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Introduction
Behçet’s syndrome (BS) is a multifactorial poly-
genic autoinflammatory disorder characterized by 
multi-organ involvement, presenting different 
phenotypic clusters.1 Neurological involvement, 
so-called neuro-Behçet’s syndrome (NBS), is one 
of its life-threatening manifestations with high 
mortality and severe disability.2,3 The frequency 

of NBS among patients with BS is approximately 
9% (ranging 3–30%).4 Generally, there are two 
categories of NBS: parenchymal (p-NBS) and 
nonparenchymal involvement.5–8 The former 
involves meningoencephalitis, which can cause 
significant neurological consequences from cog-
nitive changes to paralysis, with brain stem 
involvement as the most characteristic feature; 
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Abstract
Objectives: This study aimed to investigate the efficacy and safety of tocilizumab (TCZ) in 
severe and refractory parenchymal neuro-Behçet’s syndrome (p-NBS).
Methods: We retrospectively analyzed five patients with p-NBS treated with TCZ in our center 
between 2013 and 2020, and six cases from literature research with the index terms “neuro-
Behçet’s syndrome” and “tocilizumab” on PubMed NCBI.
Results: A total of 11 patients with p-NBS were enrolled (5 males, 6 females), with a mean 
age of 34.5 ± 8.0 years at the onset. All the patients had parenchymal neurological lesions, 
six patients (54.5%) suffered from multiple lesions, and nine patients (81.8%) were disabled. 
Before TCZ administration, all the patients had failed conventional therapy, eight patients 
(72.7%) received two or more immunosuppressants, and five patients showed insufficient 
response or intolerance to other biologics. TCZ was administrated at 8 mg/kg every 4 weeks, 
with background glucocorticoids (GCs) and immunosuppressants. After a median follow-
up of 13 (interquartile range, 3.5–23.5) months, all the patients achieved both clinical and 
radiological improvements, and the Behçet’s Disease Current Activity Form score improved 
significantly (3 versus 0, median, p = 0.004), the Rankin score also decreased (4 versus 2, 
median, p = 0.005). Levels of interleukin-6 in the cerebrospinal fluid decreased significantly 
in five patients (533.4 ± 389.7 pg/ml versus 34.5 ± 27.1 pg/ml, p = 0.048), after a median of two 
(interquartile range, 1–4) times of TCZ infusions. Furthermore, the GC dosage (per os) reduced 
from 69.2 ± 16.9 mg/d to 16.4 ± 16.2 mg/d (p = 0.000), and immunosuppressants were tapered 
in number and dosage in seven (63.6%) and four (36.3%) patients, respectively. No serious 
adverse events or deaths were observed during follow-up.
Conclusions: TCZ is well tolerated and effective in severe and refractory p-NBS, with a 
favorable GC- and immunosuppressant-sparing effect. Cerebrospinal fluid interleukin-6 might 
be used to monitor the effects of TCZ in p-NBS.
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the latter refers to the vascular phenotype, involv-
ing intracranial arteries and venous sinuses. 
Glucocorticoids (GCs) and immunosuppressants 
remain to be the cornerstones for NBS manage-
ment. The international consensus recommenda-
tions of p-NBS7 suggested that tumor necrosis 
factor (TNF)-α inhibitors could be alternatives as 
second-line therapies when conventional therapy 
is ineffective or intolerable. In addition, the 2018 
European League Against Rheumatism guidelines 
recommend that TNF-α inhibitors be considered 
first-line therapy in severe and (or) refractory 
p-NBS.9 However, issues including inadequate 
response, loss of the initial efficacy over time, intol-
erance, and relative contraindications limited the 
use of TNF-α inhibitors, which necessitated seek-
ing alternative therapies to treat severe or refrac-
tory p-NBS. Although growing evidence supported 
the advantage of interleukin (IL)-6 receptor antag-
onist tocilizumab (TCZ) in treating refractory 
BS,10,11 only case studies reported the treatment of 
TCZ in NBS. In this study, we aimed to elucidate 
the efficacy and safety of TCZ in p-NBS.

Methods

Patients
We retrospectively analyzed the clinical data of 
refractory patients with NBS treated with TCZ in 
our center from January 2013 to January 2020. 
All the patients fulfilled the International Criteria 
for BD (ICBD).12 The diagnosis of neurological 
involvement was made by two rheumatologists 
and two neurologists, based on neurological 
symptoms, physical examination, cerebrospinal 
fluid (CSF) analysis, and neuroradiological 
examinations, adhering to the classification crite-
ria of the 2014 International Consensus on NBS7 
and were categorized as p-NBS. Clinical data 
including demographics, clinical features, labora-
tory tests, imaging, treatment, and outcome 
measures were retrospectively collected. We also 
searched and summarized the papers with the 
index terms “neuro-Behçet’s syndrome” and 
“tocilizumab” on PubMed NCBI.13–16

The clinical response and safety of TCZ treat-
ment were evaluated. Complete response (CR) 
was defined by the disappearance of all neurologi-
cal symptoms and by the improvement of radio-
logical abnormalities related to NBS 6 months 
after TCZ treatment. Partial remission (PR) was 
defined by the improvement of neurological 
symptoms and of radiological abnormalities 

6 months after TCZ treatment or by a decrease of 
>50% of the GC dose as compared with baseline. 
Other patients were considered nonresponders.17 
We chose the modified Rankin score to assess the 
disability status of patients with NBS. Severe NBS 
was defined as Rankin score ⩾3.18 The BS disease 
activity was assessed according to the BD Current 
Activity Form (BDCAF) 2006 (http://www.
behcet.ws/pdf/BehcetsDiseaseActivityForm.pdf).

This study was approved by the Institutional 
Review Board of Peking Union Medical College 
Hospital. All participants signed written informed 
consent.

Statistical analysis
Statistical analysis was performed with SPSS ver-
sion 21.0 (IBM Inc., Armonk, USA). Categorical 
variables were presented with counts and propor-
tions. Data with Gaussian distribution were 
described as mean ± SD and non-Gaussian dis-
tributed data were described as median and 
range. The continuous variables were analyzed 
by the paired sample t-test. Non-Gaussian dis-
tributed data and Ranked ordinal data were ana-
lyzed by the Wilcoxon signed-rank test, and the 
correlation was performed with Spearman’s rank 
correlation test. A value of p < 0.05 was consid-
ered significant.

Result

Epidemiology
A total of 11 patients with p-NBS were enrolled 
(5 patients from our center and 6 patients from 
the literature), including 6 males and 5 females. 
The mean age of onset of BS and NBS was 
24.8 ± 8.4 and 34.5 ± 8.0 years, respectively.

BS manifestations
In these patients, oral ulceration was presented in 
all, followed by skin lesions (8 of 11, 72.7%) 
(including pseudo folliculitis, nodular erythema 
or positive pathergy test), genital ulcers (7 of 11, 
63.6%), uveitis (3 of 11, 27.3%), arthritis (2 of 
11, 18.2%) and vascular involvement (2 of 11, 
18.2%), presented as deep vein thrombosis.

Neurological features
Clinical features. All the patients showed paren-
chymal lesions, which involved the hemisphere (7 
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of 11, 63.6%), brainstem (5 of 11, 45.5%), spinal 
cord (5 of 11, 45.5%) and cerebellum (1 of 11, 
9.1%). Six cases (54.5%) suffered from multiple 
lesions. One patient was complicated with periph-
eral neuropathy.

The most common clinical symptoms were head-
ache (72.7%), followed by disturbance of urine 
(54.5%, including urinary incontinence in four 
cases, urinary retention in two cases), fevers, vis-
ual loss and numbness of extremities (36.4% 
each), dysarthria (27.3%), epilepsy (18.2%), psy-
chological and behavioral change, irritating cough, 
conscious disturbance and cognitive dysfunction 
(9.1% each). Nine patients (81.8%) became disa-
bled due to muscle weakness or dyskinesia 
(Table1). The median Rankin score was 4.

Neurological imaging. All patients received neu-
rological magnetic resonance imaging (MRI) 
examination and showed parenchymal lesions, 
which were hyperintense on T2-weighted images 
in seven patients (details of MRI lacked in the 
other four cases). Of all the lesions, the brain-
stem was involved in 5 patients (5 of 11, 45.5%), 
followed by the thalamus and the basal ganglia 
(3 of 11, 27.3% each), the periventricular, the 
semi-oval center and the internal capsule (2 of 
11, 18.2% each), and the cerebellum, the tempo-
ral lobe and the parietal lobe (1 of 11, 9.1% 
each). Five patients showed abnormal signals in 
the spinal cord (including cervical cord involve-
ment in two and thoracic cord involvement in 
three), one of them demonstrated concurrent 
post-contrast enhancement and atrophic change 
of the thoracic cord.

CSF analysis. The CSF tests were abnormal in 
all but one patient among the nine patients 
tested. The CSF pressure was increased in three 
patients, ranging from 230 to 330 mmH2O. CSF 
protein was mildly elevated in seven cases 
(77.8%), with a median level of 0.64 (0.61–1.22) 
g/L. Five cases (55.6%) showed pleocytosis, with 
lymphocyte predominance in two cases, polynu-
clear predominance in one case, details of the 
rest two cases are lacking. The CSF IL-6 levels 
were elevated in six patients (mean concentra-
tion 533.4 ± 389.7 pg/ml), including all five 
patients from our center (cases 1–5), whereas 
the serum IL-6 was within the normal range 
(mean concentration 6.2 ± 5.6 pg/ml). Of the 
five patients with CSF IL-6 level tested sequen-
tially, it correlated with BDCAF 2006 score 
(r = 0.698, p = 0.017).

Previous treatment
Before TCZ, all patients had received GCs and 
immunosuppressants. Seven patients (63.6%) 
received methylprednisolone pulse therapy. In 
terms of immunosuppressants, they were cyclo-
phosphamide (CTX) in eight cases, azathioprine 
(AZA) in six cases, methotrexate (MTX) in five 
cases, cyclosporine A (CsA) in two cases, tacroli-
mus and mycophenolate mofetil in one each. 
Eight patients (72.7%) received more than one 
immunosuppressant. Intrathecal injection of dex-
amethasone 10 mg and MTX 10 mg were admin-
istrated in five patients. All patients had a poor 
clinical response to conventional treatment.

In combination with conventional GCs and immu-
nosuppressants, five patients received biological 
agents, including infliximab (IFX) (n = 5), inter-
feron (IFN)-α2a (n = 3) and daclizumab (n = 1). 
One patient showed no response to daclizumab or 
IFN-α2a, though IFX effectively induced clinical 
improvements, it was discontinued due to immu-
noglobulin (Ig)A nephropathy. The other four 
patients received IFX, among whom two had poor 
responses and another two relapsed during GC 
tapering. IFN-α2a was ineffective in two patients 
who did not respond well to IFX.

All patients responded inadequately despite the 
above intensive therapy. Besides, one patient suf-
fered hepatic dysfunction after CTX therapy 
(case 2), two patients were complicated with 
latent tuberculosis (cases 1 and 2).

Treatment and outcome of TCZ
The dosage of TCZ infusions was 8 mg/kg every 
4 weeks. After a mean follow-up of 13.1 ± 10.2 months, 
all patients improved both clinically and radiologi-
cally. Two patients achieved CR and the other 
nine achieved PR. The lesions disappeared in four 
patients and attenuated considerably in three on 
follow-up MRI [Figure 1 (a,b)]. The BDCAF 
score decreased significantly (3 versus 0, median, 
p = 0.004), [Figure 1(c)]. The Rankin score also 
decreased from a median of 4 at the initiation of 
TCZ to 2 at the last visit (p = 0.005) [Figure 1(d)], 
five patients with disabilities recovered partially 
and could stroll for a few meters. Follow-up CSF 
IL-6 analysis was performed in five patients, which 
decreased significantly after a median of 2 (1–4) 
times of TCZ infusions (533.4 ± 389.7 pg/ml 
 versus 34.5 ± 27.1 pg/ml, p = 0.048) [Figure 1(e)]. 
The GC dosage (of prednisone or equivalent) 
reduced significantly from 69.2 ± 16.9 mg/day at 
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the initial state to 16.4 ± 16.2 mg/day at last visit 
(p = 0.000). Three patients withdrew GCs during 
follow-up with no relapses. Besides, the concomi-
tant immunosuppressants were MTX (n = 3), 
CTX (n = 3), AZA (n = 2), and three patients 
received two concurrent immunosuppressants. 
They were tapered in number and dosage in seven 
(63.6%) and four patients (36.3%), respectively.

During the follow-up period, one patient relapsed 
after the eighth TCZ infusion and regained 
improvement after oral MTX at 10 mg per week 
was added. One patient relapsed after 18 months 
of TCZ infusion and was adjusted to TCZ 8 mg/

kg every other week. The symptoms improved 
after three infusions and remained stable at the 
last visit. In terms of side effects, we have not 
detected any serious infection or allergic reaction. 
With tuberculosis (TB) prophylaxis in patients 
with latent infection, no active TB was observed.

Discussion
The various phenotypic clusters of BS suggest 
that different pathogenetic mechanisms operate 
in the disease, thus “BS” is a more proper annota-
tion than “Behçet’s disease”.9,19,20 Among the dif-
ferent phenotypes, p-NBS is one of the leading 

Figure 1. The outcome of patients with severe and refractory NBS treated with TCZ. (a) High-intensity lesions 
in the bilateral corona radiata, lateral ventricle, and cervical spinal cord C4-5 on T2 Flair images at baseline. 
(b) The lesions were significantly attenuated after two TCZ infusions. (c) The BDCAF score at baseline and at 
the last visit. (d) The Rankin score at baseline and at the last visit. (e) CSF IL-6 concentration at baseline and 
after a median of 2 (1–4) times of TCZ infusions.
BDCAF, Behçet’s Disease Current Activity Form; CSF, cerebrospinal fluid; IL, interleukin; NBS, neuro-Behçet’s syndrome; 
TCZ, tocilizumab.
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causes of morbidity and mortality in BS. Our pre-
vious study showed that the mortality of p-NBS 
was 11.1%.21 So far, there are no randomized 
controlled trials regarding NBS therapy. In this 
article, we described 11 patients with refractory 
p-NBS who had an inadequate response to con-
ventional therapies and/or biological agents. Our 
data showed that TCZ could improve the clinical 
symptoms in patients with severe and refractory 
p-NBS with a favorable steroid- and immunosup-
pressant-sparing effect. Five patients had a rapid 
CSF IL-6 decrease after a median of two TCZ 
infusions, indicating a rapid effect of TCZ.

The pathogenesis of NBS remains unknown. In 
contrast to the large-vascular form that presents 
with cerebral venous sinus thrombosis, p-NBS is 
considered a small vascular disease mostly affect-
ing the postcapillary venules. A recent study dem-
onstrated the role of type 17 helper T cells, IL-6, 
and TNF-α in the pathogenesis of BS.22 The his-
topathology of NBS23 suggested that pro-inflam-
matory cytokines produced by infiltrating T 
lymphocytes and monocytes, such as IL-6, might 
result in neuronal apoptosis. These indicate that 
specific cytokines might be potential targets for 
the treatment of NBS.

IL-6 is a multifunctional cytokine involved in 
immune regulation, hematopoiesis, inflamma-
tion, and neural development, and it has a major 
role in the brain’s response to injury. Neurons, 
astrocytes, microglia, and endothelial cells are 
the essential sources of IL-6 in the central nerv-
ous system. CSF concentrations of IL-6 are ele-
vated in many autoimmune diseases, including 
neuropsychiatric systemic lupus erythematosus,24 
neuromyelitis optica, and multiple sclerosis. 
TCZ, an anti-IL-6R monoclonal antibody, was 
proved a promising therapeutic option for the lat-
ter two.25

IL-6 plays an essential role in BS. Several studies 
have demonstrated that IL-6 level was elevated in 
various phenotypes of active BS, and its serum 
and vitreous fluid levels correlated with disease 
activity in acute ocular-BS.26 Consistent with 
previous studies, the CSF IL-6 level elevated 
markedly in patients with active p-NBS, who 
were more likely to have increased CSF cell 
counts and protein levels,7,27–29 so we tested CSF 
IL-6 sequentially while performing intrathecal 
therapy. As expected, our data demonstrated that 
elevated CSF IL-6 level was correlated with 

BDCAF 2006 score, the BS disease activity index. 
Thus, the CSF IL-6 level might be a potential 
intervention target for p-NBS. TCZ has been used 
in BS successfully and widely, such as in ocular-
BS30 and vasculo-BS.11 However, it is ineffective in 
treating BS cases with arthritis or gastrointestinal 
involvement.31 The discrepancy may be related to 
the differently activated inflammatory signaling 
pathways in various phenotypes of the disease.

Herein, we showed 11 patients with p-NBS with 
a high Rankin score at baseline. More than half of 
them had multiple neurological lesions, and the 
severe disability rate was 81.8%. All of them had 
an inadequate response to conventional thera-
pies, some had received biologics but stopped due 
to inefficacy or intolerance. Our study demon-
strated that TCZ could improve clinical symp-
toms and decrease CSF IL-6 levels in patients 
with p-NBS rapidly and efficiently, suggesting 
that CSF IL-6 could be used to monitor the 
effects of TCZ in p-NBS.

The most common adverse effect of TCZ is an 
infection, such as gastroenteritis and pneumo-
nia.32 Considering the potential risk of TB reacti-
vation of IFX,33 two patients with latent TB were 
treated with TCZ. None of the common adverse 
effects or reactivation of TB was observed in our 
patients. In general, TCZ is safe in long-term 
treatment. Moreover, our study showed TCZ has 
a favorable steroid- and immunosuppressant-
sparing effect, which was especially beneficial for 
patients with refractory BS at risk of side effects 
with a high cumulative dose of corticosteroids 
and multiple immunosuppressants.

Our study’s limitations lie in its retrospective 
design following a small number of cases and the 
limited data from the literature. We could not 
analyze the dynamic change of serum inflamma-
tory markers after TCZ treatment. Besides, our 
study revealed the potential of the GC- and 
immunosuppressant-sparing effect of TCZ. 
However, the assessment’s effectiveness was 
insufficient due to the short-term follow-up and 
the moderate GC doses in some individuals. 
Further long-term studies are warranted to con-
firm the therapeutic potential of TCZ in NBS.

In conclusion, in combination with GCs and 
immunosuppressants, TCZ is a promising choice 
for severe and refractory p-NBS. CSF IL-6 might 
be used to monitor the effects of TCZ in p-NBS.
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