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Supplementary methods

Data collection
This study was approved by the Institutional Review Board of all participating centers and was conducted in accordance with the Declaration of Helsinki. All relevant clinical data were collected from electronic health records on WM diagnosis, BNS diagnosis, response to zanubrutinib treatment and follow-up. All participants provided written informed consent for the use of retrospective data, unless a local waiver was obtained in accordance with institutional review board guidelines.

Toxicity assessment 
Toxicities were categorized and graded in accordance with MedDRA® (Medical Dictionary for Regulatory Activities terminology) and the Common Terminology Criteria for Adverse Events (CTCAE), version 5.0.

Statistical analyses
R software (version 4.3.2; R Foundation for Statistical Computing, Vienna, Austria) was used for statistical analyses. Demographic characteristics and response rates were analyzed using descriptive statistics. Categorial variables are presented as percentages, and continuous variables are presented as mean ± standard deviation (SD) if normally distributed, and as median and total range if not. Times to event were estimated using the Kaplan-Meier method. 

Supplementary results

Diagnosis and prior treatment
Twenty-nine patients (97%) had typical WM, while one patient had an IgG-producing LPL harboring MYD88L265P. In all 16 patients (53%) of whom MYD88 status was assessed in the bone marrow, the MYD88 gene was mutated. Of these, CXCR4 mutation status was assessed in 7 patients, with a positive result in 1 (14%).

The mean age at LPL diagnosis was 61 ± 11 years (SD). BNS occurred as a first presentation of WM in 6 patients (20%), while BNS occurred in the setting of previously diagnosed WM in the remaining 24 patients (80%). Median number of prior treatment lines for LPL, excluding BNS therapies, was 1 (range 0-4), with 10 patients (33%) untreated for LPL. Previous WM therapies included (immuno)chemotherapy (n=18), rituximab monotherapy (n=3), proteasome inhibitors (n=3), autologous stem cell transplantation (ASCT) (n=1), allogeneic stem cell transplantation (n=1), radiotherapy (n=1), and splenectomy (n=1). The median number of prior treatment lines for BNS was 0 (range 0-5). Prior BNS therapies included high-dose methotrexate- and/or high-dose cytarabine-based regimens (n=11), ibrutinib (n=2), and ASCT (n=2).

Zanubrutinib treatment
The mean age at start of zanubrutinib treatment was 68 ± 8 years. Twenty-nine patients (97%) received 320 milligrams (mg) zanubrutinib daily, while one received 160 mg daily due to concomitant treatment with a CYP3A4 inhibitor.



Diagnosis by CSF analysis
In 25 patients (83%), LPL cells were detected in CSF by cytology and/or MFC. In the remaining 5 patients, diagnosis was confirmed by MYD88L265P positivity in CSF only (n=3) or by brain biopsy (n=2). Overall, the MYD88L265P mutation was detected in CSF in 14/14 assessed patients (100%), while a CXCR4 mutation was found in the CSF of 0/2 tested patients.

Responses in previously treated vs. untreated patients
In this cohort, 12 out of 30 patients (40%) were previously treated for BNS. Of the 12 previously treated patients, 9 (75%) experienced neurological symptoms at treatment commencement, in whom clinical response rate was 100%. Of the 18 patients that were untreated for BNS, 16 (89%) had symptoms at baseline. Of those, 14 (88%) showed clinical response. 
Of the 12 previously treated patients, 7 (58%) had radiological abnormalities attributable to BNS at treatment initiation. Of those 7, in all 6 with repeated MRI (100%) abnormalities were improved. Of the 18 patients that were untreated, 12 (67%) had radiological abnormalities at treatment initiation. Of those, 7 (58%) had repeated measurements, of whom 6 (86%) showed radiological improvement.
Of the 12 previously treated patients, 6 (50%) had a positive CSF at treatment initiation. Of those 6, lumbar puncture was repeated in 5 (83%), of which 3 (60%) showed resolution of CNS involvement. 
Of the 18 patients that were untreated, 17 (94%) had a positive CSF at treatment initiation. Of those 17, lumbar puncture was repeated in 10 (59%), of which 3 (30%) showed resolution of CNS involvement.

WM response
Within 12 months of starting zanubrutinib, median serum IgM levels decreased from 13 grams per liter (g/L) (range 0.4 – 46) to a nadir of 3 g/L (range 0.1 – 22). Hematological response as per IWWM response criteria was assessed in 17 cases with an increased IgM (> 2.3 g/L) at start and at least one available IgM level during follow-up (1). The best hematological responses within 12 months included an overall response rate of 16 (94%), with 5 patients (29%) achieving a very good partial response, 9 patients (53%) a partial response, 2 patients (12%) a minor response, while 1 patient (6%) had stable disease.

Adverse events
Grade 2 AEs, occurring in 7 patients (23%), included infections (n=4), fever (n=1), hematoma (n=1), intraventricular hemorrhage (n=1), aortic valve disease (n=1), skin rash (n=1), fatigue (n=1), and hoarseness (n=1).
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Supplementary Table S1: Clinical and radiological abnormalities at treatment commencement in 30 patients with Bing Neel Syndrome treated with zanubrutinib

	Neurological symptoms at start

	Of any kind (%)

	Motor deficits
	Sensory deficits
	Lower limb ataxia
	Cognitive deficits (including memory loss)
	Seizures
	Behavioral changes
	Cranial nerve deficits
	Headache
	Radicular nerve pain
	Vertigo	
	Dysphasia or aphasia
	Hearing loss 
	Decline in consciousness 
	Generalized pain in arms and legs
	Cauda equina syndrome
	Visual deficits
	Upper limb ataxia

	25 (83)

	9 (36)
	9 (36)
	9 (36)
	8 (32)
	6 (24)
	6 (24)
	4 (16)
	4 (16)
	4 (16)
	3 (12)
	2 (8)
	2 (8)
	2 (8)
	1 (4)	
	1 (4)
	1 (4)
	1 (4)

	Radiological abnormalities at start

	Of any kind (%)	

	Enhancement of spinal nerves and/or cauda equina
	Cranial nerve enhancement
	Leptomeningeal enhancement of the brain
	Leptomeningeal enhancement of the spine	
	Intraparenchymal enhancement of the brain
	Intraparenchymal medulla enhancement
	Hydrocephalus
		
	19 (63)	

	11 (58)
	8 (42)
	8 (42)
	6 (32)
	5 (26)
	4 (21)
	3 (16)






