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Abstract: Primary central nervous system lymphoma (PCNSL) is a rare subtype of extra-
nodal non-Hodgkin lymphoma, and the most frequent histological type is diffuse large B-cell 
lymphoma (DLBCL). Bruton’s tyrosine kinase inhibitor (BTKi) has shown clinical activity 
in DLBCL. We herein report a 53-year-old man who presented with binocular diplopia, gait 
instability, dizziness and bucking. He was diagnosed with PCNSL by cranial magnetic 
resonance imaging (MRI) scan and brain biopsy. Next-generation sequencing (NGS) exam-
ination identified multiple genetic abnormalities. The patient was started on a high-dose 
methotrexate (HD-MTX)-based protocol for two courses. However, the patient developed 
disease progression. The patient’s phenotypic and genetic characteristics strongly suggested 
BN2-DLBCL, and zanubrutinib was added to the subsequent chemotherapy regimen. The 
treatment was well tolerated, and complete remission (CR) was achieved after three courses 
of chemotherapy with the new regimen. The patient then received autologous hematopoietic 
stem cell transplantation after four courses of chemotherapy with the new regimen. MRI 
revealed stable CR. Here, we report a successful case of refractory PCNSL treated with 
zanubrutinib. Small molecules, such as zanubrutinib, may be selectively integrated into first- 
line regimens of PCNSL to enhance curative effect and reduce recurrence. 
Keywords: primary central nervous system lymphoma, Bruton’s tyrosine kinase, 
zanubrutinib, targeted therapy

Introduction
Primary central nervous system lymphoma (PCNSL) is a rare subtype of extranodal 
non-Hodgkin lymphoma (NHL). The most frequent histological type of PCNSLs is 
diffuse large B-cell lymphoma (DLBCL).1,2 Treatment options of PCNSL include 
chemotherapy and whole-brain radiotherapy. Most chemotherapy regimens contain 
high-dose methotrexate (HD-MTX, ≥3 g/m2)-based chemotherapy with or without 
other chemotherapeutics.3

Ibrutinib is an orally administered Bruton’s tyrosine kinase inhibitor (BTKi). The 
drug has been approved for the treatment of chronic lymphocytic leukemia, relapsed/ 
refractory (R/R) mantle cell lymphoma and Waldenström macroglobulinemia (WM).4 

Ibrutinib has also been shown to be effective in DLBCL, especially for activated B-cell 
like (ABC) subtype.5 In recent years, several large-scale clinical trials have been con-
ducted to identify genetic subtypes and explore pathogenesis of DLBCL.6,7 Here, we 
report a case of PCNSL (BN2-DLBCL) with disease progression after two cycles of HD- 
MTX-based chemotherapy. Owing to the delayed next-generation sequencing (NGS) 
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results, zanubrutinib was added to the subsequent chemother-
apy regimen. The patient responded well and achieved com-
plete response (CR) thereafter.

Case Presentation
A 53-year-old man was admitted to the local hospital with 
complaints of binocular diplopia. Cranial magnetic reso-
nance imaging (MRI) showed two notable nodules in the 
cerebellopontine angle area and the medial temporal horn of 
the left ventricle (Figure 1). Consistent with the results of 
cranial MRI, positron emission tomography/computed 
tomography (PET/CT) revealed a 2.1×1.6 cm mass in the 
cerebellopontine angle area and a 1.0×0.9 cm mass in the 
medial temporal horn of the left ventricle without involve-
ment of other systems, and the maximum FDG uptake value 
was 27.7. The binocular diplopia worsened, and symptoms 
of gait instability, dizziness, bucking and numbness of the 
right side of the face appeared nearly one month later.

On the basis of radiological features and symptoms, the 
patient was admitted to the department of neurosurgery at 
Nanjing Drum Tower Hospital. Resection of the cerebellopon-
tine angle area mass was performed, but the symptoms did not 
improve postoperatively. Histological examination of the brain 
biopsy showed DLBCL. Immunohistochemical (IHC) analysis 
revealed the cells were positive for CD20, BCL6, MUN1, 
BCL2 and MYC; and negative for CD3, CD21, CD10 and 
CD5. The Ki-67 proliferation index was approximately 80%. 
In situ hybridization for EBER was negative. A diagnosis of 
PCNSL (non-GCB DLBCL) was made, and he was subse-
quently transferred to the department of hematology for further 
treatment.

The patient’s laboratory tests indicated a normal hemo-
gram. Serum biochemical results were all within the normal 
range except for a mild increase of glucose. Viral studies for 
HIV and HCV were negative. A diagnosis of chronic HBV 
infection was made based on serological analysis, and serum 
HBV DNA level was 1.85×103 IU/mL. The levels of EBV 
DNA and CMV DNA were all below the detection limit. 
A staging bone marrow biopsy was performed, and there 
was no evidence of bone marrow involvement by lym-
phoma. The bone marrow aspirate indicated a normal kar-
yotype (46, XY) without evidence of immunoglobulin heavy 
chain (IgH) gene rearrangement by fluorescence in situ 
hybridization (FISH) analysis. Disruption of BCL6 can be 
detected by FISH analysis in the surgical specimen. FISH 
for t(14;18) translocation (IgH/BCL2) and c-MYC disrup-
tion all yielded negative results. Next-generation sequencing 
(NGS) technology has been used to identify genes with 
aberrations. A panel of 222 common genes were tested 
(Figure S1), and the examination revealed multiple abnorm-
alities in the surgical specimen (Table 1). Physical examina-
tion revealed slight ptosis of right eyelid, decrease of right 
nasolabial sulcus, disappearance of right stria frontalis and 
left-leaning of angulus oris.

The patient was started on a HD-MTX-based regimen 
for two courses (Figure 2). The initial symptoms persisted, 
and cranial MRI scan was performed thereafter. Even 
though the mass in the medial temporal horn of the left 
ventricle shrank slightly (not shown here), the mass in the 
cerebellopontine angle area clearly enlarged (Figure 3). 
Based on clinical and imaging features, disease progres-
sion can be determined. The patient’s phenotypic and 

Figure 1 MRI scan of the brain at presentation. This MRI scan image showed two notable nodules in the cerebellopontine angle area and the medial temporal horn of the 
left ventricle (black arrow).
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genetic characteristics strongly suggested BN2-DLBCL.6 

Owing to the poor treatment response and delayed NGS 
results, zanubrutinib was added to the subsequent regimen. 
The patient received an initial dose of 160 mg twice daily, 
with subsequent dose modification due to the addition of 
voriconazole for fungal infection. He then received two 
cycles of the new regimen with HD-MTX, rituximab and 
zanubrutinib (repeated every 28 days). The treatment was 
well tolerated, and symptoms were relieved gradually 
(Figure 2). Further cranial MRI scan was performed, and 
it revealed that the masses were reduced significantly. Two 
additional courses were given, and a CR with cicatricial 
changes was achieved after three courses of chemotherapy 
with the new regimen (Figure 3). The patient then received 
autologous hematopoietic stem cell transplantation with 

a conditioning regimen including busulfan, cyclophospha-
mide and thiotepa. MRI revealed stable CR, and he 
remained alive 11 months after diagnosis.

Discussion
PCNSL is a rare extranodal non-Hodgkin lymphoma 
(NHL), typically with DLBCL histology and inferior prog-
nosis to other nodal lymphomas.2 Based on cell of origin 
(COO), the majority of PCNSLs (over 85%) can be clas-
sified as ABC subtype, which is associated with frequent 
mutations in the B-cell receptor (BCR) signaling pathway 
and inferior outcomes.8 HD-MTX, which served as the 
foundation of all first-line treatment regimens, has 
improved prognosis of PCNSLs significantly during the 
past decades. Other drugs found to be safe and useful 
when combined with HD-MTX are rituximab, temozolo-
mide, thiotepa, vincristine, cytarabine and procarbazine.9 

However, outcome for patients with R/R PCNSL is poor, 
and treatment options for these patients remain limited.

DLBCLs constitute a heterogeneous group of malig-
nancies regardless of subtypes based on COO, termed 
germinal center B-cell-like (GCB), ABC and 
unclassified.10 Nonetheless, this classification cannot 
fully explain the heterogeneous responses to standard 
scheme (R-CHOP) or targeted therapy. Due to the progress 
of genomic technologies, large-scale structural and func-
tional analysis can be implemented to detect genes with 
recurrent aberrations. Genetic classification of DLBCL 
provides a novel and evolving understanding of tumor 
pathogenesis and potential therapeutic targets. In the past 
few years, several integrative analyses have been con-
ducted to identify genetic subtypes and uncover therapeu-
tic vulnerabilities of DLBCL based on tumor genetics.6,7,11 

A study by Schmitz and colleagues identified four genetic 
subtypes on the basis of genetic aberrations, termed MCD 
subtype (co-occurrence of MYD88L265P and CD79B muta-
tions), BN2 subtype (BCL6 fusions and NOTCH2 muta-
tions), N1 subtype (NOTCH1 mutations) and EZB subtype 
(EZH2 mutations and BCL2 translocations).6 Recently, 
Wright and colleagues adopted an algorithm to determine 
the probability of a specific DLBCL belonging to 
a particular subtype, and identified seven genetic subtypes 
based on its genetic features. In addition to the above- 
mentioned four subtypes, the A53 subtype (aneuploid with 
TP53 inactivation) and ST2 subtype (SGK1 and TET2 
mutations) were identified, and the EZB subtype can be 
subdivided into EZB-MYC+ and EZB-MYC− types.7 

Considerable researches have focused attention on BTK 

Table 1 Summary of Variants Detected by Next-Generation 
Sequencing (NGS) in Tumor Tissue

Gene Nucleotide Change Amino Acid 
Change

Ratio of 
Variation 

(%)

NOTCH2 c.6909delC p.Ile2304fs 37.5
MYD88 c.656T>C p.Met219Thr 41

ATM c.2045T>C p.Val682Ala 30.1

TET2 c.1630C>T p.Arg544 37.3
ARID1B c.646C>T p.Pro216Ser 1.9

ARID1B c.948C>G p.Tyr316 2.6
BTG1 c.112C>T p.Gln38 1.1

CCR7 c.316C>G p.Leu106Val 94.2

CD58 c.617C>A p.Ala224Glu 36.7
CDKN1A c.251G>A p.Arg84Gln 7.2

CREBBP c.3274C>T p.Gln1092 6.4

EP300 c.6167G>A p.Arg2056Gln 39.6
FAT1 c.5630delC p.Pro1877fs 38.1

FBXW7 c.1513C>T p.Arg505Cys 39.1

FGFR3 c.620G>A p.Arg207Gln 41.5
GNA13 c.79C>T p.Gln27 85.8

IGLL5 ACCGCAAAGCinsGC p.Gln46Leu 34.6

IGLL5 c.45G>C p.Glu15Asp 41
IGLL5 c.203G>A p.Gly68Asp 35

IGLL5 c.46C>G p.Leu16Val 43.8

IGLL5 −3_1delCCAAinsACA p.Met1 43.4
IGLL5 c.173G>T p.Ser58Ile 48.2

IGLL5 c.176G>A p.Ser59Asn 33.5

IGLL5 c.195C>G p.Ser65Gly 32
IGLL5 c.195C>T p.Ser65Val 52

MYC c.16G>C p.Val6Leu 2

MYC c.62G>A p.Ser21Asn 1.8
PIM1 c.290G>C p.Ser97Thr 1.4

SOCS1 c.358G>A p.Ala120Thr 8.2
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Figure 2 Treatment procedure, and timeline of symptoms during the treatment. MRI1, first MRI scan; MRI2, second MRI scan; MRI3, third MRI scan; MRI4, fourth MRI scan; 
bid, twice daily.
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H

Figure 3 Cranial MRI images. (A and B) Cranial MRI imaging on admission to the department of hematology. (C and D) Cranial contrast-enhanced MRI imaging on the day 
before the third course showed that the mass in the cerebellopontine angle area had clearly enlarged. (E and F) Cranial contrast-enhanced MRI imaging on the day before 
the fourth course showed that the mass was reduced significantly. (G and H) Cranial contrast-enhanced MRI imaging on the day before the fifth course showed that the 
mass disappeared with cicatricial changes.
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as a potential therapeutic target in DLBCL, and the BTKi 
exhibited potential therapeutic effects on DLBCL, espe-
cially in MCD, BN2 and A53 subtypes.6,7

Recently, a large number of genomic researches using 
archival tissue banks have been undertaken. These inves-
tigations have identified BCR and Toll-like receptor (TLR) 
signaling pathways as being critical in the pathogenesis of 
PCNSL.8 These pathways may potentially be targeted at 
different signaling nodes. BTK linked the BCR and TLR 
with nuclear factor kappa B (NF-κB), and a first-in-class 
BTKi (ibrutinib), which targeted BCR signaling pathway 
at the central nodule, has produced promising results in 
PCNSLs.12,13 Zanubrutinib is a novel, highly 
potent, second-generation BTKi. As compared with ibru-
tinib, this novel BTKi possesses a highly selective target- 
binding profile and exhibits fewer off-target effects on 
other related kinases.14 Based on less off-target toxicity, 
treatment with zanubrutinib is generally well tolerated as 
compared with ibrutinib, particularly in older patients. 
A recent report has shown that zanubrutinib has a good 
effect on Bing–Neel syndrome, which is characterized by 
lymphoplasmacytic cell infiltration of the CNS in patients 
with WM. This report confirmed that zanubrutinib can 
cross the BBB and exert clinical efficacy in CNS.15

R/R PCNSL patients have a dire prognosis: a median 
OS of 2–3 months, regardless of the lines of salvage 
treatment, was found in a large-scale prospective cohort 
study.16 Several recent studies indicated that a relatively 
high objective response rate can be achieved for R/R 
PCNSL patients who received ibrutinib, alone or com-
bined with other therapies.12,17,18 To the best of our 
knowledge, no case has previously been reported with 
treatment of these patients with zanubrutinib. In the pre-
sent research, we described a newly diagnosed PCNSL 
patient with BN2-DLBCL subtype. HD-MTX-based regi-
mens were given as first-line chemotherapy. Due to the 
large lesion and severe symptoms, lenalidomide, which 
can inhibit NF-κB and PI3K/AKT pathway, was added 
to the regimens. The patient developed disease progres-
sion after two cycles of chemotherapy. Owing to the poor 
response and delayed NGS results, lenalidomide was 
removed, and zanubrutinib was added to the subsequent 
chemotherapy regimen. The patient responded well to the 
treatment and achieved CR after three cycles of che-
motherapy. Lionakis et al demonstrated in a clinical trial 
with PCNSL patients that increased aspergillosis was 
detected with ibrutinib alone or combined with 
chemotherapy.13 The patient in our case also developed 

pulmonary fungal infection during treatment. The under-
lying mechanism of this phenomenon is that BTKi may 
impair fungal immune surveillance, and this effect can be 
exacerbated by co-administration of chemotherapy. The 
significance of the larger proportion of NGS results 
detected in our case is unclear. If the patient had not 
responded to zanubrutinib, other treatment options of 
hypomethylating agents and/or histone acetyltransferases 
inhibitor could be selected for targets of TET2, CREBBP 
and EP300.19,20

Due to the low incidence and difficulty in clinical 
diagnosis, it is difficult to undertake large clinical trials 
to determine the optimal regimen of patients with 
PCNSL. Recently, several large-scale clinical trials 
have been conducted to identify genetic subtypes and 
explore pathogenesis of DLBCL. These studies provide 
a wealth of information on DLBCL. As the majority of 
PCNSLs are of B-cell origin and the most frequent 
histological type (over 90%) is DLBCL, this information 
could be put in order in clinical practices to enable the 
application of precision and personalized medicine for 
PCNSL. In conclusion, we report a first, successful case 
of refractory PCNSL treated with zanubrutinib according 
to the NGS results. Over the next few years, we will 
likely see small molecules, such as zanubrutinib, being 
selectively integrated into first-line regimens of PCNSL 
to enhance curative effect and reduce recurrence.

Ethical Approval
Ethical approval was obtained from the Institutional 
Research Ethics Committee.

Patient Informed Consent
Written informed consent was obtained from the patient 
for the publication of his case details and images.
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