higher in patients receiving ABX464 100 mg versus 
placebo, but statistical significance was not reached. ACR70 
response rates and mean changes in HAQ- DI were not signifi-
cantly different across groups at week 12. There was a signifi-
cant difference in change in FACIT- Fatigue at week 12 between 
the ABX464 50 mg group and the placebo group in PP analysis 
(p=0.045, online supplemental table 4).

Two efficacy sets were initially considered: the ‘raw’ effi-
cacy set 1 took into consideration only patients at time point 
(N=number of patients from whom efficacy variables were 
available at week 12). The efficacy set 2 used data imputation 
(last observation carried forward) from week 4 onwards. If there 
were no efficacy data available, then the dropout was considered 
as treatment failure. Main data obtained in the efficacy set 2 are 
provided in online supplemental tables 7 and 8.

The pharmacokinetics (PK) analysis was performed on the 
PK Analysis Set, which included all the patients who received 
at least one dose of ABX464 and for whom postdose concentra-
tions were available without major protocol deviations or events 
implying bias for the PK evaluation. Summary of PK parameters 

Table 2 Most commonly occurring TEAEs by system organ class (>5% patients) and preferred term (Safety Set*)

ABX464 100 mg (N=19) ABX464 50 mg (N=21) Placebo (N=20)

N N (%) N N (%) N N (%)

Any TEAEs 93 18 (94.7%) 76 18 (85.7%) 34 14 (70.0%)

Gastrointestinal disorders 44 16 (84.2%) 24 11 (52.4%) 2 2 (10.0%)

  Abdominal pain 1 1 (5.3%) 3 2 (9.5%) 0 0

  Abdominal pain upper 10 4 (21.1%) 6 5 (23.8%) 1 1 (5.0%)

  Diarrhoea 11 7 (36.8%) 7 4 (19.0%) 1 1 (5.0%)

  Dyspepsia 3 3 (15.8%) 1 1 (4.8%) 0 0

  Gastrointestinal pain 1 1 (5.3%) 0 0 0 0

  Impaired gastric emptying 1 1 (5.3%) 0 0 0 0

  Nausea 12 9 (47.4%) 4 3 (14.3%) 0 0

  Splenic artery aneurysm† 1 1 (5.3%) 0 0 0 0

  Vomiting 4 3 (15.8%) 2 2 (9.5%) 0 0

Nervous system disorders 19 10 (52.6%) 23 8 (38.1%) 10 5 (25.0%)

  Dizziness 1 1 (5.3%) 0 0 1 1 (5.0%)

  Headache 16 10 (52.6%) 19 8 (38.1%) 6 4 (20.0%)

  Taste disorder 1 1 (5.3%) 0 0 0 0

  Tremor 1 1 (5.3%) 0 0 0 0

Musculoskeletal and connective tissue disorders 9 6 (31.6%) 4 4 (19.0%) 8 4 (20.0%)

  Arthralgia 3 2 (10.5%) 0 0 1 1 (5.0%)

  Musculoskeletal pain 1 1 (5.3%) 0 0 0 0

  Myalgia 2 1 (5.3%) 1 1 (4.8%) 0 0

  Pain in extremity 2 1 (5.3%) 0 0 2 1 (5.0%)

  Rheumatoid arthritis 1 1 (5.3%) 2 2 (9.5%) 1 1 (5.0%)

Infections and infestations 5 5 (26.3%) 4 3 (14.3%) 4 4 (20.0%)

  COVID- 19 0 0 0 0 2 2 (10.0%)

  Oral herpes 1 1 (5.3%) 0 0 0 0

  Peritonsillar abscess 1 1 (5.3%) 0 0 0 0

  Rhinitis 1 1 (5.3%) 0 0 0 0

  Sinusitis 1 1 (5.3%) 0 0 0 0

  Urinary tract infection 1 1 (5.3%) 0 0 0 0

Number of events (n) and number and percentage of patients (N(%)).The denominator for each percentage is the number of patients within the column.
*the safety set corresponded to included patients who had received at least one dose of the study treatment.
†Asymptomatic incidental finding, unrelated.
AE, adverse event; TEAE, treatment emergent adverse event.

Figure 2 DAS28- CRP (A) and DAS28- ESR (B) mean (±SEM) changes 
from baseline at weeks 4, 8 and 12 in RA patients who received placebo 
or ABX464 (50 or 100 mg) once daily (ITT set). ITT, intent- to- treat; RA, 
rheumatoid arthritis.
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Table 3 Changes from baseline at week 12 in ESR, DAS28- CRP, DAS28- ESR, SDAI, CDAI, SJC, TJC, CRP, Pain- VAS, HAQ- DI and FACIT- Fatigue (ITT 
set)

ABX464 100 mg (N=19) ABX464 50 mg (N=21) Placebo (N=20)

ESR N 19 (100.0%) 21 (100.0%) 20 (100.0%)

  Mean (SD) −0.3 (6.8) −2.6 (19.3) −2.7 (16.6)

  95% CI −4 to 3 −11 to 6 −10 to 5

  Min – Max −22 to 18 −37 to 49 −38 to 41

  p- value* 0.564 0.988

DAS28- CRP N 19 (100.0%) 21 (100.0%) 20 (100.0%)

  Mean (SD) −0.72 (1.13) −1.41 (1.45) −0.60 (0.98)

  95% CI −1.3 to −0.2 −2.1 to −0.7 −1.1 to −0.1

  Min – Max −3.3 to 0.0 −4.8 to 0.1 −3.3 to 0.6

  p- value* 0.727 0.043

DAS28- ESR N 19 (100.0%) 21 (100.0%) 20 (100.0%)

  Mean (SD) −0.7 (1.1) −1.4 (1.3) −0.5 (1.0)

  95% CI −1.3 to −0.2 −2.1 to −0.8 −1.1 to −0.1

  Min – Max −3.1 to 0.0 −4.5 to 0.0 −3.5 to 0.6

  p- value* 0.678 0.034

SDAI N 19 (100.0%) 21 (100.0%) 20 (100.0%)

  Mean (SD) −9.3 (14.4) −20.2 (33.2) −7.5 (22.6)

  95% CI −16.3 to −2.4 −35.4 to −5.1 −18.2 to 3.0

  Min – Max −39.5 to 0.0 −85.2 to 62.7 −44.5 to 63.1

  p- value* 0.772 0.165

CDAI N 19 (100.0%) 21 (100.0%) 20 (100.0%)

  Mean (SD) −9.9 (15.8) −15.8 (13.2) −6.9 (10.1)

  95% CI −17.6 to −2.4 −21.9 to −9.8 −11.7 to −2.2

  Min – Max −51.1 to 0.0 −48.0 to 0.3 −26.0 to 9.0

  p- value* 0.474 0.020

SJC N 19 (100.0%) 21 (100.0%) 20 (100.0%)

  Mean (SD) −3.2 (5.3) −4.4 (4.2) −2.1 (4.2)

  95% CI −6.0 to −1.0 −6.0 to −3.0 −4.0 to −0.0

  Min – Max −18.0 to 0.0 −12.0 to 1.0 −12.0 to 5.0

  p- value* 0.492 0.084

TJC N 19 (100.0%) 21 (100.0%) 20 (100.0%)

  Mean (SD) −4.1 (6.6) −6.8 (6.4) −2.9 (3.8)

  95% CI −7.0 to −1.0 −10.0 to −4.0 −5.0 to −1.0

  Min – Max −24.0 to 0.0 −24.0 to 0.0 −11.0 to 4.0

  p- value* 0.487 0.022

CRP N 19 (100.0%) 21 (100.0%) 20 (100.0%)

  Mean (SD) 0.6 (4.8) −4.3 (28.8) −0.6 (18.7)

  95% CI −1.7 to −3.0 −17.4 to 8.8 −9.4 to 8.1

  Min – Max −8.8 to 13.4 −54.9 to 87.5 −36.3 to 65.5

  p- value* 0.776 0.634

Pain- VAS N 19 (100.0%) 21 (100.0%) 20 (100.0%)

  Mean (SD) −0.8 (1.9) −2.6 (2.4) −0.7 (2.3)

  95% CI −1.8 to −0.1 −3.7 to −1.5 −1.9 to 0.3

  Min – Max −8.2 to 0.0 −7.3 to 0.0 −7.0 to 3.6

  p- value* 0.876 0.018

HAQ- DI N 19 (100.0%) 21 (100.0%) 20 (100.0%)

  Mean (SD) −0.10 (0.34) −0.43 (0.61) −0.18 (0.48)

  95% CI −0.27 to 0.06 −0.71 to −0.15 −0.40 to 0.04

  Min – Max −1.37 to 0.37 −1.75 to 0.62 −1.75 to 0.87

  p- value* 0.576 0.153

FACIT- Fatigue N 19 (100.0%) 21 (100.0%) 20 (100.0%)

  Mean (SD) 2.9 (7.4) 6.2 (6.0) 3.1 (6.3)

  95% CI −1 to 6 3 to 9 0 to 6

  Min – Max −4 to 26 0 to 20 −11 to 15

  p- value* 0.944 0.105

*Analysis of covariance, ABX- 464 versus placebo; mixed model analysis of covariance is conducted for the changes from baseline for each parameter.
CDAI, clinical disease activity score; CRP, C reactive protein; DAS, disease activity score; ESR, erythrocyte sedimentation rate; FACIT, functional assessment of chronic illness therapy; HAQ- DI, 
Healthy Assessment Questionnaire - Disability Index; max, maximum; min, minimum; Pain- VAS, Patient assessment of joint pain; SDAI, simplified disease activity score.
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following administration of ABX464 50 mg and 100 mg is 
provided in online supplemental table 9.

miR-124
The expression of miR- 124 was measured in 27 blood samples 
from patients with RA and a miR- 124 induction was observed at 
week 8 compared with baseline in patients receiving ABX464. 
The fold changes of miR- 124 were statistically significant 
between placebo and ABX464 50 and 100 mg doses (p<0.001 
and p<0.01, respectively) with medians equal to 0.2 for placebo, 
174.5 and 119.2 for ABX464 50 and 100 mg, respectively 
(online supplemental figure 2).

DISCUSSION
This is the first multicentre, randomised, double- blind, placebo- 
controlled study to evaluate the safety and efficacy of two daily 
doses (50 mg and 100 mg) of ABX464 (obefazimod) for 12 

weeks in patients with moderate to severe active RA who had an 
inadequate response to MTX and/or to an anti- TNFα therapy.

A daily dose of 50 mg of ABX464 appeared safe in those 
patients and no new safety signals were identified. ABX464 
AEs were mild, dose- dependent, and the nature of these AEs 
was consistent with what has been observed in more than 850 
subjects who have so far been treated in other clinical trials with 
ABX464 across different indications (HIV/AIDS, COVID- 19 
and UC). Compared with placebo group, a larger proportion of 
patients in ABX464 groups experienced TEAEs. An increased 
incidence of largely mild- to- moderate gastrointestinal AEs in 
the 100 mg treatment group led early to a high drop- out rate 
of patients, and, therefore, may not be a relevant dose to use. 
Rates of AEs—in particular, abdominal pain upper, diarrhoea, 
vomiting and headache—were more elevated than rates of AEs 
observed throughout the development programme of ABX464 
with the dose 50 mg and 100 mg16; these higher rates were likely 

Table 4 Patients’ responses and remissions at week 12 (ITT set)

ABX464 100 mg (N=19) ABX464 50 mg (N=21) Placebo (N=20)

ACR20 response N 19 21 20

  Yes 3 (15.8%) 9 (42.9%) 4 (20.0%)

  95% CI 3.4 to 39.6 21.8 to 66.0 5.7 to 43.7

  p- value* 0.731 0.112

ACR50 response N 19 21 20

  Yes 2 (10.5%) 5 (23.8%) 1 (5.0%)

  95% CI 1.3 to 33.1 8.2 to 47.2 0.1 to 24.9

  p- value* 0.514 0.076

ACR70 response N 19 21 20

  Yes 1 (5.3%) 4 (19.0%) 1 (5.0%)

  95% CI 0.1 to 26.0 5.4 to 41.9 0.1 to 24.9

  p- value* 0.970 0.155

Categorical DAS28- CRP response N 19 21 20

  Yes 6 (31.6%) 14 (66.7%) 8 (40.0%)

  95% CI 12.6 to 56.6 43.0 to 85.4 19.1 to 63.9

  p- value* 0.583 0.085

DAS28- ESR remission N 19 21 20

  Yes 0 2 (9.5%) 0

  95% CI 82.4 to 100.0 1.2 to 30.4 83.2 to 100.0

  p- value* NC 0.095

Low disease activity N 19 21 20

  Yes 2 (10.5%) 4 (19.0%) 2 (10.0%)

  95% CI 1.3 to 33.1 5.4 to 41.9 1.2 to 31.7

  p- value* 0.956 0.408

SDAI remission N 19 21 20

  Yes 0 1 (4.8%) 0

  95% CI 82.4 to 100.0 0.1 to 23.8 83.2 to 100.0

  p- value* NC 0.243

CDAI remission N 19 21 20

  Yes 0 3 (14.3%) 0

  95% CI 82.4 to 100.0 3.0 to 36.3 83.2 to 100.0

  p- value* NC 0.039

ACR/EULAR remission N 19 21 20

  Yes 0 1 (4.8%) 0

  95% CI 82.4 to 100.0 0.1 to 23.8 83.2 to 100.0

  p- value* NC 0.243

*χ2 test ABX- 464 versus placebo. NC—no statistics from χ2 test produced because response has fewer than two non missing levels.
ACR, American College of Rheumatology; CDAI, clinical disease activity score; DAS, disease activity score; ESR, erythrocyte sedimentation rate; EULAR, European League Against 
Rheumatism; SDAI, simplified disease activity score.
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driven by an additive effect due the concomitant administration 
of MTX since gastrointestinal AEs are the most common side 
effect with this treatment.17 The ABX464 100 mg group seems 
to have higher incidences not only for gastrointestinal but also 
for neurological (dizziness, headache, taste disorder, tremor) 
and infectious AEs; the ABX464 100 mg/day dose is probably 
too high and the future development programme will explore 
doses lower than 50 mg. In the present study, no malignancies 
were reported, and no OI was observed during the study, with an 
infestation rate similar between placebo and ABX464 all doses.

Although the sample size of this proof- of- concept study 
was limited, multiple early efficacy endpoints showed signs of 
promise with the ABX464 50 mg daily dose, whereas no clear 
efficacy was demonstrated with the highest dose, likely due 
to the high drop- out rate of patients. In the ITT population, 
DAS28- CRP and DAS28- ESR of ABX464 50 mg- treated patients 
decreased sequentially to reach a statistically significant differ-
ence versus placebo after 12 weeks. In addition, compared with 
placebo, changes in CDAI scores from baseline to week 12 in the 
ITT population were significantly in favour of ABX464 50 mg, 
as were differences in CDAI remission rates. Decrease in CRP 
levels did not reach significance, presumably due to a very large 
SD. In general, production of CRP correlates with IL- 6 levels, 
which were significantly decreased in the serum of patients with 
RA (data not shown). Significant changes were likewise observed 
in the PP population, with additional endpoints in favour of 
ABX464, such as categorical DAS28- CRP response rates and 
ACR20 and ACR50. In the PP set, more than half of ABX464 
patients dosed with 50 mg reached the ACR20 endpoint at week 
12.

From a mechanism of action standpoint, a striking increase 
in miR- 124 expression was seen at week 8 in blood samples of 
patients with RA receiving ABX464, which indicates that the 
treatment promotes the production of a key agent that has the 
potential to reduce several inflammatory- activated pathways. 
Indeed, miR- 124 target genes that control the production of 
a number of inflammatory mediators (eg, TNF-α, IL- 6, IL- 17) 
implicated in the intense inflammatory reaction that drives 
RA.5–9 An upregulated biogenesis of miR- 124 has been consis-
tently reported with ABX464, across non- clinical and clinical 
studies in different indications,15 still a definitive correlation 
with clinical response remains to be established. Interestingly 
though, no significant difference in miR- 124 upregulation was 
seen between the two ABX464 doses, indicating the absence of 
a dose- dependent effect, which reminds the absence of dose- 
related efficacy of the drug reported in clinics in patients with 
UC.14

In conclusion, this proof- of- concept study provides the first 
clinical evidence that ABX464 50 mg/day for 12 weeks appeared 
to be safe and well tolerated by patients with active RA, whereas 
100 mg may not be a relevant dose to use in patients with RA. 
Despite a limited number of patients per group, multiple efficacy 
endpoints showed promising results with the ABX464 50 mg/
day. A total of 40 patients from the present cohort have been 
enrolled in an ongoing open- label 52- week maintenance study 
with ABX464 50 mg per day to collect further safety and efficacy 
data. Though preliminary, these encouraging findings warrant 
further exploration of the efficacy and safety of ABX464 at 50 
mg per day or less as an RA treatment.
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