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Abstract: Although most patients with autoimmune glial fibrillary acidic protein astrocytopathy (GFAP-A) respond to first-line 
immunotherapy, a subset is refractory to conventional treatments and experiences poor outcomes. This study evaluates the efficacy of 
tocilizumab in such refractory cases, based on clinical experience and literature review. We retrospectively analyzed a 17-year-old 
female with GFAP-A who presented with fever, headache, coma, language and emotional disturbances, and motor deficits. Brain 
magnetic resonance imaging showed T2/FLAIR hyperintensity and swelling in the bilateral basal ganglia and left hippocampus. Anti- 
glial fibrillary acidic protein (GFAP) antibody was positive in both serum and cerebrospinal fluid. The patient was refractory to high- 
dose corticosteroids, intravenous immunoglobulin, with only a transient response to rituximab. However, after five infusions of 
tocilizumab, she demonstrated significant improvement in language, motor function, mood, and remained in stable remission during 
follow-up, with no severe adverse events. A literature review identified a previously reported case of GFAP-A coexisting with anti-N- 
methyl-D-aspartate receptor encephalitis that similarly showed only a partial response to first-line immunotherapies before achieving 
marked clinical improvement after five cycles of tocilizumab. These findings suggest that tocilizumab may represent an effective 
therapeutic option for refractory GFAP-A, significantly improving cognitive and neuropsychiatric outcomes. 
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Introduction
Autoimmune glial fibrillary acidic protein astrocytopathy (GFAP-A) is a newly recognized immune-mediated inflammatory 
disorder of the central nervous system (CNS), first described in 2016.1 This condition is mediated by an autoimmune attack 
targeting astrocytes in the CNS, leading to neuroinflammation and neurological injury.2 GFAP-A can affect multiple 
regions of the CNS, presenting with a broad and heterogeneous clinical spectrum of symptoms that may include meningitis, 
encephalitis, myeliti and/or optic neuritis.2,3 Approximately 25% of patients with GFAP-A are found to have a concurrent 
neoplasm, with ovarian teratoma being the most frequently associated tumor.3–5 The imaging hallmark of GFAP-A is linear 
perivascular radial enhancement in the cerebral white matter on brain magnetic resonance imaging (MRI). The diagnosis of 
GFAP-A primarily relies on detecting immunoglobulin type G (IgG) autoantibodies against the alpha (α) GFAP isoform in 
cerebrospinal fluid (CSF).3–5

Currently, there is no well-established therapeutic regimen for GFAP-A. Based on clinical experience, first-line 
treatments include high-dose corticosteroids, intravenous immunoglobulin (IVIG) and plasma exchange (PLEX); second- 
line treatments include rituximab and cyclophosphamide and, less commonly, azathioprine and mycophenylate mofetil. 
Despite a generally favorable response to high-dose corticosteroids, a subset of GFAP-A patients exhibit poor or inadequate 
responses to these conventional immunosuppressive treatments, posing a considerable management dilemma.6–8 Relapses 
occur in approximately 20–30% of patients with GFAP-A, particularly among those presenting with severe phenotypes such 
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as myelitis or with a malignancy.1 The factors underlying refractory and severe presentations of GFAP-A are poorly 
understood. Emerging evidence has demonstrated that GFAP-A is fundamentally driven by a CD8+ T cell-mediated 
autoimmune attack targeting astrocytes, triggering a pronounced inflammatory cascade.9,10 This process leads to markedly 
elevated levels of cytokines and chemokines such as tumor necrosis factor alpha (TNF-α), interleukin 6 (IL-6), IL-27, and 
C-C motif chemokine ligand 20 (CCL20) in the CSF.11,12

Tocilizumab is a humanized monoclonal antibody that targets both soluble and membrane-bound IL-6 receptors. By 
blocking IL-6 signaling, it inhibits the differentiation and proliferation of B cells, induces apoptosis of plasma cells, and 
suppresses the generation of inflammatory cytokines and acute-phase proteins.13 Accumulating evidence demonstrates 
that tocilizumab is effective and well tolerated in both adults and children with various refractory autoimmune 
encephalitis (AE), including anti-CASPR2 encephalitis, anti-LGI1 encephalitis, and GAD6-related encephalitis.14–16 

Beyond its application in AE, tocilizumab has showed therapeutic potential across a wide range of antibody-mediated 
autoimmune diseases, including neuromyelitis optica spectrum disorder, myasthenia gravis, rheumatoid arthritis.16–18 

However, the efficacy of tocilizumab in anti-GFAP encephalitis remains unexplored. Here, we describe a female patient 
with refractory GFAP-A who demonstrated significant clinical improvement and sustained disease stabilization following 
tocilizumab treatment after failure of conventional therapies. This case provides further evidence to demonstrate the 
clinical efficacy of tocilizumab in refractory GFAP-A.

Methods
Patient Data and Informed Consent
This retrospective, clinical observational study was performed under the approval of the ethical committee of Xiangya 
Hospital, Central South University (approval number 202310892). Informed consent was obtained from the parents of the 
patient. This case report is presented in accordance with the CARE Guideline.

Detection of Neural Autoantibodies
Serum and CSF samples were tested for autoantibodies associated with AE using a standardized cell-based assay (CBA) 
with immunofluorescence. The antibody panel included NMDAR, AMPAR1, AMPAR2, LGI1, CASPR2, GABABR, 
DPPX, GAD65, mGluR5, GlyR, D2R, as well as anti-GFAP-α IgG and anti-GFAP-ε IgG.

Briefly, HEK293 cells were transfected with plasmids encoding each target antigen; for GFAP-α, the construct also 
contained a green fluorescent protein (GFP) segment to mark antigen-expressing cells, as described previously.5,19 The 
transfected cells were then incubated with patient serum (initial dilution 1:10) or CSF (initial dilution 1:1). Bound human 
IgG was detected using a fluorescein-conjugated anti-human IgG secondary antibody (red emission). A specific positive 
signal was defined by the precise colocalization of red (antibody) and green (antigen-expressing cell) fluorescence. For 
samples that were positive in the initial CBA, serial 10-fold dilutions were performed to determine the endpoint titer. 
Furthermore, serum samples that tested positive in the CBA screen were subsequently validated by a tissue-based assay 
(TBA) using frozen sections of rat brain and kidney tissue at a fixed dilution of 1:100. All laboratory procedures were 
conducted at Hangzhou Hongwang Medical Laboratory.

Literature Review
A literature search was performed in PubMed up to January 30, 2026. The search strategy utilized the keywords: “GFAP 
astrocytopathy” or “autoimmune glial fibrillary acidic protein encephalitis” or “GFAP-A” combined with “tocilizumab” 
“anti-IL-6”, or “IL-6 inhibitor”. Only one relevant case study was identified and included in this review.20

Case Report
A 17-year-old Chinese girl suffered from dizziness and headache, with the highest temperature of 39°C. Four days later, 
her condition progressed to include delayed responses, reduced speech, and cognitive impairment. A lumbar puncture 
performed at local hospital revealed elevated opening pressure (210mmH2O), elevated protein level (0.9 g/L), and 
monocytic pleocytosis (230×106/L, 87% mononuclear cells). CSF culture was negative. Neither a brain MRI nor a fundus 
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examination was performed at the local hospital prior to the first lumbar puncture. Despite empiric antibacterial and 
antiviral treatment, her fever persisted at 38°C and her consciousness deteriorated.

On day 7, she was transferred to our hospital for further examination and treatment. Neurological examination 
revealed slightly increased muscle tone in the upper limbs, mild weakness in the lower limbs (grossly graded at 3/5), and 
absent deep tendon reflexes. No pathological signs were observed. Her modified Rankin Scale (mRS) was 5. Serum IL-6 
was elevated at 125.0 pg/mL (normal range<5pg/mL), while CSF IL-6 was within normal limits. Brain computed 
tomography (CT) showed a low-density lesion in the left hippocampus-amygdala area. Brain MRI revealed swelling and 
T2/fluid-attenuated inversion recovery (FLAIR) signal hyperintensity within the bilateral basal ganglia and left hippo
campus (Figure 1A and B); however, no contrast enhancement was observed in the affected areas on T1-weighted 
imaging. Electroencephalogram (EEG) demonstrated diffuse low-voltage activity (Figure 2A and B). Lower respiratory 
tract pathogen culture was positive for Haemophilus influenzae. Chest computed CT revealed infectious infiltrates in the 
posterior segment of the right upper lobe and bilateral lower lobes of the lungs. One day later, she developed hypoxemia 
requiring intubation, and was successfully extubated on day 12. During this period, she sequentially received antimi
crobials, antivirals, dexamethasone (5 mg/day,5 days), and IVIG (400 mg/kg/day,5 days), followed by methylpredniso
lone (60 mg/day, 5 days). Antibodies against NMDAR1a, AMPAR1, AMPAR2, LGI1, CASPR2, GABABR, DPPX, 

Figure 1 Longitudinal brain MRI changes in a patient with GFAP-A treated with tocilizumab. (A and B) Pre-treatment T2 Flair imaging shows bilateral thalamic swelling (red 
arrow) and abnormal signal lesions in the left hippocampus (red circle). (C and D) After the second tocilizumab treatment, T2 Flair imaging reveals reduced abnormal signal 
lesions in the bilateral thalamus (red arrow) and left hippocampus (red circle), with abnormal signals in the orbital gyrus (red triangle). (E and F) After the fifth tocilizumab 
treatment, T2 Flair imaging demonstrates near disappearance of bilateral thalamic abnormal signals, left hippocampal atrophy, and reduced orbital gyrus abnormalities.
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Figure 2 Electroencephalography (EEG) in a patient with GFAP-A treated with tocilizumab. (A and B) Diffuse 1–3.5 Hz δ waves with intermittent mixing of continuous 5–7 Hz θ wave activity, and occasional widespread voltage 
attenuation lasting about 1 s. (C and D) Bilateral occipital 10–11 Hz α rhythm with good regulation and modulation.
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IgLON5, GlyR1, GABAARα1, GABAARβ3, γ2, mGluR5, D2R, Neurexin3α, KCNA4, NMDAR2a, and NMDAR2b 
were all negative. Importantly, anti-GFAP antibody was positive in the serum (1:10) and CSF (1:1) via indirect 
immunofluorescence on TBA and CBA (Figure 3A–C), and she was therefore diagnosed as GFAP-A. Tumor and 
systemic autoimmune disease screenings were also negative. Enhanced CT scans of the chest, abdomen, and pelvis, 
together with breast ultrasonography, excluded neoplasms. On day 20, the patient received intravenous methylpredniso
lone (240 mg/day for 2 days, then 500 mg/day for 4 days), which yielded no clinical improvement; her language and 
emotional disturbances persisted, and she remained unable to sit, stand, or walk independently. Given the lack of 
response to steroids and the family’s refusal of PLEX, second-line therapy with rituximab (750 mg/m2) was initiated 
on day 32. She showed a favorable initial response to rituximab treatment. Within two weeks of the first dose, she 
regained comprehensible speech, independent ambulation and emotional stability corresponding to a mRS score of 2, and 
was subsequently discharged. However, her condition deteriorated on week post-discharge, manifesting as emotional 
lability, choreoathetosis, memory impairment with her mRS score worsening to 4. A second cycle of rituximab combined 
with IVIG (2 g/kg for 5 days) was administered on day 49, followed by a third dose on day 55. Despite this therapeutic 
escalation, her condition showed no improvement.

Given the suboptimal response to prior therapies, tocilizumab (8 mg/kg monthly) was initiated on day 57. Pre-treatment IL-6 
levels were within normal range (CSF 2.79 pg/mL, serum 4.69 pg/mL). The patient received five cycles of tocilizumab treatment 
in total. Tocilizumab prompted rapid symptomatic, radiological, and EEG improvement. Following the second dose, brain MRI 
revealed a reduction of abnormalities in the thalamus and hippocampus (Figure 1C and D); and her EEG normalized. Transient 
elevations in serum IL-6 were observed after the third and fourth infusions (8.77 pg/mL and 28.4 pg/mL, respectively). No other 
adverse events, such as infections, gastrointestinal symptoms, or hepatic dysfunction, were attributable to the administration of 
tocilizumab. After completing five cycles, follow-up MRI demonstrated near-complete resolution of thalamic signals and 
improvement in the left hippocampus (Figure 1E and F), and her EEG remained normal (Figure 2C and D). Followed up 
one year after discharge, she was asymptomatic with normal cognition, mood and behavior (MRS 0).

Literature Review
To date, one adult case with refractory GFAP-A treated with tocilizumab has been reported.21 Including the case in this study, 
a total of two cases were summarized. Anti-GFAP autoantibodies were elevated in the CSF or serum for two cases. Both cases 
were females and presented with fever, headache, speech reduction, cognitive impairment, and psychiatric disorders. The adult 
case also exhibited seizures and Graves’ hyperthyroidism. Brain MRI was performed on both patients, with our case 
demonstrating abnormalities and the other showing normal findings. In addition to anti-GFAP antibodies, the adult patient 
tested positive for anti-N-methyl-D-aspartate receptor (NMDAR) antibodies. Prior to tocilizumab treatment, both patients had 

(A) (B) (C)

Figure 3 Immunofluorescence in serum and CSF in patients with GFAP-A treated with tocilizumab assessed by cell-based assay (CBA). Positive reaction with transfected 
HEK 293 cells expressing GFAP-α after incubation with the patient’s serum (A) (titer: 1:10) and with CSF (B) (titer: 1:1). (C) Negative control.
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been treated with methylprednisolone, IVIG, and rituximab. Both patients responded well to tocilizumab. After five courses of 
tocilizumab treatment, both cases demonstrated significant neurological improvement. Despite experiencing a transient rise in 
IL-6 levels during tocilizumab treatment, our patient—in line with the previously reported case—did not develop any severe 
treatment-related adverse events.

Discussion
Refractory AE is a challenging disease with significant morbidity and mortality.22,23 Previous studies have demonstrated 
the efficacy of tocilizumab in several forms of refractory AE, including anti-NMDAR, anti-LGI1, CASPR2, and GAD65- 
associated encephalitis.24–28 We reported a case of refractory GFAP-A in a patient who was unresponsive to first-line 
immunotherapies (high-dose corticosteroids and IVIG) and exhibited only a transient benefit from B-cell–depleting 
therapy with rituximab. Notably, the delay in initiating IV steroids until day 20 is a potential factor that may have 
contributed to the refractory course. Similarly, a previously reported case of NMDAR encephalitis coexisting with 
GFAP-A also showed merely a partial response to the same line of conventional immunotherapies.21 Notably, both 
patients achieved marked clinical improvement after five cycles of tocilizumab, and neither experienced significant side 
effects from the treatment. This consistent outcome highlights tocilizumab as a safe and effective option for patients with 
refractory GFAP-A who do not respond to conventional immunotherapies.

Although the precise pathogenic mechanisms of GFAP-A are not yet fully elucidated, emerging evidence indicates 
a central role of neuroinflammation in the disease process. Histopathological studies in GFAP-A patients have revealed 
perivascular and parenchymal infiltrates of CD20+, CD3+, and CD8+ lymphocytes, macrophages, granulomatous 
inflammation, and cytotoxic T-cell response.9,10,29,30 Immunohistochemical analyses further highlight prominent peri
vascular B cells, diffuse T-cell infiltration, and abundant plasma cells, monocytes, and macrophages in brain 
tissues.19,31 Importantly, elevated IL-6 levels have been documented in the CSF of patients with GFAP-A compared 
to controls.11,12 The marked therapeutic response to tocilizumab observed in both our patient and the reported case 
implies that IL-6 mediated inflammation may represent a critical pathogenic mechanism in certain refractory GFAP-A 
cases. This mechanism appears to operate independently of, or persist despite, B-cell depletion. Within the CNS, IL-6 
functions as a key pro-inflammatory cytokine, promoting B-cell differentiation, plasma cell maturation, T follicular 
helper cell generation, blood–brain barrier disruption, and T-cell–mediated inflammation. Therefore, IL-6 blockade 
represents a rational therapeutic strategy for mitigating autoimmune activity in such contexts.13,14

Although corticosteroids are generally effective in GFAP-A, a subset of patients exhibits glucocorticoid resis
tance and relapsing disease, necessitating more targeted biologic therapies.32–34 While rituximab can help prevent 
relapses, its efficacy may be limited by incomplete B-cell depletion and its inability to target long-lived plasma 
cells.35,36 This treatment resistance may occur because the inflammatory storm is driven not only by antibodies but 
also by a “cytokine storm” mediated by cytokines such as IL-6. Tocilizumab, a potent cytokine inhibitor, can disrupt 
this cycle, which may explain our patient’s significant response to tocilizumab after multiple ineffective treatments. 
Notably, the serum and CSF IL-6 levels in our patient were within normal range prior to tocilizumab initiation, 
indicating that baseline IL-6 levels are not predictive of subsequent outcomes. A transient rise in IL-6 levels was 
observed in our patient following tocilizumab infusions, consistent with reports of similar, self-limited increases in 
other treated patients.37,38 This transient rise is a consequence of IL-6 receptor blockade by tocilizumab, which 
impedes ligand clearance while simultaneously inhibiting downstream inflammatory signaling, ultimately leading to 
normalized IL-6 levels.39,40 However, persistent elevation of IL-6 after tocilizumab administration has been 
associated with infections in some reports, highlighting the potential value of dynamically monitoring IL-6 levels 
to track disease progression and the response to treatment in AE.

In summary, tocilizumab represents a promising treatment option for refractory autoimmune GFAP-A. To date, its efficacy 
has been supported only by retrospective case reports, and no prospective or controlled studies are available. Future research 
should prioritize multicenter prospective studies or randomized controlled trials to validate its clinical benefits, evaluate its 
role in relapse prevention, and optimize treatment protocols.
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