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Abstract: Behget syndrome (BS) is a multisystem vasculitis with variable vessel involve-
ment that shows significant heterogeneity among patients in terms of clinical manifestations
and disease course. Treatment choice and response are both influenced by this heterogeneity.
BS treatments’ main goals are to quickly suppress inflammatory exacerbations and prevent
relapses in order to protect organ functions and provide good quality of life. Besides the
long-term experience with steroids and traditional immunosuppressives, biologic drugs,
especially TNF inhibitors, have gained increasing importance in the treatment of BS over
the years. In this review, we aimed to give an overview of the studies with conventional and
biological drugs with proven efficacy in the treatment of BS, as well as promising drugs and
current management strategies according to clinical phenotypes.
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Introduction
Behget syndrome (BS) is a relapsing, multisystem inflammatory vasculitis character-
ized by oral (OU) and genital ulcers (GU), as well as involvement of the joints, ocular,
vascular, nervous, and gastrointestinal systems. For many years, BS was thought to be
an autoimmune disease. However, there are certain clinically significant differences
between BS and other autoimmune diseases, such as sex differences in disease
manifestations, lack of autoantibodies, and comorbidities (eg, premature
atherosclerosis). In recent years, BS has begun to be considered as an autoinflam-
matory disease. Just as in autoimmune diseases, there are some differences between BS
and autoinflammatory diseases. Autoinflammatory disorders are typically seen in
children with recurrent fever syndromes; however, BS is quite rare in the pediatric
age group, and recurrent fever is not a part of the BS clinical feature." Also, vasculitis is
an important feature of BS, which is not the case in autoinflammatory diseases.
Moreover, IL1 inhibition, which has been shown to be effective in the treatment of
autoinflammatory illnesses, has only a limited effect on some subgroups of BS patients.
The basic principles in BS treatment are to suppress inflammation promptly and
prevent damage and relapses. Since the disease has a heterogeneous nature, its
treatment varies according to the type of involvement. Mucocutaneous and joint
involvement in BS patients may reduce the quality of life (QoL) but do not result in
permanent damage. Conventional treatment is the first choice in these patients. On
the other hand, immunosuppressive treatment is mandatory in patients with major
organ involvement. Otherwise, it can cause morbidity or mortality. Male gender and

young age are other important prognostic factors and affect the choice of treatment.
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In this review, we aimed to give an overview of the studies
with conventional and biological drugs with proven efficacy
in the treatment of BS, as well as promising drugs and current
management strategies according to clinical phenotypes. For
this purpose, studies retrieved during the systematic reviews
for the 2018 update of the EULAR recommendations for the
management of BS, as well as more recent studies that were

published since then were reviewed.”

Conventional Treatment Modalities

Colchicine

The efficacy of colchicine was evaluated in 3 different ran-
domized controlled trials (RCT) with different conclusions
(Table 1). In the first RCT (n=28), no beneficial effect of
colchicine was found in BS patients with mucocutaneous and
ocular involvement during 6 months.® On the other hand, the
authors reported that colchicine might still have some efficacy

Table | The Effect of Drugs According to the Types of Involvement in Behget Syndrome

Type of Organ Involvement

CNS Gl
Involvement

Vascular
Involvement

Involvement

Cyclosporine-A

Cyclophosphamide

Interferon-alpha

Drugs Type of
Study . . i
Skin and Joint Uveitis
Mucosa
Colchicine v v
Apremilast
Azathioprine

TNF-inhibitors

IL-1 inhibitors
IL-6 inhibitors
IL-17 inhibitors

IL-23 inhibitors

Thalidomide

Mycophenolic acid

Tofacitinib

Notes: “V": Effective, “X”": Not Effective,

”: Not Evaluated, “(-‘:.-)”: Controversial/lnconclusive, A\: Reported to cause relapses.
Abbreviations: RCT, randomized controlled trial; OS, observational study.
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on erythema nodosum (EN) and arthralgia. In the second and
larger RCT (n=116) led by the same group, colchicine was
found effective on EN and GUs in women and arthritis in
both genders during 2 years.” On the other hand, the third
RCT (n=169) reported significant improvement in OUs, pseu-
dofolliculitis, as well as GUs and EN during the 4-months
trial.® In all 3 trials colchicine was generally well tolerated
and did not cause any serious adverse effects (AEs).

Long-term prognosis of patients who took part in
the second RCT were evaluated after about 17 years.’
Among 90 (78%) patients who could be contacted, 28
(31%) had to receive immunosuppressives during the post-
trial period. Fourteen of these patients were on colchicine
arm and continuous use of colchicine did not decrease the
use of immunosuppressives in the long-term.

Azathioprine

There is only one RCT for azathioprine (2.5 mg/kg/day) in
BS (Table 1). It was a 24 month, double-blind, placebo-
controlled trial including 73 male patients.'® There were 2
groups. The first group included BS patients without uvei-
tis, while the second included BS patients with uveitis.
Azathioprine was found effective in the prevention of new
eye involvement (RR 0.14, 95% CI 0.02-0.93) and
decreasing the episodes of hypopyon uveitis (RR 0.06,
95% CI 0.01-0.43). Extraocular manifestations were also
evaluated and it was observed that OUs, GUs and arthritis
were less in the azathioprine group than in the placebo
group. No significant AEs were reported in the azathiopr-
ine group.

After the trial, the long-term effect of azathioprine on
BS prognosis was evaluated.'' Sixty-two (85%) patients
had a follow-up data for a mean 94+10 months. In group
2, the blindness rate after the trial ended was 40% in the
placebo arm while it was 13% in azathioprine arm. The
number of patients who required immunosuppressives
such as azathioprine, cyclosporine-A or cyclophosphamide
after the trial was also substantially higher in the placebo
group than in the azathioprine group (61% vs 32%). On
the other hand, the total duration of immunosuppressive
treatment was similar in the two groups at the time of
reevaluation. A 2-line reduction in visual acuity occurred
in 6 of 10 placebo patients compared to 3 of 10 AZA
patients who entered the study within 2 years of the onset
of eye involvement. This happened in 2 of 7 placebo
patients compared to 1 of 9 AZA patients who had entered
the original trial with a duration of eye involvement of >2
years. This result suggests that the early initiation of

azathioprine may cause a favorable outcome on the long-
term prognosis of BS.

Two retrospective studies reported the efficacy of
azathioprine in the treatment of gastrointestinal involve-
ment. The first study reported that clinical and endoscopic
remission was achieved in 24 (65%) of 37 BS patients
with active moderate or severe gastrointestinal involve-
ment after a mean follow-up of 68.6+43.6 months.'”
Sixteen patients with mild gastrointestinal involvement
were treated with 5-ASA in the same study. Ten (63%)
of these patients achieved complete remission (CR) with-
out relapse during a mean follow-up of 89.3+64.5 months.
Refractory or relapsing patients were treated with
azathioprine. The second study included 67 BS patients
who were treated with azathioprine as a first line agent for
gastrointestinal involvement.'> Thirty-nine of the 67
patients (58.2%) received azathioprine for maintenance
of clinical remission. They reported that the cumulative
relapse rates were 5.8%, 28.7%, 43.7% and 51.7% at 1, 2,
3 and 5 years, respectively.

Although azathioprine was the most frequently pre-
ferred conventional DMARD in vascular involvement in
retrospective studies, still there is no study directly show-
ing its efficacy. In our prospective observational study,
among 29 patients treated with azathioprine with a mean
follow-up of 20.2 + 15.8 months, 13 (45%) had relapses.'*
In a recent study, two different azathioprine doses (Group-
A> 2 mg/kg/d, n=59 vs Group-B<2 mg/kg/d, n=19) were
compared for prevention of relapse of venous involvement
as maintenance therapy.'> Relapse rate was lower (14% vs
32%) and mean duration of relapse free time was longer
(111.6 £ 11.2 vs 51.5 + 6.1 months) in group-A compared
to group-B.

In a retrospective study, azathioprine plus corticoster-
oid was compared to cyclophosphamide plus corticoster-
oid in patients with severe parenchymal involvement.'®
Although relapse rate seemed less in patients using cyclo-
phosphamide, this difference disappeared in the 5th, 7th,
and 10th years.

Azathioprine is generally well tolerated and may cause
transient transaminase elevation and cytopenia, especially
in thiopurine methyl transferase deficiency. Caution is
required when using azathioprine in combination with
other drugs. An open study using interferon-alpha and
azathioprine together was terminated prematurely due to
myelosuppression.!” Concomitant use with warfarin may

also be problematic, decreasing the efficacy of warfarin.
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Cyclosporine-A

The efficacy of cyclosporine-A in BS uveitis was evalu-
ated in 3 RCTs with 3 different comparators (chlorambu-
(Table 1).'%2°
Cyclosporine-A was found effective in decreasing the fre-
quency (RR 2.47, 95% CI 1.68-3.64) and severity of
ocular attacks (RR 2.11, 95% CI 1.44-3.10) and improv-
ing visual acuity (MD 3.0, 95% CI 0.6-5.4). Only 1 RCT
reported renal dysfunction and hirsutism as cyclosporine-

cil, colchicine, cyclophosphamide)

A-related AEs. On the other hand, nephrotoxicity, hyper-
tension, and hirsutism were reported as the most common
AEs in several cyclosporine-A open-label studies.*

Cyclosporine-A is frequently used in combination with
azathioprine in patients with eye involvement. Although
there is no comparative data showing the superiority of
this combination to either drug alone, adding cyclosporine-
A to treatment in patients who have uveitis relapses during
azathioprine has provided some benefit.”’

There are 4 studies assessing the risk of nervous sys-
tem involvement in BS patients using cyclosporine-
A. A meta-analysis of these studies showed that the use
of cyclosporine-A is associated with an increased risk of
nervous system involvement (RR 8.26, 95% CI 4.45-
15.32).4

Mycophenolic Acid

The efficacy of mycophenolic acid derivatives in mucocu-
taneous involvement was evaluated in 2 prospective stu-
dies, and different results were obtained (Table 1).
A prospective study conducted with mycophenolate mofe-
til (MMF, 2-3 g/day) was planned to evaluate its efficacy
for six months in 30 BS patients with mucocutaneous
involvement.”> However, the study was terminated early
due to the inefficacy of MMF in the first six patients. In
the second study conducted with enteric-coated mycophe-
nolate sodium (MPS) (720 mg bid), 10 BS patients with
mucocutaneous involvement refractory to previous treat-
ment (eg, colchicine, azathioprine, and systemic steroids)
were evaluated for 6 months.”® The activity of mucocuta-
neous involvement significantly decreased in 8 patients in
the first two months, and two other patients showed
improvement at four months. No significant AE requiring
withdrawal of MPS was observed.

The efficacy of MMF was evaluated in 39 BS patients
with different types of organ involvement (vascular= 26,
uveitis=11, and neuro-BS=2) in a retrospective study.**
Thirty-one patients received MMF for maintenance of

remission, and 8 received for induction of remission.
After a mean follow-up of 18+13 months, 33 (85%)
patients were still on MMF treatment. MMF was discon-
tinued only in 3 patients due to disease activity.

The beneficial effect of MMF in 4 patients with par-
enchymal neuro-BS was also reported in a case series.”

Cyclophosphamide

In 2 small retrospective studies, cyclophosphamide was
compared to other treatments (surgery or azathioprine
and corticosteroids) to evaluate the mortality rates in BS
patients with pulmonary artery (PA) involvement
(Table 1). In the first study, 6 of the 17 patients in the
CYC group died, while all 5 patients in the comparison
group died (RR 0.35, 95% CI 0.19-0.67).%° The second
study also showed a similar mortality rate (1/4 vs 5/5).%

In a retrospective study, the use of cyclophosphamide
(n=31) in patients with severe parenchymal neuro BS
patients had a tendency towards a higher event-free survi-
val rate at first year compared to azathioprine use (n=12)
(RR 0.62, 95% CI 0.38-1.01).'® However, this difference
was not observed at the 5th, 7th, and 10th years. In another
retrospective study, combination therapy of cyclophospha-
mide and corticosteroid (n=7) did not provide beneficial
effects for preventing relapses compared to corticosteroid
alone (n=14).%%

In a recent retrospective study, the long-term outcome
and AEs in 198 BS patients (93% men) who had received
1976 and 2006 were
evaluated”® Main indications for cyclophosphamide use

cyclophosphamide between
were vascular (67%) and ocular (27%) involvement. The
median duration of cyclophosphamide use was 12 months
and the cumulative dose was 13.5 g. Short term AEs such
as hemorrhagic cystitis (n=7) and infection (n=4) were
observed in 17 (9%) patients. After a median follow-up
of 25 years 15 (8%) patients had malignancy and 26 (30%)
patients had infertility. Among 52 (26%) patients who
died, the main reasons for death were vascular complica-
tions of BS in 27 (52%), malignancy in 7 (13%), and
infection in 5 (10%) patients.

Thalidomide

The efficacy of thalidomide in mucocutaneous involve-
ment was evaluated in a 24-week RCT (Table 1).%° Ninety-
six male patients with mucocutaneous involvement were
included and two different doses (100 mg/day and 300 mg/
day) of thalidomide were tested. Both doses were shown to
be effective in achieving CR of OUs and GUs during 24
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weeks at visits (RR 21, 95% CI 1.28-343 for 100 mg and
RR 19.6, 95% CI 1.19-322 for 300 mg). Thalidomide did
not show any beneficial effect on arthritis, and the number
of nodular lesions increased in the first 2 months of treat-
ment. However, the authors reported that these lesions
could be superficial thrombophlebitis, which is very diffi-
cult to differentiate from EN clinically. Thalidomide was
discontinued due to severe sedation in 3 patients and
polyneuropathy in 1 patient. Polyneuropathy developed
in 3 more patients after the trial ended.

The efficacy of thalidomide on refractory gastrointest-
inal involvement of BS was reported in a case series and
systematic review (SR). A total of 19 patients were treated
with thalidomide and clinical remission was obtained in 16
(84%) patients.”'

Biologic Agents

Interferon-Alpha

Interferon-alpha was studied in 2 RCTs and several open-
label and retrospective studies (Table 1). The first RCT,
which included 44 patients, showed a significant reduction
in the duration and pain of OUs, as well as the frequency
of GUs and papulopustular lesions during 3 months of
treatment.’> However, the CR rate was not different
between the placebo and interferon-alpha groups.
The second RCT was a head-to-head study comparing
interferon-alpha and cyclosporine-A.*> However, it was
terminated prematurely since the targeted number of
patients could not be reached. On the other hand, in the
analysis of 13 patients on each arm, interferon-alpha was
found superior to cyclosporine-A in ocular remission,
visual acuity, and posterior uveitis score.

There is still no head-to-head study comparing inter-
feron-alpha with TNF inhibitors (TNFis) in BS treatment.
A pooled analysis of retrospective and open-label studies
with these two drugs was performed in a SR.* CR rates of
both agents were similar (64% for interferon-alpha vs 57%
for infliximab). Sustained remission rate (71% vs 44%)
and corticosteroid cessation rate (66% vs 33%) were
higher with interferon-alpha, while improvement in visual
acuity (46% vs 76%) was higher with infliximab.

Interferon-alpha was found effective in the treatment of
arthritis in 4 observational studies. Three of them reported
CR in all patients (n=43), and the other reported significant
reduction in the mean duration and the frequency of
arthritis.*

In an open study, CR of vascular involvement was
achieved in 9 out of 10 patients with interferon-alpha.
A similar result was observed in a prospective study.'*
Although it was not a head-to-head study, a lower relapse
rate (12% vs 45%) and higher recanalization rate (86% vs
45%) was observed with interferon-alpha compared to
azathioprine.

In a single masked RCT, pegylated interferon-alpha in
addition to standard of care therapy was compared to
standard of care therapy alone.** However, the study did
not meet the primary outcome, which was defined as
decreasing prednisolone dose requirement to 10 mg or
less at month 12.

Flu-like symptoms were the most commonly reported
AEs in interferon-alpha studies. Depression, leucopenia,
thrombocytopenia, alopecia, and transaminase elevation
were other AEs.*

TNF Inhibitors

There is increasing data on TNFis in the treatment of BS.
Only etanercept was evaluated in a 4-week RCT (Table 1).
OUs (9/20 vs 1/20) and EN (17/20 vs 5/20) were found
significantly lower in the etanercept group compared to
placebo.*® No difference on GUs was observed between 2
groups. The efficacy of etanercept on GUs may have been
underestimated due to small sample size and the short
duration of the study. There are also 2 RCTs showing
that
uveitis.***” However, the number of BS patients was low

adalimumab is effective in non-infectious
and no subgroup analysis according to diseases was per-
formed in these trials.

Recently, a SR and meta-analysis evaluating the effi-
cacy of infliximab and adalimumab in BS uveitis was
published.*® They included articles published between
January 2010 and September 2019 with a minimum of
10 patients and a minimum of 6 months of follow-up.
Eighteen studies with a total of 968 patients (M/F= 65%/
35%) were included. Infliximab was evaluated in 10, ada-
limumab in 4 and both agents in 4 studies. Although the
meta-analysis has high heterogeneity, TNFis were found
effective in achieving remission (68%), improving visual
acuity (60%), decreasing central macular thickness, and
cessation of corticosteroid (38%).

There are two studies comparing the efficacy of inflix-
imab and adalimumab in uveitis (Table 2). An open-label,
multicenter study from Spain reported the comparison of
infliximab (n=103) and adalimumab (n=74) in 177 BS
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Table 2 Comparisons of Infliximab and Adalimumab in the Treatment of Behget Uveitis in Retrospective Studies
Atienza-Mateo B. et al, 2019 Fabiani C. et al, 2019
177 (94 M/83 F) 107 (61 M/46 F)
IFX ADA IFX ADA
n of patients 103 (55 M/48 F) 74 B9 M/ 35F) 41 66
n of eyes 185 131 73 114
Mean age (SD) 404 (10.1) 387 (11.3) 42.2 (12.1) 39.5 (12.1)
Duration of uveitis® 36 [12-72] 24 [12-60] 11.6 (8.6) 9.1 (7.4)
Pattern of uveitis (%)
Posterior 28 (27.2) 14 (18.9) 22 (52.4) 24 (36.4)
Panuveitis 64 (62.1) 45 (60.8) 19 (45.3) 37 (56.1)
Intermediate 0 (0) I (1.4) I (24) 5(7.6)
Retinal vasculitis® 114 (61.6) 78 (59.5) 25 (61.0) 46 (69.7)
Previous treatment (%)
Corticosteroid 95 88 100 100
Cyclosporine 75 78 23 27
Azathioprine 57¢ 42¢ 8 17
Methotraxate 44 42 12 20
Combination with cDMARD % 76.5 70.3 48.8 46.7
Cyclosporine 41.1 55.7 40 22,6
Azathioprine 21.8 19.2 15 29
Methotraxate 333 21.1 30 354
MMF 1.3 3.8 20 3.2
Mean follow-up TNFis (mo) 31.5+23.5 26.5+18.6 56.6 + 56.0 26,5+ 21.7
Treatment outcomes at mo 12
Improvement of ACI % 782 92.3 NA NA
Improvement of vitritis % 79.0¢ 93.3¢ NA NA
Improvement of RV % 97 95 86.3 714
Macular thickness 264.94£59.7 250.6+36.9 NA® NA®
BCVA 0.67+0.34' 0.8120.26' 0.40.0 0.420.11
Decrease of uveitis attack% NA NA 84.2 66.7
Drug retention rate % 85.0° 95.28 87.8 79.8
Severe AE/toxicity 8 (7.8) 4 (3.9) NA NA

Notes: “p=0.049, dp=0.04, 'p=0.00|, 8p=0.042. *Disease duration given as median [IQR] in the first study and mean (SD) in the second study. PRetinal vasculitis was reported
the number of involved eye in the first study and the number of patient in the second study. “No quantitative measurements for macular thickness was given in the second
study. However, central macular thickness was significantly lower in infliximab group compared to adalimumab group at the last follow-up.

Abbreviations: ADA: adalimumab, AE: adverse event, IFX: infliximab; ACI, anterior chamber inflammation; RV, retinal vasculitis; BCVA, Best corrected visual acuity; MMF,

mycophenolate mofetil; NA, not available.

patients  with  uveitis  refractory to  classical
immunosuppressives.*® All ocular parameters improved in
both groups after one year of treatment. On the other hand,
significantly better results were obtained with adalimumab
in vitritis (79% vs 93%), best-corrected visual acuity and
drug retention rate (85% vs 95%). Seventy-eight patients
(77%) in the infliximab group and 52 (70%) in the adali-
mumab group continued with conventional immunosup-

pressives during a 1-year period. Prednisone reduction rate

was similar in both groups. A multicenter study from Italy
compared the efficacy of adalimumab and infliximab in 107
patients with non-infectious uveitis, of whom 74 had BS
uveitis.** Sixty-six (62%) patients were treated with adali-
mumab and 41 (38%) with infliximab. Both drugs were
effective in decreasing ocular attacks. The percentage of
patients using corticosteroid and the frequency of macular
edema at month 12 and at the last visit were significantly
higher in adalimumab group compared to infliximab group.
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The long-term efficacy and safety of adalimumab in 462
BS patients with gastrointestinal involvement has recently
been published.*’ The efficacy of adalimumab was evaluated
in 383 patients and reported as “markedly effective”, “effec-
tive”, or “ineffective” at the last observation time point
according to physician’s discretion. Adalimumab was “effec-
tive” in 41% and “markedly effective” in 44% of patients.
The safety of adalimumab was evaluated in 462 patients.
AEs and serious AEs were reported in 26% and 11% patients,
respectively. The most common AE was infection (n=47)
which was followed by injection site reaction (n=5), and
tuberculosis (n=3).

Two other TNFis, certolizumab and golimumab, were
also studied in BS. In the first study, certolizumab was
used for different indications (joint=8, mucocutaneous=6,
eye=4, gut=4, nervous=2) in 13 BS patients with a mean
disease duration of 8.80+6.9 years.*> Only two of those
patients received certolizumab as a first-line biologic ther-
apy. Six patients (46%) experienced a worsening of the
symptoms after 4.16 + 1.21 months of certolizumab while
seven (54%) were still receiving certolizumab at the last
follow-up visit, after 9.28+3.03 months of treatment. In
the second study, the efficacy of golimumab was evaluated
in 17 BS patients.*> None of those patients received goli-
mumab as a first-line biologic treatment. Indications were
joint involvement in 14, mucocutaneous involvement in 7,
gastrointestinal involvement in 6 and eye involvement in 3
patients. BS manifestations resolved in 16/17 (94.1%)
patients at the third month of golimumab. Significant
decrease in disease activity was observed and it was higher
in patients co-administered with DMARDs than those
receiving golimumab as monotherapy.

The efficacy of TNFis was evaluated in a total of 141
patients with mostly severe or refractory vascular involve-
ment (venous and/or arterial) in 9 retrospective studies.***
Remission data was available for 126 patients, of which 121
(96%) achieved complete or partial remission.

In 2 retrospective studies, the efficacy of TNFis was
evaluated in a total of 33 neuro-BS patients who were
resistant to other immunosuppressives. Two (6%) patients
relapsed under TNFis and 2 other relapsed after cessation
of TNFis.**47

First line use of biosimilar-infliximab was evaluated in
a small retrospective study. Remission was achieved in 4
of 6 patients using first line biosimilar-infliximab.*®
Switching from originator to biosimilar-infliximab was
evaluated in 2 small retrospective studies. The first study
reported 3 patients who failed after switching from

originator to biosimilar-infliximab.*’ In the second study,
13 patients were switched to biosimilar-infliximab after
10692 + 46.37 months of treatment with originator-
infliximab.®® Only 2 patients stopped biosimilar-
infliximab due to relapse of mucocutaneous involvement
at month 6.

Immunogenicity of infliximab in BS patients was eval-
uated in a controlled study.’’ Serum samples from 66
consecutive BS patients (51 M, 15 F, mean age 37+9)
treated with infliximab were compared with similarly trea-
ted rheumatoid arthritis, ankylosing spondylitis and
Crohn’s disease patients. Anti-infliximab antibody levels
in BS (6%) were lower than rheumatoid arthritis (19%)
and Crohn’s disease (12%) but slightly higher than anky-

losing spondylitis (2%).

IL-1 Inhibitors

Gevokizumab, an anti-IL-1 monoclonal antibody, demon-
strated rapid and sustained inhibition of intraocular inflam-
mation in an open-label proof of concept study (n=7) and
a Phase II non-controlled study (n=21).”**> However, the
Phase III placebo-controlled trial (n=83) was prematurely
ended because the primary endpoint, the time to the next
ocular attack, was not met (Table 1).>*

Recently, a SR evaluated the efficacy of all IL-1 inhi-
bitors in BS.” All type of studies including case reports
and letter to the editor were reviewed. The efficacy of
anakinra was evaluated in 15, canakinumab in 8, and
both drugs in 4 studies (218 patients). Some beneficial
effects of IL-1 inhibitors on mucocutancous, eye and
joint involvement were observed. Authors suggested that
IL-1 inhibitors can be an alternative therapeutic option in
some clusters of BS involvement.

Tocilizumab

There are several small case series reporting the efficacy
of tocilizumab in BS.”® Overall 47 patients who had been
treated with tocilizumab were evaluated in a SR (Table 1).
Tocilizumab was found effective in ocular, vascular and
neurologic involvement and secondary amyloidosis. On
the other hand, tocilizumab did not show the same efficacy
in mucocutaneous, joint and gastrointestinal involvement.
Moreover, exacerbation as a paradox reaction in mucocu-

taneous findings was reported with tocilizumab.>”>°

Secukinumab
Secukinumab (300 mg every 2 weeks or every 4 weeks),
was evaluated in a RCT for the treatment of BS uveitis
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(n=118) (Table 1).°® The primary endpoint, the reduction
in ocular attack rate, was not achieved with either dose in
the trial (MD 0.0, 95% CI 9.9-9.9 for secukinumab q2w
and MD 3.80, 95% CI 7.41-15.01 for secukinumab q4w).
Secukinumab had to be stopped in two patients with ocular
AE and five patients with non-ocular AE.

After demonstrating the efficacy of secukinumab in
mucocutaneous and joint involvement in a small study
(n=5), long-term efficacy and safety data for 15 patients
were published by the same group.®’®> They included
patients who had active mucocutaneous and articular man-
ifestations  refractory to colchicine, conventional
DMARD:s and at least one TNFi. Response (complete or
partial) was obtained in 87% of patients at month 6 and in
all patients after 24 months. Candida infection was
detected in two patients. On the other hand, there are
some case reports reporting exacerbation of BS symptoms
or emergence of de novo BS.%>"%° Three patients with PsA
and one with AS developed de novo BS. All patients
developed mucocutaneous symptoms. In addition, 2
patients had uveitis and 1 had superficial thrombophlebitis.
In another patient with a previously known diagnosis of
BS and AS, a new gastrointestinal involvement in addition
to exacerbation of mucocutaneous and joint findings
developed under secukinumab.®?

Ustekinumab

Ustekinumab is a monoclonal antibody targeting 1L.12/23.
The efficacy of ustekinumab on OUs was evaluated in 2
studies (Table 1). The first study included 14 BS patients
in whom OUs were resistant to colchicine.®® Patients were
given ustekinumab 90 mg at week 0, 4 and then every 12
weeks. Sixty-four percent of the patients achieved CR
which was defined as no OU at week 12. The same
group also reported the long-term efficacy and safety of
ustekinumab in a multicenter, prospective, open-label
study in 30 BS patients.®” The inclusion criteria were the
same as in the previous study. CR was achieved in 60%
and 89% of patients at weeks 12 and 24, respectively. Four
patients stopped ustekinumab due to AEs (headache) in 1
patient and BS activation (eye, vascular, mucocutaneous
and joint symptoms) in 3 patients.

Small Molecules

Apremilast
A phosphodiesterase-4 inhibitor, (30 mg twice a day) was
evaluated in two RCT (n=111, n=207) designed to test

response to OUs in patients with BS (Table 1).°*° In
both OU-related
a significantly greater improvement with apremilast com-

trials,  all endpoints  showed
pared to placebo. In addition to these two trials, there are
also published observational studies investigating the
safety and efficacy of apremilast in BS patients.
A significant reduction in the number of OUs and GUs
was observed, and a dramatic improvement was achieved
in QoL. In the other observational study (n=51), clinical
findings such as follicular lesions and intestinal symptoms
in addition to OUs and GUs were evaluated and an
improvement was reported.”’ Efficacy of apremilast on
joint involvement was also evaluated in another observa-
tional study. Among 30 patients who had refractory joint
involvement, 65% had complete response and 17% had
partial response at month 6.”' Apremilast was generally
well tolerated, the main AEs being related to the gastro-

intestinal system.

Tofacitinib

A JAK inhibitor, (5 mg twice a day) was used in a small
group (n=7) to demonstrate the efficacy in refractory BS
patients (Table 1).”* Clinical signs and laboratory para-
meters were followed for 12-24 weeks. Improvement in
clinical symptoms in terms of vascular and joint involve-
ment were reported, while gastrointestinal manifestations
responded poorly. Two patients withdrew tofacitinib due to
herpes zoster infection. Another study reported 13 BS
patients with refractory uveitis. Rapid and sustained
improvement in visual acuity and intraocular inflammation
were obtained in 10 (%77) patients.”® Three patients had
flares and one patient had herpes zoster infection.

Surgical Approach and

Interventions

Peripheral artery aneurysms usually necessitate surgical
intervention. Endovascular grafts, bypass surgery, ligation,
and graft interposition are all potential procedures in these
patients. Peripheral arterial ligation was reported in 4
retrospective studies.* Among a total of 20 patients,
relapses occurred in five and death in one. By-pass surgery
was evaluated in a total of 32 patients in 5 retrospective
studies. Relapses occurred in 11 (34%), occlusion in 5
(16%) and death in 6 (14%) patients. Graft interposition
was reported in overall 48 patients. Fourteen (29%)
patients experienced graft occlusion, 13 (27%) relapsed
and 7 (15%) died.

https:
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Pulmonary hemorrhage due to PA aneurysm (PAA) is
one of the most mortal complications of BS and requires
urgent intervention. In retrospective series, death was
reported in 6 (75%) of 8 patients after open surgery
and in 4 (57%) of 7 patients after PA embolization.*
Open surgical procedures had higher mortality rates in
earlier cohorts. In a recent study published from our
center mortality rate was lower in 9 patients who under-
went open surgery.”* Lobectomy was performed in 6
patients due to a giant aneurysm. Decortications and
pleural procedures were performed in one patient each
due to a bronchopleural fistula following PA coil embo-
lization and pneumothorax due to large cavities. Two
(22%) patients died after lobectomy. One died 3 months
after surgery due to massive hemoptysis and the other
died 12 months after surgery due to Budd—Chiari
syndrome.

Refractory hemoptysis due to bronchial artery enlarge-
ment can be seen in patients with PA involvement. In
a retrospective study, bronchial artery embolization was
performed in 6 patients.”> One patient died after 3 weeks
of the procedure due to severe pulmonary hypertension.
Pulmonary infarction and hemiparesis were observed in
one patient each. The remaining 5 were under follow-up
for 5 months to 9 years.

Endarterectomy was performed in 9 BS patients with
chronic thromboembolic hypertension. Endarterectomy
provided a symptomatic improvement in eight patients
during a median follow-up of 24 months and resulted in
death in 1 patient one month after surgery.”® Since immu-
nosuppressive therapy is the main treatment modality in
venous involvement in BS, invasive procedures are gen-
erally not needed. Forty-one vascular BS patients who had
invasive procedures were evaluated in a case series and
SR. Overall 22 (54%) had an unfavorable outcome. Ileal
infarct and vena cava wall-duodenal perforation were
detected as major complications.”’

Management According to Clinical

Manifestations

Management of BS is planned according to the organs and
systems that are involved, severity of involvement and
disease activity.” The traditional first-line agent for the
management of skin, mucosa and joint involvement has
been colchicine. However, as explained above, its efficacy
may be limited for OUs and apremilast may be preferred
in patients with recurrent OUs and GUs. Azathioprine,

interferon-alpha and TNFis have been used in refractory
patients. Ustekinumab, secukinumab, IL-1 inhibitors and
tofacitinib have been tried with some success for these
manifestations,>>-61:62:66:67.72

For patients with active posterior or panuveitis it is
imperative to use immunosuppressive or biologic agents
together with corticosteroids.” Commonly used immuno-
suppressive agents are azathioprine, cyclosporine-A and
mycophenolate.®> Biologic agents including interferon-
alpha and TNFis may be used first-line in sight threatening
cases or in patients with refractory uveitis.> Experience
with beneficial use of IL-1 and IL-6 inhibitors have also
been reported.’>>°

Arterial aneurysms, the most feared complication of
BS is treated with high dose corticosteroids, typically 3
pulses of 1 gr intravenous methylprednisolone followed by
prednisolone 1mg/kg which is tapered over 6 months,
together with cyclophosphamide or TNFi.®> Potential
short and long-term AEs with cyclophosphamide has led
to increased use of TNFi, which also seem to be effective.
Surgical or endovascular interventions may be required for
peripheral artery and aortic aneurysms and it is important
to perform these together with effective immunosuppres-
sion to prevent complications.’

Venous thrombosis in BS is immune mediated and thus
with
Azathioprine may be preferred as first-line treatment, but

requires treatment immunosuppressives.’
recanalization of the thrombus may not always be possible
and recurrences may be seen. Interferon-alpha and TNFi
seem to be more effective and may be preferred in recur-
rent patients.'* Use of anticoagulants is not universally
accepted, based on failure of preventing recurrences in
retrospective studies and risk of fatal bleeding in case of
concomitant arterial aneurysms.® More serious venous
involvement including vena cava superior and inferior
thrombosis, hepatic vein thrombosis and intracardiac
thrombosis need to be treated with cyclophosphamide or
TNFi, similar to arterial involvement.> Cerebral venous
sinus thrombosis (CVST) should be treated with high-
dose glucocorticoids. Since the relapse of CVST is not
frequent, first line use of immunosuppressives are not
recommended.’> Also adding anticoagulants is controver-
sial due to the risk of accompanying PAA. After screening
for PAA, a short-term anticoagulant (3 to 6 months) can be
added. If there is persistent papilledema despite this treat-
ment, lumboperitoneal shunt may be considered. Leg
ulcers (LUs) in BS may be associated with deep vein

thrombosis, vasculitis, and pyoderma gangrenosum.”®
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LUs usually have a chronic recurrent course and are
refractory to treatment. Treatment of BS-related venous
LU in the absence of an inflammatory component consists
of compression therapy and wound care as in venous LU
associated with conditions other than BS. Vasculitis and
pyoderma gangrenosum-like LU in BS usually require
immunosuppressives.

The risk of permanent physical and cognitive disability
due to nervous system involvement mandates aggressive
with  high
immunosuppressives.’ Azathioprine, MMF and TNFi are

treatment dose  corticosteroids  and

the most commonly used agents. Tocilizumab was
reported to provide benefit in a number of refractory
patients with parenchymal nervous system involvement.>®

Azathioprine may be used in patients with intestinal
ulcers, and monoclonal TNFi may be added in refractory
or severe cases.'> Thalidomide have also shown benefit.*'
Treatment with 5-ASA derivatives may be sufficient for
patients with mild ulcers.'*”? Interestingly, myelodysplas-
tic syndrome (MDS) was observed in some refractory
cases of gastrointestinal involvement. Treatment of MDS
seems to provide more benefit than immunosuppressives

in such cases.5%8!

Treat to Target Approach and

Disease Monitoring

Treat to target approach, where patients are treated with
the aim of obtaining a pre-defined target and monitored
with standard assessment modalities within standard time
intervals has been popular in rheumatology since it is
suggested that this approach provides better long-term
outcomes. This surely is a desirable goal for BS, too.
However, an established treat to target strategy is not yet
available for BS. It is obvious that a single strategy would
not be applicable to all patients due to the heterogeneity of
clinical phenotype in BS.

In patients who have only mucocutaneous lesions, the
treatment goal is sustaining an optimum QoL. CR of
mucocutaneous lesions may not be possible in a good
proportion of patients, even with biologic agents.**?’
A minimum acceptable disease activity state needs to be
identified in order to avoid excessive risk caused by treat-
ment, when trying to obtain CR. The same is true for joint
involvement since arthritis in BS typically follows
a recurrent course without erosions or damage. On the
other hand, for organ involvement CR and prevention of
recurrences should be aimed in order to prevent damage

and permanent loss of function. Disease assessment during
follow-up comprises clinical and routine laboratory eva-
luation, as well as modalities such as fluorescein angio-
graphy for eye involvement, imaging with CT or MR
angiography, or venous Doppler ultrasonography for vas-
cular involvement, cranial MRI for nervous system invol-
vement and colonoscopy for gastrointestinal involvement.
Prediction of relapses and determining patients who
require aggressive treatment is more challenging. The
presence of capillary leakage on fluorescein angiography
is thought to predict a worse outcome for uveitis, and is
commonly utilized to guide treatment decisions. Lack of
leakage is considered mandatory before tapering immuno-
suppressives. For venous involvement, lack of recanaliza-
tion of thrombosis on Doppler ultrasonography was shown
to be the best predictor of relapses.'* Intestinal ulcers may
be asymptomatic until they reach a considerable size and
depth. Colonoscopy used to be the modality of choice for
monitoring patients with gastrointestinal involvement.
A recent study showed that fecal calprotectin levels have
good sensitivity to predict active gastrointestinal ulcers.
Relapses are less frequent with nervous system involve-
ment in BS, compared to other manifestations. Close fol-
low-up for neurologic symptoms and cognitive function is
the key since there are no diagnostic modalities for pre-
dicting a relapse of nervous system involvement.

Another component of defining a treat to target
approach is determining the optimal frequency of assess-
ment. Although an evidence-based strategy is not available,
patients with active organ involvement are usually seen
every 1-3 months until remission is obtained. For arterial
and nervous system involvement this may even be as fre-
quent as every 2 weeks, in order to ensure rapid suppression
of inflammation and avoid damage accrual. Patients who
have obtained remission are followed every 3—4 months for
possible recurrences. For patients with only mucocutaneous
and joint involvement follow-up frequency is usually 3-6
months during the early years of BS. This is not only for
monitoring the course of mucocutaneous involvement but
also for early recognition of any organ involvement. The
frequency of follow-up visits may be reduced over the
years, as the risk of severe disease decreases with age.

Unmet Needs

As summarized in this review, majority of the data on the
treatment of major organ involvement is based on observa-
tional and retrospective studies. One of the reasons for
scarcity of RCTs may be the need for standardized and
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validated outcome measures in BS. The recently published
Core Set of domains endorsed by OMERACT is an impor-
tant step, but there is still a lot to be done for developing
a Core Set of outcome measures for BS.** Controlled trials
and especially head-to-head trials assessing the efficacy of
biologic agents including TNFi, interferon-alpha, IL-1 and
IL-6 inhibitors, a controlled study of anticoagulants for
venous involvement, and studies comparing different man-
agement strategies including step-up or step-down treat-
ment are needed. International collaboration is important
for accomplishing these and providing optimal care for BS
patients, which is a relatively rare condition in many parts
of the world.
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