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ABSTRACT
This review highlights publications on 
different aspects of Behçet’s syndrome 
(BS) that appeared in 2021 and pro-
vides a critical view. These publica-
tions include works on the epidemiol-
ogy of BS across different continents, 
newly developed instruments to assess 
damage in BS, studies highlighting 
the immunopathogenesis, genetics and 
epigenetic factors, histopathology of 
the pathergy lesion, clinical and imag-
ing aspects of vascular involvement, 
and safety and efficacy of therapeutic 
agents including tocilizumab, apremi-
last and direct oral anticoagulants.

Introduction
Behçet’s syndrome (BS) is a variable 
vessel vasculitis that involves several 
organs and systems, causing ulcers on 
the oral, genital and intestinal mucosa, 
skin lesions that are most commonly in 
the form of papules, pustules or nod-
ules, arthritis, uveitis, central nerv-
ous system lesions, venous and arte-
rial thrombosis and arterial aneurysms. 
Here we aim at critically reviewing 
the most recent research on the epide-
miology, disease assessment, immu-
nopathogenesis, genetics, clinical fea-
tures, and treatment of BS, as we had 
done in previous years (1, 2). We used 
PubMed to identify manuscripts on BS 
published between January 1st and De-
cember 31st, 2021.

Epidemiology
Epidemiology of BS in the USA was 
investigated using data acquired be-
tween 2014–2018 by the Rheumatol-
ogy Informatics System for Effective-
ness which stores data from rheuma-
tologists representing more than 30% 
of the clinical rheumatology workforce 
in the USA (3). This is the largest BS 
dataset from this country, but the only 
data reported here are demographic 
features and the drugs that were pre-

scribed. Among the 1323 patients, fe-
male to male ratio was 3.8:1. This is an 
interesting finding, since the frequency 
of BS seems to be similar among men 
and women in other parts of the world. 
Frequency of biologic and glucocor-
ticoid use was similar between men 
and women. Overall, TNF inhibitors 
(TNFi) were used by 29.4% of the co-
hort, while glucocorticoids were used 
by 67.6%, conventional DMARDS by 
48.0%, and colchicine by 55.0%. The 
dose and duration of glucocorticoids or 
other medications were not provided.
In a prevalence study of rheumatic 
diseases in Iran, a specific population 
of Zoroastrian individuals, a protected 
minority group was addressed (4). This 
study was part of a WHO initiative for 
recognising and preventing rheumatic 
diseases in developing countries, the 
Community Oriented Program for 
Control of Rheumatic Diseases (COP-
CORD). A total of 2000 individuals 
were interviewed, and no patients with 
BS were detected. This is interesting, 
since Iran is among the countries with a 
high BS prevalence. In another preva-
lence study within COPCORD, the es-
timated BS prevalence was 80/100,000 
population. This difference may be 
interpreted as supporting the role of 
genetics in BS pathogenesis, assum-
ing environmental factors were similar 
between Zoroastrian and other popula-
tions of Iran. However, this study was 
powered to estimate the prevalence of 
more frequent rheumatic conditions, 
and screening 2000 individuals might 
not have been enough to capture pa-
tients with BS.
A single-centre study from Tunisia re-
ported on all patients with BS hospi-
talised over a period of 26 years (5). 
Among the 130 patients that were iden-
tified, the mean age at disease onset 
was 30.3±8.8 and the mean age at di-
agnosis was 34.6±9.4 years. Men made 
up 71% of the cohort and had more 
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uveitis, venous involvement, corticos-
teroid, immunosuppressive and antico-
agulant use and more relapses. Two out 
of 35 patients who were anticoagulated 
experienced bleeding complications. 
Poor prognosis was associated with the 
male sex, uveitis, venous involvement, 
cardiovascular disease, longer follow-
up and a delayed diagnosis.

Take home messages
• 	 A large dataset from the United 

States showed an almost four-fold 
higher frequency of women among 
patients with BS. Biologic and im-
munosuppressive use was similar 
between men and women, with an 
overall 29% TNF inhibitor use (3).

• 	 No patients with BS were detected 
among 2000 Zoroastrian individuals 
from Iran, a country with a high BS 
prevalence (4).

Outcome measures
Two different indices for the assess-
ment of overall damage in BS have 
recently been published (6, 7). The 
first one, the BS overall damage index 
(BODI) was developed by an Italian 
multicentre group, through a multi-
step process (6). Candidate items were 
identified with a systematic literature 
review and highly ranked items were 
selected through a multi-round Delphi 
exercise among experts from different 
disciplines including rheumatology, 
ophthalmology, immunology and neu-
rology. Following a reliability analysis 
using clinical vignettes, the instrument 
was validated in a multicentre cohort 
of consecutive patients by testing for 
correlation with vasculitis damage in-
dex, lack of correlation with Behçet’s 
Disease Current Activity Form (BD-
CAF) and analysis of damage accrual 
over 5 years. The final index comprises 
37 items that score damage in differ-
ent types of organ involvement of BS 
as well as amyloidosis and potentially 
treatment related damage items such as 
gonadal failure, osteoporotic fractures, 
diabetes and malignancy. However, 
some items such as hepatic failure that 
can be seen in BS patients with Budd-
Chiari syndrome, pulmonary paren-
chymal lesions, pulmonary hyperten-
sion and right heart failure secondary 

to pulmonary artery thrombosis, post-
thrombotic syndrome secondary to 
deep vein thrombosis, cataract, glau-
coma, renal failure and hypertension 
are missing. 
The other damage index, Behçet’s Dis-
ease Damage Index (BDI) was devel-
oped by a group of rheumatologists 
from Egypt (7). This time the candi-
date items were derived and modified 
from VDI by a group of experts. The 
instrument was prospectively validated 
among 1252 patients with various or-
gans involved. In this instrument items 
are scored if they are present for at least 
3 months, different from BODI that re-
quires 6 months. This instrument does 
not capture some damage items such as 
parenchymal lung lesions, glaucoma, 
hypertension, and liver failure.
These are important efforts for stand-
ardisation of damage assessment in BS. 
Prospective validation of these instru-
ments in different cohorts is needed 
and there seems to be room for im-
provement for both instruments.

Take home message
• 	 Two new instruments were devel-

oped for overall damage assessment 
in BS. Both may benefit from some 
modifications, as certain damage 
items related to BS itself or to its 
treatment are missing (6, 7).

Immunopathogenesis
Two studies investigated immune-
pathogenetic aspects of herpes sim-
plex virus type 1-induced BS in mouse 
models. One determined whether ad-
ministration of the butyrate-producing 
bacteria Eubacterium rectale (E. rec-
tale) could regulate dendritic cell acti-
vation and systemic inflammation (8). 
E. rectale was administered to these 
mice and peripheral blood leukocytes 
(PBL) and lymph node cells were iso-
lated and analysed by flow cytometry. 
16S rRNA metagenomic analysis was 
performed in the feces to determine the 
differences in the composition of the 
microbial population between normal 
and BS mice. Administration of E. rec-
tale reduced the frequency of CD83+ 
cells and significantly increased the 
frequency of NK1.1+ cells with the 
improvement of symptoms. Moreover, 

the co-administration of colchicine and 
E. rectale also significantly reduced 
the frequency of CD83+ cells. Another 
study investigated the effects of en-
vironmental factors on the incidence 
of BS (9). The incidence of BS was 
tracked by adding different stressors 
and analysing DC activation markers 
using flow cytometry. The combination 
of conventional environment, noise 
stress, and HSV resulted in the highest 
rate of BS among all groups, suggest-
ing that environment and stress may in-
fluence the incidence of HSV-induced 
BS in mouse models.
Neutrophil hyperactivation mediates 
vascular BS pathogenesis, via both a 
massive reactive oxygen species (ROS) 
production and neutrophil extracel-
lular traps (NETs) release. Recently, 
neutrophil-mediated mechanisms of 
damage in non-vascular BS manifes-
tations were investigated. NETs and 
intracellular ROS production were as-
sessed in blood samples from 80 BS 
patients (46 with active non-vascular 
BS, 34 with inactive disease) and 80 
healthy controls (10). Isolated neutro-
phils were incubated for 1 hour with an 
oxidating agent and the ability of pure 
colchicine pretreatment (100 ng/ml) to 
counteract oxidation-induced damage 
was assessed. Patients with active non-
vascular BS showed increased NET 
levels compared to patients with inac-
tive disease and controls. Moreover, 
in active non-vascular BS, NETs cor-
related with neutrophil ROS produc-
tion and were particularly increased in 
patients with active mucosal, articular 
and gastrointestinal symptoms. These 
results suggest that neutrophil-medi-
ated mechanisms might be directly 
involved in non-vascular BS, and 
NETs, more than ROS, might drive 
the pathogenesis of mucosal, articular 
and intestinal manifestations. A study 
investigated the potential role of NETs 
in promoting macrophage activation in 
BS, via quantifying NETs by measur-
ing double-stranded DNA (dsDNA) 
levels using PicoGreen and calculating 
the proportion of NETosis (11). Mac-
rophages were stimulated with BS- or 
HC-derived NETs, and IL-8 and TNF-α 
production and IFN-γ+ CD4+ T cell 
differentiation were measured using 
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ELISA and flow cytometry, respective-
ly. Circulating NETs and neutrophil-
derived NETs were significantly higher 
in BS than HC and BS NETs stimulated 
macrophages produced higher levels of 
IL-8 and TNF-α, and promoted IFN-γ+ 
CD4+ T cells differentiation, suggest-
ing that higher levels of Histone H4 
and oxidised DNA in BS NETs might 
mediate macrophage hyperactivation.
Innate lymphoid cells (ILCs) are lym-
phoid cells that have important effec-
tor and regulatory functions in innate 
immunity and tissue remodeling. Cell 
surface and cytotoxic granules (per-
forin and granzyme) expression of NK 
cells and ILCs were evaluated and la-
beled according to whole blood lysing 
protocol in peripheral blood samples 
obtained from BS patients and HC and 
cytokine levels of NK cells were inves-
tigated in stimulated peripheral blood 
mononuclear cells (13). Total ILC and 
ILC3+ cells were increased in active 
BS patients compared to inactive BS 
patients and HC. Since it is known 
that ILC3+ cells are similar to Th17 
subset regarding their cytokine profile 
and transcription factor expression pat-
terns, these findings may suggest that 
inflammatory microenvironment in BS 
patients might direct ILC cells to dif-
ferentiate into ILC3+ subset, and IL-17 
released by NK cells might have a role 
in neutrophilic infiltration.
The orientation of T cell subpopula-
tions in paediatric BS was explored, 
focusing on regulatory T lymphocyte 
(Treg)/Th17 imbalance (14). A bias to-
wards Th17 polarisation in active and 
remitting BS was observed. Although 
an increase in the number of Tregs was 
not detected, their Tregs limit CD4+ T 
cell differentiation into Th1 and Th17 
cells. 
The key players of ocular BS seem 
to be highly polarised Th1 and Th17 
lymphocytes, natural killer T cells and 
γδ T cells, since they contribute to a 
highly destructive inflammatory envi-
ronment (15). Another group studied 
the metabolite composition of sweat in 
BS (16) by metabolomics analysis and 
liquid chromatography tandem mass 
spectrometry and showed significant 
differences between BS and HCs in 
l-citrulline, l-pyroglutamic acid, uro-

canic acid, 2-oxoadipic acid, choles-
terol 3-sulfate, and pentadecanoic acid 
levels.
Finally, a study using 3’ mRNA next-
generation sequencing-based genome-
wide transcriptional profiling followed 
by analysis of differential expression 
signatures, Kyoto Encyclopedia of 
Genes and Genomes pathways, GO bio-
logical processes and transcription fac-
tor signatures highlighted the action of 
aberrant innate immune responses with 
a central role played by upregulated 
neutrophil chemotaxis. It did not sup-
port a major pathogenetic role for adap-
tive immunity-driven mechanisms (17).

Take home messages
• 	 Emerging data seem to suggest that 

environment and stress may influ-
ence the incidence of HSV-induced 
BS in mouse models (8, 9).

• 	 There is growing evidence that neu-
trophil-mediated mechanisms might 
be directly involved in BS, and 
NETs might drive the pathogenesis 
of both vascular and non-vascular 
involvement (10, 11). 

Genetics
A genetic association study among 3477 
patients with BS and 5967 controls re-
cruited from 7 regions (Turkey, Spain, 
Italy, Korea, Tunisia, Japan and West-
ern Europe) identified 2 novel genetic 
susceptibility loci: IFNGR1 (a binding 
sub-unit of the interferon gamma re-
ceptor that plays a role in the activation 
of the JAK/STAT signalling pathway) 
(rs4896243) and LNCAROD/DKK1(a 
long intergenic non-protein coding RNA 
acting as an active regulator of DKK1 
and Wnt signalling, a pathway impor-
tant in immune mediated diseases) 
(rs1660760) (18). The risk variants in 
IFNGR1 increased IFNGR1 messenger 
RNA expression in lipopolysaccharide 
stimulated monocytes. They also rep-
licated the association of 6 previously 
identified loci (IL-10, IL23R, IL-12AS1, 
CCR3, ADO and LACC1) and deter-
mined 30 additional loci with a sugges-
tive level of association that required 
further validation. The replication of 
the findings in populations of different 
ancestries was the strong point of the 
study. The functional significance of the 

findings was again not very clear (18).
The same authors wrote a comprehen-
sive review about the history and meth-
ods of genetic analyses in BS starting 
from candidate gene association studies 
and culminating in various levels of ge-
nome wide association approach (19). 
They also elaborated on the recent ad-
vances in statistical genetics and imputa-
tion algorithms and proposed that deter-
mining the functional consequences of 
the findings presented a challenge since 
most of the BS related polymorphisms 
resided in the non-coding regions of the 
genome. They performed a regulatory 
enrichment analysis where they checked 
the frequency of epigenetic markers 
and they found 40 significantly over-
represented histone marks in 27 cell 
types and tissues, denoting activation. 
The stronger enrichment patterns were 
observed in NK cells, lymphoblastoid 
cell lines, monocytes, B cells, T cells 
and neutrophils suggesting active roles 
for these in the pathogenesis. Other tis-
sues implicated were the brain and the 
digestive tissue. They proposed that the 
total variance explained by the currently 
known genetic susceptibility loci for 
BS accounted for 58.75%of the genetic 
contribution to the development of BS, 
implying that approximately 40% of the 
genetic aetiology of BS still needs to be 
identified (19). 
A high resolution next-generation se-
quencing was performed in 60 Egyp-
tian patients with BS and 160 HC (20). 
HLA-B 51:08, HLA-A 68:02, HLA-C 
16:02 and the HLA class 2 alleles DRB1 
13.01, DQB1 06:03 were associated 
with BS while HLA-A 03:01 and HLA-
DPB1 17:01 were protective. HLA-B 
51:08 was the main susceptibility allele 
and was related to eye involvement and 
was in strong linkage disequilibrium 
with HLA-A 02:01 and HLA-C 16:02. 
The association with various Class 2 al-
leles was interesting but the relatively 
small sample size and the lack of repli-
cation in other ancestries were the weak 
points of the study (20). 
An Italian group studied the relation-
ship between a circulating mRNA 
profile (ci-miRNA) (a class of small 
non-coding RNA that acts as an in-
hibitory post-transcriptional regulator 
of gene expression) and BS (21). The 
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profile was evaluated by microarray in 
a screening cohort of 16 patients with 
BS and 18 HC and validated by PCR in 
a validation cohort of 30 patients with 
BS, 30 HC, 30 patients with systemic 
lupus and 30 giant cell arteritis. The 
microarray showed 29 differentially ex-
pressed human ci-mRNAs in BS. PCR 
analysis confirmed the de-regulation of 
miR-224-5p, miR-206 and miR-653-
5p. The functional annotation analyses 
showed that the most affected pathways 
by these miRNAs were cell-matrix in-
teractions, oxidative stress and blood 
coagulation, all related to thrombo-
inflammatory mechanisms. The results 
suggested an attractive theory of a pos-
sible epigenetic control of BS-related 
thromboembolism but the small num-
ber of patients studied and the absence 
of a predominance of clinically appar-
ent thromboembolic phenomena cast 
doubt on its significance (21). 
A review article by Mehmood and Wal-
lace discussed the microbiome data in 
BS and its possible interaction with 
their genetic background (22). There 
was a long list of increased and de-
creased bacteriae in the gut and oral 
microbiota of patients with BS but the 
main principles were: a) The discovery 
of a significant reduction in the alpha 
diversity and depletion of butyrate pro-
ducing bacteria in the gut microbiome 
of BS patients compared to controls 
and a parallel finding of a reduction of 
butyrate levels in faecal samples. This 
seemed to be important because bu-
tyrate is responsible in inhibiting intes-
tinal pro-inflammatory cytokines and in 
promoting a regulatory T cell lineage; 
b) The fact that a reduction in butyrate 
causes downstream effects of promot-
ing immune-pathologic-T effector re-
sponses leading to gut inflammation; c) 
The finding that Toll like receptors, IL-
23, IL-22 and fucosyltransferase play a 
role in the potential pro-inflammatory 
effects of various microbiomes. The 
available data on the subject is very 
variable and further studies are needed 
for a more rational framework (22). 
Işık and Görmez worked on a method 
of diagnosing BS using a combina-
tion of genetical data obtained from 
genome wide analyses with biologi-
cal information and machine learn-

ing classifiers (23). They used several 
feature selection algorithms to find the 
best subsets that will aid discrimina-
tion, reduced the number of SNP’s to 
13611 out of 311459 and claimed to 
obtain a 99.64% of accuracy of dis-
ease prediction. The genes which were 
significant were HLA-B (rs1058026), 
HCP5 (rs1131896, rs2848713), KIR-
REL3 (rs522686), LAMP5-AS1 
(rs16995979), MICA (rs2256028) and 
SCD5 (rs6535384). They presented 
their work as an important tool in the 
so-called era of personalised medicine 
but diagnosis of BS according to clini-
cal criteria seemed more robust in the 
final analysis (23).
A group from China searched for gene 
signatures that would aid in the early 
diagnosis of BS and that would cast 
light on its pathogenesis (24). They 
identified a so-called hub gene after 
examining 82 differentially expressed 
genes and situated CCL4 as the cen-
tral hub. Gene-set enrichment and im-
mune cell subset analyses were applied 
on high and low CCL4 expression 
groups. Higher expression of CCL4 
was accompanied by larger fractions of 
CD8+ T cells, natural killer cells, M1 
macrophages and activated mast cells. 
They also identified a group with down 
regulated NPY2R m RNA expression. 
They concluded that CCL4 and NPY2R 
could be diagnostic biomarkers for BS 
but this again does not seem to have the 
advantage of diagnosing the condition 
on a clinical basis. Moreover, there was 
no mention of the universal association 
of HLA-B51 with BS (24). 
An informatic analysis to determine 
various molecular and genetic overlaps 
with BS and other “autoimmune” dis-
eases utilised a convergent functional 
genomics approach and were able to 
ascertain 7 BS consensus genes and 16 
overlap areas (25). The 7 BS consen-
sus genes were HLA-B, IL-10, IL23R, 
HLA-A, STAT4, MICA and ERAP1 as 
expected while the overlap areas en-
tailed conditions such as sarcoidosis, 
uveitis, Sjögren’s syndrome, haemolyt-
ic anaemia and myositis.  The idea that 
all inflammatory diseases could share 
various genetic mechanisms was an at-
tractive hypothesis, but the absence of 
autoimmune features in BS and the lack 

of any clinical or pathologic association 
of BS with any of the mentioned condi-
tions other than uveitis cast doubt on its 
validity (25).
IL33/ST2 polymorphisms were stud-
ied in 585 BS patients with uveitis and 
834 healthy controls since IL33 is an 
emerging pro-inflammatory cytokine 
and the so-called polymorphism has 
been implicated in the pathogenesis of 
various autoimmune diseases such as 
rheumatoid arthritis and systemic scle-
rosis (26). rs3821204 was associated 
with BS uveitis whereas the frequency 
of rs2210463G was lower in patients 
with genital involvement. Complete 
and incomplete BS patients had vary-
ing associations suggesting a different 
genetic background among the two 
populations. The limitation of the study 
to Chinese Han patients and the possi-
ble selection bias due to patient enrol-
ment from only tertiary ophthalmolog-
ical centres were the weak aspects of 
the study (26).

Take home messages
• 	 Two novel susceptibility loci were 

identified in a group of patients with 
BS who were recruited from 7 dif-
ferent regions: IFNGR1, a sub-unit 
of a receptor that plays a role in the 
activation of the JAK-STAT path-
way and LNCAROD/DKK1, a reg-
ulator of DKK1 and Wnt signalling 
(18).

• 	 A study showed deregulation of 3 
micro RNAs (miR-224-5p, miR-206 
and miR-653-5p) in BS and suggest-
ed that it was related to thromboem-
bolic disease (21).

• 	 A review of microbiome data in BS 
emphasised a significant reduction 
in the alpha diversity and depletion 
of butyrate producing bacteria in the 
gut microbiome and a parallel find-
ing of a reduction of butyrate levels 
in faecal samples leading to gut in-
flammation (22).

Clinical features
Eye involvement
Standardisation of Uveitis Nomen-
clature (SUN) Working Group used 
machine-learning to develop diagnosis 
criteria for Behçet’s uveitis (BU) (27). 
They developed a set of criteria that in-
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cludes a compatible uveitic syndrome 
and evidence of systemic BS according 
to International Study Group Criteria. 
Significantly higher subfoveal choroi-
dal thickness (SFCT) was observed 
in BU patients compared to patients 
without uveitis, using enhanced depth 
imaging optical coherence tomography 
(EDI–OCT), a non-invasive method 
that may be useful for assessing sub-
clinical choroidal involvement (28). 
Elevated SFCT did not show BU activ-
ity, but may predict future ocular in-
volvement. The study had some limita-
tions, including small sample size and 
case heterogeneity.
Fluorescein angiography (FA) findings 
were compared with BS ocular attack 
score 24 (BOS24) for predicting visual 
acuity in BU (29). BOS24 scores ≥ 6 
(p<0.0001), severe posterior pole leak-
age (p<0.004), and arterial narrowing 
(p<0.0001) were significantly corre-
lated with poor visual prognosis. They 
found no significant link between disc 
leakage and VA. FA and the BOS24 
scoring system may be useful for pre-
dicting poor vision. Another study as-
sessed ultra-widefield FA (UWFA) in 
monitoring adalimumab response in 38 
patients with BU (30). There was sig-
nificant improvement in anterior cham-
ber cell grading, vitreous haze, vascular 
and capillary leakage ratings at weeks 
6, 14, and 30 UWFA scores improved 
even more in patients without clinical 
inflammation. Retinal vascular leakage 
may be used as a surrogate marker for 
adalimumab efficacy and may play a 
role in making treatment decisions.
Studies using OCT-A for the assess-
ment of BU reported a significant de-
crease in foveal density and superficial 
and deep capillary plexus vessel den-
sity (VD), increase in foveal avascular 
zone (FAZ), parafoveal microvascular 
alterations, a correlation between visu-
al acuity and VD, correlation between 
FAZ area and central macular thickness 
(CMT), as well as correlation of FAZ 
area and capillary VD with age, BCVA, 
duration of uveitis, CMT, and FA score 
(31-37). One of these studies addition-
ally investigated retinal and choroidal 
microvascular features in both macu-
lar and peripapillary areas of BU (35). 
The authors reported a significant peri-

papillary VD decrease in BU patients 
compared to HC. They found a positive 
correlation with BCVA and peripapil-
lary VD and proposed peripapillary ra-
dial capillary density as a novel indica-
tor of disease progression for BU.
In a study that compared changes in 
retinal microvasculature (OCTA) and 
choroidal thickness (EDI-OCT) dur-
ing active disease and remission, al-
though deep capillary plexus (DCP) 
density and FAZ area were more useful 
as prognostic indicators, superior cap-
illary plexus (SCP) density was more 
indicative of activity (36). Sub foveal 
choroidal thickness was an indicator of 
visual function, but its change did not 
precisely reveal disease activity.
Another study which analysed the cor-
relation of OCT parameters with FA 
reported that central subfield macular 
thickness, peripapillary retinal thick-
ness and peripapillary retinal nerve fiber 
layer thickness as well as visual acuity 
were significantly correlated with an-
giographic inflammatory activity (37). 
A study assessed macular cone density 
and regularity with an adaptive optics 
scanning light ophthalmoscope (AOS-
LO) in BS patients (38) with a visual 
acuity of 20/20 or above (38). AOSLO 
detected hyporeflective patches in BS 
patients with and without a history of 
uveitis that were not visible on colour 
fundus photography or OCT; these were 
not seen in the control group. Cone 
density was significantly lower in BU 
patients compared to controls. The pro-
portion of hexagonal Voronoi domains 
in BS eyes with and without uveitis was 
significantly lower than in controls. This 
first study of photoreceptor morphology 
in BS using AOSLO and revealed mac-
ular photoreceptor loss in BS patients 
with and without uveitis.
Inflammatory markers were evalu-
ated in a retrospective study includ-
ing 50 patients with BU and 52 with 
HLA-B27-related uveitis (39). Both 
groups had elevated ESR, CRP, and C-
reactive protein/albumin ratio during 
active uveitis, whereas white blood cell 
count, albumin, NLR, and LR were not 
different. These findings require confir-
mation in a larger cohort.
A study from the United Kingdom 
showed that the yearly incidence of 

BU was 0.04/100,000. 60% of the pa-
tients had bilateral uveitis, 68% had 
vitritis, and 46% had anterior uveitis 
(40). Cystoid macular oedema, vitritis, 
and retinal ischaemia were the leading 
causes of visual morbidity. A retrospec-
tive study of 21 patients with late-onset 
BU showed that uveitis was bilateral in 
17 eyes, panuveitis was the most com-
mon presentation affecting 13 eyes, 
and macula was involved in 14 eyes 
(41). Although the course of ocular in-
volvement in late-onset BS is thought 
to be relatively mild, blindness was ob-
served in 4 patients.
A nationwide multicentre study includ-
ing 3363 patients compared sociode-
mographic features of patients with BU 
and other non-infectious uveitis (42). 
BU patients had lower education and 
socioeconomic levels than the other 
non-infectious uveitis. Another study 
from Turkey reported higher depression 
scores, but similar anxiety scores in pa-
tients with posterior segment involve-
ment (43).

Skin and mucosa
A skin histopathology study of pathergy 
positive and negative patients showed 
dermal vasculitis indicated by fibrinoid 
necrosis in pathergy positive (55%) as 
well as negative patients (39%) (44).

Musculoskeletal
A multicentre retrospective study of 
151 BS patients with joint involvement 
showed that knees, ankle, and proximal 
interphalangeal joints were most com-
monly affected (45).

Clinical phenotypes
BS may not be a single disease, but 
rather a multi-system complex disor-
der composed of distinct clinical phe-
notypes each with probably different 
disease mechanisms (46, 47). A total of 
4 clinical phenotypes were previously 
suggested as indicated by a cluster anal-
ysis (48): 1) skin-mucosa; 2) eye; 3) 
vascular and 4) papulopustular lesions 
and arthritis. These clusters were con-
firmed 10 years later in a different co-
hort as well as in patients with familial 
BS (49). Several studies reappraised the 
notion of clinical phenotypes in 2021 
(50-54). Gastrointestinal (GI) subgroup 
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emerged alone as a distinct phenotype 
in China and Japan in addition to the 
previously described phenotypes. Ad-
ditionally, well known age and gender 
characteristics of BS were described in 
retrospective cohort studies (55, 56). 
There are certain differences between 
cluster studies regarding the identified 
phenotypes. Further work is needed to 
delineate whether these are real differ-
ences or result from methodological 
differences such as statistical meth-
ods, setting, disease criteria used, and 
definition, timing and the ascertainment 
method of manifestations.

Vascular involvement
A multicentre retrospective study 
showed a post-thrombotic syndrome 
(PTS) frequency of 62% and severe 
PTS of 18% among 205 BS patients 
with lower extremity DVT (57). Bilat-
eral involvement, residual iliofemoral 
thrombi, older age and high activity 
scores were predictors of PTS whereas 
increased BMI and not using immu-
nosuppressives were independently 
associated with severe PTS. Use of 
interferon-a was associated with bet-
ter recanalisation compared with aza-
thioprine alone as previously reported 
(58). Another multicentre retrospective 
study reported the vascular findings 
among 61 BS patients with Budd-Chi-
ari syndrome (59). The low mortality 
rate (14.8%) compared to previous re-
ports (14-47%) (60, 61) may be due to 
the relatively high frequency of silent 
cases (45/61) and the short follow-up.
A cross-sectional uncontrolled study 
of cardiac MRI in a small cohort of 
asymptomatic BS patients (n=30) 
showed that 20/30 patients had some 
level of pericardial, endocardial or 
myocardial abnormalities (62). A retro-
spective study investigated the clinical 
characteristics and outcome of 22 BS 
patients with aortic regurgitation and/
or aortic involvement (63). The risk of 
ischaemic heart disease was found to 
be comparable between BS (n=1554) 
and controls (n=3108), after propensity 
score matching for confounding factors 
in a study based on Taiwan National 
Health Insurance Database (64). An-
other study using nationwide popula-
tion data of 10 505 818 individuals be-

tween 2009 and 2012 showed that the 
incidence of BS was reduced in sub-
jects with metabolic syndrome (65). 
Clinical significance is unclear since 
no diseased controls were included and 
the data is based on diagnosis codes, 
carrying the risk of misdiagnosis. 
Growing evidence indicates that venous 
wall thickness (VWT) of the lower ex-
tremity veins is increased in BS com-
pared to that found in several inflam-
matory diseases and healthy controls 
(66-71). VWT was especially increased 
among those BS patients with no ap-
parent vascular involvement suggesting 
that VWT could be an early indication 
of vascular inflammation (66, 71). Fur-
thermore, Alibaz et al. suggested that 
VWT could be used as a distinctive di-
agnostic tool for the differentiation of 
BS from other inflammatory diseases 
(68). A letter to the editor (72) com-
mented on these findings and suggested 
that an overestimation of diagnostic ac-
curacy and absence of external valida-
tion were the main issues in this study.

Nervous system involvement
A study that explored association of cra-
nial MRI findings with clinical features 
of 55 BS patients with parenchymal 
nervous system involvement showed 
that the most frequently affected struc-
tures were the rostral pons, mesenceph-
alon, and diencephalic region (73). Use 
of non-standardised MRIs of different 
qualities and resolutions instead of 
standardised 3D FLAIR was the main 
limitation of the study.
The width of the third ventricle was 
measured in consecutive cranial MRIs 
of 13 BS patients with parenchymal 
nervous system involvement, 5 with 
relapsing remitting multiple sclerosis 
(RRMS), and 9 HC (74). They ob-
served a faster rate of enlargement of 
the third ventricle in the chronic pro-
gressive type than that observed in the 
acute type and RRMS. Small sample 
size and unblinded measurements were 
the main limitations of the study.  
A study including 24 BS patients 
with cerebral venous sinus thrombo-
sis showed a high prevalence of deep 
CVST (n=18; 75%) confirmed by angi-
ographic demonstration of basal vein of 
Rosenthal thrombosis (75). The results 

need to be reproduced in a larger cohort 
and in different ethnic populations.

Gastrointestinal (GI) involvement
A cross-sectional study of 1232 con-
secutive BS patients who routinely un-
derwent voluntary endoscopy showed 
that 22% had GI ulcers (76). Another 
retrospective study of 163 patients with 
intestinal BS showed that 27.6% did 
not fulfil intestinal Behçet’s Disease 
criteria (77).

Juvenile-onset BS
A retrospective study with a short 
follow-up of 2 years comparing 64 
juvenile-onset and 332 adult-onset BS 
patients showed that juvenile-onset pa-
tients had less major organ involvement 
and less severe disease course (79).

Pregnancy
Two retrospective case-controlled 
studies evaluated the outcome, com-
plications and disease flares associated 
with pregnancies with BS and found 
contradictory results (79-80).

COVID-19
A number of cohort studies and case 
series from Turkey, USA, Spain, Iran 
and Italy reported the incidence and 
outcome of BS patients with COV-
ID-19 (81-88). Although the incidence 
of COVID-19 was increased compared 
to the general population, the outcome 
was mild with no increased mortality 
or thrombotic events.

Take home nessages
• 	 OCT-A is a novel imaging tech-

nique, but it still needs enhancement 
and standardisation in Behçet’s uve-
itis (31-37).

• 	 Fibrinoid necrosis can be found in 
the histopathologic examinations of 
pathergy positive as well as negative 
patients (44). 

• 	 Evidence indicates that BS may be 
composed of distinct clinical pheno-
types each with probably different 
disease mechanisms (50-54).

• 	 Silent forms of Budd-Chiari syn-
drome due to BS result in a more 
favourable outcome (59).

• 	 Immunosuppressive treatment is es-
sential to prevent severe PTS (57).
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• 	 Wall thickness of lower extremity 
veins is increased compared to sev-
eral inflammatory diseases and could 
be a distinctive feature of BS (66-
71).

• 	 Rostral pons, mesencephalon, and 
diencephalic regions were most fre-
quently affected structures as shown 
in 3-D MRI study (73).

• 	 Gastrointestinal involvement can be 
found in 22% of asymptomatic pa-
tients when evaluated with routine 
endoscopy (76).

• 	 Juvenile-onset patients had less ma-
jor organ involvement and less se-
vere disease course (79).

• 	 COVID-19 usually runs a mild 
course among BS patients (81-88).

Management
TNF inhibitors
According to the updated EULAR 
recommendations TNFi can be given 
as first-line treatment to patients with 
sight threatening posterior uveitis, but 
in clinical practice they are usually pre-
served for patients who are refractory 
to conventional immunosuppressives 
(89). In a retrospective study from Chi-
na the efficacy of immunosuppressives 
was compared with that of adalimumab 
plus immunosuppressives in treatment-
naïve patients with retinal vasculitis 
(90). Forty-five patients (61% women) 
with very short median disease dura-
tion (2 weeks) were followed-up for a 
median of 17 months. Both treatments 
were effective, but improvement in 
BCVA, anterior chamber inflamma-
tion, vitritis and fluorescein angiogra-
phy scores were more pronounced in 
the adalimumab group. The diversity of 
conventional treatments, short follow-
up and female predominance of the pa-
tients necessitate further studies. Simi-
larly, a retrospective study from Japan 
reported a better long-term outcome 
(median 132 months) among 7 patients 
who received infliximab early during 
the course of BS uveitis (<18 months) 
(91). A multicentre observational study 
from Spain reported that infliximab led 
to rapid and sustained improvement of 
BCVA, macular thickness and intraocu-
lar inflammation in 117 BS patients 
with refractory uveitis and 78 patients 
achieved ocular remission at 32 months 

(92). Remission was maintained in 18 
patients receiving Infliximab at 5 mg/
kg after dose optimisation (reducing 
the dose or prolonging the infusion 
intervals). The results of a systematic 
literature review based on 13 observa-
tional studies suggest that monoclonal 
TNFi are effective in providing clini-
cal remission and mucosal healing in 
the treatment of GI involvement of BS 
(93). Despite the lack of controlled tri-
als monoclonal TNFi have become 
standard treatment for all refractory 
manifestations of BS. Their place as 
first-line agents and dose optimisation 
in responders await further studies.

Tocilizumab
A multicentre, observational study from 
France compared the efficacy of TNFi 
(infliximab and adalimumab; 149 pa-
tients) with tocilizumab (55 patients) in 
refractory macular oedema of diverse 
aetiologies (94). Thirty-five patients 
(17%) had BS and only 3 received to-
cilizumab. The complete response rate 
was found to be 22% with TNFi and 
36% with tocilizumab. Tocilizumab 
was twice as effective as TNFi for 
macular oedema, but it should be un-
derlined that 76% of patients treated 
with tocilizumab had previously been 
refractory to TNFi. The number of BS 
patients was small, but showed an in-
creased risk for low visual acuity when 
compared to the whole cohort. A mul-
ticentre retrospective study from Spain 
looked at the efficacy of tocilizumab in 
16 BS patients who were refractory to 
previous treatments including biologics 
(95). The main indications for tocili-
zumab treatment were ocular involve-
ment (n=14) and CNS involvement 
(n=5) followed by active mucocutane-
ous lesions and arthritis. Tocilizumab 
was effective in achieving complete 
ocular and CNS remission but its effect 
was less pronounced for oro-genital ul-
cerations and arthritis. Unlike monoclo-
nal TNFi, which appear to be effective 
for all manifestations of BS, tocilizum-
ab’s effect appears to be limited mainly 
to ocular and CNS involvement. 

Apremilast
Apremilast, an oral inhibitor of phos-
phodiesterase 4, is approved for the 

treatment of oral ulcers of BS based on 
the results of a 12-week placebo-con-
trolled Phase 3 trial (96). This trial also 
included a 52-week extension phase 
with all patients in the placebo group 
switching to apremilast and a 4-week 
post-treatment observational period. Of 
the 207 patients enrolled in this trial, 
178 (86%) entered the extension phase 
and 143 (80%) completed week 64 (97). 
The improvement in the number of oral 
ulcers obtained with apremilast in the 
controlled phase were maintained in the 
extension phase and patients switching 
from placebo to apremilast also showed 
similar response regarding suppression 
of oral ulcers. However, the number of 
oral ulcers increased after discontinua-
tion of apremilast. Data were not avail-
able regarding the efficacy of apremi-
last on other manifestations of BS. Di-
arrhoea, nausea and headache were the 
main side effects.
A multicentre, observational study 
from France assessed the efficacy of 
apremilast in 50 patients with active 
mucocutaneous and/or joint involve-
ment refractory to other treatment 
modalities including biologics (98). 
Apremilast was mainly combined with 
colchicine (36%), prednisolone (28%), 
methotrexate (6%) and biologics (6%). 
A completers analysis revealed that 
complete or partial response of joint 
involvement was 82% at 6 months 
whereas complete response for oral 
ulcers and genital ulcers was 73% and 
94%, respectively. The discontinuation 
rate of apremilast was high (46%) with 
side effects (30%) as the main reason. 
A retrospective, multicentre study from 
Spain assessed the efficacy of apremi-
last on orogenital ulcers (99). Included 
were 51 patients with mainly active 
orogenital ulcers but also with joint and 
skin manifestations who were refrac-
tory to previous treatment modalities 
including biologics. Apremilast was 
mostly combined with colchicine and 
glucocorticoids followed by immuno-
suppressives and biologics. Treatment 
with apremilast was effective in reduc-
ing the numbers of orogenital ulcers 
and skin lesions but the effect was in-
consistent on joint symptoms. There 
was no difference between apremilast 
monotherapy and combination treat-
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ment. Continuation of apremilast was 
78% at 8.5 months. Since data on oral 
and genital ulcers were combined, the 
effect of apremilast on genital ulcers 
specifically could not be assessed. The 
study also seems to suffer from selec-
tion bias because it included only pa-
tients continuing apremilast. A system-
atic literature review and meta-analysis 
of 8 articles looked at the efficacy of 
apremilast on oral ulcers and other 
manifestations of BS (100). Two of 
the selected 8 articles were RCT’s and 
the remaining 6, including 1 abstract 
in Japanese, were observational stud-
ies. Compared to baseline, at week 12 
apremilast was effective not only for 
oral ulcers but also for genital ulcers, 
erythema nodosum, follicular lesions, 
joint symptoms and for disease activity 
assessed by BDCAF. 
It appears that apremilast might be an 
option especially for treatment resist-
ant oral ulcers and perhaps for other 
mucocutaneous and joint symptoms of 
BS. Whether it should be added to ex-
isting treatment or used as mono-thera-
py awaits further studies. Also, studies 
comparing apremilast with immuno-
suppressives will help us to understand 
its place in the treatment of BS.

Anticoagulants
The experience so far suggests that 
anticoagulation with vitamin K an-
tagonists does not prevent the risk of 
venous thrombosis relapses but might 
be beneficial in decreasing the risk of 
post-thrombotic syndrome (101). The 
results of a multicentre, retrospective 
study assessing the efficacy of direct 
oral anticoagulants (DOA) in the treat-
ment of venous thrombosis may chal-
lenge this notion (102). The study in-
cluded 44 patients (75% men) having a 
wide variety of venous thrombi, mostly 
(57%) in the lower extremities and 
50% had multiple thrombi. The most 
frequently used DOA was Rivaroxaban 
(34 patients) followed by Apixaban (6 
patients). DOA treatment was com-
bined with colchicine (25 patients), 
corticosteroids (26 patients), classical 
immunosuppressives (19 patients) and 
TNFi (20 patients). Eleven patients ex-
perienced 13 relapses during a median 
follow-up of 21 months, defined as a 

new venous thrombosis occurrence at 
another site or an extension of the cur-
rent thrombosis on imaging. Eight of 
these relapses occurred when treatment 
with DOA was stopped. Cox analysis 
showed a significantly reduced risk 
of venous thrombosis recurrence with 
DOA that was more pronounced when 
DOA was used in combination with 
immunosuppressives. These results 
seem to be encouraging, but the cumu-
lative incidence of relapse which was 
44% at 4 years is similar to a previous 
study reporting 37% relapse rate at 5 
years under immunosuppressive and 
classical anticoagulant treatment (103).

Ustekinumab
The efficacy of ustekinumab, an anti-
IL12/23 antibody, was tested in 15 BS 
patients with active, treatment-resistant 
oral and/or genital ulcers in an open-la-
bel prospective, 52 weeks study (104). 
Ustekinumab appeared to be effective 
in reducing the number and pain of oral 
ulcers, genital ulcers, skin involvement 
and articular symptoms justifying fur-
ther studies.

Surgery for aortic valve 
involvement
Aortic valve involvement is almost only 
confined to BS patients from Far-East 
countries. Aortic valve replacement 
(AVR) is often complicated by valve 
dehiscence leading to re-operations. A 
retrospective study of 20 BS patients 
from China points out to the impor-
tance of pre-operative diagnosis of BS 
as the cause of aortic valve involve-
ment (105). Thirteen of the 15 pre-
operatively undiagnosed patients who 
underwent classical AVR developed 
valve dehiscence and underwent re-
operation within a mean of 11 months. 
However, pre-operatively diagnosed 5 
BS patients underwent modified AVR 
and none developed valve dehiscence 
during follow-up.
Another retrospective study from 
China reported that biologics (TNFi 
or tocilizumab) given pre-operatively 
or within 3 months post-operatively 
with concomitant immunosuppressives 
were associated with significantly re-
duced paravalvular leakage after sur-
gery (106).

Take home messages
• 	 Early initiation of TNFi might lead 

to better visual prognosis at long-
term (90-91).

• 	 Tocilizumab seems to have a vari-
able treatment response in different 
disease phenotypes of BS (94, 95).

• 	 Whether apremilast is superior to 
immunosuppressives in terms of 
oral ulcer suppression warrants fur-
ther studies (97-99).

• 	 Further studies are needed to un-
derstand the place of direct oral an-
ticoagulants in preventing venous 
thrombosis recurrences (102).

• 	 Ustekinumab might be an emerg-
ing option for treatment of resistant 
mucocutaneous and joint manifesta-
tions (104).

• 	 Modification of the operation tech-
nique and pre-operative use of bio-
logics seem beneficial in decreasing 
the risk of paravalvular leakage after 
AVR (105-106).
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