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ABSTRACT
Several epidemiologic studies report 
on the prevalence of Behçet’s syndrome 
(BS) and demographic and clinical find-
ings in patients from different countries 
and ethnicities. Although these studies 
point out geographic differences in dis-
ease course, methodologic differences 
make it difficult to compare the results 
of these studies. Recent data suggest 
that neutrophil extracellular trap levels 
are elevated in patients with BS, and 
that it may be a potential therapeutic 
target for the reduction or prevention of 
BS-associated thrombotic risk. Details 
on the mode of functioning of ERAP 
have been delineated and further epi-
genetic data reported. Wall thickness 
of lower extremity veins is increased 
among BS patients without any appar-
ent clinical involvement. Magnetic res-
onance (MR) venography and Doppler 
ultrasonography (USG) were compa-
rable in the diagnosis of chronic deep 
vein thrombosis, while MR venography 
is more effective in detecting collateral 
formations. Results were also collected 
on some dietary and non-dietary fac-
tors in triggering oral ulcers, while 
smoking seems to have a protective 
role. With regards to the therapy, it has 
been demonstrated that endovascular 
interventions carry the risk of inducing 
pathergy phenomenon. Apremilast has 
been convincingly shown to be useful 
for oral ulcers of BS and classical im-
munosuppressives are effective as first 
line therapy in more than half of pa-
tients with uveitis. While infliximab and 
adalimumab seem to be equally effec-
tive in the treatment of refractory uveitis 
of BS, the combination of adalimumab 
and immunosuppressives appears to be 
superior to immunosuppressives alone 
for venous thrombosis of the extremi-
ties. In addition, tocilizumab might be 
an alternative to anti-TNF agents for 
patients with arterial involvement re-
fractory to immunosuppressives. On the 

other hand, the place of IL-17 inhibi-
tion in the treatment of BS still remains 
questionable.

Introduction
Behçet’s syndrome (BS) is a multisys-
tem variable vessel vasculitis that can 
cause oral and genital ulcers, papu-
lopustular and nodular skin lesions, 
arthritis, uveitis, venous and arterial 
thrombosis, arterial aneurysms, central 
nervous system lesions and gastrointes-
tinal ulcers. It has a distinct geographic 
spread along the ancient Silk Route (1, 
2). It usually starts during the second 
or third decade of life, but the demo-
graphic features of patients and fre-
quency of clinical manifestations show 
important differences across countries 
and ethnicities. The exact pathogenesis 
is not understood and the heterogene-
ity of clinical manifestations and dis-
ease course (3, 4) highly impacts on 
the quality of life (5, 6) and makes it 
difficult to advocate a uniform treat-
ment strategy. Management is planned 
according to the age and sex of the pa-
tients and the organs that are involved.
Many new studies have been published 
over the last year highlighting the 
epidemiology, immunopathogenesis/
genetics, clinical findings and man-
agement of BS. As the previous yearly 
reviews published in this supplement 
(1, 7), the aim of this manuscript is to 
provide a compendium of the most rel-
evant studies that have been published 
in this field in the last year. 

Epidemiology
Various studies have addressed the 
epidemiological complexity of BS 
with different aims and methodolo-
gies. A longitudinal cohort study from 
the midwest region of Ireland aimed to 
determine the natural course of their pa-
tients with BS and compare it to cohorts 
from Europe and other Mediterranean 
countries (8). Twenty-five patients who 
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fulfilled the International Study Group 
(ISG) or International Classification for 
Behçet’s Disease (ICBD) criteria were 
included and followed longitudinally 
for clinical features, disease activity 
and outcome. Except for one patient 
from Syria, all of the patients had Irish 
ancestry. The point prevalence of BS 
was calculated as 6.5 per 100,000 popu-
lation and, if only patients who fulfilled 
ISG criteria were included, the preva-
lence was 6.2 per 100,000. This was 
higher than the prevalence previously 
reported from Dublin (2.3 per 100,000) 
and from other northern countries such 
as Scotland (0.36 per 100,000) and the 
UK (0.64 per 100,000) (9-11). Whether 
this difference between the 2 reports 
from Ireland 22 years apart reflects in-
creased awareness for BS among phy-
sicians, differences in the criteria used 
for including patients or a real increase 
in prevalence, is not clear. Among their 
25 patients with BS, 16 were women, 9 
were men and the median age was 40.0 
years. The frequencies of clinical fea-
tures were comparable to other Europe-
an BS cohorts with oral ulcers in all of 
the patients, genital ulcers in 92%, skin 
lesions in 92%, joint involvement in 
40%, eye involvement in 32%, throm-
bosis in 12% and pathergy positivity 
in 8%. An unusual finding was that 5 
of their patients (20%) had structural 
laryngeal changes that were attributed 
to BS. Only one of the 25 patients was 
HLA-B51 positive. 
Another study from Egypt attempted to 
estimate the prevalence of BS, identify 
the frequency of clinical manifestations 
and the impact of sex and age of onset 
on the frequency of these manifesta-
tions (12). Although the authors suggest 
that this is a population-based study, the 
patients included were adults who were 
registered to one of the included cen-
tres and fulfilled the International Study 
Group criteria. A total of 1526 patients 
were identified from 26 centres. The 
overall estimated prevalence was 3.6 
per 100,000 population. The authors 
indicate that this may be an underesti-
mate, as patients treated in private clin-
ics and ophthalmology and dermatol-
ogy clinics are not included. It is known 
that the prevalence of BS generally in-
creases from north to south (13). One 

of the aims of this study was to com-
pare the prevalence of BS in northern 
and southern parts of Egypt. However, 
a significant difference was not ob-
served between the north and south of 
the country. The prevalence was highest 
in the two main cities, Alexandria and 
Cairo as 15.3 and 8.7 per 100,000, re-
spectively. It was commented that this 
may be due to referrals from other parts 
of the country. Patients had moderate 
disease activity with a mean Behçet’s 
Disease Current Activity Form (BD-
CAF) score of 4.48±4.28 during this 
cross-sectional analysis. The male to 
female ratio was 2.6:1. Major organ 
involvement including venous, nerv-
ous system and gastrointestinal system 
were more common among men and 
joint involvement was more common 
among women. Frequency of clinical 
manifestations was similar between 
juvenile-onset and adult-onset patients. 
The demographic and clinical features 
of patients with BS was analysed in 
Iran and compared to cohorts from oth-
er countries included 7641 patients with 
BS diagnosed according to expert opin-
ion (14). Patients were referred from all 
over Iran and followed at Tehran Uni-
versity. Among these patients 56% were 
men, the mean age at disease onset was 
25.6±9.8 years and the mean disease 
duration was 11.7±8.9 years. The most 
common manifestation was oral ulcers 
(97.5%) followed by genital ulcers 
(64.4%), skin lesions (62.2%), eye in-
volvement (55.6%), joint involvement 
(38.1%), vascular involvement (8.9%), 
gastrointestinal manifestations (6.8%), 
epididymitis (4.6%), and nervous sys-
tem involvement (3.9%). Gastrointes-
tinal manifestations included findings 
not specific for BS such as gastroduo-
denitis and peptic ulcer. The pathergy 
test was positive in 50.4% of the pa-
tients. The authors noted a decrease in 
pathergy positivity in their cohort, from 
71.8% among the first 1,000 patients 
recorded between the years 1977 and 
1989, to 37.8% in the last 1,141 patients 
recorded between 2010 and 2018. They 
had reported the number of BS patients 
in their registry as 6,500 in 2010 and in 
that report the number of new patients 
per year was 282 (15). Interestingly 
since their report in 2010, the number 

of new patients per year has dropped to 
143. The authors do not comment on 
whether this is related to a difference in 
referral patterns or a real decrease in the 
incidence of BS in Iran. HLA-B5 was 
positive in 53.5%, HLA-B51 was posi-
tive in 48.2% and HLA-B27 in 8.4% of 
the patients who were studied. There 
was no difference in clinical manifesta-
tions according to age of onset.
A small cohort of 47 patients with BS 
over the age of 14 who were followed 
in a tertiary centre in southwestern 
Saudi Arabia between 2012 and 2017 
were reported in a retrospective study 
(16). The authors indicate that their co-
hort was comparable to Middle East co-
horts especially regarding demographic 
features such as male predominance 
(1.24:1), however, there were inter-
esting differences in the frequency of 
some of the features. Gastrointestinal 
involvement, which is an infrequent 
manifestation among BS cohorts from 
the Middle East, was seen in 34% of 
their patients. However, it is not clear 
whether these patients had confirmed 
gastrointestinal involvement of BS or 
only nausea and vomiting. On the other 
hand, in contrast to other cohorts ery-
thema nodosum-like lesions were seen 
in only 4.3% of the patients. Addition-
ally, they reported pulmonary involve-
ment in 8 patients (17%) and 4 of these 
had chest pain and 4 had shortness of 
breath with no explanation of the un-
derlying pathology. Family history was 
frequent at 10.9%, however, they did 
not report whether this number also in-
cluded second-degree relatives.
Another study on the prevalence of 
BS comes from Switzerland, where 
patients with BS followed at the Uni-
versity Hospital of Bern were identi-
fied and rheumatologists in the same 
area as well as departments of other 
specialties taking care of patients with 
BS in the same University were con-
tacted with the aim of including all BS 
patients in the canton of Bern and the 
neighbouring cantons (17). A total of 60 
patients fulfilled the ICBD criteria and 
the prevalence was calculated as 4.03 
per 100,000 inhabitants. This is similar 
to what was previously reported from 
South Switzerland (18). On the other 
hand, the prevalence in non-Swiss indi-
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viduals from high-risk countries of BS 
was calculated as 19.5 per 100,000. Fif-
ty-two patients followed at the Univer-
sity of Bern whose diagnosis was con-
firmed by the expert rheumatologists in 
the unit were included in a database and 
their clinical and laboratory data were 
analysed. Forty-six of these patients 
fulfilled the ICBD criteria. Thirty-one 
patients were of Swiss origin. The me-
dian age at first symptom was 21.4 years 
and the median disease duration was 19 
years with a mean diagnostic delay of 8 
years. The diagnostic delay was 2 years 
longer in patients of Swiss origin com-
pared to patients of non-Swiss origin. 
On the other hand, there was no differ-
ence in frequencies of organ involve-
ment across different ethnicities. Over-
all, oral ulcers were the most common 
symptom (92%) followed by skin le-
sions (79%), joint involvement (77%), 
genital ulcers (67%), eye involvement 
(48%), vascular involvement (52%), 
nervous system involvement including 
headache and cerebral sinus thrombosis 
(42%) and gastrointestinal complaints 
(31%). Pathergy was positive in 65% 
of the patients. Interestingly anti-TNFs 
were used in 64% of the patients.
In a study from a tertiary referral cen-
tre in Southwestern United States the 
estimated prevalence was reported 
as 8.9 per 100,000 when ISG criteria 
were used and 10.9 per 100,000 when 
ICBD criteria were used (19). This is 
higher than the prevalence reported in 
a previous study from the US as 5.2 
per 100,000 population (20). Fifty-two 
of the 63 patients who fulfilled ISG 
criteria (82.5%) were women. This fe-
male predominance was previously ob-
served in other US cohorts and it was 
thought to be associated with higher 
health care utilisation by women (21). 
The mean age at diagnosis was quite 
high, 41.0±14.9 years. Among these pa-
tients 49.2% were Hispanic Americans, 
31.7% were non-Hispanic European 
Americans (European Americans), 
14.3% were Native Americans, and 
only 4.7% were Silk Route Americans 
with ancestry from Middle East and the 
Silk Route through Asia. HLA- B51 
was positive in 74.2%, 42.1%, 89.0% 
and 100% of the patients in these ethnic 
groups, respectively. High frequency of 

HLA-B51 positivity in the general pop-
ulation was previously shown among 
Native Americans, but an increased fre-
quency of BS had not been shown (22-
24). Despite the differences in HLA-
B51 positivity rates, the frequency of 
clinical manifestations was quite simi-
lar between the Hispanic Americans 
and European Americans. On the other 
hand, among Americans of Silk Road 
descent ocular involvement rate was 
higher than in the other groups. Over-
all, the most common manifestations 
were oral ulcers (100%), genital ulcers 
(61.9%), acneiform lesions (69.8%), 
papulopustular lesions (52.4%), arthri-
tis (41.3%), anterior uveitis (23.8%), 
posterior uveitis (15.9%), deep vein 
thrombosis (14.3%), erythema nodo-
sum (7.9%), arterial thrombosis (6.3%), 
and retinal vasculitis (1.6%). Pathergy 
was positive in 15.9% of the patients. 
Regarding medications, interestingly 
39.7% of the patients were using or had 
used hydroxychloroquine for BS. How-
ever, it was impossible to comment on 
its efficacy due to the study design, but 
the authors suggested that the fact that 
27.9% of the patients continued to use 
the drug in the long term is an indica-
tion of its success.
Interestingly, a retrospective study 
from Japan reported on the patterns of 
uveitis among patients admitted to the 
ophthalmology unit of the University 
of Tokyo between 2013 and 2015, and 
compared it to those between 2004 and 
2012, showing that BS was the third 
most common cause of uveitis (4.4%) 
after herpetic iridocyclitis (7.5%) and 
sarcoidosis (6.1%) in the recent cohort 
of 750 new patients with uveitis (25). A 
definite diagnosis could not be made in 
39.1% of the patients. There was a pro-
gressive decrease in the frequency of 
BS among uveitides over the years. The 
frequency was 4.9% in the 2004-2006 
and 2007-2009 cohorts, and 4.7% in the 
2010-2012 cohort compared to 4.4% in 
their recent cohort (26, 27). The authors 
indicated that they could not find ad-
equate reasons for this decrease. How-
ever, the age of their new patient co-
horts had increased over the years with 
38.5% of the patients over the age of 60 
in the 2004-2006 cohort and 51.1% in 
the 2013-2015 cohort. This may be a 

reason for the relative decrease in the 
frequency of Behçet’s uveitis, which 
usually starts around the age of 20. In 
a recent report from France on clini-
cal and aetiologic characteristics of de 
novo uveitis among 283 patients who 
were 60 years or above, there were no 
patients with BS (28). A similar study 
from Italy reported on 278 patients with 
non-infectious uveitis admitted to 2 ter-
tiary referral rheumatology centres be-
tween January 2016 and January 2017 
(29). Half of these patients had bilateral 
uveitis and the diagnosis was anterior 
uveitis in 54.3% of the patients, poste-
rior uveitis in 24.1, intermediate uvei-
tis in 5.4 and panuveitis in 16.2% of 
the patients. A systemic disease could 
be diagnosed in 41.7% of the patients 
and overall the main diagnosis was BS 
(40/116) followed by ankylosing spon-
dylitis (22/116) and juvenile idiopathic 
arthritis (14/116). The frequency of BS 
among anterior uveitis patients was 
9/83 (18.8%), among intermediate uve-
itis 3/4, among posterior uveitis 16/33 
(48.5%) and among panuveitis 12/23 
(52.3%). The authors note that this high 
prevalence of BS in their cohort may be 
due to a referral bias, as their depart-
ments are national and regional refer-
ence centres for BS.
Although several studies are reported 
each year on the epidemiology of BS, 
the methodological differences in these 
studies make it difficult to compare the 
results. When reporting the frequency 
of some of the clinical manifestations, 
such as gastrointestinal or nervous sys-
tem involvement, it is often not clear 
whether this is a real involvement of 
BS or just a non-specific symptom, 
such as transient abdominal pain or 
hearing loss associated with age, or a 
complication of the medications that 
are used, such as in cataract. Another 
problem is the age of onset, since some 
studies use the first symptom, others 
the fulfillment of criteria and yet oth-
ers the diagnosis at the time of disease 
onset. Additionally, family history is 
reported without providing whether 
only first-degree or other relatives are 
included. Finally, laboratory results that 
could show an important variation ac-
cording to disease activity, infections or 
other causes are reported as abnormal 
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without any explanation of the clinical 
scenario they are associated with, such 
as disease activity or infections, and 
sometimes mean values are calculated 
for these laboratory parameters using 
values of patients in different disease 
states. These and other issues make it 
difficult to interpret and compare the re-
sults of cohort studies. Standardisation 
is needed for reporting observational 
and epidemiologic studies in BS. 

Pathogenesis
The pathogenesis of BS is poorly un-
derstood and evidence supporting a role 
of different molecules in the different 
types of organ involvement is growing. 
Regarding the thrombotic risk related to 
BS, a work was recently published on 
the role of neutrophil extracellular traps 
(NETs); as a matter of fact, to respond 
to inflammatory insults, neutrophils 
release web-like structures, known as 
NETs, which are prothrombotic. The 
study evaluated the role of NETs and 
markers of NETs in BS. Blood samples 
were collected and NET components, 
including cell-free DNA (cfDNA) and 
neutrophil enzymes myeloperoxidase 
(MPO), were assessed in serum or in 
purified neutrophils from patients with 
BS and healthy donors (HD). Patients 
with active BS had elevated serum cfD-
NA levels and MPO-DNA complexes 
compared with patients with inactive 
BS and with HD. Moreover, levels of 
cfDNA and MPO-DNA complexes 
were significantly higher in patients 
with BS with vascular involvement 
compared with those with no vascular 
symptoms. Thrombin generation in BS 
plasma was significantly increased and 
positively correlated with the levels of 
MPO-DNA complexes and cfDNA. 
Notably, DNAse treatment significantly 
decreased thrombin generation in BS 
plasma but not in HD plasma, suggest-
ing that, since NETs and markers of 
NETS levels are elevated in patients 
with BS, targeting NETs may represent 
a potential therapeutic target for the re-
duction or prevention of BS-associated 
thrombotic risk (30). 
A recent meta-analysis compared mean 
platelet volume (MPV), neutrophil-to-
lymphocyte ratio (NLR), and platelet-
to-lymphocyte ratio (PLR) between 

patients with BS and healthy controls, 
evaluating these parameters in BS ac-
cording to disease activity and throm-
bosis. In total, 14 studies were in-
cluded; MPV was not higher in the BS 
group than in the control group, while 
NLR was significantly higher in the 
BS group than in the control group and 
PLR showed a non-significant trend of 
association with BS. MPV did not dif-
fer between patients with active and 
inactive BS, and between patients with 
BS with and without thrombosis. Con-
versely, NLR was significantly higher 
in patients with active BS than in those 
with inactive BS, but not significantly 
higher in patients with BS with throm-
bosis than in those without thrombosis. 
This finding suggests that NLR may be 
a potential index to evaluate the disease 
activity of BS, although there are limi-
tations of small number of studies and 
heterogeneity of individual characteris-
tics (31). 
Maintaining the topic of the pathoge-
netic mechanisms of vascular involve-
ment, another study was conducted in 
order to compare vascular endothelial 
growth factor (VEGF) and soluble vas-
cular endothelial growth factor recep-
tor-1 (sVEGFR-1) levels in BS, among 
patients with active disease and espe-
cially vascular involvement. Fifty-five 
patients with BS, 25 of whom were ac-
companied by vascular involvement, 
and 31 control subjects were included 
in the study. Disease activity was as-
sessed with the Turkish version of Be-
hçet’s Disease Current Activity Form 
(BDCAF) and active vasculitis lesions 
at the time of study were recorded. The 
authors suggested that elevated serum 
VEGF, sVEGFR-1, and more impor-
tantly VEGF/sVEGFR-1 ratio could 
play an important role in the develop-
ment of thrombosis in BS and therefore 
they should be evaluated together (32). 
However, the VEGF and sVEGFR-1 
levels, and the VEGF/sVEGFR-1 ratio 
were not significantly different between 
BS patients with and without vascular 
involvement. The VEGF/sVEGFR-1 
ratio especially was quite similar in 
these 2 groups. Moreover, the lack of a 
diseased control group with thrombosis 
due to other causes lessens the robust-
ness of the conclusions. The current 

understandings on cellular and molecu-
lar biology suggest that Th17 axis may 
play a pivotal role in BS pathogenesis. 
Recently the role of serum amyloid-A 
(SAA) as a potential marker of dis-
ease activity in BS patients has been 
explored, and it has been reported that 
the occurrence of specific clinical fea-
tures is significantly associated with 
high serum levels of this inflammatory 
mediator. In this regard, an interesting 
study investigated the cytokine-like 
activity of SAA in inducing Th17 dif-
ferentiation from CD4+ T naïve cells 
in BS. Purified peripheral monocytes 
from BS and healthy controls (HC) 
were stimulated with SAA in vitro, and 
secreted IL-8, TNF-α, IL-18, IFN-α, 
IFN-, IL-1β and IL-6 were measured 
using a Bio-Rad multiplex cytokine im-
munoassay. Monocytes-derived super-
natants from BS patients, but not HC, 
could promote Th17 but not Th1 differ-
entiation from CD4+ T cells. However, 
SAA did not induce up-regulation of 
Th17 specific mRNA transcript such as 
IL-17A and (ROR)-γt in PBMCs from 
both HC and BS. The overall results 
showed that SAA induced Th17 polari-
sation rather than Th1 differentiation 
from CD4+ T cells in BS patients and 
these data suggest that a critical regu-
lation of Th17 may be the functional 
link between acute SAA increase and 
the induction of Th17 mediated inflam-
matory response in BS (33). This study 
also lacks diseased controls and it is not 
clear whether these findings are spe-
cific for BS or if they can be observed 
in any inflammatory condition. Other 
suggestions related to the pathogenetic 
mechanisms underlying disease activity 
derive from the evaluation of CCN2/
CTGF (connective tissue growth fac-
tor), which is one of the CCN family 
members that carry out pro-angiogenic 
biological functions and play an impor-
tant role in inflammatory and autoim-
mune diseases. Specifically, a recent 
study assessed CCN2 plasma concen-
trations in BS patients and analysed 
their association with clinical features 
of disease activity and laboratory pa-
rameters. The study included 87 BS pa-
tients and 60 age- and gender-matched 
HCs. The plasma concentrations of 
CCN2 in BS patients were significantly 
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elevated compared to HC and the mean 
plasma CCN2 levels in patients with 
major organ involvement were signifi-
cantly higher than those without. Inter-
estingly, patients who received steroids 
or cyclophosphamide showed a signifi-
cant reduction in CCN2 levels (34). 
There have been several studies still 
exploring the role that the cytokine net-
work plays in the disease pathogenesis, 
also related to specific types of organ 
involvement. Among these, one study 
evaluated the level of T-helper type 9 
(Th9) cells and the cytokine interleukin 
(IL)-9 in peripheral blood and in bron-
choalveolar lavage (BAL) of patients 
with BS affected by pulmonary mani-
festations (35). Among the 18 patients 
with pulmonary involvement, 5 were 
indicated to have pulmonary embolism, 
but how pulmonary artery thrombosis 
was excluded in these patients is not 
clear. Providing evidence that Th9 T 
cells are increased in BS patients with 
pulmonary manifestations, the study re-
sults suggest that the expansion of the 
Th9 cell subset, up-regulation of the 
PU.1 transcription factor and increased 
secretion of the IL-9 cytokine may con-
tribute to the pathogenesis of BS, which 
may be supported by the increased re-
lease of IL-17 and TSLP. However, the 
BAL Th9 levels were quite similar in 
BS patients without pulmonary findings 
and healthy controls. It is not possible 
to conclude that these findings are re-
lated to BS, rather than the pulmonary 
condition as controls with other dis-
eases causing pulmonary involvement 
were not studied. Other literature data 
published in the last months have con-
firmed the important role of proinflam-
matory cytokines in the genesis of BS; 
among these, the data suggested that 
serum MiR-181b could be utilised as 
potential biomarker for diagnosis and 
therapeutic targeting of BS (36). How-
ever, this is a premature conclusion, 
as there are no controls in this study 
to show the specificity of serum MiR-
181b. Another study suggested that IL-
20 could have an important role in the 
complex process of the settlement and 
activation of the disease, again with-
out a diseased control group (37). It 
was proposed that cerebrospinal fluid 
IL-10 may be considered as an early 

stage discriminative marker between 
multiple sclerosis and BS (38). Based 
on the proposal that higher serum levels 
of IL-15 and lower expression levels of 
IL-15 receptor alpha (IL-15Rα) may 
be correlated with pathogenesis of BS, 
a group of researchers tested whether 
up-regulating IL-15Rα+ cells could 
be used as novel therapeutic strategy 
in a mouse model infected with HSV 
and showing symptoms similar to BS 
(39). The authors observed that these 
symptoms improved with IL-15Rα+ 
upregulation. Moreover, encouraging 
data from an Iranian study demonstrat-
ed that curcumin reduces the expression 
of interleukin 1β and the production of 
interleukin 6 and TNF-alpha by M1 
macrophages in patients with BS (40).
An interesting study from Brazil (41) 
assessed IgM anti-alpha-enolase anti-
bodies (AAEA) in BS and their possi-
ble association with clinical manifesta-
tions and disease activity. Ninety-seven 
consecutive BS patients were compared 
to 36 enteropathic spondyloarthritis 
(ESpA) [24 Crohn’s disease (CD) and 
12 ulcerative colitis (UC)] patients and 
87 healthy controls. IgM AAEA was 
detected by immunoblotting. Higher 
IgM AAEA prevalence was found in 
97 BS (17.7%) compared to ESpA pa-
tients (2.8%) and HCs (2.3%), and BS 
patients with mucocutaneous and ar-
ticular symptoms presented higher IgM 
AAEA positivity in the first and second 
evaluations (64.7% vs. 27.5%, p=0.005; 
36.4% vs. 7.1%, p=0.039, respectively). 
These data suggest that alpha-enolase 
may be considered a target antigen in 
BS, particularly associated with disease 
activity, mucocutaneous and articular in-
volvement. In addition, IgM AAEA may 
distinguish BS from ESpA, especially in 
patients with high disease activity.
Microbial agents have been considered 
to contribute to the pathogenesis of this 
disease, but the underlying mechanisms 
remain unclear. The association of gut 
microbiome composition with BS as 
well as its possible roles in the devel-
opment of this disease was reported 
in a study from China (42) which ex-
plored faecal and saliva samples col-
lected from 32 active BS patients and 
74 healthy controls. DNA extracted 
from faecal samples was subjected to 

metagenomic analysis, whereas DNA 
extracted from saliva samples was sub-
jected to 16S rRNA gene sequencing 
analysis. Faecal samples from active 
BS patients were shown to be enriched 
in Bilophila spp., a sulfate-reducing 
bacteria (SRB) and several opportunis-
tic pathogens (e.g. Parabacteroides spp. 
and Paraprevotella spp.) along with 
a lower level of butyrate-producing 
bacteria (BPB) Clostridium spp. and 
methanogens (Methanoculleus spp. 
Methanomethylophilus spp.). Analysis 
of microbial functions revealed that 
capsular polysaccharide transport sys-
tem, oxidation-reduction process, type 
III, and type IV secretion systems were 
also increased in active BS patients. 
Globally, the result of the study showed 
that BS seems to be associated with 
considerable gut microbiome changes; 
interestingly, the authors proposed a 
model explaining the association of 
the gut microbiome composition with 
BS pathogenesis. The lack of diseased 
controls renders the specificity of these 
findings questionable for BS. Another 
perspective by which the pathogenesis 
of BS has been evaluated is the explo-
ration of immunoglobulin D (IgD). A 
study from an Italian group assessed 
the role of IgD in BS by comparing cir-
culating levels of IgD in a cohort of BS 
patients and HC, as well as by correlat-
ing IgD levels with BS activity and dif-
ferent clinical presentations. Serum IgD 
levels were significantly elevated in 
BS patients, especially among patients 
with active mucocutaneous manifesta-
tions, suggesting a possible role of IgD 
in BS pathogenesis and in the onset of 
mucosal and skin lesions (43).
As summarised, a number of studies 
were published exploring the immuno-
logic basis of BS pathogenesis. Howev-
er, lack of disease controls, pooling to-
gether the results of patients with differ-
ent manifestations at the time of blood 
or sample collection, poor definition of 
active and inactive disease and lack of 
prospective longitudinal data reduce the 
information we get from these studies.

Genetics
Previous genome wide association 
studies had shown genetic associations 
with IL-10 and C-C chemokine recep-
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tor 1 (CCR1) in BS and the results were 
independently replicated in various 
populations. A Japanese study sought to 
clarify the pathological roles of CCR1 
and IL-10 expression and showed that 
the BS associated CCR1 and IL10 loci 
are responsible for defective M2 mono-
cytes and a skewed polarisation towards 
M1 monocytes given the fact that the 
first cell population is anti-inflammato-
ry whereas the second is pro-inflamma-
tory. They discussed future therapeutic 
strategies that could increase the local 
production of the inhibitory cytokine 
IL-10 and that could restore the mono-
cyte balance, and commented on the 
potential role of apremilast in attaining 
this objective (44). 
An Iranian group investigated the pro-
moter methylation status of the IL-10 
gene in 61 patients with BS and 61 
healthy controls, taking into account the 
epigenetic mechanism of hypermethyl-
ation that results in transcriptional gene 
repression. They determined that BS 
patients had both a lower IL-10 expres-
sion and a higher promoter methylation 
compared to healthy controls (p<0.001) 
(45). The same group also published a 
paper on the hypomethylation of the 
IL-6 gene promoter in BS patients, a 
finding that may have caused an in-
creased state of inflammation (46).  
Two studies from Egypt investigated the 
role of miRNA in BS. The first group 
looked at the relationship of miRNA155 
expression (a negative regulator of in-
flammation) to BS activity (measured by 
BDCAF) in 33 patients with BS and 15 
healthy subjects. The miRNA155 levels 
in BS patients as a whole did not differ 
from those of the controls although BS 
patients with more serious manifesta-
tions and a higher BDCAF score tended 
to have lower levels (47). 
The second group investigated micro-
RNA-146a expression and microRNA-
146a rs2910164 polymorphism in 47 
BS patients and 50 healthy controls. 
The microRNA-146a expression was 
significantly higher in BS patients 
compared to controls (p<0.001) with 
a preponderance of ocular and vascu-
lar involvement. The GG genotype of 
rs2910164 was increased in BS while 
the CC genotype was decreased confer-
ring a susceptibility to the former and a 

protective role to the latter (48). 
A Turkish group studied serum IL-37 
levels and IL-37 gene polymorphisms, a 
recently identified suppressor of innate 
inflammation and acquired immunity, 
in 223 patients with BS and 80 HC. Se-
rum IL-37 levels were not different be-
tween BS and HC (p>0.05) and its level 
was not associated with disease activity 
although patients with mucocutaneous 
disease tended to have a higher level. 
The gene polymorphisms were also 
similar among the two groups (49). A 
letter to the editor on this subject accen-
tuated the discrepancies of the literature 
and described the data obtained from 
various studies that showed down-reg-
ulated IL-37 expression and increased 
rs3811047 population in various BS 
populations (50). 
In addition, the mutual relationship of 
the endoplasmic reticulum peptidases 
ERAP1 and ERAP2 in the processing 
of an HLA-bound peptidome and eval-
uated their differential association with 
BS was evaluated by a joint Spanish-
Israeli group. The results showed that 
both enzymes had distinct but compli-
mentary and partially redundant effects 
on the B*51:01 peptidome, leading to 
its optimisation and maximal surface 
expression. An interesting finding was 
that a large majority of B*51:01 ligands 
were present in the endoplasmic reticu-
lum even in the absence of ERAP1/
ERAP2 (51).
An Italian group genotyped the whole 
ERAP structure in 50 consecutive BS 
and 50 ethnically matched healthy con-
trols. They identified two novel het-
erozygous missense single nucleotide 
variations (SNVs) of ERAP 1 exon 3. 
The first novel variation was a heterozy-
gous glutamate to valine SNV at 18169 
nucleotide position that was found in 
7/50 (14%) of the cases and the second 
variation was a heterozygous thymine 
to cytosine at 18217 nucleotide position 
determined in 3/50 (6%) of the patients. 
They concluded that the functional and 
pathogenic role of these SNVs needed 
to be validated in a larger study (52). 
Two reviews were published on poly-
morphisms and mutations in gene en-
coding. A review article examined the 
literature on autosomal dominant famil-
ial BS and haploinsufficiency A20, mu-

tations in the TNFAIP3 gene encoding 
A20. They reviewed 45 cases and high-
lighted the similarities and differences 
between this genetic auto-inflammatory 
disease and classic BS. It resembled BS 
if recurrent oral ulcers (87%), genital ul-
cers (67%), arthralgia or arthritis (42%) 
skin involvement (53%) and gastroin-
testinal findings (60%) were taken into 
account but differed when its ubiquitous 
geographical distribution, its female 
preponderance, the usual occurrence of 
the first symptoms in early childhood, 
its association with recurrent fever, 
the over-representation of abdominal 
symptoms, the rarity of the HLA-B51 
antigen and its inconsistent response to 
colchicine were considered. They con-
cluded that more studies needed to be 
performed to clarify these discrepancies 
(53). A systematic review was published 
by a Chinese group regarding the major 
and minor polymorphisms observed in 
BS in various populations and empha-
sized the special preponderance of im-
munoregulatory genes. An exhaustive 
discussion on HLA and related genes, 
IL family genes, genes involved in tran-
scription activation and immune regu-
lation and their possible roles on the 
pathogenesis formed the main content 
of the article (54). 
Another Chinese study investigated the 
characteristics of BS patients who had 
a myelodysplastic syndrome (MDS) 
among a total of 805 cases. 16/805 
(2%) had MDS and 81% of the 16 had 
trisomy 8. Patients with MDS were 
more likely to be female and older, 
displayed fever and intestinal lesions, 
had lower leukocyte, haemoglobin and 
platelet counts and higher acute phase 
reactants. Ulcers in the ileocecal region 
were also more frequent (55). A previ-
ous systematic review of the associa-
tion of BS with MDS and trisomy 8 had 
shown that gastrointestinal involve-
ment was present in majority of such 
cases and the presence of trisomy 8 was 
associated with fever (56).
Two papers were also published on the 
association of BS with HLA. The first 
study comes from an Egyptian group 
who performed a genetic association 
study of the HLA Class I alleles among 
57 patients with BS and 221 healthy 
controls. They found a relationship 
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with HLA-A*24, A*68, B*15, B*42 
and B*51. They claimed that A*03 
and B*52 were protective for BS while 
B*51 and A*68 were associated with 
severe eye involvement (57).
Angioni et al. from Sardinia performed 
another study with 64 consecutive BS 
patients, 43 HLA-B51 positive HD and 
70 random HC with the aim of identi-
fying other genes of susceptibility in 
the HLA region. The human Allograft 
Inflammatory Factor-1 (AIF-1) gene 
variants were examined. HLA-B51 was 
the only allele with significantly higher 
frequency in BS patients (40.6% vs. 
9.8%). No significant difference in the 
distribution of AIF-1 SNPs haplotypes 
was observed between BS patients and 
healthy controls and between HLA-
B51 positive BS patients and B51 posi-
tive healthy controls (58). 
Kallel et al. from Tunisia evaluated 
beta defensin-1 (hBD-1) levels (an anti-
microbial peptide involved in epithelial 
host defense) and DEFB1 -20G/A poly-
morphism in 106 BS patients and 156 
controls. Plasma hBD-1 concentrations 
were higher in BS patients compared to 
controls (p<0.001) with highest levels 
in patients with neurological involve-
ment. The GA and AA genotypes of the 
polymorphism conferred a higher risk 
of BS compared to the GG phenotype 
suggesting a possible role for hBD-1 in 
the pathogenesis (59). 
Another Turkish study investigated the 
role of Vitamin D receptor gene polymor-
phisms in 150 BS patients and 150 HC. 
Significant differences between patients 
and controls in genotypes rs1544410, 
rs2228570 and rs731236 were observed. 

Patients with ocular lesions had a high-
er percentage of rs1544410 A allele 
whereas those with oral aphthae, a posi-
tive pathergy test and arthritis had more 
rs2228570 C allele (60). 
Overall, the same methodological 
problems underlined for immunology 
studies are also true for genetic stud-
ies. Methodological weaknesses in BS 
studies were surveyed in a study on BS 
publications between 1999 and 2009, 
and several issues were raised (61). It is 
disappointing to see that these findings 
are still valid 10 years later. 

Clinical findings 
Skin and mucosa lesions
Kecici et al. evaluated skin pathergy 
tests comparing naked eye examination 
with dermatoscopy in 100 patients with 
a suspicion of BS (62). All patients were 
seen by two dermatologists separately 
at 48th hour of the test. The pathergy 
scores, meaning the number of positive 
ones among the 6 pricks, were similar 
between naked eye examination and 
dermatoscopic examination for both 
dermatologists. However, the scores 
with the naked eye examination showed 
a significant difference between the 2 
dermatologists (p=0.038), whereas the 
scores of 2 dermatolgists were similar 
with dermatoscopy. This may point out 
to a better inter-observer reliability with 
dermatoscopy, but a formal analysis for 
inter-observer or intra-observer varia-
tion was not done.

Eye disease
Emre et al. evaluated 32 eyes of 16 
patients with BS uveitis and 30 eyes 

of 15 HC using optical coherence to-
mographic angiography (OCTA) (63). 
In line with what has been previously 
reported (64, 65), they showed that 
deeper capillary plexuses were affected 
more intensely than superficial capil-
lary plexus in BS. In addition, capillary 
vessel density among BS patients was 
significantly lower than in HC.

Vascular involvement
Two centres from Istanbul, Turkey 
worked on vein wall thickness (VWT) 
among BS patients who do not have 
any vascular involvement (66, 67). Ta-
ble I summarises the results of these 
two works. Seyahi et al. studied 50 
(43 M/7 F) BS patients with lower 
extremity deep vein thrombosis (LE 
DVT), 50 (43M/7F) BS patients with-
out any vascular involvement, and 50 
(43M/7F) age- and sex-matched appar-
ently healthy controls (66). Two radi-
ologists blinded to the diagnosis of the 
study participants used ultrasonogra-
phy (USG) to measure the VWT of the 
common femoral vein (CFV), femoral 
vein (FV), and great saphenous vein 
(GSV) in both legs and their agreement 
was found to be good. Those with LE 
DVT had the highest VWT which was 
rather expected considering the remod-
elling process after having an acute 
thrombi. The most important finding 
was that the mean VWT among those 
without apparent vascular involvement 
was significantly increased compared 
with that found among the HC. Addi-
tionally, ROC curve analysis pointed 
out a cut-off value of 0.62 mm for CFV, 
0.56 mm for FV, and 0.45 mm for GSV 

Table I. Main results of the studies investigating VWT.

Study author, year Seyahi, 2019 Alibaz-Oner, 2019

 BS (vascular BS (without vascular Healthy controls BS AS HC
 involvement) involvement)  n=50; 43 M/7 F (n=59 ; all male) (n=27; all male) (n=37; all male)
 n=50; 43 M/7 F n=50; 43 M/7 F  
 
Mean age ± SD, years 37.2  ±  5.2  37.0  ±  4.5 36.0  ±  6.8 32.6  ± 5.9 30.5  ± 5.5 30.1  ± 5.1
VWT (CFV), mean ± SD 0.98  ±  0.57 0.68  ±  0.11 0.56  ±  0.05 0.8  ± 0.3  0.3  ± 0.2  0.4  ± 0.2
VWT (FV), mean ± SD 0.83  ±  0.28 0.62  ±  0.10  0.49  ±  0.06  *   *   *

VWT (GSV), mean ± SD ¶ 0.63  ±  0.17  0.53  ±  0.09 0.44  ±  0.06  *   *   *

Width (GSV) ¶  *   *   *  3.3  ± 1.2  2.5  ± 0.6  2.2  ± 0.6
Width (SSV) ¶  *   *   *  3  ± 1.2  1.9  ± 0.6  1.6  ± 0.6

SD: standard deviation; VWT: vein wall thickness; CFV: common femoral vein; FV: femoral vein; GSV: great saphenous vein; SSV: small saphenous vein.
*not assessed;  ¶measurements from right side were displayed. All measurements are expressed as mm.
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among BS patients with no vascular 
disease. 
Alibaz-Oner et al. studied 61 male 
patients with BS, 27 patients with an-
kylosing spondylitis (AS) and 37 HC 
using USG (67). About half of the BS 
patients had vascular involvement 
(n=30) while the remaining had only 
skin-mucosa involvement (n=31). 
One radiologist blinded to the diagno-
ses of study participants measured the 
VWT of CFV and diameters of GSV 
and small saphenous vein (SSV). All 
measurements were found to be sig-
nificantly higher in BS compared to AS 
and HC (p<0.001 for all), while there 
was no difference between AS and HC. 
Among BS patients although all venous 
measurements were found to be greater 
among those with vascular involvement 
than those without, only left CFV VWT 
and the width of right GSV were found 
to be statistically significant. ROC 
curve analysis identified cut-off values 
of 0.49 and 0.48 mm, respectively, for 
right and left CFV VWT among BS pa-
tients. In conclusion, 2 studies indepen-
dently found that thickness of proximal 
deep and superficial LE veins are in-
creased in BS patients without any evi-
dence of vascular involvement (66, 67). 
It is unknown whether the thickness is 
a precursor to a DVT or simply results 
from vascular inflammation. Further 
prospective studies are needed to eluci-
date these findings. 
The clinical course of 12 (11M/1F) BS 
patients with abdominal aortic aneu-
rysms (AAA) among 1224 BS patients 
followed between 1988 and 2011 was 
investigated by Sahutoglu et al. (68). 
Follow-up data was available for 11 
patients (median age: 43 years; median 
follow-up time: 4.3 years). All aneu-
rysms were in the infra-renal segment 
of the abdominal aorta, except for one 
patient who had a second aneurysm lo-
cated superior to the celiac trunk. The 
median transverse diameter of aneu-
rysms was 4.3 (1.3-8.2) cm. All aneu-
rysms were saccular and irregular in 
shape, and contained mural thrombus. 
Tutar et al. compared the diagnostic 
value of true fast imaging with steady-
state precession magnetic resonance 
(True-FISP MR) venography and Dop-
pler USG in the assessment of chronic 

DVT among 28 patients with BS (69). 
CFV and femoral vein (FV) on both 
right and left sides were examined for 
the presence of thrombosis, recanali-
sation, collaterals and reflux. Doppler 
USG showed signs of chronic DVT in 
all 28 patients, while MR venography 
detected chronic thrombotic changes in 
26/28 (93%) patients. Collateral veins 
were detected in 19 patients (19/28) 
with MR venography, whereas they 
were present in only 7 (7/28) with USG 
(p=0.003). Moreover, collateral forma-
tions on the MR were more prominent 
among those with severe post-throm-
botic syndrome. The study showed that 
true-FISP MR venography and Doppler 
USG were comparable in the diagnosis 
of chronic DVT in patients with BS and 
collateral circulation is significantly 
more apparent on MR venography 
compared to USG. 
Kızıldag et al. retrospectively reviewed 
chest MDCT scans of 44 BS patients 
referred to a radiology department for 
chest symptoms between 2009 and 
2016 (70). Pulmonary artery involve-
ment (PAI) was the most common type 
of involvement being found in 12 pa-
tients (thrombosis in 8 and aneurysms 
in 4). Other findings included bronchial 
artery collaterals (50%), subpleural al-
veolar opacities (56.2%), focal atelec-
tasis (50%) and ill-defined nodular 
opacities (31.2%) and cardiac filling 
defects (18.7%).
Calik et al. studied 62 patients with BS 
and 32 healthy controls using echocar-
diography and investigated whether 
any association exists between inflam-
matory markers and echocardiographic 
parameters (71). The authors demon-
strated that there may be correlation 
between inflammatory markers (pen-
traxin-3 and homocysteine levels) and 
echocardiographic parameters such as 
the left ventricular diastolic functions, 
atrial conduction times, and aortic stiff-
ness parameters in BD patients. 

Nervous system involvement
A multicentre study from Turkey de-
termined the frequency of BS-related 
cerebral venous sinus thrombosis 
(CVST) among 1144 patients with 
CVST due to several aetiologies reg-
istered in neurology departments (72). 

BS was determined to be a causative 
factor of CVST in 108 (9.4%) patients. 
Patients with BS were younger (mean 
age: 35.27 years) and showed a male 
predominance (males: 68.5%). The 
onset was more likely to be subacute. 
The transverse sinuses were the most 
common sites of thrombosis, followed 
by the superior sagittal sinuses. The 
most common symptom was headache 
(96.2%), followed by visual field de-
fects (38%). The functional outcome of 
CVST among BS patients was found, 
albeit non-significant, to be better than 
those without BS, with only 12% hav-
ing a poor outcome. 
Aykac et al. investigated the pyramidal 
tract integrity using diffusion tensor im-
aging (DTI) among 28 BS patients (pa-
renchymal neurological involvement: 
n=10, vascular neurological involve-
ment: n=9 and without neurological 
involvement: n=9) and 14 healthy con-
trols (73). The study could not demon-
strate any difference between the study 
groups. The authors concluded that the 
failure of the study was perhaps due to 
the small sample sizes. 

Gastrointestinal involvement
Ye and Guan retrospectively analysed 
clinical manifestations and endoscopic 
findings of 111 patients with intestinal 
BS and 81 patients with Crohn’s disease 
(CD) (74). Gastrointestinal symptoms 
were significantly more common in CD 
compared to those with intestinal BS 
(p<0.001). Independent factors that dis-
tinguished intestinal BS from CD were 
solitary ulcer in the ileocecal area, peri-
anal abscess, single segment involve-
ment, round intestinal ulcer, intestinal 
obstruction, and fistula formation. Al-
though a multivariate logistic regression 
analysis was performed to determine 
the independent predictors of intestinal 
BS, the effect size was not provided and 
only p-values were given.
The same group also reported that the 
frequency of anaemia (60%) in newly-
diagnosed patients with intestinal BS 
(n=106) was significantly higher (28%) 
than that found among those with non-
intestinal BS (n=241) (75).
A study that evaluated faecal and se-
rum calprotectin levels as a biomarker 
for active gastrointestinal involvement 
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among 39 BS patients with gastrointes-
tinal involvement and 47 patients with 
CD showed that faecal calprotectin, but 
not serum calprotectin, may be a prom-
ising non-invasive tool for assessing 
gastrointestinal disease activity (76).

Juvenile Behçet’s syndrome
A comparison between the clinical fea-
tures of adult and juvenile onset BS 
(JBS) in a UK population (77) was 
performed by Mahkmur et al. The JBS 
database was collected at the Great 
Ormond Street Hospital for Children, 
London (n=46), whereas the adult data-
base was at the Hammersmith Hospital, 
London (n=560). The authors observed 
that the JBS cohort was more likely 
to have gastrointestinal involvement 
(21.7% vs. 4.5%, p<0.001) and arthri-
tis (21.7% vs. 9.6%, p=0.021) com-
pared to the adults. On the other hand, 
the juvenile patients were less likely 
to have eye (4.3% vs. 37%, p<0.001), 
skin (21.7% vs. 55.4%, p<0.001) and 
vascular involvement (6.5% vs. 17.5% 
p=0.063). Moreover, girls had a higher 
frequency of genital ulcers than boys 
among the juvenile patients (87.5% vs. 
59.1%, p=0.044). 

Triggering factors
Two groups assessed triggering factors 
in BS. Iris et al. assessed triggering 
factors for oral ulcers among 92 (42 F/ 
50 M) patients with BS with the help 
of a questionnaire (78). Major self-
reported triggering events were found 
to be stress (78.3%), dental treatments 
(17.4%), tooth brushing (14.1%), infec-
tion (31.5%), and menstruation (10.9 
%). A total of 148 different dietary fac-
tors were reported, of which eggplant, 
walnut, sodas, tomato, hot pepper, 
spices, sunflowers, peanut, almond, 
chocolate, mandarin, and zucchini were 
the most frequent. Additionally, among 
patients with active oral ulcers (n=63), 
non-smokers were more frequent than 
the smokers (47 vs. 16) and this was 
true for both males (21 vs. 12) and fe-
males (26 vs. 4). 
The second group investigated the inci-
dence of BS in a Korean adult popula-
tion according to smoking status using 
nationwide population data (79). They 
reported that BS developed in 10.888 

never-smokers, 1.108 ex-smokers, and 
1.218 current smokers between 2009 
and 2012. The incidence rates of BS 
per person-years were calculated as 
1.42/104 in never smokers, 0.68/104 
in ex-smokers, and 0.41/104 in current 
smokers. Current smokers were found 
to have a decreased risk of BS (HR 
0.29; 95% CI: 0.27–0.31) compared 
with never-smokers. This risk persisted 
after adjusting for age, gender, regular 
exercise, drinking, BMI, and the pres-
ence or absence of diabetes mellitus, 
hypertension, dyslipidaemia, and histo-
ry of stroke or ischaemic heart disease. 

Reviews
There have been some comprehensive 
reviews about clinical phenotypes in 
BS (80) and eye disease in BS (81). 

Patients’ perception
In order to investigate how BS patients 
perceive their disease, different stud-
ies were performed. A study reported 
on semi-quantitative interviews with 
20 patients with BS selected to ensure 
representation of patients with all types 
of organ involvement with the aim of 
better understanding patients’ percep-
tion of and experiences with BS and 
how these affect their lives, and how 
these could be incorporated into out-
come measures for use in clinical trials 
(82). Several domains were identified 
including physical functioning, psy-
chological state, and social identity, 
associated with the variety of symp-
toms depending on the different or-
gans and systems that are involved. 
Symptoms related to oral ulcers and 
genital ulcers, pain, fatigue, lack of 
energy, sleep problems, impact on vi-
sion, speech, eating, visual impairment 
and mobility, and psychological and 
social impact especially on family life 
and work. These will help the founda-
tion for selection and development of 
patient reported outcome measures for 
BS trials. Patients’ illness perception 
and beliefs about their disease and its 
consequences on their life may affect 
their perception of disease severity. 
The relationship between patients’ per-
ception of disease and self-assessment 
of disease activity or symptom severity 
may have an impact on how they score 

patient reported outcome measures. A 
study from Turkey assessed the rela-
tionship between illness perception and 
disease course and symptoms in 110 
patients with BS (83). It was demon-
strated that the identity score and con-
sequences score were higher in patients 
with musculoskeletal involvement and 
the timeline score (acute / chronic) was 
higher in patients with eye involve-
ment. It was concluded that patients’ 
beliefs and emotional responses may 
affect the outcome measures espe-
cially in patients with musculoskeletal 
and eye involvement. Another recent 
study explored the association of psy-
chological representation and illness 
perception of patients with self-assess-
ment of severity of symptoms in 273 
patients with BS from the UK (84). It 
was demonstrated that the relationship 
between disease activity and pain was 
mediated by cognitive components of 
illness perception and between disease 
activity and perceived energy level by 
emotional components. It is suggested 
that this information may help in devel-
oping support programmes for patients 
with BS. More work is needed to make 
use of these findings for disease assess-
ment in clinical trials.

Treatment
During the drafting of this year’s re-
view, the US Food and Drug Adminis-
tration (FDA) has approved the use of 
apremilast, an oral selective inhibitor of 
phosphodiesterase-4, for the treatment 
of oral ulcers associated with BS, mak-
ing it the first ever drug licensed for BS 
in the US (FDA OKs apremilast (Ote-
zla ) for Oral Ulcers of Behcet’s Dis-
ease – Medscape – Jul 22, 2019). This 
approval was based on the results of a 
12-week placebo controlled, double-
blind phase 3 trial on 207 BS patients 
with active oral ulcers that was first 
presented at the EULAR 2018 meeting 
(85). Apremilast 30 mg twice daily was 
effective in reducing pain of oral ulcers, 
decreasing their numbers and in achiev-
ing oral ulcer free complete response 
compared to placebo. The results also 
suggested beneficial results for genital 
ulcers, but the study was not powered 
for this and other less frequently occur-
ring manifestations of BS.
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Eye involvement
Despite the increasing use of biologic 
agents in BS, classical immunosup-
pressives still reserve their place as 
the first line treatment in most centres 
for patients with uveitis (86). A single-
centre, retrospective study from Turkey 
looked at the switch rate from classical 
immunosuppressives (mostly azathio-
prine and cyclosporine A) to interferon 
alpha (IFN) followed by adalimumab 
or infliximab among BS patients with 
eye involvement (87). The study group 
consisted of 76 patients, of whom 44 
(59%) continued their treatment with 
classical immunosuppressives during 
a mean follow-up of 39 months (range 
6–96 months), whereas 31 (41%) did 
not respond to classical agents and 
switched to IFN. Eight of these patients 
further remained refractory to IFN and 
switched to anti-TNF treatment. Panu-
veitis and bilateral ocular involvement 
were significantly more frequent among 
the patients switching to biologic agents 
compared to those remaining on classi-
cal immunosuppressives. The finding 
that more than half of BS patients with 
uveitis can be effectively treated with 
classical immunosuppressives is im-
portant especially when considering the 
high cost of biologic agents. 
Interferon alpha (IFN) has been in use 
for a long time especially for the treat-
ment of BS uveitis affecting the pos-
terior segment. The usual practice is 
to use this drug as mono treatment or 
when necessary in combination with 
corticosteroids. We previously reported 
that combination of IFN with azathio-
prine is effective but carries the risk 
of increased myelosuppression (88). A 
retrospective study from a single cen-
tre in China looked at the efficacy and 
safety of IFN given as an add-on treat-
ment to 30 BS patients with uveitis re-
fractory to steroids and at least to one 
of the classical immunosuppressives, 
namely cyclosporine A, azathioprine, 
cyclophosphamide, methotrexate or 
tacrolimus (89). The initial dose of 
IFN was 3 MIU daily for 4 weeks fol-
lowed by 3 MIU every other day. At the 
initiation of IFN treatment 19 patients 
(63%) were on 2 immunosuppressives 
and 2 patients were on 3 immunosup-
pressives. The response to treatment in 

terms of reductions of ocular inflam-
mation and uveitis relapse rates was 
observed in 87% of the patients during 
a mean follow-up of 22 months. IFN 
could be successfully tapered down in 
8 patients and completely withdrawn 
in 6 patients without any recurrence of 
uveitis attacks during a mean follow-
up of 9 months after discontinuation. 
Suppression of leukocyte and platelet 
counts were observed in only 4 pa-
tients (13%) necessitating temporary 
withdrawal of IFN in one. The authors 
concluded that IFN is effective and 
relatively safe as an ad on treatment 
to steroids and immunosuppressives. 
However, the numbers of patients us-
ing azathioprine and the frequencies of 
laboratory monitorisations could not be 
retrieved from the paper. Another retro-
spective study from Turkey attempted 
to look at factors predicting response to 
IFN treatment in 32 BS patients with 
uveitis. The response rate was 94% and 
increasing age was found to be associ-
ated with a good response (90).
A multicentre observational study from 
Spain compared the efficacy and safety 
of infliximab and adalimumab in 177 
BS patients with uveitis refractory to 
classical immunosuppressives (91). 
The dose for infliximab was 3–5 mg/kg 
at weeks 0, 2 and 6 and every 4–8 weeks 
thereafter (103 patients) and for adali-
mumab 40 mg every other week with-
out a loading dose (74 patients). During 
a 1-year observation period, 78 patients 
in the infliximab group (77%) and 52 
(70%) in the adalimumab group contin-
ued with conventional immunosuppres-
sives. The choice of adalimumab or in-
fliximab was based on a physician and 
patient agreement. There were no sig-
nificant differences at baseline between 
the 2 groups except significantly more 
frequent use of azathioprine among pa-
tients receiving infliximab. After 1 year 
both groups showed improvement in 
anterior chamber inflammation, vitritis 
and better-corrected visual acuity. The 
improvement in better-corrected visual 
acuity was significantly better in pa-
tients receiving adalimumab compared 
to those receiving infliximab but the 
onset of improvement was more rapid 
in the infliximab group probably due to 
the loading dose. Serious adverse ef-

fects leading to drug withdrawal were 
similar for both agents and were com-
parable to the literature. The authors, 
acknowledging the uncontrolled de-
sign of their study, concluded that both 
drugs were effective in refractory uvei-
tis of BS at 1 year, with adalimumab 
appearing to be associated with a bet-
ter visual outcome. A multicentre study 
from Italy also compared the efficacy 
of adalimumab and infliximab albeit in 
a heterogeneous group of 107 patients 
with non-infectious, non-anterior uvei-
tis of whom 74 had BS uveitis (92). The 
mean follow-up was 57 months for inf-
liximab and 26 months for adalimumab. 
Both drugs showed similar efficacy in 
controlling uveitis relapses, but the cor-
ticosteroid use was significantly less 
in the infliximab group compared to 
adalimumab group at 12 months and at 
the last visit. Similarly, the number of 
patients with macular oedema was also 
significantly less in the infliximab group 
at 12 months and at the last visit. These 
2 studies give further clues as to the 
effectiveness of infliximab and adali-
mumab in the treatment of BS uveitis 
but whether one could be preferred over 
the other warrants further studies.  
Infliximab and adalimumab have sig-
nificantly improved the outcome of BS 
patients refractory to classical immuno-
suppressives but some patients remain 
also resistant to these agents. Although 
inhibition of IL-1 appears to be a suit-
able target for such patients previous 
reports with IL-1 inhibitors have been 
inconsistent. A retrospective study from 
Italy aimed to identify predictive fac-
tors for a sustained efficacy to IL-1 in-
hibitors anakinra and canakinumab by 
dividing patients according to their re-
sponse into 2 groups (93). Group 1 con-
sisted of 18 patients showing a sustained 
clinical response for at least 12 months, 
while Group 2 consisted of 18 patients 
who discontinued IL-1 treatment be-
cause of inefficacy. There were no base-
line differences between the 2 groups 
regarding demographic factors, disease 
activity and previous treatments. Eye 
involvement was significantly more 
frequent (67%) in Group 1 compared 
to Group 2 (17%). The frequencies of 
joint involvement, cutaneous manifes-
tations, fever, gastrointestinal involve-



S-13Clinical and Experimental Rheumatology 2019

One year in review 2019: Behçet’s syndrome / G. Hatemi et al.

ment and vascular involvement did 
not differ between groups at baseline. 
At month 3, all 18 patients in Group 1 
had a complete response whereas this 
was the case only for 7 patients (39%) 
in Group 2. The mean time to disease 
relapse was 80 weeks in Group 1 and 
19 weeks in Group 2. Some relapsing 
patients in Group 1 responded to dose 
adjustments, which was not the case 
for those in Group 2. A better response 
to IL-1 inhibition was seen in patients 
with ocular involvement. These results 
suggest that IL-1 inhibition might be 
a good therapeutic option for patients 
with refractory eye involvement but 
also remind us of a previous proposal of 
diverse immunologic pathways for dif-
ferent organ involvements of BS (94). 
A systematic review on IL-1 inhibitors 
showed that these agents might have a 
potential benefit for ocular, mucocuta-
neous and articular manifestations of 
BS (95).

Gastrointestinal involvement
Gastrointestinal involvement is a clas-
sic example for the geographical vari-
ation of disease expression of BS be-
ing more frequent in patients from the 
Far-East countries compared to those 
from Mediterranean countries. A retro-
spective study looked at the efficacy of 
5-aminosalicylic acid (5-ASA) as first-
line remission induction and mainte-
nance therapy in BS patients with mild 
to moderately severe gastrointestinal in-
volvement (96). The study included 41 
patients with active intestinal lesions on 
colonoscopy and excluded those using 
corticosteroids, immunosuppressives 
and anti-TNF agents. The daily dose 
of 5-ASA ranged between 750 to 4000 
mg. The response parameters were dis-
ease activity indexes, endoscopic re-
sponse, rescue-treatment free survival 
and surgery-free survival at 52 weeks. 
Seven patients withdrew early from the 
study due to adverse events. Evalua-
tion at week 8 showed that 16 patients 
(57%) were in clinical remission. The 
endoscopic evaluation of 17 patients 
showed that 6 patients (35%) achieved 
complete mucosal healing whereas 5 
patients (29%) had no response and the 
remaining patients had partial response. 
Thirteen patients (32%) needed res-

cue therapy with corticosteroids and/
or anti-TNF agents during a median 
follow-up ranging between 35 and 52 
weeks with no patient needing intesti-
nal surgery. The probability of rescue 
therapy free survival among all pa-
tients was calculated as 73%. Higher 
disease activity index was negatively 
associated with clinical response. The 
most frequent adverse effects related 
to therapy were fever and diarrhoea (4 
patients) which resolved after cessation 
of 5-ASA. Despite the small number of 
patients studie, this study suggests that 
BS patients with mild to moderate in-
testinal involvement could be managed 
effectively with 5-ASA without any 
concomitant corticosteroids and immu-
nosuppressives. However, patients with 
high baseline disease activity might 
need more intensive therapy to prevent 
recurrences.

Vascular involvement
Venous involvement can be seen in 
up to 50% of BS patients, has a recur-
rent nature and can result in significant 
morbidity and even mortality. Systemic 
inflammation rather than a coagulation 
defect seems to be the underlying cause 
of thrombosis making immunosuppres-
sives the mainstay of treatment, but 
the response to these agents is also far 
from satisfactory. A retrospective study 
from a single centre in Italy compared 
the efficacy of adalimumab based treat-
ment (adalimumab as a single agent or 
combined with immunosuppressives) 
with classical immunosuppressives 
(azathioprine, cyclosporine A, cyclo-
phosphamide, methotrexate) in a large 
cohort of BS patients with recurrent 
deep vein thrombosis and/or superfi-
cial vein thrombosis of the extremities 
(97). Patients with co-existent arterial 
involvement or those with large vein 
thrombosis were excluded. The patients 
were evaluated periodically every 4 
weeks in the first 3 months and then 
every 3 months or whenever they had 
a recurrence. The response to treatment 
was stratified according to clinical and 
ultrasonographic evaluations. There 
were 35 patients each in the adalimum-
ab arm and immunosuppressive arm, 
respectively. The response to treatment 
during a mean follow-up of 26 months 

was significantly more frequent and 
more rapid among patients in the adali-
mumab based treatment arm compared 
to those in the immunosuppressive arm. 
The corticosteroid sparing effect was 
also significantly more in the adali-
mumab based treatment arm. The use 
of anticoagulants was not found to be 
associated with response but the num-
bers of patients receiving additional 
anticoagulants were low. These results 
support the use of adalimumab for ve-
nous thrombosis of BS and warrants 
further studies. Another multicentre, 
retrospective study from France as-
sessed the efficacy of anti-TNF agents 
in 18 BS patients with severe vascular 
involvement refractory to classical im-
munosuppressives (98). The patients 
had arterial aneurysms (pulmonary, 
aorta, peripheral), arterial occlusions, 
intracardiac thrombosis and large vein 
thrombosis either as a single complica-
tion or concomitantly. Infliximab was 
the most frequently chosen anti-TNF 
agent (n=15) and adalimumab was giv-
en to 3 patients only. Anti-TNF agents 
were combined with immunosuppres-
sives (mostly azathioprine or metho-
trexate) and/or corticosteroids. All 
patients but 1 with venous thrombosis 
received anticoagulant therapy and 7 
underwent surgical or endovascular in-
terventions. Vascular remission, defined 
as the resolution of clinical and labora-
tory features of active disease and the 
absence of new vascular lesion or pro-
gression of pre-existing vascular lesion 
in imaging, was achieved in 16 patients 
(90%) following initiation of anti-TNF 
treatment. Two patients, initially not re-
sponding to anti-TNF therapy had a fa-
vourable response when the interval be-
tween infusions was shortened. Fifteen 
patients underwent radiological assess-
ment which showed that 13 patients had 
complete or partial improvement and 2 
had stable disease. Anti-TNF treatment 
also allowed a significant decrease in 
daily corticosteroid dosage. The medi-
an follow-up under anti-TNF treatment 
was 15 months. One patient stopped 
treatment because of heart failure and a 
second one because of non-compliance. 
A retrospective study from a single cen-
tre in China reported the efficacy of the 
IL-6 receptor antagonist tocilizumab in 
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7 BS patients with multiple arterial le-
sions (aneurysms, occlusions, stenosis) 
of whom 2 had also concomitant ve-
nous involvement (99). All patients had 
previously received at least 2 classical 
immunosuppressives combined with 
corticosteroids and 2 patients under-
went endovascular stenting (EVS). One 
patient was also prescribed etanercept 
for 3 months with no response. Tocili-
zumab was given as infusions at a dos-
age of 8 mg/kg monthly and previous 
treatments were also continued. After 
a mean follow-up of 19 months all pa-
tients showed improvement. Re-eval-
uation of 6 patients showed complete 
response in 3 and partial response in 
the other 3. Treatment with tocilizumab 
also allowed reduction of corticoster-
oid dosage and other concomitant im-
munosuppressives. These findings, if 
supported by other studies, suggest that 
tocilizumab might be an alternative to 
anti-TNF treatment for BS patients with 
vascular involvement who are refrac-
tory to classical immunosuppressives.
A retrospective study from a single cen-
tre from Istanbul, also mentioned above, 
in the clinical section of this review, 
looked at the outcome of AAA in 11 BS 
patients (68). Two patients underwent 
emergency surgical resection and poly-
tetrafluoroethylene graft interposition 
due to spontaneously ruptured aneu-
rysms. Both received immunosuppres-
sive treatment only after the interven-
tion and were reported to have sympto-
matic response without any complica-
tion during follow-ups between 4.7 to 
7.2 years, respectively. Seven patients 
underwent EVS. Six of them received 
induction treatment (iv methylpredni-
solone and cyclophosphamide pulses) 
before the intervention and all received 
maintenance treatment (oral methyl-
prednisolone combined with azathio-
prine or cyclophosphamide) after the 
intervention. One patient developed 
stent infection and died after 8 months 
following the intervention, another one 
developed a femoral artery aneurysm 
at the catheter insertion site 2.7 years 
following the intervention and a third 
patient developed a new aneurysm at 
the proximal site of the stent 4.7 years 
following the intervention. Two further 
patients continued to complain of low 

back pain which the authors attributed 
to mechanical irritation of EVS on the 
aortic wall. The 2 remaining patients 
were treated only with a drug regimen 
containing steroids and azathioprine 
with follow-ups of 5 and 6 years, re-
spectively. The reasons why these 2 
patients did not receive any invasive 
intervention have not been explained. 
The development of new aneurysms 
even after 4.7 years following EVS in 
2 patients despite continuing immuno-
suppressive treatment underlines the 
importance of pathergy phenomenon 
in the pathogenesis and clinical fea-
tures of BS. A case report from Spain 
on a patient who developed extensive 
venous thrombosis along with intracar-
diac thrombosis shortly after a percuta-
neous thrombectomy and venous stent 
replacement might be another example 
of pathergy phenomenon (100).

Secukinumab
Some data suggest a role of IL17 in the 
pathogenesis of BS. A retrospective 
study looked at the efficacy of secuki-
numab, an IL17 inhibitor, in 5 BS pa-
tients (all female) with articular and mu-
cocutaneous lesions who had been re-
fractory to previous therapy with colchi-
cine, immunosuppressives and at least 
one anti-TNF agent (101). The dose 
of secukinumab was 150 mg/month in 
4 patients with co-existing AS and the 
fifth patient with a history of psoriasis 
received secukinumab 300 mg/month. 
At 3 months, only the patient receiv-
ing the high dose of secukinumab had 
a clinical response that was maintained 
during follow-up. On the other hand, the 
partial response to low dose secukinum-
ab at month 6 required an increase of the 
dose to 300 mg in 3 patients, which gave 
satisfactory results. These results can be 
considered to indicate that secukinumab 
might be an option for refractory articu-
lar and mucocutaneous manifestations 
of BS, but the female gender and old age 
(4 patients were between 48-62 years 
old) of the study patients together with 
their co-existing diseases of the reported 
patients are not typical for our usual pa-
tients with BS.
The expanding spectrum of biological 
agents has undoubtedly improved the 
prognosis of chronic immune mediated 

diseases in general but it should be kept 
in mind that these agents might induce 
various paradoxical adverse events such 
as psoriasis, uveitis and Crohn’s disease 
(102). We have reported 2 AS patients, 
the first with exacerbation of concomi-
tant BS and the second with emergence 
of de novo BS during secukinumab 
treatment (103). This limited experi-
ence underlines the importance of close 
observation in patients receiving bio-
logical agents for the unpredictable oc-
currence of such reactions. 
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