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Objectives: To assess the efficacy and safety of rituximab (RTX) in Chinese 
patients with primary angiitis of the central nervous system (PACNS).

Methods: Herein, we  present the outcomes of 8 patients who received RTX 
for PACNS. Seven patients underwent a brain biopsy showing vasculitis, while 
the remaining patient had a digital subtraction angiogram and clinical findings 
highly suggestive of vasculitis. Clinical evaluation, laboratory tests, and imaging 
modalities were performed during the initial RTX administration and follow-up. 
The Expanded Disability Status Scale (EDSS) disability score was used to assess 
treatment response and degree of disability.

Results: The median age at diagnosis of the 8 patients (2 females) was 37.0 years. 
All patients had active disease when RTX treatment was initiated. Five of the 
eight patients had refractory disease, and received one or more conventional 
immunosuppressants (IS). Three patients had contraindications or refused 
conventional IS. Patients were followed up until their death or the final follow-
up visit (median 18 months; range: 0–40 months). The median EDSS score at 
the last visit (median 3.0; range 0–9.5) was lower than before RTX administration 
(median 6.5; range 1.5–9.5). In 6 patients, RTX administration was associated 
with a marked reduction in the number of flare-ups. Two of the six patients 
developed infections: one with pneumonia, and the other with tuberculosis. In 
one patient, parenchymal gadolinium enhancement persisted, and a new lesion 
was found following three courses of RTX.

Conclusion: Our data suggest that RTX therapy may be an additional treatment 
option for Chinese patients with PACNS.
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Introduction

Primary angiitis of the central nervous system (PACNS) is an uncommon form of 
vasculitis restricted to the brain and spinal cord (1–3). Glucocorticoids (GCs) alone or in 
combination with traditional immunosuppressive agents (predominantly cyclophosphamide 
[CYC]), have previously been used to treat this vasculitis (4–6). However, one-quarter of 
patients fail to respond to treatment, ultimately relapsing (2, 7). Rituximab (RTX), an anti-
CD20 monoclonal antibody, is a promising therapeutic option that has been shown to 
be effective against PACNS (8–10). However, due to the rarity of the disease and the invasive 
nature of diagnostic methods (biopsy or cerebral angiography), the experience with the use of 

OPEN ACCESS

EDITED BY

Philipp Albrecht,  
Heinrich Heine University of Düsseldorf, 
Germany

REVIEWED BY

Adil Maarouf,  
Assistance Publique Hôpitaux de Marseille, 
France
Jana Becker,  
Alfried Krupp Krankenhaus Rüttenscheid, 
Germany

*CORRESPONDENCE

De-Cai Tian  
 decaitian@hotmail.com

RECEIVED 03 January 2025
ACCEPTED 10 March 2025
PUBLISHED 25 March 2025

CITATION

Wei Y-Z, Wang H-B, Yin L-L, Guo A, Zhang L-l, 
Sun J-L, Lu P, Zhang X-H and Tian D-C (2025) 
Rituximab treatment in Chinese patients with 
primary angiitis of the central nervous system.
Front. Neurol. 16:1554989.
doi: 10.3389/fneur.2025.1554989

COPYRIGHT

© 2025 Wei, Wang, Yin, Guo, Zhang, Sun, Lu, 
Zhang and Tian. This is an open-access article 
distributed under the terms of the Creative 
Commons Attribution License (CC BY). The 
use, distribution or reproduction in other 
forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted 
which does not comply with these terms.

TYPE Original Research
PUBLISHED 25 March 2025
DOI 10.3389/fneur.2025.1554989

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2025.1554989&domain=pdf&date_stamp=2025-03-25
https://www.frontiersin.org/articles/10.3389/fneur.2025.1554989/full
https://www.frontiersin.org/articles/10.3389/fneur.2025.1554989/full
https://www.frontiersin.org/articles/10.3389/fneur.2025.1554989/full
mailto:decaitian@hotmail.com
https://doi.org/10.3389/fneur.2025.1554989
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2025.1554989


Wei et al. 10.3389/fneur.2025.1554989

Frontiers in Neurology 02 frontiersin.org

RTX for the treatment of PACNS with a definitive diagnosis still 
comes from case reports. Not only that, but these experiences mostly 
come from the Caucasian populations (11). As far as we know, there 
is still a lack of reports on the application of RTX in Chinese patients. 
Herein, we report the findings in eight Chinese patients with PACNS 
who were treated with RTX.

Patients and methods

From January 2018 to March 2022, a total of 98 patients were 
diagnosed with PANCS in Beijing Tiantan Hospital. After 
retrospective chart review and follow-up, we  finally included 8 
patients with PACNS who met the diagnostic criteria according to the 
Calabrese and Mallek criteria (12) and had applied RTX therapy 
(Figure 1). Among these 8 patients, 7 patients were found to have 
vasculitis on brain biopsy, while the remaining patient had a cerebral 
angiogram and clinical findings highly suggestive of vasculitis.

Clinical evaluation, laboratory tests including erythrocyte 
sedimentation rate (ESR) levels, autoimmune antibody tests, 
cerebrospinal fluid routine, biochemistry, etiology, and cytology 
examinations, as well as imaging modalities, were performed both 
before and during follow-up. All patients underwent a complete 
neurological examination performed by a neurologist at the time of 
diagnosis, at RTX administration, and at subsequent visits. The degree 
of disability was categorized using the Expanded Disability Status 
Scale (EDSS) disability score (13) and the modified Rankin scale 
(mRS) (14). The results of brain magnetic resonance imaging (MRI), 
conventional digital subtraction angiography (DSA), and magnetic 
resonance angiography (MRA), were reviewed by a neuroradiologist. 
Cerebral biopsy specimens were reviewed by a pathologist blinded to 
the clinical information.

RTX was administered as follows: four patients received two 
infusions of 500 mg or 1 g RTX at 2-week intervals, while one 

infusion was repeated every 6 months thereafter (patients 1, 3, 4, 
and 8). Three patients received 3–4 monthly infusions of RTX as 
induction therapy during the course of their disease (Patients 2, 
5, and 7). One patient received only one cycle of 1 g RTX therapy 
(patient 6).

Relapse was defined as the recurrence or worsening of PACNS 
symptoms, or any evidence of worsening of existing lesions and/or 
new lesions on repeat MRI examinations while the patient was 
receiving no medication, or a stable dosage of medication (2).

This study was approved by the Ethics Committee of Beijing 
Tiantan Hospital Affiliated to Capital Medical University, Beijing, 
People’s Republic of China, and written informed consent was 
obtained from all participants.

Results

Patients’ characteristics

The median age of the 8 patients (2 females) at diagnosis was 
37.0 years (range 17–72 years). The median disease duration at the 
onset of RTX therapy was 15 months (range 3–108 months). The 
overall characteristics of the cohort are presented in Table  1. The 
characteristics of each patient are listed in Supplementary Table 1.

The most common symptom at presentation was limb weakness 
(6 patients), followed by seizures (4 patients). Cerebrospinal fluid 
(CSF) examination was abnormal (protein >45 mg/dL or white cell 
count >5 cells mm3) in 3 patients. Immunocytochemical analysis 
was negative for all eight patients. Of the eight patients, six had 
multiple lesions and two had single lesions. Five patients showed a 
high signal intensity on diffusion-weighted imaging (DWI). 
Microbleeds were identified using susceptibility-weighted imaging 
(SWI) in 6 patients. Subarachnoid hemorrhage was found in one 
patient (Patient 8). All 8 patients had gadolinium-enhanced 
lesions. Seven patients who underwent a cerebral stereotactic 
biopsy presented with transmural cell infiltration: 2 were 
lymphocytic, 2 were granulomatous, 1 was necrotizing, and 
lymphocytic infiltrates and necrosis were seen in 2 patients. The 
interval from disease onset to biopsy was 6 months (range 
1–107 months). The pathological results of three patients have 
been reported in our previous studies (15). Vascular imaging was 
performed in all eight patients. Patients 1–7 showed no evidence 
of stenosis and were considered to have small vessel variant. In 
Patient 8, DSA showed occlusion of the lower trunk of the middle 
cerebral artery, while high-resolution MRI showed concentric 
thickening and enhancement of the vessel wall. Therefore, he was 
considered to be large-medium vessel variant.

Results of treatment and outcome

The primary results of our study are summarized in Table 1. Prior 
to RTX therapy, 5 of the 8 patients had refractory disease, and had 
received one or more conventional immunosuppressants (IS): CYC 
(5), cyclosporine A (CsA) (2), and mycophenolate mofetil (MMF) (1). 
Three patients received RTX as remission induction therapy because 
they had contraindications (CYC allergy: n = 1) or refused to accept 
conventional IS (n = 2).

FIGURE 1

Patient screening and selection for our study.
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At the initiation of RTX, all patients had active disease based 
on the presence of PACNS symptoms, the worsening of existing 
lesions, and/or the appearance of new lesions on MRI/MRA 
examination. All patients received intravenous pulse 
methylprednisolone (IVMP) therapy (1 g/day for 3–5 days), 
followed by a weaning course of oral prednisolone over 
3–6 months, in addition to RTX.

Before administration of RTX, all patients underwent screenings 
for infections, tumors, and immunological status, including hepatitis, 
HIV and syphilis serology, routine blood and urine test, interferon 
gamma release assay, chest CT, and abdominal ultrasound, lymphocyte 
subsets and quantitative measurements of immunoglobulins.

Patients were followed up until their death or the final follow-up 
visit (median follow-up duration, 18 months; range: 0–40 months).

In six patients, RTX administration was associated with a marked 
reduction in the number of flares (patient 1–4, 7, & 8; 
Supplementary Table 1; Figure 2). Patients 7 and 8 were in critical 
condition, continued to progress, and did not respond to conventional 
treatment. After RTX, the lesions in patient 7 did not expand again, 
and the enhancement disappeared. RTX was switched to MMF after 
1 year. However, the size of the lesion subsequently increased, and 

enhancement recurred. Rituximab was administered again, and the 
enhancement disappeared 3 months later. Unfortunately, the patient’s 
neurological function was severely impaired, and the EDSS scores 
remained high. In Patient 8, the size of the enhancing lesion was 
reduced, and the EDSS score decreased after RTX.

Two of the 6 patients developed infections following the 
depletion of B cells, with one developing pneumonia after the 
second course of RTX (Patient 1). Her condition improved 
following antibiotic administration, without affecting subsequent 
treatment. Another patient (patient 4) had a pulmonary nodule 
after the fifth course of RTX and was diagnosed with tuberculosis. 
The patient subsequently discontinued RTX treatment. One year 
after antituberculous treatment, his pulmonary nodule remained, 
for which he  underwent resection. Pathological examination 
confirmed the diagnosis of tuberculosis. At the last visit 
(22 months after the fifth RTX treatment), the patient was stable 
and did not use any other immunosuppressants.

One patient’s symptoms (patient 5) did not improve after three 
courses of RTX, although his B cells were depleted. At the final 
follow-up visit 1 month after the third course of RTX, parenchymal 
gadolinium enhancement persisted, and a new lesion was identified. 
One patient (patient 6) died at home 10 days after receiving RTX 1 g. 
As he had serious hemiplegia and difficulty breathing after getting out 
of bed, the cause of death was suspected to be a pulmonary embolism.

Except for patient 6, the median EDSS score of the remaining 7 
patients at the last visit was 3.0 (range 0–9.5). This was lower than 
prior to RTX administration (median 6.5; range 1.5–9.5) (Figure 3). 
The mRS scores at the last follow-up (median 4, range 0–5) did not 
show a significant decrease compared to those before RTX 
administration (median 4, range 1–5).

Discussion

PACNS is an inflammatory life-threatening disease associated 
with a significant risk of morbidity. Relapses can occur in 30–50% of 
patients with PACNS, thereby increasing the risk of progressive 
neurological deterioration with severe disability (2, 4, 7). The 
treatment strategy for primary CNS angiitis is currently a matter of 
debate, as no randomized controlled trials have yet investigated this 
rare disorder. The treatment followed for this debilitating disease is 
largely derived from retrospective/ambispective studies from the 
Mayo Clinic, French, Cleveland Clinic, German and Indian cohorts 
(2, 4, 7, 11, 16–18). Glucocorticoids and cyclophosphamide are the 
current first-line therapies for this condition, although a select group 
of patients respond poorly to this regimen (2, 7). Whether other 
combinations or sequences can achieve better results remains to 
be determined. The expert consensus on the diagnosis and treatment 
of PACNS in China also recommends glucocorticoids and 
cyclophosphamide as the first-line treatment (19). For patients either 
refractory or intolerant to cyclophosphamide, RTX can be considered.

Rituximab, a chimeric monoclonal antibody directed against the 
B-lymphocyte cell-surface protein CD20 mediates the destruction of 
B-lymphocytes through a variety of mechanisms, including antibody-
dependent cellular cytotoxicity, complement-dependent cytotoxicity, 
and apoptosis. It has been used successfully for the treatment of 
systemic vasculitides (20, 21) and in several CNS inflammatory 
conditions (22). The presence of B lymphocytes in the inflammatory 

TABLE 1 Characteristics of the patients with primary angiitis of the 
central nervous system (PACNS).

Clinical characteristics PACNS patients (n = 8)

Sex ratio (F/M) 2/6

Age of onset, median (range), years 37 (17–72)

Disease duration before RTX, median 

(range), months

15 (3–108)

Clinical symptoms, n (%)

  Limb weakness 6 (75.0%)

  Seizures 4 (50.0%)

  Headache 3 (37.5%)

  Impaired vigilance 2 (25.0%)

  Cognitive impairment 2 (25.0%)

  Visual symptoms 1 (12.5%)

Abnormal CSF analysisa, n (%) 3 (37.5%)

Initial MRI findings

  Multiple lesions 6 (75.0%)

  Brain infarcts 3 (37.5%)

  Gd-enhanced lesions (intracranial or 

meningeal)

8 (100.0%)

  Parenchymal hemorrhage 6 (75.0%)

  Subarachnoid hemorrhage 1 (12.5%)

Vascular stenosis, n (%) 1 (12.5%)

Initial treatment, n (%)

  Steroids only 3 (37.5%)

  Steroids + CYC 3 (37.5%)

  Steroids + CsA → CYC 1 (12.5%)

  Steroids + CYC → CsA → MMF 1 (12.5%)

aAbnormal CSF analysis: protein > 45 mg/dL or white cell count > 5 cells mm3; F, female; M, 
male; RTX, rituximab; CSF, cerebrospinal fluid; MRI, magnetic resonance imaging; CYC, 
cyclophosphamide; MMF, mycophenolate mofetil; CsA, cyclosporine A.
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infiltrate supports the use of RTX in PACNS (3, 23). However, only a 
few case reports regarding the treatment of PACNS with RTX have 
thus far been published. In these studies, RTX was shown to be an 
effective alternative to cyclophosphamide in patients with refractory 
PACNS, and was also effective as a primary treatment after 
glucocorticoid therapy (8–10, 24). Additional studies are required to 
evaluate the use of RTX in the treatment of PACNS. To the best of our 
knowledge, no data on Chinese patients have yet been published, and 

our study is the first to report on the use of RTX in Chinese patients 
with PACNS. In our study, RTX induced remission with improvement 
in neurological status or MRI findings in 6/8 patients. Four of the 6 
patients received one or more conventional immunosuppressants. 
This finding indicates that RTX therapy may be  an additional 
treatment option for Chinese patients with PACNS.

The side effects of RTX include reactions to RTX infusion, 
systemic infections, hypogammaglobulinemia, and malignancies (25, 

FIGURE 2

Clinical course of the patients before and after RTX treatment. The zero on the x-axis represents the first administration of rituximab (RTX); IVMP, 
intravenous methylprednisolone; CsA, cyclosporine; CYC, cyclophosphamide; MMF, mycophenolate mofetil.

FIGURE 3

Expanded Disability Status Scale (EDSS) score and lesion enhancement following Rituximab treatment. Solid circles indicate that a gadolinium 
enhancing lesion was founded; hollow circles indicate no enhancement.
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26). In published cases, no side effects have been reported during 
RTX treatment in PACNS patients (10). However, in our study, two 
of the 6 patients developed infections following B cell depletion 
(patient 1 and 4). Much of the experience in treating vasculitis with 
RTX comes from its use in ANCA-associated vasculitis (AAV); with 
studies of AAV showing that 7, 18, and 12% of the patients enrolled 
in RCTs experienced severe infections 6, 12, and 18 months after a 
single RTX cycle, respectively (21, 26–28). However, the results of 
RCTs and subsequent studies have not shown an alarming frequency 
of these infections. The RAVE trial analysis, with a predefined 
combination of the most clinically relevant AEs, showed higher 
overall rates for the CYC group (33%) than for the RTX group (22%, 
p = 0.01) (21). Currently, CYC is the first-line treatment for 
PACNS. Further studies are required to compare the safety and 
efficacy of RTX with those of CYC for the treatment of PACNS. To 
prevent the reactivation of latent infections or the occurrence of new 
infections, it is important to monitor infection markers in patients 
before and during the administration of RTX. Individuals who are 
prone to infections should receive vaccinations in advance and take 
precautions to prevent pneumocystis pneumonia.

PACNS is an extremely rare and challenging condition to diagnose 
and treat. The signs and symptoms are non-specific, and cannot 
be  used to discriminate it from other diseases (29); as such, 
misdiagnosis is common (30). Cerebral angiography and biopsy are 
necessary for the definitive diagnosis of PACNS (30). Biopsy remains 
the gold standard for diagnostic tests. If the disease is not confirmed 
by biopsy, it is likely to be overdiagnosed (31). Seven of the eight 
patients in our study were diagnosed using pathology, and the other 
patient was diagnosed using DSA which ensured the accuracy of 
the diagnosis.

The Modified Rankin Scale (mRS) is typically used to monitor 
vascular disease progression. The EDSS is a scale used to assess the 
degree of disability in patients with demyelinating disease, such as 
multiple sclerosis. The EDSS quantifies the level of disability by 
assessing functional impairments in eight functional systems of the 
central nervous system: Pyramidal, Cerebellar, Brain Stem, Sensory, 
Bowel & Bladder, Visual, Cerebral, and Other. Higher scores indicate 
more severe disability (13). In this study, we employed two different 
scoring systems simultaneously, which helped us to better monitor 
disease progression and evaluate treatment outcomes.

Although Salvarani et al. considered intracranial hemorrhages 
infrequent in adults with PACNS (12% of the updated 131 patients) 
(1). With the application of MRI with gradient-echo T2* and SWI 
sequences, the detection rate of hemorrhage in patients with PACNS 
has increased. It accounted for one-third in the French cohort (5) and 
100% in the Indian cohort (32). In our previous study, 12/21 patients 
had microhemorrhages (15). In this study, microbleeds were found in 
6/8 patients. Patients with multiple microhemorrhages detected by 
MRI need to be  differentiated from those with cerebral amyloid 
angiopathy (CAA). In our study, PACNS patients with 
microhemorrhages had a younger age of onset, which may have aided 
in the differential diagnosis.

The limitations of this study include the small number of enrolled 
patients, originating from a single center, the large heterogeneity of 
patients in terms of disease duration, prior therapies, treatment 
protocols, and disease severity, lack of controls, and short follow-up 
duration. However, the rarity of PACNS makes it impossible to 
conduct randomized controlled trials. Further larger-scale, 

multicentre studies with standardized rituximab treatment protocols 
and long-term follow-ups are needed to evaluate the safety and 
efficacy of RTX compared with conventional treatment.

Conclusion

Based on our results, we suggest that RTX may be an effective 
alternative for Chinese patients with PACNS with progressive disease 
who have previously received or have a contraindication for 
conventional immunosuppressants. Therefore, the side effects of RTX 
should be considered when treating this condition. Additional studies 
are needed to evaluate the safety and efficacy of RTX for the treatment 
of PACNS.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by the Ethics 
Committee of Beijing Tiantan Hospital Affiliated to Capital Medical 
University, Beijing, China. The studies were conducted in accordance 
with the local legislation and institutional requirements. The 
participants provided their written informed consent to participate in 
this study.

Author contributions

Y-ZW: Data curation, Investigation, Methodology, Writing – original 
draft, Writing – review & editing. H-BW: Investigation, Writing – review 
& editing. L-LY: Investigation, Writing – review & editing. AG: Data 
curation, Writing – review & editing. L-lZ: Visualization, Writing – 
review & editing. J-LS: Data curation, Writing – review & editing. PL: 
Software, Writing – review & editing. X-HZ: Conceptualization, Project 
administration, Writing – review & editing. D-CT: Conceptualization, 
Project administration, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This work was supported by 
grants from the National Natural Science Foundation of China 
(No.82471373) and Beijing Natural Science Foundation grant (JQ23027).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

https://doi.org/10.3389/fneur.2025.1554989
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Wei et al. 10.3389/fneur.2025.1554989

Frontiers in Neurology 06 frontiersin.org

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 

or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1554989/
full#supplementary-material

References
 1. Salvarani C, Brown RD Jr, Hunder GG. Adult primary central nervous system 

vasculitis. Lancet. (2012) 380:767–77. doi: 10.1016/S0140-6736(12)60069-5

 2. Salvarani C, Brown RD Jr, Christianson TJ, Huston J 3rd, Giannini C, Miller DV, 
et al. Adult primary central nervous system vasculitis treatment and course: analysis of 
one hundred sixty-three patients. Arthritis Rheumatol. (2015) 67:1637–45. doi: 
10.1002/art.39068

 3. Giannini C, Salvarani C, Hunder G, Brown RD. Primary central nervous system 
vasculitis: pathology and mechanisms. Acta Neuropathol. (2012) 123:759–72. doi: 
10.1007/s00401-012-0973-9

 4. Salvarani C, Brown RD Jr, Christianson T, Miller DV, Giannini C, Huston J 3rd, 
et al. An update of the Mayo Clinic cohort of patients with adult primary central nervous 
system vasculitis: description of 163 patients. Medicine. (2015) 94:e738. doi: 
10.1097/MD.0000000000000738

 5. de Boysson H, Zuber M, Naggara O, Neau JP, Gray F, Bousser MG, et al. Primary 
angiitis of the central nervous system: description of the first fifty-two adults enrolled 
in the French cohort of patients with primary vasculitis of the central nervous system. 
Arthritis Rheumatol. (2014) 66:1315–26. doi: 10.1002/art.38340

 6. Pascarella R, Antonenko K, Boulouis G, De Boysson H, Giannini C, Heldner 
MR, et al. European stroke organisation (ESO) guidelines on primary Angiitis of the 
central nervous system (PACNS). Eur Stroke J. (2023) 8:842–79. doi: 
10.1177/23969873231190431

 7. de Boysson H, Arquizan C, Touze E, Zuber M, Boulouis G, Naggara O, et al. 
Treatment and long-term outcomes of primary central nervous system Vasculitis. Stroke. 
(2018) 49:1946–52. doi: 10.1161/STROKEAHA.118.021878

 8. Paramasivan NK, Sundaram S, Sharma DP, Sreedharan SE, Sylaja PN. Rituximab 
for refractory primary angiitis of the central nervous system: experience in two patients. 
Mult Scler Relat Disord. (2021) 51:102907. doi: 10.1016/j.msard.2021.102907

 9. Patel S, Ross L, Oon S, Nikpour M. Rituximab treatment in primary angiitis of the 
central nervous system. Intern Med J. (2018) 48:724–7. doi: 10.1111/imj.13814

 10. Salvarani C, Brown RD Jr, Muratore F, Christianson TJH, Galli E, Pipitone N, et al. 
Rituximab therapy for primary central nervous system vasculitis: a 6 patient experience 
and review of the literature. Autoimmun Rev. (2019) 18:399–405. doi: 
10.1016/j.autrev.2018.12.002

 11. Kesav P, Raj DM, Hajj-Ali RA, Hussain SI, John S. Primary CNS Vasculitis - a 
Focussed review on treatment. Vasc Health Risk Manag. (2024) 20:453–65. doi: 
10.2147/VHRM.S488202

 12. Calabrese LH, Mallek JA. Primary angiitis of the central nervous system. Report 
of 8 new cases, review of the literature, and proposal for diagnostic criteria. Medicine. 
(1988) 67:20–39. doi: 10.1097/00005792-198801000-00002

 13. Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded 
disability status scale (EDSS). Neurology. (1983) 33:1444–52. doi: 
10.1212/WNL.33.11.1444

 14. Sulter G, Steen C, De Keyser J. Use of the Barthel index and modified Rankin scale 
in acute stroke trials. Stroke. (1999) 30:1538–41. doi: 10.1161/01.STR.30.8.1538

 15. Guo A, Zhang Z, Dong GH, Su L, Gao C, Zhang M, et al. Cortical microhemorrhage 
presentation of small vessel primary Angiitis of the central nervous system. Ann Neurol. 
(2024) 96:194–203. doi: 10.1002/ana.26940

 16. Sundaram S, Menon D, Khatri P, Sreedharan SE, Jayadevan ER, Sarma P, et al. 
Primary angiitis of the central nervous system: clinical profiles and outcomes of 45 
patients. Neurol India. (2019) 67:105–12. doi: 10.4103/0028-3886.253578

 17. Shimoyama T, Uchino K, Calabrese LH, Hajj-Ali RA. Clinical characteristics, brain 
magnetic resonance imaging findings and diagnostic approach of the primary central 
nervous system vasculitis according to angiographic classification. Clin Exp Rheumatol. 
(2023) 41:800–11. doi: 10.55563/clinexprheumatol/a9886f

 18. Schuster S, Ozga AK, Stellmann JP, Deb-Chatterji M, Haussler V, Matschke J, et al. 
Relapse rates and long-term outcome in primary angiitis of the central nervous system. 
J Neurol. (2019) 266:1481–9. doi: 10.1007/s00415-019-09285-1

 19. Neuroimmunology Branch of Chinese Immunology Society, Neuroimmunology 
Group of Chinese Medical Association Neurology Branch, Neuroimmunology Specialist 
Committee of Chinese Medical Doctor Association Neurology Branch. Chinese expert 
consensus on diagnosis and treatment of primary central nervous system vasculitis. Chin 
J Neuroimmunol Neurol. (2017) 24:229–39. doi: 10.3969/j.issn.1006-2963.2017.04.001

 20. Puechal X, Iudici M, Perrodeau E, Bonnotte B, Lifermann F, Le Gallou T, et al. 
Rituximab vs cyclophosphamide induction therapy for patients with granulomatosis with 
Polyangiitis. JAMA Netw Open. (2022) 5:e2243799. doi: 10.1001/jamanetworkopen.2022.43799

 21. Stone JH, Merkel PA, Spiera R, Seo P, Langford CA, Hoffman GS, et al. Rituximab 
versus cyclophosphamide for ANCA-associated vasculitis. N Engl J Med. (2010) 
363:221–32. doi: 10.1056/NEJMoa0909905

 22. Alexopoulos H, Biba A, Dalakas MC. Anti-B-cell therapies in autoimmune 
neurological diseases: rationale and efficacy trials. Neurotherapeutics. (2016) 13:20–33. 
doi: 10.1007/s13311-015-0402-6

 23. Miller DV, Salvarani C, Hunder GG, Brown RD, Parisi JE, Christianson TJ, et al. 
Biopsy findings in primary angiitis of the central nervous system. Am J Surg Pathol. 
(2009) 33:35–43. doi: 10.1097/PAS.0b013e318181e097

 24. Messmer B, Butts M. Relapsing primary central nervous system Vasculitis treated with 
rituximab. J Clin Rheumatol. (2020) 26:e206–7. doi: 10.1097/RHU.0000000000001075

 25. Kaegi C, Wuest B, Schreiner J, Steiner UC, Vultaggio A, Matucci A, et al. Systematic 
review of safety and efficacy of rituximab in treating immune-mediated disorders. Front 
Immunol. (2019) 10:1990. doi: 10.3389/fimmu.2019.01990

 26. Raffray L, Guillevin L. Rituximab treatment of ANCA-associated vasculitis. Expert 
Opin Biol Ther. (2020) 20:899–910. doi: 10.1080/14712598.2020.1748597

 27. Specks U, Merkel PA, Seo P, Spiera R, Langford CA, Hoffman GS, et al. Efficacy of 
remission-induction regimens for ANCA-associated vasculitis. N Engl J Med. (2013) 
369:417–27. doi: 10.1056/NEJMoa1213277

 28. Guillevin L, Pagnoux C, Karras A, Khouatra C, Aumaitre O, Cohen P, et al. 
Rituximab versus azathioprine for maintenance in ANCA-associated vasculitis. N Engl 
J Med. (2014) 371:1771–80. doi: 10.1056/NEJMoa1404231

 29. Becker J, Horn PA, Keyvani K, Metz I, Wegner C, Bruck W, et al. Primary central 
nervous system vasculitis and its mimicking diseases  - clinical features, outcome, 
comorbidities and diagnostic results - a case control study. Clin Neurol Neurosurg. (2017) 
156:48–54. doi: 10.1016/j.clineuro.2017.03.006

 30. Berlit P, Kraemer M. Cerebral vasculitis in adults: what are the steps in order to 
establish the diagnosis? Red flags and pitfalls. Clin Exp Immunol. (2014) 175:419–24. 
doi: 10.1111/cei.12221

 31. Kraemer M, Berlit P. Primary central nervous system vasculitis - an update on 
diagnosis, differential diagnosis and treatment. J Neurol Sci. (2021) 424:117422. doi: 
10.1016/j.jns.2021.117422

 32. Agarwal A, Sharma J, Srivastava MVP, Sharma MC, Bhatia R, Dash D, et al. 
Primary CNS vasculitis (PCNSV): a cohort study. Sci Rep. (2022) 12:13494. doi: 
10.1038/s41598-022-17869-7

https://doi.org/10.3389/fneur.2025.1554989
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2025.1554989/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2025.1554989/full#supplementary-material
https://doi.org/10.1016/S0140-6736(12)60069-5
https://doi.org/10.1002/art.39068
https://doi.org/10.1007/s00401-012-0973-9
https://doi.org/10.1097/MD.0000000000000738
https://doi.org/10.1002/art.38340
https://doi.org/10.1177/23969873231190431
https://doi.org/10.1161/STROKEAHA.118.021878
https://doi.org/10.1016/j.msard.2021.102907
https://doi.org/10.1111/imj.13814
https://doi.org/10.1016/j.autrev.2018.12.002
https://doi.org/10.2147/VHRM.S488202
https://doi.org/10.1097/00005792-198801000-00002
https://doi.org/10.1212/WNL.33.11.1444
https://doi.org/10.1161/01.STR.30.8.1538
https://doi.org/10.1002/ana.26940
https://doi.org/10.4103/0028-3886.253578
https://doi.org/10.55563/clinexprheumatol/a9886f
https://doi.org/10.1007/s00415-019-09285-1
https://doi.org/10.3969/j.issn.1006-2963.2017.04.001
https://doi.org/10.1001/jamanetworkopen.2022.43799
https://doi.org/10.1056/NEJMoa0909905
https://doi.org/10.1007/s13311-015-0402-6
https://doi.org/10.1097/PAS.0b013e318181e097
https://doi.org/10.1097/RHU.0000000000001075
https://doi.org/10.3389/fimmu.2019.01990
https://doi.org/10.1080/14712598.2020.1748597
https://doi.org/10.1056/NEJMoa1213277
https://doi.org/10.1056/NEJMoa1404231
https://doi.org/10.1016/j.clineuro.2017.03.006
https://doi.org/10.1111/cei.12221
https://doi.org/10.1016/j.jns.2021.117422
https://doi.org/10.1038/s41598-022-17869-7

	Rituximab treatment in Chinese patients with primary angiitis of the central nervous system
	Introduction
	Patients and methods
	Results
	Patients’ characteristics
	Results of treatment and outcome

	Discussion
	Conclusion

	References

