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ABSTRACT 

 

Behçet disease (BD) is a complex, multi-systemic inflammatory condition mainly 

hallmarked by oral and genital ulcers which can also affect the vessels, gastrointestinal 

tract, central nervous system and even the axial skeleton. Without a clear classification 

among autoimmune or autoinflammatory conditions, BD has been recently classified as 

a MHC-I-opathy. BD aetiology is still obscure, but it is thought that certain 

microorganisms can elicit an aberrant adaptive immune response in the presence of a 

permissive genetic background. Altered T-cell homeostasis, mostly Th1/Th17 

expansion and Treg impairment, could lead to an overactivation of the innate immunity, 

which underlies tissue damage and thus, signs and symptoms. Immunosuppression 

and/or immunomodulation are central to the BD management. A complex 

armamentarium ranging from classical synthetic disease-modifying antirrheumatic 

drugs to new-era biologic agents or small molecules is available in BD, with different 

therapeutic outcomes depending on disease manifestations. However, the precise 
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disease mechanisms that underlie BD symptoms are not fully deciphered, which may 

limit their therapeutic potential and add a significant layer of complexity to the 

treatment decision-making process. The aim of the present review is to provide an 

exhaustive overview of the latest breakthroughs in BD pathogenesis and therapeutic 

options.  
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Introduction 

Behçet disease (BD) is a primary systemic vasculitis of unknown etiology that affects 

the small and large vessels of the venous and arterial systems [1]. It is currently 

included among the auto-inflammatory disorders [2,3], but only Crohn’s disease is 

sufficiently similar to BD to justify this inclusion [4] and novel insights into 

pathogenesis have challenged this notion. The most common and frequent clinical 

feature of BD are oral aphtae and mucocutaneous ulcers, but also ocular involvement 

and vascular outcomes. Gastrointestinal and/or central nervous system (CNS) 

manifestations (neuro-BD) can occur the most severe cases. At the clinical level, there 

are two clusters of BD: the first is the cluster of superficial vein thrombosis, deep vein 

thrombosis (DVT), and dural sinus thrombi [5], while the second cluster include acne, 

arthritis, and enthesitis. One-third of BD patients have thrombophlebitis of the deep or 

superficial veins (usually of the lower extremities), whereas arterial disease is less 

common (occurring in <5% of cases), but still a serious cause of morbidity and 

mortality, especially when it involves the pulmonary arteries [6–9]. 

The aim of this review was to provide an update about novel insights into BD 

pathogenesis and the potential effect of immunomodulatory and immunosuppressive 

drugs used to treat BD patients, in order to better understand the action of the new 

biological agents. 

Pathogenesis 

The exact pathogenic picture of BD is far from being clear. Whether it should be 

classified as an autoimmune or an autoinflammatory condition had been extensively 

debated. Early theories pointed to an autoimmune process triggered by an infectious or 

environmental agent in genetically predisposed individuals, innate and adaptive immune 
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mechanisms playing a role in the chronification of disease pathogenesis and tissue 

damage [10], although conflicting results have been reported thereafter. Then, important 

differences with ‘classical’ autoimmune conditions are observed in BD patients, and BD 

does exhibit important similarities with autoinflammatory conditions, hence suggesting 

that is may be too simplistic to describe BD as either autoimmune or autoinflammatory 

disorder [11], and it is accepted that BD does not fit into the strict sense of 

autoimmunity. [12] In fact, although autoantibodies can be found in BD [12], their 

prevalence is relatively low and, more importantly, these are largely unspecific 

autoantibodies that can be found in several scenarios. Them, it may be hypothesized that 

autoimmune phenomena in BD may be secondary events to immune overactivation, 

probably contributing to specific disease manifestations but not leading disease 

pathogenesis by themselves as per a classical autoimmune model. As a result, BD has 

been proposed to lie on an immunological disease continuum represented by an 

inflammatory response against self, in which extremes of innate and adaptive immunity 

(or a variable interaction between both) underscore the full spectrum of non-infectious 

inflammatory diseases, under the so-called MHC-I-opathy concept [12]. According to 

this concept, the MHC-I-associated disorders can be considered as intermediate between 

the innate and adaptive immune diseases. This elegant concept also brings the 

opportunity to explore the similarities between BD and other related syndromes, such as 

spondyloarthropaties (SpA) [13].  

The unique geographic distribution of BD supports the existence of a strong genetic 

determinant(s). As a consequence, the involvement of the major histocompatibility 

complex (MHC) class I locus HLA-B51 was documented [14]. Importantly, this genetic 

association strengthen similarities with the SpA continuum under the umbrella of MHC-

I-opathy [13]. Although this allele is the most abundant risk factor in areas along the 

‘Silk Route’, it is only present in a fraction of local BD patients (approximately in a 

60%), hence stressing the participation of other genetic variants [15]. These can also 

explain the occurrence of BD in other geographical areas, with distinct genetic 

backgrounds, as well as the occurrence of sporadic forms of BD by spontaneous 

mutations in other genes. Moreover, the existence of a polygenic substrate highlights 

the similarities with the classical autoimmune conditions, although different loci seem 

to be involved.  
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Although other loci within the MHC region have been proposed, including MICA genes 

and other non-classical MHC genes such as TNF gene variants, these results must be 

interpreted with caution due to the strong linkage disequilibrium that exists within the 

MHC region [16]. The results of genome-wide association studies (GWAS) have 

demonstrated an association between BD and ERAP1 polymorphisms [17,18]. More 

importantly epistatic interactions with some HLA class I alleles have been found, thus 

delineating a link among antigen loading and presentation to T-cells. Recent meta-

analyses confirmed the role of other non-MHC loci in the susceptibility to BD, such as 

variants in IL12, IL23R, IL12A or IL12Rb [19]. Furthermore, risk alleles were also 

found in genes related to the interferon pathway (IFI16) [20], KIR genes [21], TLR 

[22], chemokine receptors [23], inflammasome [24] or STAT [17]. Taken together, 

these findings not only explain the HLA-B51-negative BD genetic substrate but also 

highlight the broad alteration of immune circuits in this condition. Moreover, recent 

studies have documented the involvement of rare variants in genes related to auto-

inflammatory syndromes in BD susceptibility [25]. Although a lower effect has been 

reported, these studies may explain, at least in part, the pathogenic and clinical overlap 

with these disorders. Moreover, heterogeneous usage of these variants and epistatic 

interactions with other loci have been reported [25]. Further studies are warranted to 

evaluate whether genetic determinants may be useful to stratify or reclassify BD 

patients into distinct pathogenic subsets.  

Like in most of autoimmune conditions, the genetic component does not suffice to 

explain disease occurrence. Rather, environmental triggers seem to play a crucial role. 

Actually, studies have demonstrated an intermediate risk for individuals from endemic 

areas after immigrating to other regions, compared to their local non-immigrating 

counterparts [1].  Although far from being clear, current evidence points to infectious 

agents as environmental triggers for BD. Then, different microorganisms have been 

postulated to elicit a self-reactive immune response in genetically predisposed 

individuals due to the presence of conserved motifs or high homology with human 

proteins (molecular mimicry) [26–28]. This cross-reaction has been attributed to a wide 

range of organisms, from streptococci species, Helicobacter sp. or mycobacteria to even 

herpex virus or parvovirus [14,29]. Large differences among these groups keep away 

the possibility of a single, specific aetiology trigger, and reinforce the hypothesis of 
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conserved peptides that may be loaded in the HLA-B51 molecule with different 

affinities and presented to T-cells.  

An infectious agent is possibly required to trigger the innate-derived inflammation, but 

an adaptive response might also be sustained through autoantigen-activated antigen-

presenting cells [11]. Activation of the adaptive immune response upon this cross-

reactivity mechanism is supported by the emergence of antibodies against several 

microorganisms, such as streptococci or mycobacterium but also against self-antigens. 

Moreover, most of these microorganisms are able to induce T-cell activation in BD via 

antigen presentation to both helper or cytotoxic T-cells. CD4+-mediated T-cell 

responses seem to be skewed towards a Th1 profile in BD [30,31], which is in line with 

the involvement of IL-12 at the genetic level, as well as to an exacerbated Th17 

response, also in line with the involvement of IL-23-related genetic variants, and 

supported by the increased serum levels of Th17-polarizing cytokines in BD, such as 

IL-1, IL-6 or IL-23 [32,33]. Interestingly, some studies have failed to demonstrate 

higher IL-23 serum levels [34] despite raised IL-17 levels, thus calling attention to 

potential IL-23-independent IL-17 production in BD. Moreover, Th17/Th1 cytokines 

have been related to the JAK1/STAT3 activation in BD [35]. Additionally, regulatory 

T-cell (Treg) function seems to be impaired in BD patients, which has been related to 

parallel the excessive Th17 response [36]. Whether this finding could be attributed to a 

cell plasticity mechanism under a Th17-polarizing milieu as observed in other 

autoimmune conditions has not be fully elucidated, but emerging evidence is supportive 

[36,37]. Due to the relevance of this feature for disease chronification as well as for 

treatment decision-making, T-cell plasticity in BD warrants further studies. 

Surprisingly, despite the genetic determinants (HLA class I and ERAP1 variants) 

strongly pointing to a central role for CD8+ T-cell responses, the role of cytotoxic 

mechanisms has received less attention. Higher activation of CD8+ T-cells have been 

observed in BD compared to their CD4+ counterparts [38]. Although a potential role via 

enhanced IFNg production may be conceived, it has not been confirmed in functional 

studies [37]. On the contrary, CD8+ T-cells from BD patients are major sources of IL-8 

and GM-CSF, both being central to neutrophil biology and thus providing a central link 

between adaptive and innate continuum [39,40]. Moreover, CD8+ T-cells have been 

confirmed to largely contribute to the IL-17 secretion [41], as observed in other SpAs 

[42]. Taken together, CD8+ T-cell responses in BD may also amplify the magnitude, 
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extent and chronicity of both innate and adaptive immune responses via IL-17, rather 

than by conventional cytotoxic pathways. Finally,  T-cells are gaining ground as key 

disease players. In fact,  T-cells are not MHC-restricted and they are known to be 

activated by a broad range of antigenic molecules beyond peptides, thus underlining a 

potential role in the very early stages of the disease across disease phenotypes.  T-

cells are known to produce IFNg and TNFa in BD patients, which may contribute to the 

dysregulation of the Th1 response [29,43,44]. Furthermore, their regulatory properties 

seem to be impaired [45,46], which resulted in a weakened regulation of their 

homeostatic properties [47]. Importantly,  T-cells have also been reported to be able 

to produce IL-17 by IL-23–dependent and –independent mechanisms [42], thus 

emphasizing the role of the IL-23/IL-17 axis. In sum, T-cell responses lead to a broad 

release of several cytokines, including IFNg, TNFa, GM-CSF, IL-17 and IL-8, which 

can in turn activate innate populations such as macrophages and neutrophils. IL-8-

dependent autocrine loops may be involved in the perpetuation of innate responses 

(Figure 1). 

The overproduction of cytokines, enzymes and oxidative stress mediators by innate 

subpopulations lead to tissue damage and ultimately to clinical signs in BD. Moreover, 

auto-antibodies and immune-complexes are thought to play a role in this scenario 

[15,29]. Therefore, it is important to note that immune-mediated endothelial activation 

and vascular damage may not only prompt ulcer or aphthae occurrence, but loss of 

endothelial homeostasis may underlie vascular events, hypercoagulability/enhanced 

thrombosis or blood-brain barrier alterations, thus accounting for major disease 

manifestations such as cardiovascular disease or neuro-BD.  

Therapy 

Immunossuppression and/or immunomodulation are central to BD therapy. A vast and 

quickly evolving drug armamentarium is available for BD management. However, 

different drugs need to be prescribed based on disease manifestations, severity and 

background conditions in BD. An exhaustive revision is provided in the following 

section, together with a comparative summary (Table 1).  
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Conventional Disease Modifying Anti-Rheumatic Drugs (DMARDs) 

Colchicine  

Colchicine is an alkaloid derived from Colchicum autumnale (autumn crocus). It is one 

of the oldest drugs still used in modern days, and it has been widely used in gout and 

familial Mediterranean Fever (FMF) [48], other than in chronic inflammatory 

conditions such as recurrent pericarditis [49]. Its mechanism of action is still unknown. 

However, the primary mechanism seems to be the tubulin disruption, which leads to the 

down-regulation of multiple inflammatory pathways and modulation of innate 

immunity, following by other mechanisms including inhibition of inflammasome and 

stimulation of dendritic cell maturation and antigen presentation [50]. Moreover, the 

drug has anti-fibrotic activities and various effects on endothelial function [51], the 

main reason why colchicine is used in the therapeutic management of the 

mucocutaneous (particularly oral and genital ulcers) and joint involvement of BD.  

A recent systematic review [51] evaluating four randomized clinical trials (RCTs) in 

order to assess the efficacy of colchicine on oral ulcerations in BD reported that the role 

of colchicine as treatment for idiopathic or secondary recurrent oral ulcers is still 

controversial, and further standardized RCTs and crossover trials are needed. In 

particular, the first RCT performed by Aktulga et al [52] (n=28), in which subjects were 

randomly assigned to receive either a 0.5 mg dose of colchicine (3/day) or placebo, after 

a follow-up period of 6 months, showed no difference in terms of severity or frequency 

of oral ulcers. The double-blind trial including 96 patients subdivided in two groups, 

one receiving colchicine at the dose of 1 mg/day and one receiving 10 mg/kg/daily of 

cyclosporine, for 16 weeks [53], reported an improvement in oral ulcerations in the 

latter. The study conducted by Yurdakul et al [54] enrolled 96 patients, comparing 1-2 

mg/day of colchicine and a similar dose of placebo. By evaluating as primary outcome 

the absence of oral ulcerations and the difference in the number of oral ulcers as the 

secondary outcome, it showed no difference between the two groups regarding any of 

the outcomes, while it had a beneficial effect on genital ulcers and arthritis. A 

multicenter RCT conducted in Iran involving 169 patients [55] in which subjects were 

randomly assigned to receive either colchicine 1 mg/daily or placebo for 4 months, then 

switched to the other arm for another 4 months, showed significantly better scores in the 

Iran Behcet’s Disease Dynamic Activity Measure (including the presence of oral and 

genital aphthosis, pseudofolliculitis and erythema nodosum) in colchicine-treated 
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patients. Nevertheless, the authors underlined that there was a difference in number of 

patients involved and in the follow-up period, which prevented them to draw precise 

indications on colchicine efficacy in BD. In conclusion, the lack of confirmation of 

colchicine’s efficacy for treatment of mucocutaneous lesions could be related to relative 

lack of power of the studies or to inappropriate study design. In light of this issue, the 

Europe League against Rheumatism (EULAR) recommendations stated that colchicine 

should be used as the first drug for preventing recurrent mucocutaneous lesions such as 

erythema nodosum or genital ulcers and joint involvement [56].   

Azathioprine 

Azathioprine (AZA) is an immunosuppressant of the family of the purine analogue, 

which is widely used in the treatment of several immune-mediated conditions as well as 

in the prevention of transplant rejection. AZA is used in BD as first-line treatment in 

ocular involvement and it can be used for the management of DVT, severe 

gastrointestinal involvement, neurological and joint manifestations [56]. 

A RCT conducted by Yazici et al [57], including 73 patients with ocular involvement, 

randomized to receive either AZA or placebo plus glucocorticoids with a follow-up of 

two years, showed that AZA was superior to placebo for preventing the development of 

eye involvement in patients without previous history of eye disease, for decreasing the 

occurrence of uveitis and for preserving visual function in patients with prior eye 

disease. A follow-up study of seven years also highlighted that AZA-treated patients 

were less likely to develop new eye disease [58]. Moreover, a study involving 157 

patients with posterior uveitis or panuveitis treated with AZA combined with 

prednisolone demonstrated a 93% partial or complete response [59]. The efficacy of 

AZA in other BD manifestations, like central nervous system, gastrointestinal tract and 

vessels has not been studied in RCTs. However, AZA can be used in the treatment of 

BD vasculitis based on data from of the above RCTs, in which less vascular disease in 

AZA-treated patients was found. Furthermore, a study conducted in Turkey on 33 

patients with entero-BD treated with AZA showed a complete remission in 67% of them 

after more than three years of follow-up [60].   

Mycophenolate mofetil  

Mycophenolate mofetil (MMF) is a pro-drug of mycophenolic acid (MPA), an inhibitor 

of inosine-5'-monophosphate dehydrogenase. MPA depletes guanosine nucleotides 
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preferentially in T- and B-cells and inhibits their proliferation, thereby suppressing cell-

mediated immune responses and antibody formation. The efficacy of MMF in BD 

mucosal manifestations was assessed in one trial that was stopped due to lack of 

efficacy in the first six patients [61]. A case series including 4 patients with neuro-BD 

treated with 2 g/day MMF, showed no relapse in a follow-up period of 3-7 years of 

treatment [62]. Taken together, based on these data it is difficult to draw a firm 

conclusion on the efficacy of MMF in BD.  

Cyclosporine A 

Cyclosporine (CsA) is a potent immunomodulatory agent with an increasing number of 

clinical applications. Its major mechanism of action is the inhibition of cytokine 

involved in the regulation of T-cell activation. In particular, CsA inhibits the 

transcription of IL-2. In BD, CsA is mainly used to treat ocular manifestations based on 

the results of three RCTs.  

The first RCT conducted in 1988 comparing CsA with conventional therapy 

(represented at that time by corticosteroid or chlorambucil), and it demonstrated a 

beneficial effect of CsA on visual acuity [63]. The second RCT compared colchicine to 

CyA and showed a reduced frequency of ocular attacks in the CsA group [53]. CsA was 

also compared to cyclophosphamide, thus showing a significant improvement in the 

first six months of treatment [64]. Currently, CsA is considered one of the therapeutic 

options for eye disease, although the risk of neurotoxicity limits its use to refractory or 

severe eye disease. As demonstrated by a study on 454 BD patients treated for uveitis 

with with CyA or other immunosuppressants, the frequency of parenchymal 

neurological manifestations was significantly higher in the CsA-treated patients, 

including seizures and new lesions on MRI [65]. In addition, a meta-analysis of 

observational studies using CsA in BD patients demonstrated an increased risk in the 

development of CNS symptoms with a relative risk of 12.6 in CsA-treated patients [66]. 

In light of its neurological side effects, the EULAR guidelines recommend to avoid 

using CsA in BD patients with CNS involvement [56].  

Cyclophosphamide 

Cyclophosphamide (CYC) is an alkylating agent, which prompts nucleic acid cross-

linkings and leads to protein synthesis inhibition.  
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Even if currently there are no RCTs that addressed the effect of CYC on vasculitis, this 

drug is recommended by the EULAR guidelines in the treatment of major vascular 

involvement, mainly represented by pulmonary artery aneurysms and aortic and 

peripheral artery aneurysms, as first-line treatment [56]. CYC is usually used as 

monthly intravenous pulses, followed by high doses of prednisone. The results of two 

retrospective studies, one in 1994 [67] and more recently in 2004 [68], found a decrease 

in mortality in patients with pulmonary artery treated with monthly pulses of CYC. In 

2012, a retrospective case series involving 40 patients with severe neuro-BD were 

treated with cyclophosphamide 600 mg/m2 of body surface area, with a sustained 

clinical improvement [69]. Also, peripheral artery aneurysms can be treated with a 

combination of CYC and glucocorticoids at high doses. Regarding DVT, CYC is 

recommended alongside other immunosuppressants such as cyclosporine, but its use 

may be reserved for patients with extensive thrombosis due to its side effects.  

Biologic drugs  

Tumor Necrosis Factor inhibitors 

TNF is an essential part of the inflammatory pathways that lead to the different clinical 

manifestations of BD, so its inhibition was considered a relevant therapeutic target to 

control symptoms. Current BD management often includes the use of TNF inhibitors 

(TNFi), particularly for ocular involvement and resistant mucocutaneous 

manifestations, but also to treat major organ involvement such as vasculitis and CNS 

manifestations. Although only one RCT was performed, the evidence from the literature 

and real-world data led to the inclusion of these drugs in the latest guidelines [56].  

Recently, van der Houwen et al [70] conducted a systematic review on the use of TNFi 

in BD. Without a meta-analysis due to the heterogeneity of the studies included, 11 

comparative studies (four prospective and seven retrospective studies) were compared. 

Among retrospective studies, five compared TNFi with csDMARDs, while two 

compared different starting timeframes of infliximab. Only one trial compared TNFi 

with placebo, hence finding a significant decrease in nodular lesions and oral ulceration 

in the TNFi-treated group [71]. Regarding the effectiveness of TNFi compared to 

corticosteroids, a study enrolled a total of 71 patients with BD and intestinal ulceration 

showed that the frequency of patients achieving remission was higher in TNFi-treated 
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patients. The addition of corticosteroids to this treatment did not provide an additional 

benefit [72].   

Etanercept  

Etanercept is a soluble fusion protein that binds specifically to the TNF receptor, 

leading to its inhibition. Among TNFi, it is the only one studied in a RCT [71], thus 

showing that the frequency of oral ulcers, papulopustular lesions and joint symptoms 

was reduced after four weeks. Regarding ocular disease, its efficacy was only 

demonstrated in only two case reports [73,74]. 

Infliximab 

Infliximab (IFX) is widely used in the treatment of various manifestations of BD, 

including ocular disease, entero-BD, neuro-BD, vasculitis and arthritis. Even if no 

RCTs were conducted regarding ocular manifestations, data from open label trial [75–

77], case report and case series [78–81] demonstrated that IFX-treated patients with 

uveoretinitis showed a reduced frequency of uveitis attacks and relapses, even if not 

improving the vision of irreversible retinal damage. In 2011, an analysis on a large 

number of IFX-treated BD patients with ocular involvement revealed that combination 

therapy with AZA and CsA was found to be superior to monotherapy for inducing 

sustained ocular remission [82]. Similarly, a positive effect was demonstrated in 

patients with refractory uveitis in large-scale long-term post-marketing studies, hence 

showing that IFX was associated with reductions in ocular attacks as well as with 

preservation of visual acuity during the period of follow up [83].    

IFX is mainly used using endovenous infusions, but a study evaluating intravitreal 

injection of IFX in 15 patients with unilateral relapsing posterior uveitis found a 

beneficial effect on visual acuity and eye inflammation, thus suggesting that this route 

of administration could be effectively used [81].  

Regarding vessels disease, a recent retrospective study enrolled 27 DMARD-refractory 

(mostly (AZA, CYC and corticosteroids) BD patients with vascular involvement 

(pulmonary aneurysms, arterial involvement and venous thrombi) [84]. Patients started 

5 mg/kg IFX treatment at 0, 2 and 6 weeks followed by an infusion every 8 weeks in 24 

patients, while adalimumab (ADA) was given at the dose of 40 mg every other week in 

3 patients. After 3 months, most of the patients (88%) reached remission. It was noted 

Jo
ur

na
l P

re
-p

ro
of



 

that more patients treated with concomitant immunosuppressive drugs reached 

remission compared to TNFi monotherapy, despite not reaching statistical significance. 

Also, the main dose of corticosteroid therapy was reduced due to the control of 

symptoms, with a mean dose of 4 mg of methylprednisolone after 3 months. Two 

patients treated with IFX and one with ADA experienced a relapse, represented by a 

new onset renal artery involvement, aortic involvement and DVT. After a follow-up 

period of 14 months, 23 patients were still treated with TNFi, whereas safety was 

deemed acceptable (one case of pneumonia, two cases of allergic reactions with IFX 

and a latent TB reactivation). The authors concluded that TNFi were a viable option for 

remission-induction of BD patients with refractory vascular involvement. A smaller 

cohort of patients with vascular BD (aortic involvement, recurrent venous and arterial 

thrombosis and retinal vasculitis) was described by Adler et al [85]. Improvement in 

symptoms were seen as long as some days after the induction regimen in all patients 

included in the observation arm.  

Regarding entero-BD, one prospective study on 10 patients with severe intestinal 

involvement were treated with 3-5 mg/kg IFX. An improvement in gastrointestinal 

symptoms was demonstrated in all patients in 4 weeks, with sustained remission of 

mucosal ulcerations in 12 months [86].  

Regarding neuro-BD, only case reports have been described in the literature [87–89]. 

The neurological involvement in BD was also treated with IFX in combination with 

other csDMARDs, with favorable effects being reported on signs and symptoms. Joint 

involvement was also improved in patients treated with IFX in a cohort of 369 patients 

with other disease manifestations [82], while mucocutaneous seemed to be also 

ameliorated in a series of studies [90,91].   

Adalimumab  

Adalimumab (ADA) is a completely humanized monoclonal anti-TNFα antibody. 

Similarly to IFX, it has been mainly studied in ocular disease, gastrointestinal, vascular 

and CNS involvement.  

A study by Emmi et al compared the efficacy of ADA to that of csDMARD therapy in a 

retrospective cohort of 70 patients with BD and venous thrombosis [92]. A significant 

improvement in venous thrombosis, both in clinical and in imaging evaluations after 25 

months of follow-up was associated to ADA treatment. A number of case reports and 
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case series also showed improvements in mucosal ulceration, ileocolitis, vasculitis of 

the CNS and pulmonary aneurisms [93–97].  

ADA efficacy on ocular disease was evaluated in 2010 in a study that showed an 

improvement in visual acuity in 17 o 21 eyes included after 4 weeks, with a 

considerably lower dose of corticosteroid that had to be used as co-medication [98]. 

Regarding refractory uveitis, ADA and IFX were also compared in an uncontrolled 

open label study (n=177) [99]. After 24 months of therapy, the improvement was noted 

in both groups, but ADA had better results in vitritis and best-corrected visual acuity. 

Another study comparing ADA and IFX was performed by Fabiani [100] in 107 

patients with uveitis, posterior uveitis and panuveitis, with no statistically significant 

differences between the two groups [100]. Although there are reports in the literature of 

the successful treatment of intestinal BD using ADA, RCTs are yet to be undertaken. 

Tocilizumab  

Due to the role played by IL-6 in BD pathogenesis, its inhibition using tocilizumab 

(TCZ) might be considered as a valid therapeutic option, in line with other 

inflammatory diseases. TCZ is a humanized monoclonal antibody against the IL-6 

receptor. Unfortunately, only a limited number of case report and small case series 

evaluated the effects of this drug in BD.  

A recent systematic review identified a total of 47 patients with BD treated with TCZ 

[101]. All patients were refractory to conventional immunosuppressive therapy and 

other biologic agents, including TNFi and daclizumab. TCZ was mainly used for 

mucocutaneous manifestations, articular and eye disease and, in a smaller number of 

patients, for gastrointestinal, neurological and vascular involvement. The mean follow-

up period was 11 months, with TCZ therapy administered intravenously in every patient 

at the dose of 8 mg/kg/4 weeks except for one patients that was treated with 162 mg 

subcutaneously. The majority of patients were treated in combination with other 

csDMARDs while six patients were treated in monotherapy. TCZ improved clinical 

manifestations in eye inflammation and in neurological and vascular involvement, both 

arterial and venous. Furthermore, TCZ ameliorated the clinical manifestation of a 

patient with secondary amyloidosis and consequent nephrotic syndrome, in which it was 

able to decrease the level of proteinuria. Moreover, patients using TCZ were able to 

gradually reduce the dose of glucocorticoids, with 11 patients reaching glucocorticoid-
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free remission. In contrast, TCZ failed to improve mucocutaneous manifestations such 

as oral and genital ulcers, skin lesions, articular symptoms, and gastrointestinal 

involvement. In addition, it seemed to worsen ulcers and skin lesions such as 

pseudofollicolitis in a small percentage of patients. Regarding safety, the adverse events 

reported were infrequent and generally mild. Nonetheless, further studies are needed to 

assess the efficacy of IL-6 blockade in BD, even if it has promising results limited to 

ocular disease, neuro-BD and vasculitis, or if specific clinical subsets may experience a 

better outcome.  

Ustekinumab  

Ustekinumab is a humanized monoclonal antibody against IL-12 and IL-23 shared p40 

unit, strongly linked to the activation of Th1 and Th17 responses. An important 

difference compared to other biologic agents is that ustekinumab targets the polarizing 

cytokine (IL-12/23) instead of the effector cytokine (TNF, IL-17, etc), which may 

account for crucial differences in therapeutic outcomes and pharmacokinetic properties.  

A prospective study carried out in France between 2014 and 2018 included a total of 30 

patients with BD and oral ulcers despite colchicine treatment [102]. Patients were 

treated with 90 mg of ustekinumab at weeks 0 and 4 and then once every 12 weeks, in 

addition to stable doses of prednisone, colchicine, and other immunosuppressive co-

therapies. Patients were evaluated at week 12 to assess the efficacy on oral ulcers and 

other BD manifestations as evaluated by means of the Behçet Syndrome Activity Score 

(BSAS). At 12 weeks, 18 patients were evaluated to have reached a complete response, 

9 a partial response and 3 no response at all, with a median number of oral ulcers that 

was reduced from 2 to 0, a number that decreased progressively also at the 12-months 

follow-up. Additionally, genital ulcers decreased from 8 to 2, and an improvement in 

arthralgias was also registered. The mean BSAS decreased from 70 to 10 at week 24. 

The drug was well tolerated, with mild adverse events reported only in seven patients. 

Then, authors concluded that ustekinumab can be considered as effective in BD, 

representing a valid option for treatment of oral ulcers and joint involvement.  

Secukinumab  

Secukinumab is an IL-17 blocker that has indication for the treatment of psoriasis, SpA 

and psoriatic arthritis. As previously discussed, based on the similarity between the 
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pathogenesis of seronegative SpA and BD, the IL-17 blockade may be regarded as a 

promising therapeutic option.  

A small pilot study conducted in Italy on 5 patients with mucocutaneous and articular 

manifestations of BD showed encouraging results in a patient treated with secukinumab 

300 mg/month, while patients treated with 150 mg/month took a longer time to achieve 

remission and experienced relapse [103]. On this basis, the same authors conducted a 

multicentric retrospective study to investigate the effectiveness and safety profile of 

secukinumab in patients with BD, in particular with mucocutaneous and articular 

manifestations [104]. The study enrolled 15 patients between November 2016 and 

November 2019 that had shown a lack of response to colchicine, other 

immunosuppressive agents and at least one TNFi. Patients with a polyarticular 

phenotype were given a dose of 300 mg/month, while other patients started with 150 

mg/month that were successively augmented in case of worsening symptoms. 

Concomitant treatment with stable doses of csDMARD was permitted. At the 3-months 

evaluation, 66.7% of patients achieved a partial or complete control in the mucosal 

symptoms, defined as no oral ulcers or a significant reduction of them, in the 28 days 

before the visit, and a response in the articular symptoms, assessed by the Disease 

Activity Score-28 (DAS28). At 6 months, the proportion increased to 86.7%, while after 

the complete follow-up of 24 months, all the patients reached a clinical response, with 

11 patients experiencing a sustained clinical remission. Regarding oral ulcers, their 

number decreased as long as three months, and the trend was maintained at 6, 12 and 24 

months. A significant decrease was also shown for genital ulcers at 3 months and 

confirmed in successive evaluations. DAS28 also decreased at three months and 

remained low even after the 24-months follow-up period. A relapse was registered in 

nine patients, two in the 150 mg group that were successfully treated increasing the dose 

to 300 mg. Authors also considered the effect on other clinical manifestations, noting a 

decrease in the axial symptoms, as shown by the decrease in the value of the Bath 

Ankylosing Spondylitis Activity Index (BASDAI), which was observed to decrease at 

3, 12 and 18 months. Moreover, secukinumab treatment could improve abdominal pain 

and diarrhea in patients with gastrointestinal symptoms, with a concomitant decrease in 

fecal calprotectin, an index of gastrointestinal inflammation, in four patients. Notably, 

secukinumab allowed a reduction in the daily dose of prednisone, with a statistical 

significance observed at 3 months. The adverse events reported in the population of the 
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study were represented by two cases of Candida infection and one case of vertigo and 

mild mood disorders. In spite of the retrospective nature of the study and the small 

number of patients, these encouraging results have led the authors to point at 

secukinumab as a safe and effective treatment for oral ulcers and peripheral arthritis in 

BD, with potential beneficial effect also on genital aphtosis, axial arthritis and intestinal 

symptoms. Taken together, these results reinforce the relevance of IL-23/Th17 targeting 

in BD.  

Small molecules 

Apremilast 

Apremilast is a small molecule that selectively inhibits phosphodiesterase 4, which is 

involved in the production of pro-inflammatory mediators. Despite being one of the 

most promising emerging treatment for oral ulcers in BD, only two double blind, 

multicentre, RCT have been conducted to assess the efficacy of apremilast until date. 

A phase II trial was carried out in 2015 on a total of 111 patients in 3 university hospital 

in Turkey and 3 in the United States [105]. BD patients had at least 2 oral ulcers within 

28 days before screening and 2 oral ulcers at the time of the randomization. Patients 

were randomly assigned to receive either apremilast at the dose of 30 mg twice daily or 

placebo for 12 weeks, and then all switched to active treatment with apremilast. After 

12 weeks, the mean number of ulcers was significantly lower in the apremilast group, 

with a median number of 0 oral ulcers in the apremilast group and 2 in the placebo 

group. This difference was sustained in the complete follow-up phase (24 weeks). A 

complete response in oral ulcers was achieved in 71% of patients treated with 

apremilast and 29% in patients treated with placebo. In addition, also the oral ulcer pain 

was reduced to a higher extent in the apremilast group at week 12. Furthermore, ten 

patients who presented genital ulcers at baseline and were treated with apremilast 

experienced a complete remission at week 12, in comparison to 3 in 6 placebo-treated 

patients. The drug was well tolerated and the number of adverse events was low and 

similar in the two groups.  

A phase III, double-blind RCT [106] was conducted in 2019 involving 53 centers in 10 

countries. A total of 204 BD patients with active oral ulcers that occurred at least 3 

times in the previous 12 months before screening were randomly assigned to receive 

apremilast or placebo for 12 weeks, after which all patients were given active treatment 
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with apremilast for 64 weeks. The primary efficacy endpoint was the reduction in the 

total number of oral ulcers during the 12-week placebo-controlled period, and it 

included multiple secondary endpoints, such as pain from oral ulcers, improvement in 

genital ulcers, change in BSAS, change in Behçet Disease Current Activity Form 

(BDCAF), and change in Behçet Disease Quality of Life score. 

At week 12 the number of oral ulcers over time was found to be lower in the apremilast-

treated group compared to placebo. Furthermore, the mean reduction from baseline in 

the pain associated with oral ulcers was greater in the apremilast group compared to that 

of the placebo. Beneficial effects were also registered in the mean change in the BSAS 

and BDCAF scores. The proportion of oral ulcers-free patients by week six and 

remained without ulcers for at least six more weeks was also higher in the apremilast 

group. Regarding genital ulcers, non-significant differences were observed between 

groups. Similar proportions of adverse events were reported in the two groups, but mild 

symptoms including nausea, diarrhea and headache occurred at a higher percentage in 

patients receiving apremilast. Data from the extension phase of these studies showed 

that changes in oral ulcers and disease indices were sustained [107]. Notably, patients 

previously treated with placebo that were switched to apremilast showed improvement 

similar to that of seen in patients originally treated with apremilast. Additional 

retrospective and prospective studies showed a favorable effect of apremilast in patients 

with oral and genital ulcers refractory to conventional or biological therapies [108–110], 

clinical responses being observed at 12 and 24 months.  

On the basis of these results, apremilast was indicated in the latest EULAR guidelines 

for treatment of BD as a valid therapeutic option in patients with oral ulcers and 

mucocutaneous manifestations refractory to colchicine treatment [56]. Regarding other 

manifestations of BD, it is unclear if apremilast may have a beneficial effect on other 

organs. In the phase II and phase III studies discussed above, the treatment was 

associated with improvements of overall disease as measured by disease activity and 

quality of life scores, but the design of the studies did not permit to assess the efficacy 

in manifestations other than oral ulcers. Moreover, patients with major organ 

involvement were excluded from these trials. A recent literature review suggested that 

apremilast treatment should not be recommended in BD manifestations other than oral 

ulcers unless further studies are conducted [111]. 
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JAK inhibitors 

JAK inhibitors (JAKi) are small molecules that abrogate Jak/STAT signaling and thus 

represent a robust immunomodulatory therapeutic approach. BD pathogenesis is 

strongly associated with BD, since genetic variants of Stat genes have been related to 

BD susceptibility and Jak/STAT expression bas heen observed to hallmark CD4+ T-

cells and monocytes from BD patients [35,112]. Therefore, JAKi may be a relevant 

therapeutic target in BD.  In a mouse model of experimental dry eye disease, JAK 

inhibitors have shown to decrease leukocytes' corneal infiltration and to decrease 

cytokine levels in the conjunctive [113]. The efficacy of tofacitinib, an anti-JAK1-JAK3 

agent, has been reported to control refractory ocular inflammation [114] and macular 

edema [115]. Miserocchi et al. [116] have recently reported four cases of JAK inhibitor 

efficacy in Juvenile Idiopathic Arthritis (JIA). Three patients had pan-uveitis, one had 

anterior uveitis and all the patients had macular edema. All patients have been 

previously treated with anti-TNF-α drugs, three with tocilizumab and three with 

abatacept. One patient received tofacitinib, one received baricitinib (anti-JAK1-JAK2) 

as monotherapy and two received baricitinib with methotrexate. They observed an 

efficacy for all patients, both on ocular inflammation and macular edema.  Furthermore,  

Lij et al. in a  recent pilot study reported the efficacy and safety of tofacitinib in BD patients, 

with active vascular/cardiac, gastrointestinal and articular involvements despite receiving 

combination of corticosteroids, multiple immunosuppressants and biologic drugs [117]. All 

these data suggests a new options for treating ocular involvement  and refractory form 

of BD. 

However, although current evidence about JAKi use in BD is available,  it mostly come 

from indirect evidence (JAKi use in uveitis or ocular inflammation) or small studies, 

which limits the evaluation of the actual role of JAKi treatment in BD.  

Conclusion 

Despite the current advances in basic, translational and clinical research, a number of 

questions remain unsolved in the field of BD (Table 2). BD is unique among immune-

mediated diseases because of its geographical variation, not only in prevalence but also 

in disease expression. The identification of different genetic substrates and 

environmental triggers have broadened our understanding of the disease and put into 

question whether it should be classified as a single condition or if, on the contrary, BD 
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can be considered a common umbrella for different but related subsets, or even a 

continuum of disease manifestations of a complex syndrome. The proposal of the term 

MHC-I-opathy, and the consequent similarities with SpA strengthen this notion. How 

this new classification may impact disease management and even pharmacological 

interventions remain unclear.  

Immunopathogenesis in BD is a rapidly evolving field, although the exact picture is yet 

to be fully established. However, recent breakthroughs have shed new light on novel 

cell mediators and cytokine axes, which have provided novel treatment rationale. 

Overall, a shift from general drugs to highly specific agents has occurred in recent 

years. Among them, the IL-23/IL-17 axis is emerging as a pivotal disease player, but 

further research is needed. Elucidating the connections among the recent discoveries on 

T-cell polarization, cytokine networks and novel agents will pave the ground for 

innovative therapies and clinical management in BD for the coming years.  

Current evidence seems to confirm that different drugs may be useful for treating 

different disease manifestations. Matching immune alterations to the mechanism of 

action of the different drugs will be key to ensure a maximal clinical benefit. Therefore, 

unravelling the connections between the different immune alterations and disease 

manifestations represent an upmost scientific priority in BD management, in order to 

stratify patients for the treatment decision-making process.  
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TABLES 

 

Table 1: Therapeutic agents and BD manifestations. Green cells represent positive 

effects, yellow cells represent controversial effects and red cells represent worsening or 

lack of efficacy on the different disease manifestations (columns). Empty cells mean 

lack of evidence based on the current literature.  
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Table 2: Research agenda in BD 

Research agenda in BD 

1. Can BD be considered as a common umbrella of different clinical subsets? 

2. Can different immunotypes be distinguished within BD? Can immune circuits 

inform disease taxonomy? 

3. Which are the main events in the connection between adaptive self-responses 

and activation of innate responses in BD? 

4. Which are the main players (T-cells, innate subsets and cytokines) in the 

impairment of endothelial homeostasis in BD? 

5. What is the relative importance of IL-23–dependent and –independent 

mechanisms for Th17 polarization in BD? 

6. Do the different immune cell populations play a distinct role in the different 

disease manifestations? 

7. Which are the main determinants of axial involvement in BD? 

8. What is the actual effect of TNFi on axial involvement in BD? 

9. What is the added value of IL-17-targetting drugs in BD? Is there an additional 

advantage compared to TNFi?  

 

FIGURES 

 

Figure 1: Pathogenesis of BD. According to the current evidence, an integrated model 

of immunopathogenesis of BD is depicted. BD is triggered by various environmental 

factors in genetically predisposed individuals. The concurrence of these aetiology 

factors lead to the activation of adaptive responses and innate mediators, which fuels 

disease perpetuation by cytokine-mediated, complex immune networks. Activation of 

innate mechanisms seems to underlie tissue damage and thus, development of clinical 

features in BD.  
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HIGHLIGHTS 

 Behçet disease (BD) is a complex, multi-systemic immune-mediated-disease 

 Instead of autoimmune or autoinflammatory, it is considered as a MHC-I-

opathy 

 Loss of T-cell homeostasis plays a central role in disease pathogenesis 

 Different agents seem to be useful for treating different disease 

manifestations  

 Biologic drugs helped to better understand some underlying disease features 
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