CD8 T-cell-mediated cerebellitis directed against Purkinje cell antigen after ipilimumab for small cell lung cancer 
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Abstract

Aims:
Immune checkpoint inhibitors are increasingly associated with central nervous system complications, and clinical presentation may resemble that of classical paraneoplastic syndromes. There are several case reports of immune-mediated cerebellar syndromes associated with immune checkpoint inhibitor therapy. Histological study is needed to reveal immunological mechanisms and determine whether these are similar to paraneoplastic cerebellar degeneration.

Methods:
We present a case of cerebellitis in a 63-year-old man who received ipilumimab (cytotoxic T-lymphocyte-associated protein 4 inhibitor) for small cell lung cancer as part of a phase II trial. After death, a post-mortem examination was performed followed by immunohistochemical study of the brain. 

Results:
The patient developed a cerebellar syndrome 37 weeks after ipilumimab. Contrast-enhanced magnetic resonance imaging of the brain and spinal cord was normal. Cerebrospinal fluid was acellular with normal glucose but a raised protein and paired oligoclonal bands. Baseline weakly positive anti-Yo antibody titres were unchanged following treatment. He deteriorated despite immunosuppressive treatment and died during week 39. Histology revealed that pathology was limited to the cerebellar cortex, consisting of a patchy CD8 T-cell infiltrate spatially corresponding to areas of Purkinje cell loss. There was evidence of CD8 polarisation towards Purkinje cells and Bergmann astrocyte activation. By comparison, CD20-positive B-cells were sparse.

Conclusions:
CD8 T-cell-mediated cerebellitis after ipilimumab may represent early pathology seen during paraneoplastic cerebellar degeneration. This case highlights the need for continued vigilance with CTLA-4 inhibitors, especially when anti-neuronal antibodies are present at baseline. Treatments which suppress T-cell responses merit further study.




Central nervous system complications have been associated with the use of immune checkpoint inhibitors for treating malignancy, including meningoencephalitis, encephalitis, cerebellitis and hypophysitis [1]. Paraneoplastic autoimmune central nervous system syndromes also occur without immune checkpoint inhibitor treatment, which correlate with the endogenous anti-tumour response [1]. Histological detail is now required to decipher the antibody and/or cytotoxic mechanisms in these cases and compare these to recognised paraneoplastic syndromes, such as paraneoplastic cerebellar degeneration. Reports of immune-mediated cerebellar syndromes following immune checkpoint inhibitors have been published (see Supplementary Table). One report provided biopsy results revealing a non-specific mature T-cell perivascular infiltrate [2], but none provide clear evidence of a pathological mechanism. Here we report cerebellitis following CTLA-4 inhibitor monotherapy (ipilimumab) in combination with carboplatin and etoposide, and provide histological evidence for a CD8 T-cell-driven response against a Purkinje cell antigen.

A 63 year old man presented with superior vena cava obstruction secondary to a tumour in the right lung apex. Histology from an endobronchial ultrasound-guided biopsy revealed small cell lung cancer. Baseline anti-neuronal antibodies including anti-Hu, Ri, CRMP5, Ma1, Ma2, amphiphysin, voltage-gated calcium channel (VGCC) and voltage-gated potassium channel complex were absent, except for weakly positive anti-Yo antibodies. After stenting, he entered a single arm phase II trial of ipilimumab with carboplatin and etoposide chemotherapy for extensive small cell lung cancer [3]. Serial body computed tomography scans 10-24 weeks after presentation showed a partial and almost complete response to treatment. He developed an asymptomatic anti-VGCC antibody response (522pM) in week 12 after ipilimumab. Early adverse events, considered to be ipilimumab-related, were an acneiform skin rash (Grade 1, Common Terminology Criteria for Adverse Events version 4.0) and diarrhoea (Grade 1); both settled spontaneously. A CT scan in week 36 showed tumour recurrence in the right upper lobe and hilar lymph nodes which were positive on positron emission tomography.

During week 37, he developed nausea, vomiting, slurred speech and incoordination. On examination he had a gross cerebellar syndrome with a scanning dysarthria, nystagmus, and he could not walk due to axial and limb ataxia. A mild left abducent nerve palsy was present. There were no symptoms or signs of Lambert-Eaton syndrome. Brain and spinal cord magnetic resonance imaging with gadolinium contrast was normal. Cerebrospinal fluid was acellular with normal glucose but a raised protein (1070mg/L). Isoelectric focusing showed matched oligoclonal bands in cerebrospinal fluid and serum. Anti-neuronal antibody screen was comparable to previous with weakly positive anti-Yo, anti-VGCC (665pM) and negative antibodies against Hu, Ri, CRMP5, Ma1, Ma2, amphiphysin, gangliosides, glutamic acid decarboxylase, and voltage-gated potassium channel complex. Despite treatment with intravenous methylprednisolone (1g daily for four days) and infliximab (5mg/kg), he continued to rapidly deteriorate and died of an aspiration pneumonia in week 39.

Post-mortem macroscopic examination of the lungs confirmed the right upper lobe bronchopneumonia and bulky lymph nodes in the right hilum. Histological examination confirmed right upper lobe bronchopneumonia. Hilar lymph nodes were infiltrated with small cell lung cancer cells (Figure 1A), staining strongly for CD56 (neural cell adhesion molecule, Figure 1B), scantily for synaptophysin and negative for chromogranin A, suggesting neuronal differentiation. A high mitotic index (45% Ki-67 positive cells) was observed (Figure 1C). Macroscopic appearance of the brain was unremarkable. Histology of the cerebral cortex, hippocampi and corpus striatum was normal, whilst the brainstem showed a mild lymphocytic perivascular infiltrate in the midbrain and medulla. The main abnormalities were in the cerebellum, where marked patchy Purkinje cell loss was observed and confirmed using calbindin immunohistochemistry (Figure 1D and 2A-B). In the cerebellar meninges and white matter, a diffuse T-cell infiltrate was present. In the cerebellar cortex, there was patchy infiltration by CD3-positive T-cells spatially corresponding to areas of Purkinje cell loss; this spatial concordance was striking (Figure 1D). Microglia expressed CD68 and HLA-DR and had a typical activated microglial morphology; their presence in the molecular layer suggests that these cells were busy with phagocytosis of the Purkinje cell dendrite tree. CD8 T-cell infiltration was identified in areas of Purkinje cell loss (Figure 1E), with occasional clear evidence of CD8 polarization towards the Purkinje cells (Figure 1F), a surprising finding since cytotoxic CD8 T-cells kill their target within minutes [4]. Infiltrating T-cells were positive for TIA-1 which is constitutively expressed by cytotoxic CD8 T-cells [5] (Figure 2C) but negative for granzyme B and perforin, probably because the patient was treated with high-dose steroids [6, 7]. Multiple instances of contact between CD8 T-cells and Purkinje cell bodies and processes were observed by confocal microscopy of sections double-stained for CD8 and calbindin (Figure 2D-F). B-cells were sparse (6/mm2), compared to CD4 and CD8 T-cells (250/mm2 and 243/mm2 respectively). The CD4:CD8 ratio was 1.03 in the cerebellum and 0.83 in the Purkinje cell layer. Glial fibrillary acidic protein immunohistochemistry revealed an isomorphous gliosis in the molecular layer as a result of activation of Bergmann astrocytes, particularly intense in areas of Purkinje cell loss. Neurofilament staining was reduced in areas where Purkinje cells were absent. Occasional Purkinje axonal swellings (“torpedoes”) were observed, reflecting damage to Purkinje cells. 

Figure 1 – insert here

This is the first case demonstrating that CTLA-4 inhibitor monotherapy can trigger immune-mediated cerebellitis, adding to the existing reports of cerebellitis associated with immune checkpoint inhibitor therapy (Supplementary Table). Unlike these cases, the illness was rapidly progressive, fatal and did not respond to immunosuppression. This poor treatment response, along with the clinical-radiological dissociation involving normal magnetic resonance imaging of the brain and cord, was highly reminiscent of paraneoplastic cerebellar degeneration. 

Small cell lung cancer is commonly associated with paraneoplastic cerebellar degeneration [8], and in this context ipilimumab treatment may have led to an accelerated form of paraneoplastic cerebellar degeneration by triggering de novo cellular autoimmunity against an onconeural antigen [9], or exacerbating an underlying such response. This hypothesis is supported by findings from a transgenic mouse model of paraneoplastic cerebellar degeneration, where a neo-self antigen was expressed in Purkinje neurons and implanted breast tumour cells, and CD8 T-mediated cerebellitis only occurred after CTLA-4 inhibition [10].

The typical histological findings in paraneoplastic cerebellar degeneration include diffuse infiltrates of CD8 T-cells and macrophages, and activated microglia, with no Purkinje-cell centred IgG or complement activation and few or absent CD4 T- and B-cells [11]. In our patient, we similarly observed a parenchymal CD8 T-cell cerebellar infiltrate with sparse B-cells. This infiltrate spatially corresponded to areas of Purkinje cell loss, and was associated with evidence of CD8-mediated cytotoxic attack on these cells. A Purkinje cell antigen was implicated but it is unlikely to have been the P/Q VGCC, since CD8 T-cell infiltration was not observed in non-cerebellar areas known to express this VGCC isoform, such as the hippocampus and globus pallidus [12]. The onset of clinical symptoms of cerebellitis coincided with small cell lung cancer recurrence, and we postulate that the recurrent tumour started expressing an onconeural antigen shared with Purkinje cells, which was not expressed by the primary tumour. So-called antigenic drift is known to occur, especially during the emergence of new clones resistant to treatment [13].

An anti-VGCC antibody response was observed, but this was unlikely to be pathogenic since pronounced T-cell infiltration is not described in antibody-mediated encephalitides, there were no clinical features of Lambert-Eaton syndrome, and clinical symptoms manifested five months after the appearance of anti-VGCC antibodies, after which an unusual and extremely rapid pace of neurological progression was seen. Moreover, CD8 T-cell infiltration was marked as shown by the CD4:CD8 T-cell ratio (1.03), lower than what is usually observed in cerebrospinal fluid (2.2-3.4) and blood (1.5-1.9) in controls, meningitis and multiple sclerosis [14], in keeping with preferential CD8 T-cell recruitment, especially in the Purkinje cell layer where the CD4:CD8 ratio was 0.8. In addition, multiple instances of CD8-Purkinje cell contact were observed. Hence it is unlikely that anti-VGCC antibodies were the main and sole pathogenic driver, in keeping with the unresponsiveness of cerebellar dysfunction progression with plasma exchange in patients with PCD and anti-VGCC antibodies [15-17]. Also when immunoglobulin G from a PCD patient with anti-VGCC antibodies was injected intrathecally, no Purkinje cell loss was observed despite short-lived ataxia [18]. The most parsimonious interpretation is that anti-VGCC antibodies do not cause Purkinje cell death and occur secondary to their damage in most cases.

Although weak anti-Yo antibody response was present, the relative pathogenicity of these antibodies is under debate [19]. Their low titre in this case and the occurrence of a rapidly progressive cerebellitis in the absence of a rise in anti-Yo titre, as well as the direct histological demonstration of CD8-mediated attack, are highly suggestive of a T-cell-mediated mechanism. This is consistent with the fact that ipilumimab can stimulate de novo T-cell responses [9].

This case highlights the need for continued vigilance with ipilumimab and other immune checkpoint inhibitor treatment, especially when anti-neuronal antibodies are present at baseline. We additionally provide a unique insight into the development of paraneoplastic cerebellar degeneration-like neuropathology with ipilimumab. This may represent the early stage of paraneoplastic cerebellar degeneration proper, the understanding of which is built on neuropathological study of advanced or end-stage disease. The pathogenic role of CD8 T-cells demonstrated here supports the use of immunosuppressive treatments aimed at T-cells, such as tacrolimus [20]. 
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Figure legends
Figure 1. A-C: Formalin-fixed paraffin-embedded sections of right hilar lymph node showing typical SCLC cells on H&E staining (A, x20) with positive CD56 expression (B, x20) and a high index of Ki67 positivity (C, x20). D: Serial section histology (from top to bottom: CD68, calbindin, eosin, CD8, all with haematoxylin counterstain, x10). Patchy loss of Purkinje cells is spatially associated with patchy microglial infiltration and T-cell infiltration. Two areas are selected as examples. On the right hand side, the cerebellar tissue is sparsely infiltrated with CD8 T-cells; Purkinje cells appear as large eosinophilic cells in eosin-stained sections, as brown cells with calbindin staining and as large cells with lightly staining cytoplasm and euchromatic nucleus in the other sections counterstained with haemotoxylin (shown by arrows and magnified in the corresponding insets). On the left hand side, the cerebellar tissue is heavily infiltrated with CD8 T-cells and there is a complete loss of Purkinje cells, with no large eosinophilic and calbindin-positive Purkinje cells present at the interface between the granular and molecular layers. E: CD8 T-cell infiltration in the cerebellum (x10); inset (x40). F: inset in E (x115) shows at least one, if not two, CD8 T-cells attached to Purkinje cells (indicated by arrows).

Figure 2. A-B: Calbindin immunohistochemistry showing loss of Purkinje cells in some areas (A) but not others (B) (x10); C: TIA-1 immunohistochemistry showing TIA-1 cytotoxic T-cells (black arrow); TIA-1 positive stress granules are present in cells at the interface between molecular and granular cell layers (x73); D-F: Maximum intensity projection (MIP) maps, obtained by confocal microscopy, of sections double-stained for CD8 (green) and calbindin (red), with DAPI nuclear counterstaining. Panel E shows a cell body of an abnormal Purkinje cell surrounded by attached CD8 T-cells (white arrow), compared to a healthy Purkinje cell nearby to the left (yellow arrow). Inset in panel D (x63) is a higher power image of the boxed area (x20). E and F are magnified x40.
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	Study
	Age
	Sex
	Malignancy
	
ICI agent (plus chemotherapy)

	ICI class
	Onset from ICI
	MRI brain at presentation
	CSF findings
	Anti-neuronal antibodies
	Histological findings
	Immunosuppressive treatment
	Neurological course

	Hardwick et al 2021
	63
	M
	SCLC
	Ipilumimab
	CTLA-4 inhibitor
	25 weeks
	Normal
	Acellular, protein 1.07g/l
	Anti-Yo weakly positive, unlikely pathogenic
	CD8 T cell cerebellar infiltrate mapping to areas of Purkinje cell loss. Evidence of CD8 T cell engagement towards Purkinje cells. Sparse B cells
	IV methylprednisolone, infliximab
	Continued rapid deterioration and death despite treatment

	Iyer et al 2020 [1]
	37
	M
	Head and neck SCC
	Nivolumab and ipilumimab
	PD-1 and CTLA-4 inhibitor
	6-8 weeks
	Normal
	No malignant cells, other parameters not given
	Anti-Zic4 in serum
	Unavailable
	IV methylprednisolone, IV immunoglobulin, plasma exchange, rituximab 
	Stabilised after treatment with some improvement

	Kawamura et al 2017 [2]
	54
	F
	Lung adenocarcinoma
	Nivolumab
	PD-1 inhibitor
	14 days
	Normal
	WCC 10/μL, protein 0.56g/l
	Negative
	Unavailable
	Dexamethasone, IV methylprednisolone 
	Marked improvement

	Naito et al 2018 [3]
	57
	M
	SCLC
	Nivolumab and ipilumimab (plus cisplatin and irinotecan)

	PD-1 and CTLA-4 inhibitor
	8 weeks
	Marked cerebellar oedema, diffuse FLAIR signal change
	WCC 35/μL, protein 0.94g/l
	Not measured
	Unavailable
	IV methylprednisolone, plasma exchange, rituximab
	Stabilised after treatment with some improvement

	Tan et al 2018 [4]
	66
	M
	Lung adenocarcinoma
	Atezolizumab (plus carboplatin)

	PD-L1 inhibitor
	4 months
	Small vessel disease, otherwise normal
	Acellular, normal protein
	Negative
	Unavailable
	Oral prednisolone
	Moderate and non-progressive. Responsive to treatment

	Vitt et al 2018 [5]
	70
	M
	Head and neck SCC
	Pembrolizumab 
	PD-1 inhibitor
	7 months
	Abnormal enhancement throughout cerebellum with corresponding T2 hyperintensities
	WCC 166/μL. Nil other results reported
	Negative
	Non-specific perivascular T cell infiltrate in cerebellum
	IV methylprednisolone and oral steroid taper
	Marked improvement

	Zurko et al 2018 [6]
	20
	M
	Hodgkin's lymphoma
	Nivolumab
	PD-1 inhibitor
	8 weeks
	Diffusely oedematous cerebellum with patchy enhancement. Tonsillar herniation and  early hydrocephalus
	WCC 31/μL, protein 1.61g/l
	Not measured
	Unavailable
	High dose dexamethasone followed by taper
	Marked improvement

	Supplementary Table 1: Comparison of this case and published individual case reports of autoimmune cerebellar syndromes following immune checkpoint inhibitor (ICI) therapy. SCC = squamous cell carcinoma. More limited descriptions come from several retrospective cohort studies [7-9]. To review the literature we searched titles, keywords and abstracts from the online Scopus database for case reports using the following search strategy:   
(cerebellitis OR pancerebellitis OR "cerebellar ataxia") AND (ipilimumab OR nivolumab OR pembrolizumab OR atezolizumab OR avelumab OR durvalumab OR cemiplimab OR immune checkpoint inhibitor)
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