
Behçet's disease (more accurrately named Behçet's syndrome) 
is a multi-systemic chronic relapsing inflammatory disease 

classified among the vasculitides. The pathogenesis of the 
disease is unknown. A possible mechanism is that infectious or 
environmental triggers in an appropriate genetically susceptible 
individual may eventually lead to an immune mediated 
process and eventually to a chronic inflammatory multisystem 
disease [1,2]. The immune process is characterized by a T 
cell homeostasis perturbation. An expansion of Th1 and Th17 
and secretion of pro-inflammatory cytokines with decreased 
regulation of the immune system is secondary to low levels 
of T regulatory cells [2,3]. Recently, McGonagle et al. [4]  
proposed a shared immunopathogenetic basis for Behçet's 
syndrome and several spondyloarthropathies, all associated with 
MHC class I. They coined a unified concept for these diseases: 
MHC-I-opathy. The disease tissue-localized manifestations 
are determined by different HLA allele associations, and 
aberrant innate immune reactions at sites of mechanical stress, 
which trigger adaptive immunity. Behçet's syndrome is a 
heterogeneous disease. The most common manifestations are 
recurrent oral aphtous ulcers, genital ulcers, and uveitis, but 
many other systems may be involved (ocular, neurological, 
vascular, or gastrointestinal) [5]. Arteries and veins of all sizes 
are involved.

Joint involvement may occur in 40–70% of patients [6-8]. 
The articular involvement in Behçet's syndrome is clinically 
characterized by asymmetric, non-deforming and non-erosive 
arthritis, usually of medium-large joints, and histological evi-
dence of inflammation in synovial biopsies [9]. Sacroiliitis and 
spondylitis were described in 7–10% of patients. Although the 
arthritis usually resolves in several days to weeks, it causes 
pain and functional limitation similar to those that affect rheu-
matoid arthritis patients [10]. A minority of patients (2%) will 
experience chronic erosive arthritis [11]. Those patients will 
require long-term immunomodulatory treatment. Synthetic 
disease-modifying anti-inflammatory drugs (DMARDs) are 
efficient in some of the patients. Several retrospective stud-
ies and case series emphasized the role of anti-tumor necrosis 

benefits were reported also for extra-ocular manifestations, 



including refractory arthritis [12-18].
Our primary endpoint was to assess efficacy and safety of 

adalimumab in a prospective study, in patients with active chron-
ic Behçet's arthritis not responding to one or more DMARDS. 
The secondary endpoint was to assess the impact of treatment 
on other disease manifestations.

We conducted a single-center, investigator-initiated, prospec-
tive, open label study. Adult patients diagnosed with Behçet's 
disease as defined by the International Study Group Criteria [19], 
with active arthritis at screening and inadequate response to 
treatment with one or more DMARDs were eligible for partic-
ipation. Active arthritis was defined as tenderness and swell-
ing of at least one medium or large joint or active spondylitis. 

were permitted if stable for at least 4 weeks prior to screening. 
The exclusion criteria included other rheumatic autoimmune 
diseases, significant uncontrolled concomitant diseases, known 
active infection, history of malignancy in the past 5 years, preg-
nancy or breastfeeding, history of demyelinating disease, or ac-
tive tuberculosis.

•  Phase 1: Eligible patients with active arthritis were enrolled 
in a 24-week open-label, investigator-initiated study with 
adalimumab treatment that was discontinued at the end of 
phase 1

•  Phase 2: Patients who relapsed within 12 weeks following 
adalimumab discontinuation could enter a 3-year open-label 
extension study

The study was approved by the ethics committee of Rambam 
Health Care Campus (0488-09RMB, ClinicalTrials.gov Identifi-
er: NCT01497717) and all subjects provided informed consent 
according to the declaration of Helsinki.

All patients were treated with 40 mg subcutaneous adalimumab 
every 2 weeks. In patients with inadequate disease control after 
12 weeks of treatment, adalimumab was administered week-
ly. Concomitant DMARDs or corticosteroids, at a stable dose, 
could be continued throughout the study.

Study visits were at screening, baseline, month 1, and then every 
2 months up to 6 months. Patients entering the phase 2 exten-
sion study were assessed every 3 months. Questionnaires, dis-
ease assessment indices, and safety evaluation were performed.
Physical examination included 68 tender and 66 swollen joint 
counts. Questionnaires included Bath Ankylosing Spondylitis 

Disease Activity Index (BASDAI), patient Visual Analogue 
Scale (VAS) for pain, physician overall disease activity VAS, 
health assessment questionnaire (HAQ), and Behçet's Disease 
Current Activity Form (BDCAF) [20]. Functional Assessment 
of Chronic Illness Therapy (FACIT) fatigue scale questionnaire 
and SF-36 questionnaire were completed at baseline, weeks 24, 
week 48, and at the final visit of the patient.

The following laboratory tests were performed at each 
visit: C-reactive protein (CRP), erythrocyte sedimenta-
tion rate (ESR), complete blood count, and kidney and 
liver function tests. Adalimumab trough levels and an-
tibodies were examined at week 12, week 24 and then 
every 3 months. Adalimumab levels were measured by 
using the ELISA assay [21] (Abbot Laboratories, Princ-
eton, NJ, USA). Measurement of adalimumab antibod-
ies was done by adaptation of previously developed  

 
 

mg/ml of adalimumab.

24, and at week 48. The cytokines levels were measured in 
plasma using the ProcartaPlex™ Human High Sensitivity Im-
munoassay kit (eBioscience Vienna, Austria) and MAGPIX® 

(Luminex, USA) according to the manufacturer instructions. 
The immunoassay kit performs quantitative, multiplexed pro-
tein measurements from serum, plasma samples using magnetic 
beads technology from Luminex. 

The primary endpoints of this study were to determine 

manifestations of patients with Behçet's disease who failed 
one or more DMARDS. Complete response was defined as 
being free of arthritis; partial response was defined as 50% 
improvement in swollen joint counts and/or dose reduction/
discontinuation of corticosteroids. The secondary endpoint 
was to determine additional effects of the therapy with 
adalimumab on the mucocutaneous and other extra-articular 
manifestations of patients with Behçet's disease. Complete 
response was considered the resolution of extra-articular dis-
ease manifestations, present at the screening or baseline visits 
and partial response was defined as 50% improvement of ex-
tra-articular manifestations.

Summary statistics were calculated including mean and median 
values, ranges, standard deviations, and frequency distributions. 
Comparisons between pre- and post-adalimumab covariates were 
analyzed using the Mann-Whitney U test for quantitative variables 
and Fisher’s exact test for categorical data. Statistical significance 
was defined as  < 0.05. Statistical analyses were performed using 
IBM Statistical Package for the Social Sciences statistics software, 
version 25 (SPSS, IBM Corp, Armonk, NY, USA).



Ten of 16 patients who were screened entered the trial. Of these, 
six were women. Two patients failed to fulfill the screening cri-
teria and four others withdrew their agreement to participate. 
Most of the patients had a long-lasting disease (median disease 
duration 7.5 years, range 2–26 years). All had chronic periph-
eral arthritis refractory to at least two DMARDs, one patient 
also had sacroiliitis. The most frequent joints involved were 
wrists, knees, ankles, and shoulders. The main extra-articular 
manifestations included: recurrent oral and genital aphtosis (all 
patients), cutaneous lesions (erythema nodosum in 3 patients, 
pseudofolliculitis in 2), past history of uveitis (1 patient), and 
deep venous thrombosis (1 patient).

Previous immunomodulatory treatments included colchi-
cine (all patients), methotrexate (7 patients), azathioprine (4 
patients), salazopyrine (6 patients), leflunomide (2 patients), 
hydroxychloroquine (3 patients), minocycline (1 patient), and 
prednisone (7 patients). Concomitant DMARDs were con-
tinued by 5 patients throughout the trial (methotrexate 1 pa-
tient, azathioprine 1 patient, methotrexate and azathioprine 2 
patients, methotrexate and leflunomide 1 patient). Prednisone 
(10 mg) was prescribed for 1 patient and 4 patients received 
colchicine. The demographics and clinical characteristics are 
described in Table 1.

The phase 1 response to the treatment is described in Table 
2. Resolution of arthritis occurred within 4–8 weeks from adali-
mumab initiation in 9 of 10 patients. The remaining patient with 
active synovitis had low adalimumab trough levels without neu-
tralizing antibodies. A substantial amelioration was achieved in 
his condition, following weekly administration of adalimumab. 

The physician global disease activity index was significantly im-
proved (from 51.5 vs. 24.5,  = 0.002), and so was the BDCAF 
(5.4 vs. 2.1,  = 0.001).

Although 40% of patients reported a significant decrease in 
pain, the change in the patient's VAS pain did not reach statis-
tical significance at week 24. Complete resolution of oral and 
genital aphtae was achieved in all patients. No cases of uveitis, 
cutaneous manifestations, or vascular complications occurred 
during the study period (including the extension study). There 
was no change in HAQ assessment and FACIT after 24 weeks. 
The health change domain in SF36 survey was the only one that 
improved significantly [Table 2].

A significant reduction of IL-6 serum levels was observed in 
8 of 10 patients at week 24 [Figure 1]. The delta change in IL-
6 levels at week 24 correlated well with clinical improvement, 
physician global disease activity index, BDCAF, and reduction 
of ESR. One of the patients with no reduction of IL-6 at week 
24 had active synovitis and low adalimumab trough levels. The 
second one was on clinical remission.



An increase in serum IL-10 levels was observed in only two 
patients. There was no correlation between delta change in se-
rum IL-10 levels and VAS pain.

Adalimumab was discontinued in all patients after 24 weeks, 
according to the study protocol. The disease relapsed in 9/10 
patients, within 2–6 weeks (median 4). Seven patients agreed 
to enroll into the extension study. The other two withdrew their 
consent because of concern from treatment related possible side 
effects. After 1 year of treatment, the arthritis relapsed in two 
patients. Both of them developed high antidrug antibodies titer 
and an adalimumab serum trough level of 0 with a concomitant 
raise in VAS pain and IL-6 level. Adalimumab was discontin-
ued. Another patient with low adalimumab trough levels and no 
antibodies improved after providing adalimumab weekly. Five 
patients completed 2 years of treatment and four completed 3.5 
years (24 weeks of study period and 3 years of extension study). 
Complete remission was achieved in three patients, the other 
two continued to complain of musculoskeletal pain, but without 
signs of arthritis or elevation of CRP and ESR. The study drug 
was discontinued in one of the patients after 2.5 years of treat-
ment because of persistent diffuse musculoskeletal pain without 
evidence of active arthritis. Resolution of oral and genital ulcers 
was achieved in all patients during the study. No relapse of other  
extra-articular disease manifestations occurred. A statistical-
ly significant improvement in HAQ (1.76 vs. 0.49,  = 0.01) 
and the health change domain in SF36 survey was observed in 
those patients who completed the 3 years extension study. No 
improvement was noticed in FACIT or in the other domains of 
SF36 results.

Adverse events included upper respiratory tract infections in 
two patients and pneumococcal pneumonia in one patient. None 
of the events required treatment discontinuation.

Our study is an investigator-initiated prospective open la-
bel study aimed to assess efficacy and safety of adalimumab 
in Behçet's disease patients with active non-remitting arthritis 
and to assess the impact of treatment on the cytokine milieu.  
Only patients who failed at least one DMARD for arthritis and 
in whom the articular involvement was the most dominant clini-
cal manifestation were included in the study. Adalimumab treat-
ment was well tolerated and achieved a significant improve-
ment in arthritis in all of our study patients. Discontinuation of 
the drug led to arthritis relapse in most of the patients within 
a short time. Renewal of treatment with adalimumab generat-
ed prompt improvement in all seven patients enrolled in the  
phase 2 extension study and a long-te rm remission in four. 
Secondary treatment failure occurred in two patients who de-
veloped neutralizing antibodies to adalimumab after 1 year of 

treatment. Resolution of oral and genital ulcers was achieved 
in all patients during adalimumab treatment. No other disease 
manifestations occurred during the study.

Other studies found elevated serum levels of innate-system 

and IL-23 in Behçet's disease patients compared to controls, 
suggesting their role in the pathogenesis of Behçet's syndrome 

-
rum. The change in IL-6 levels at week 24 correlated well with 
clinical improvement, physician global disease activity index, 
BDCAF, and reduction of ESR. We presume that reduction 
in serum IL-6 levels (a pro-inflammatory cytokine involved 
in innate immunity) is a more sensitive and reliable marker 

between IL-6 levels and disease activity score and clinical ac-
tivity index in Behçet's disease patients was described also by 
Gholijani et al. [22].

There was no correlation between delta change in serum IL-
10 levels and VAS pain.

The physician global disease activity index was significantly 
improved and so was the BDCAF. In spite of the remarkable 
improvement of arthritis and mucocutaneous involvement and 
the reduction in IL-6 levels, only 40% of the patients report-
ed a considerable amelioration of pain. No significant reduc-
tion was achieved in tender joint count. This finding may raise 
the question about fibromyalgia prevalence among Behçet's 
disease patients. Several studies found a relatively high preva-
lence of fibromyalgia among Behçet's disease patients [23,24]. 
A statistically significant improvement in HAQ assessment was 
observed only in those patients who completed the extension 
study, but not by week 24. Adalimumab treatment did not ame-
liorate fatigue in our patients. No improvement was noticed in 
FACIT or in the other domains of SF36 results, except of the 
health change domain throughout the entire study period. Fa-
tigue is an important factor with negative impact on quality of 
life in Behçet's disease patients [10,25].

Our study is a prospective study which assessed the influence 
of adalimumab treatment on chronic Behçet's disease arthritis 
through a comprehensive evaluation of clinical aspects, function-
al questionnaires, cytokines levels and immunogenicity of drug 
study and a long-term follow-up. The main limitation of our study 
is the relatively small number of patients.

Our study demonstrates a substantial improvement in arthritis and 
mucocutaneous manifestations in all patients, accompanied by a 



significant decrease in IL-6 levels. Adalimumab treatment was 
well tolerated. Only 40% reported significant pain reduction and 
no improvement of fatigue was observed. We assume that a sub-
set of patient with insufficient improvement in joint tenderness 
and generalized pain, probably secondary to fibromyalgia, may 
require comprehensive pain management, besides anti-inflamma-
tory therapy.

Scientists across the world are working to understand 
severe acute respiratory syndrome: coronavirus 2 (SARS-
CoV-2), the virus that causes coronavirus disease 2019 
(COVID-19). Zhang et al. determined the X-ray crystal 
structure of a key protein in the virus life cycle: the main 
protease. This enzyme cuts the polyproteins translated 
from viral RNA to yield functional viral proteins. The 

authors also developed a lead compound into a potent 
inhibitor and obtained a structure with the inhibitor 
bound, work that may provide a basis for development of 
anticoronaviral drugs.


