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Clinical Practice Points
 Bing Neel Syndrome (BNS) is deﬁned as direct central

 Recently, the evaluation of MYD88 L265P mutation in

nervous system involvement of Waldenström’s
macroglobulinemia. BNS is usually a late event,
although an incidence of 30% to 36% has been
described in large series of previously untreated
patients.
 A wide variety of clinical manifestations and radiologic
ﬁndings for BNS have been reported in published
data, depending on the site and type of inﬁltration.
 In addition to the radiologic ﬁndings, the diagnostic
approach includes lymphoplasmacytic cell quantitation and ﬂow cytometric analysis of the cerebrospinal
ﬂuid (CSF).

the CSF has been proposed as a possible diagnostic
biomarker for BNS.
 We describe the case of a 58-year-old patient with
BNS.
 The detection of MYD88 L265P mutation in the CSF
contributed to the diagnosis and to the sequential
monitoring of minimal residual disease.
 In the future, the use of CSF sequential molecular
monitoring could play an important role in treatment
decisions.

Clinical Lymphoma, Myeloma & Leukemia, Vol. 16, No. 1, e7-9 ª 2016 Elsevier Inc. All rights reserved.
Keywords: Bing Neel Syndrome, Celebrospinal ﬂuid Molecular monitoring, MYD88 L265P
Untreated Waldenström’s macroglobulinemia

Introduction
Waldenström’s macroglobulinemia (WM) is deﬁned as lymphoplasmacytic lymphoma (LPL) with serum monoclonal IgM
secretion.1 Although clinical manifestations imputable to serum
hyperviscosity and peripheral neuropathy represent a common
ﬁnding in WM, direct inﬁltration of any part of the central nervous
system (CNS) is extremely rare and is classiﬁed as Bing-Neel syndrome (BNS).2 BNS is often diagnosed belatedly and mostly affects
patients after multiple lines of therapy have been used. However, in
the largest series, its occurrence was reported in 30% to 36% of
previously untreated patients.3-10
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MYD88 L265P is a somatic point mutation detected in
approximately 90% of WM cases. The high frequency ( 87%)
of IgM monoclonal gammopathy of undetermined signiﬁcance
suggests its possible role as an early oncogenic event. Furthermore, MYD88 L265P has become a useful biomarker in distinguishing WM from other lymphomas with IgM secretion.11
At present, only 1 report investigating the potential contribution of MYD88 L265P mutation for a BNS diagnosis has been
published.6
We describe the case of a young patient with previously untreated
WM, who presented with diplopia as the ﬁrst BNS symptom. The
ﬁndings from the diagnostic workup, including the CSF MYD88
evaluation, and treatment options are discussed.

Case Report
A 58-year-old man without any signiﬁcant medical history had
been diagnosed with WM in August 2011. Because the patient
presented with asymptomatic disease, observation was started.

Clinical Lymphoma, Myeloma & Leukemia January 2016

- e7

BNS, Waldenström’s Macroglobulinemia, and MYD88 L265P Mutation

e8

-

In May 2014, the patient presented with diplopia. No other
abnormalities were found in the neurologic evaluation. His visual
acuity, color vision, pupillary reﬂexes, and visual ﬁeld testing ﬁndings were all normal. The complete blood count count showed a
hemoglobin level of 10.8 g/dL. His hepatic and renal function were
adequate. The IgM level was 5942 mg/dL, with a 5.6-g/dL IgM
spike. In accordance with the WM international prognostic scoring
system, the patient was categorized as having intermediate-risk
disease.12 The ﬁndings from the neurologic and ophthalmic clinical evaluations were conclusive for left eye sixth cranial nerve palsy.
The brain, orbital, and spinal magnetic resonance imaging (MRI)
ﬁndings before and after gadolinium enhancement were negative,
with no radiologic evidence of nerve inﬁltration by disease or
pathologic tissue.
The cerebrospinal ﬂuid (CSF) analysis showed slightly increased
CSF protein, a normal glucose level, and the presence of lymphoplasmacytic cells on cytologic examination. An elevated CSF IgM
value of 0.612 mg/dL (range, 0.001-0.092 mg/dL) was found, and
immunoﬁxation demonstrated a monoclonal IgM k band. The IgM
index13 ([CSF  IgM (mg/dL)/serum  IgM (g/L)]/[CSF  albumin (mg/dL)/serum  albumin (g/L)]) was 0.103 (normal reference
range, < .06). The ﬁndings from ﬂow cytometry (FC) of the peripheral blood samples were negative. Examination of the CSF
conﬁrmed the presence of a malignant B-cell clone (CD5, CD10,
CD19þ, CD20þ, CD22þ, FMC7, and CD23, with kappa light
chain restriction in 3345 cells). The detection of a monoclonal IgH
rearrangement using polymerase chain reaction (PCR) conﬁrmed
B-cell clonality. Furthermore, the MYD88 L265P mutation was
positive on CSF examination. All these ﬁndings were consistent with
the diagnosis of BNS. Considering the absence of hyperintense lesions on MRI, a tissue biopsy was not performed. Concomitantly,
disease restaging was performed. Examination of the bone marrow
biopsy specimen revealed a massive (80%) LPL inﬁltration, with a
detectable MYD88 L265P mutation. The computed tomography
scan did not show lymphadenopathy and/or organomegaly.
From June to August 2014, the patient was treated with 3
monthly courses of R-DHAP (rituximab 375 mg/m2 on day 1,
cisplatin 50 mg/m2 on days 1 and 2, cytarabine 2 g/m2 on days 2
and 3, and dexamethasone 20 mg/m2 on days 1-4). Without
waiting for the achievement of a chemotherapy nadir, the patient
received 7 intrathecal chemotherapy injections with cytarabine,
methotrexate, and methylprednisolone (total dose, 40 mg, 12 mg,
and 20 mg, respectively) to achieve CSF cytology and FC negativity.
The intrathecal treatments were administered on days 1, 4, and 8
during the ﬁrst R-DHAP session and thereafter on day 1 and at
bone marrow recovery after the second and third course.
After the second lumbar puncture, despite clinical improvement,
the cytologic and FC examinations both revealed CD20þ cells and
MYD88 L265P mutation. After the third lumbar puncture, the
cytology and FC ﬁndings were negative. Nevertheless, the MYD88
L265P mutation was present on qualitative PCR. This was
considered signiﬁcant for the persistence of molecular disease.
Finally, at the fourth intrathecal injection, molecular eradication
was demonstrated, with the PCR results for MYD88 L265P were
indeterminate. The neurologic symptoms showed progressive
improvement during high-dose and intrathecal chemotherapy, with
complete resolution of diplopia documented after the third
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R-DHAP course and 7 lumbar punctures. The treatment was well
tolerated overall.
Regarding WM, a partial response in the IgM levels and IgM
spike (2241 mg/dL and 2.1 g/dL, respectively) was obtained. To
achieve a better quality of response to allow for the performance of
stem cell harvesting, additional treatment with 5 weekly cycles of
BDR (bortezomib, rituximab and dexamethasone)14 was given from
August to February 2015. Concomitantly, 7 additional intrathecal
chemotherapy injections were administered monthly. Grade 2
paresthesia after the third BRD course was the only adverse event
reported. At treatment completion, the patient had obtained a very
good partial response with an IgM spike reduction of > 90%, full
hematologic recovery, and 10% residual LPL marrow inﬁltration.
At 4 months after the end of BDR, peripheral stem cell harvesting was performed. A total of 6.4  106/kg CD34þ cells was
collected. However, with the achievement of a successful response,
stem cell transplantation was not performed. At the last follow-up
visit, 17 months after the BNS diagnosis, our patient was alive
and free of progression.

Discussion
A wide variety of clinical situations with BNS have been
described, depending on the inﬁltration site and type. Patients with
a “pseudotumor” MRI detectable form often develop seizure or
focal neurologic signs. In the “diffuse” form, leptomeningeal space
and periventricular white matter inﬁltration will result in confusion,
headache, cognitive decline, and psychiatric manifestations.15-19 In
a recent series of 44 patients analyzed by the French Innovative
Leukemia Organization, 36% of patients had presented with cranial
nerve involvement with predominance of facial or oculomotor nerve
palsy.9 However visual impairment without other CNS manifestations has rarely been described.5,20 After 3 years of asymptomatic
disease, our patient presented with only diplopia, resulting from
sixth cranial nerve palsy, showing the onset of BNS. This conﬁrms
that BNS should be suspected in the case of visual impairment as an
isolated symptom.
It is well known that when BNS is suspected, the results from
serum laboratory tests will not be helpful, because they will only
reﬂect the WM disease status. Variable ﬁndings have been reported
in association with BNS such as a high erythrocyte sedimentation
rate, elevated serum viscosity, elevated cryoglobulin levels, and
Bence-Jones proteinuria.21 In our patient, the disease status and
laboratory test results were similar to those 6 months earlier; thus,
the CSF ﬁndings were crucial for the BNS diagnosis.
The presence of a high concentration of LPL cells in the CSF
categorized our patient to group A according to the Fintelmann
classiﬁcation.22 Despite the high number of CSF LPL cells and palsy
of the sixth cranial nerve, our patient had normal MRI ﬁndings,
which is an atypical ﬁnding in group A patients.23
We suggest that in patients with WM and cranial nerve
impairment, CNS localization should always be suspected, because a
similar BNS presentation, characterized by bilateral abducens nerve
paresis with negative MRI ﬁndings, was reported by Bhatti et al.24
Furthermore, normal MRI ﬁndings have been reported in 22% of
cases in the largest series published to date.9
Although cytologic CSF evidence of LPL cells, combined with
characteristic FC ﬁndings, is highly suggestive for BNS, the ﬁnding
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of a monoclonal IgM band in the CSF of patients with MW
generally cannot be considered, per se, diagnostic. The IgM level in
the CSF can be elevated because of passive leakage of proteins across
the bloodebrain barrier.13 The value obtained using the IgM index
allowed us to speculate the presence of primitive intrathecal IgM
production.
Recently, and for the ﬁrst time, Poulain et al6 reported the
importance of the diagnostic support of MYD88 L265P mutation
detection in the CSF from 3 patients with BNS.6 Sequential measurements of the mutation with quantitative PCR were used to
monitor the treatment response. In our patient, a MYD88 L265P
mutation was present in the CSF at diagnosis. Subsequent monitoring was useful to detect minimal residual disease, even in the
absence of CSF cells at cytology and FC analysis. This supports the
importance of MYD88 L265P mutation detection, not only in the
diagnostic evaluation, but also in monitoring the treatment
response. Although 2 large retrospective series have recently been
reported,9,10 the best treatment strategy for BNS has not yet been
deﬁned.
Despite the evidence of a response to intrathecal chemotherapy or
radiotherapy, systemic treatment is usually needed to achieve sustained remission and disease control in the bone marrow.9,10,15,20,25
In the retrospective series by Simon et al9 and Castillo et al,10 in
addition to intrathecal treatment, most patients had received highdose chemotherapy (52% and 41%, respectively). The remission
of neurologic symptoms and clearance of LPL cells have been
described in several cases after combination treatment with rituximab and ﬂudarabine, as well as 2-chlorodeoxyadenosine, suggesting
the possible ability of purine analogs (PAs) to penetrate into the
CNS compartment.4,26-28 To our knowledge, data concerning the
ability of PAs to cross the bloodebrain barrier have been mainly
based on animal models. It has been speculated that the success of
PAs treatment might be related to an increased barrier permeability
in meningeal disease and slower clearance from the CSF.27
Considering this possible individual behavior and the young age
of our patient, we opted for an aggressive approach with high-dose
chemotherapy. Both high-dose methotrexate (MTX) and the RDHAP regimen combined with intrathecal MTX have been successfully used in published studies.8,17,21,29,30 However, in the series
by Simon et al,9 the use of high-dose chemotherapy did not affect
progression-free survival and overall survival. In our patient, a rapid
clinical response was observed after 2 lumbar punctures and RDHAP initiation. Considering our patient’s young age and disease
prognosis, we chose to administer 2 additional courses of high-dose
chemotherapy. Despite the favorable outcome, we speculate
regarding the correct treatment intensity that should be administered for BNS. In our patient, we obtained early complete CSF
molecular eradication. Even if no current data are available
regarding the value of the achievement of CSF-negative molecular
disease, it is reasonable to assume that a fewer number of R-DHAP
courses could also lead to the same results in CNS disease.

Conclusion
In the present study, we have conﬁrmed the high sensibility
of PCR in detecting minimal molecular residual disease in the
CSF in our patient. We suggest that its sequential use for CNS
disease monitoring could allow clinicians to choose the correct

amount and type of chemotherapy agents and, furthermore,
avoid unnecessary toxicity.

References
1. Swerdlow SH, Campo E, Harris NL, et al. WHO Classiﬁcation of Tumors of
Haematopoietic and Lymphoid Tissue. 4th ed. Lyon: France International Agency
for Research on Cancer; 2008.
2. Bing J, Neel AV. Two cases of hyperglobulinemia with affection of the central
nervous system on a toxi-infectious basis. Acta Med Scand 1936; 8:492-506.
3. Varettoni M, Marchioni E, Bonﬁchi M, et al. Successful treatment with Rituximab
and Bendamustine in a patient with newly diagnosed Waldenström’s Macroglobulinemia complicated by Bing-Neel syndrome. Am J Hematol 2015; 90:152-3.
4. Vos JM, Kersten MJ, Kraan W, et al. Effective treatment of Bing-Neel syndrome
with oral ﬂudarabine: a case series of four consecutive patients [e-pub ahead of
print]. Br J Haematol 2015 http://dx.doi.org/10.1111/bjh.13483.
5. Hughes MS, Atkins EJ, Cestari DM, Stacy RC, Hochberg F. Isolated optic nerve,
chiasm, and tract involvement in Bing-Neel Syndrome. J Neuroophthalmol 2014;
34:340-5.
6. Poulain S, Boyle EM, Roumier C, et al. MYD88 L265P mutation contributes to
the diagnosis of Bing Neel syndrome. Br J Haematol 2014; 167:506-13.
7. Cuenca Hernandez R, Guzman de Villoria Lebiedziejewski JA, Roa Martinez E,
Menarguez Diaz J. Bing Neel syndrome as an initial sign of Waldenström
macroglobulinemia associated with orbital inﬁltration. Neurologia 2015; 30:252-5.
8. Ritzenthaler T, Leray V, Bourdin G, et al. Ventriculitis revealing Bing-Neel syndrome in a patient without Waldenström’s macroglobulinemia. Clin Neurol
Neurosurg 2013; 115:82-4.
9. Simon L, Fitsiori A, Lemal R, et al. Bing-Neel syndrome, a rare complication of
Waldenström’s macroglobulinemia: analysis of 44 cases and review of the literature. A study on behalf of the French Innovative Leukemia Organization (FILO)
[e-pub ahead of print]. Haematologica 2015 http://dx.doi.org.10.3324/haematol.
2015.133744.
10. Castillo JJ, D’SA S, Lunn MP, et al. Bing-Neel syndrome: a multi-institutional
retrospective study, Presented at 13-ICML, Lugano, June 17-20, 2015. Hematol
Oncol 2015; 33(suppl S1):1-20.
11. Treon SP, Xu L, Yang G, et al. MYD88 L265P somatic mutation in Waldenström’s macroglobulinemia. N Engl J Med 2012; 367:826-33.
12. Morel P, Duhamel P, Goobbi MA, et al. International prognostic scoring system
for Waldenström macroglobulinemia. Blood 2009; 113:4163-70.
13. Zetterberg H. Pathognomonic cerebrospinal ﬂuid ﬁndings in Bing-Neel syndrome.
J Neurooncol 2011; 104:615.
14. Dimopoulos MA, García-Sanz R, Gavriatopoulou M, et al. Primary therapy of
Waldenström macroglobulinemia (WM) with weekly bortezomib, low-dose
dexamethasone, and rituximab (BDR): long-term results of a phase 2 study of
the European Myeloma Network (EMN). Blood 2013; 122:3276-82.
15. Grewal JS, Brar PK, Sahijdak WM, et al. Bing-Neel syndrome: a case report and
systematic review of clinical manifestations, diagnosis, and treatment options. Clin
Lymphoma Myeloma 2009; 9:462-6.
16. Lancellotti G, Cohen-Bittan J, Makdessi S, et al. Late-onset Bing-Neel syndrome
associated with delirium and Lewy body dementia. J Am Geriatr Soc 2014; 62:2225-7.
17. Gupta N, Gupta S, Al Ustwani O, et al. Bing-Neel syndrome in a patient with
Waldenström’s macroglobulinemia: a challenging diagnosis in the face of normal
brain imaging. CNS Neurosci Ther 2014; 20:945-6.
18. Rigual D, Qui J, Fenstermaker RA, Fabiano AJ. Tumoral Bing-Neel syndrome
presenting as cerebellar mass. Clin Neurol Neurosurg 2013; 115:823-6.
19. Kim HJ, Suh SI, Kim JH, et al. Brain magnetic resolution imaging to diagnose
Bing-Neel syndrome. J Korean Neurosurg Soc 2009; 46:588-91.
20. Doshi RR, Silkiss RZ, Imes RK. Orbital involvement in Bing-Neel syndrome.
J Neuroophthalmol 2011; 31:94-5.
21. Malkani RG, Tallman M, Gottardi-Littell N, et al. Bing-Neel syndrome: an
illustrative case and a comprehensive review of the published literature.
J Neurooncol 2010; 96:301-12.
22. Fintelmann F, Forghani R, Schaefer PW, Hochberg EP, Hochberg FH. Bing-Neel
syndrome revisited. Clin Lymphoma Myeloma 2009; 9:104-6.
23. Ly KI, Fintelmann F, Forghani R, et al. Novel diagnostic approaches in Bing-Neel
syndrome. Clin Lymphoma Myeloma 2011; 11:180-3.
24. Bhatti MT, Yuan C, Winter W, et al. Bilateral sixth nerve paresis in the Bing-Neel
syndrome. Neurology 2005; 64:576-7.
25. Abdallah AO, Atrash S, Muzaffar J, et al. Successful treatment of Bing-Neel
syndrome using intrathecal chemotherapy and systemic combination chemotherapy followed by BEAM auto-transplant: a case report and review of literature.
Clin Lymphoma Myeloma 2013; 13:502-6.
26. Delgado J, Canales MA, Garcia B, et al. Radiation therapy and combination of
cladribine, cyclophosphamide, and prednisone as treatment of Bing-Neel syndrome: case report and review of the literature. Am J Hematol 2002; 69:127-31.
27. Richards AI. Response of meningeal Waldenström’s macroglobulinemia to 2
chlorodeoxyadenosine. J Clin Oncol 1995; 13:2476.
28. Kolbaske S, Grossmann A, Benecke R, Wittstock M. Progressive gait ataxia and
intention tremor in a case of Bing-Neel syndrome. J Neurol 2009; 256:1366-8.
29. Rigamonti A, Lauria G, Melzi P. A case of Bing-Neel syndrome presenting as
spinal cord compression. J Neurol Sci 2014; 346:345-7.
30. Jennane S, Doghmi K, Mahtat EM, et al. Bing and Neel syndrome. Case Rep
Hematol 2012; 2012:845091.

Clinical Lymphoma, Myeloma & Leukemia January 2016

- e9

