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Bing-Neel syndrome successfully treated with
venetoclax and zanubrutinib

A case report and review of the literature
Shenhe Jin, MMed?®, Yuhui Wu, PhD?, Jin Zhang, MD?*

Abstract

Rationale: Bing-Neel syndrome (BNS) is an uncommon neurological manifestation of Waldenstrom’s Macroglobulin®
(WM). The diagnosis of BNS s still challenging due to its low incidence and high heterogeneity. A definite diagnosis relies on
histopathology and cerebrospinal fluid (CSF) analysis to identify lymphoplasmacytic lymphocyte infiltration of the central nervous
system. MYD88 L265P mutation also serves as a valuable diagnostic tool. To date, there is no consensus on the standard
management of BNS, and current evidence is largely limited to reports on the use of high-dose chemotherapy and BTK inhibitors.
Herein, we present a case of BNS who achieved remission following treatment with venetoclax and zanubrutinib. Furthermore,
venetoclax was detected in CSF.

Patient concern: A 66-year-old female with WM presenting with a headache.

Diagnoses: Bing-Neel syndrome.

Interventions: The patient was diagnosed with BNS through CSF examination and treated with zanubrutinib plus venetoclax.
Outcomes: The patient’s symptoms resolved, and abnormal B lymphocytes were not detected in CSF.

Lesson: BNS is an uncommon manifestation of WM, with significant diagnostic challenges. In the absence of standard
management for BNS, high-dose chemotherapy and BTK inhibitors are widely used as front-line approaches. BCL-2 inhibitors,
which have shown notable CNS-penetrating capacity, hold considerable promise for the treatment of BNS and merit further
exploration.

Abbreviations: auto-HSCT = autologous stem-cell transplantation, BNS = Bing-Neel syndrome, BTKi = Bruton tyrosine kinase
inhibitor, CNS = central nervous system, CR = complete response, CSF = cerebrospinal fluid, CT = computed tomography, EFS
= event-free survival, FDG = fluorodeoxyglucose, IgM = immunoglobulin M, LPLs = lymphoplasmacytic lymphocytes, ORR =
overall response rate, OS = overall survival, PET = Positron Emission Tomography, PFS = progression-free survival, PR = partial
response, VGPR = very good partial response, WM = Waldenstrom’s Macroglobulinemia.
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to limited information in the literature.*! Here, we present a
case of BNS who achieved remission following treatment with
venetoclax and zanubrutinib, and we also review the literature.

1. Introduction

Waldenstrom’s Macroglobulinemia (WM) is a rare B-cell
lymphoproliferative disorder characterized by the bone mar-
row infiltration of lymphoplasmacytic lymphocytes (LPLs)

and a serum immunoglobulin M (IgM) paraprotein.!!! Bing—
Neel Syndrome (BNS) is a rare complication estimated to
affect approximately 1% of all WM patients. BNS is defined
as the direct infiltration of LPLs into the central nervous sys-
tem (CNS), manifested by neurological symptoms such as
sensorimotor deficits, visual abnormalities, and other uncom-
mon clinical features.3 CNS-penetrating chemotherapy and
Bruton tyrosine kinase inhibitor (BTKi) are common agents for
BNS, while optimum treatment remains to be established due
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2. Case report

A 66-year-old female patient was diagnosed with B-cell lym-
phoma by lymph node biopsy at a local hospital 5 years
ago, presenting with anemia, thrombocytopenia, and lymph-
adenopathy. Following oral administration of ibrutinib, her
hemoglobin levels improved, but she was non-adherent to
regular follow-up and treatment. The patient was referred to
our outpatient department in December 2024 with fatigue.
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A blood examination showed severe anemia (hemoglobin
57g/L, normal range: 115-150g/L) and thrombocytopenia
(platelet 55 x 1079/L, normal range: 125-350 x 1079/L).
Concurrently, IgM/k-type monoclonal protein was detect-
able by serum immunofixation. The PET-CT scan showed
high FDG metabolism in both bone marrow and multiple
lymph nodes, including bilateral cervical regions, fossa axil-
laris, and posterior peritoneum (Fig. 1). Subsequently, bone
marrow aspiration showed that lymphocytes accounted for
21.5% with morphological changes, which were recognized
as abnormal B lymphocytes by flow cytometry analysis (posi-
tive for CD19, CD20, CD22, IgM, CD200, and CD79b, neg-
ative for CD5, CD10, CD38, CD138, CD23, FMC-7, CD103,
and CD81, and restriction of kappa light chain). Bone mar-
row trephine biopsy also confirmed increased plasmacytoid
lymphocytes, with immunohistochemistry results as follows:
CD20 (+), CD79a (+), CD3 (-), Ki-67 (+), CDS (-), CD43
(+), CD23 (-), BCL-2 (+), BCL-6 (-), CD10 (-), Cyclin D1
(=), MUM1 (scattered +), CD19 (+), Kappa (+), Lambda (-),
CD138 (scattered +), C-Myc (10%+) (Fig. 2). MYD88 L265P
mutation was also positive in bone marrow (frequency:
6.8%). In addition, axillary lymph node biopsy also indicated
non-Hodgkin B-cell lymphoma with plasmacytoid differenti-
ation, with immunohistochemistry results as follows: CD20
(+), CD79a (+), CD3 (), Ki-67 (30% +), CD5 (), CD43 (-),
CD23 (-), BCL-2 (+), BCL-6 (-), CD10 (-), Cyclin D1 (-),
SOX11 (-), MUMI1 (-), CD19 (+), Kappa (++), Lambda (-),
CD38 (-), and CD138 (-) (Fig. 3).

In summary of the aforementioned examinations, the
patient was diagnosed with Waldenstrom macroglobulinemia
and received oral zanubrutinib treatment (160 mg twice daily)
in February 2025. Two months after treatment, she achieved
hematological improvement: hemoglobin increased from 30 to
90 g/L, platelet count from 20 x 10°/L to 70 x 10°/L, and serum
monoclonal protein was undetected. However, she developed
a headache. Enhanced cranial MRI was performed but only
identified multiple ischemic foci. A lumbar puncture was con-
ducted, with routine cerebrospinal fluid (CSF) examination
showing a white blood cell count of 4/pl (normal range: 0-5/
pl) and a moderate protein elevation (557.0 mg/L, normal
range: 150-450mg/L). Additionally, flow cytometry analysis
found a total of 620 cells in the CSF sample, with 38.9% of
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abnormal mature B lymphocytes, of small size and expressing
an immunophenotype of CD19+, CD20+, CD45+, KAPPA+,
CD22-, CD10-, CD38-, CD5-, CD23-, CD138-. Based on
the aforementioned CSF findings, the diagnosis was consid-
ered to be Bing-Neel syndrome. In April 2025, the patient was
switched to combined treatment with zanubrutinib (80 mg
twice daily, dose reduced due to liver insufficiency) plus veneto-
clax (100 mg once daily). After 2 weeks, her headache resolved.
As of the last follow-up in October 20235, the patient’s clinical
and laboratory parameters remained favorable: routine blood
tests revealed a hemoglobin level of 113 g/L, a platelet count
of 93 x10°/L, and serum monoclonal protein undetected.
Meanwhile, CSF examination showed a white blood cell count
of 0/pl and normalized protein. No abnormal B lymphocytes
were detected by flow cytometry analysis. More importantly,
venetoclax was quantified in both serum and CSF, at concentra-
tions of 0.585 ug/ml (therapeutic threshold values: 0.5-4.0 ug/
ml) and 0.042 ug/ml, respectively. This study was approved by
the Ethics Committee of Sir Run Run Shaw Hospital. Informed
consent was obtained from this patient.

3. Discussion

Bing—Neel Syndrome (BNS) is an uncommon manifestation of
WM. It is believed that CNS impairment is a consequence of
nerve cell demyelination, reactive gliosis, and axonal degen-
eration, which are triggered by LPLs infiltration and macro-
globulin deposition.!>” Clinical features of BNS are widely
heterogeneous, with sensorimotor deficits, cranial nerve deficits,
visual abnormalities, balance, and cognitive deficits as the most
common symptoms, while some patients present with atypi-
cal symptoms, which often leads to a delay in diagnosis and
poor prognosis.'®” The definitive diagnosis of BNS depends on
either a brain biopsy or CSF examination to identify the infil-
tration of LPLs.l'" MYD88 L265P mutation was reported in
100% of BNS cases, which may also facilitate the diagnosis.!'!]
Furthermore, radiological examination is also a valuable tool.
The cranial MRI findings in BNS are primarily characterized
by leptomeningeal enhancement and focal or infiltrative masses
in various parts of the nervous system.*! However, due to its
low incidence and high heterogeneity, the diagnosis of BNS
is challenging in some cases and relies on a combination of

Figure 1. PET-CT images of patient. The FDG metabolism was elevated in bone marrow and lymph nodes of bilateral cervical regions, fossa axillaris (red arrow),

and posterior peritoneum.
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Figure 2. Pathology and immunohistochemistry results of bone marrow (x200) (A) H&E stain, (B) immunohistochemistry of CD20 expression, (C) immunohisto-
chemistry of CD5 expression, (D) immunohistochemistry of CD10 expression.

Figure 3. Pathology and immunohistochemistry results of axillary lymph node (x200) (A) H&E stain, (B) immunohistochemistry of CD20 expression, (C) immu-
nohistochemistry of CD5 expression, (D) immunohistochemistry of CD10 expression.

clinical features, radiological evidence, CSF or biopsy results, = methotrexate, high-dose cytarabine, alkylating agent-based che-
and molecular alterations. motherapy, and intrathecal-based therapy as well as other regi-

Up to now, BTK inhibitors are the preferred first-line treat-  mens as first-line treatment; 9 patients (28 %) achieved complete
ment for BNS, followed by CNS-penetrating chemotherapy.'?!  response (CR), and 12 (38%) achieved partial response (PR),
Castillo et al reported 32 patients with BNS received high-dose ~ with an estimated 3-year overall survival (OS) rate of 59%."
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Simon et al also reported 44 patients with BNS, most of them
treated with cytarabine, methotrexate, and fludarabine-based
regimens, and 73% of patients also received intrathecal che-
motherapy (alone or in combination), 45% of patients received
rituximab (alone or in combination), while 14% received autol-
ogous stem-cell transplantation (auto-HSCT) and radiotherapy.
The overall response rate (ORR) was 70%, and CR was 29%;
all 6 patients who underwent auto-HSCT achieved response.
With a median follow-up of 4.6 years, the 5-year and 10-year OS
were 71% and 59%, respectively.!'] A case series of 46 patients
from the United Kingdom presented that 95.6% received front-
line systemic therapy, including 80% of high-dose methotrexate
(MTX)-based regimens and 11% of BTKi, while BTK inhibi-
tors were the predominant second-line treatment, accounting for
91.3% The ORR and CR were 77.3% and 22.7%, the median
progression-free survival (PFS) was 89 months, and the median
OS was not reached in first-line treatment. The median PFS after
second-line BTKi therapy was also not reached.!" Monotherapy
with ibrutinib, the first-generation BTKi, in 28 BNS patients
showed that 85% and 83% had improvement of clinical symp-
toms and radiological abnormalities; meanwhile, the 2-year OS
reached 81%."! Zanubrutinib, a next-generation BTKi, also
demonstrated durable responses with acceptable toxicity, in both
treatment-naive and previously treated patients. Sarosiek et al
reported 9 BNS patients received zanubrutinib, including 5 that
had prior exposure to ibrutinib, and all patients had improve-
ment in neurological symptoms to different extents.!"®! Becking
et al also reported that 23 of 25 (92%) patients experienced clin-
ical improvement after zanubrutinib for 3 months. In addition,
92% (12/13) and 40% (6/15) of patients achieved radiological
improvement and CNS response. The median event-free survival
(EFS) and OS were not reached.!'”

Bcl-2 is overexpressed and plays a pro-survival role in WM.
Venetoclax, a Bcl-2 antagonist, is highly active in WM patients.
Castillo et al reported that the ORR was 84%, and the median
PFS was 30 months for patients with previously treated WM,
including those previously exposed to BTKi.l'¥! A multicenter
retrospective study of 76 patients also showed that the ORR
to venetoclax monotherapy was 70%, the 2-year PFS and OS
were 57% and 82 %, respectively."”! Castillo et al also presented
a clinical trial of combination with ibrutinib and venetoclax in
45 treatment-naive WM patients. 42% of the patients achieved
very good partial response (VGPR); the 2-year PFS and OS were
76% and 96%, respectively.?! However, reports on the treat-
ment of BNS with venetoclax are rare.

Here, we report a female patient with WM who was diag-
nosed with BNS 2 months after the initiation of zanubrutinib.
This patient achieved both symptomatic and CNS response with
a combination of venetoclax and zanubrutinib, with acceptable
toxicity and good tolerability. Furthermore, venetoclax was
detected in CSF, providing direct evidence of its central CNS
penetration capability, as well as its potential for BNS treat-
ment, especially for patients who had prior exposure to BTKi.

4. Conclusion

BNS is a rare manifestation of WM that poses significant diag-
nostic challenges. Given this lack of consensus on standard
management, high-dose chemotherapy and BTK inhibitors have
emerged as common interventions. Meanwhile, BCL-2 inhibi-
tors, with their demonstrated CNS-penetrating ability, offer a
new direction for BNS treatment.
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