
C A S E  R E P O RT

Refractory Chronic Lymphocytic Leukemia with 
Central Nervous System Involvement: A Case 
Report with Literature Review

This article was published in the following Dove Press journal: 
Journal of Blood Medicine

Takahisa Nakanishi* 
Tomoki Ito * 
Shinya Fujita 
Atsushi Satake
Akiko Konishi
Masaaki Hotta 
Hideaki Yoshimura 
Shosaku Nomura

First Department of Internal Medicine, 
Kansai Medical University, Hirakata, 
Osaka, Japan  

*These authors contributed equally to 
this work  

Abstract: There have been few reports on central nervous system (CNS) involvement in 
chronic lymphocytic leukemia (CLL). This is an extremely rare disease with poor 
prognosis, owing to resistance to various treatments. We describe a 33-year-old man 
with intractable CLL with CNS involvement. He was diagnosed with CLL, with diplopia 
as the first manifestation. Magnetic resonance imaging revealed a contrast-enhancing 
tumor in the right temporal lobe, which was diagnosed as CNS involvement in CLL on 
brain biopsy. High-dose methotrexate therapy was ineffective for this lesion, which was 
also resistant to subsequent whole-brain irradiation, treatment with fludarabine–cyclopho
sphamide–rituximab chemoimmunotherapy, and ibrutinib administration. Because no 
standard protocol exists for CLL with CNS involvement, it is important to accumulate 
case data to verify the choice of new drugs for administration at an early stage. 
Therefore, we also conducted a literature review of 50 case reports of CNS lesions in 
the last 10 years to consider the pathophysiology, diagnosis, and treatment of CNS 
involvement in CLL. The possibility of new therapeutic agents, eg, ibrutinib and vene
toclax, or a combination of these agents and methotrexate, can be envisioned as a 
treatment strategy for CLL with CNS involvement. 
Keywords: chronic lymphocytic leukemia, central nervous system involvement, literature 
review

Introduction
Chronic lymphocytic leukemia (CLL) is the most frequent adult leukemia in 
the US and Europe, but is a rare disease in Japan, with a frequency 10% that 
in theUS.1 The disease typically occurs in older patients, and the median age 
at diagnosis is 72 years.2 Generally, CLL progresses slowly, but some cases 
progress rapidly and aggressively.3 Furthermore, CLL has a highly variable 
clinical course, and neurological complications arising from direct leukemic 
involvement in the central nervous system (CNS) are reported in only 1% of 
patients with CLL.4,5 Here, we present a rare case of a young CLL patient with 
CNS involvement that was resistant to various therapies. CLL treatment has 
improved considerably in the last decade; however, it remains unclear which 
the best treatment for CNS involvement in CLL is. Therefore, in this case 
report, we also conducted a comprehensive literature review of 50 case reports 
with CNS involvement in the last 10 years in which the clinical course was 
described.
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Case Presentation
A 33-year-old man with diplopia was referred to our hospi
tal. He had a 9 month history of asymptomatic revised Rai 
low– and Binet A–stage CLL that had been diagnosed 
owing to an increase in lymphocyte count at a medical 
checkup, but he had not come to the hospital at his own 
discretion. Thereafter, he developed diplopia and was 
referred to neurosurgery by an ophthalmologist. Except for 
double vision and intracranial hypertension–related head
aches, the neurological examination was unremarkable, 
and he had no other symptoms or lymph-node swelling. 
Magnetic resonance imaging (MRI) revealed a 5×3.5 cm 
nonuniformly contrasted mass in the right temporal lobe that 
appeared hypointense on T1-weighted and hyperintense on 
T2-weighted images (Figure 1A). In this case, because there 
was a risk of cerebral hernia owing to a bulky CNS lesion, 
lumbar puncture could not be performed.

A diagnostic cranioscopic biopsy was performed, which 
revealed infiltration of small monoclonal lymphocytes with 
expression of CD5, CD20 (Figure 2), and CD79A, but with
out CD10, CD23, cyclin D1, or evidence of transformation. 
Similarly, his blood showed CLL-cell clonality, with 

expression of CD5, CD19, CD20 (dim), CD22, and cell- 
surface Ig, but no expression of CD10, CD23, or IgH-BCL1 
on fluorescence in situ hybridization. Bone marrow (BM) 
specimens revealed 96.6% of lymphocytes had the same 
flow-cytometry appearance as peripheral blood (PB). BM 
lymphocytes had a normal karyotype without poor prognos
tic factors, deletion 17p, deletion 11q, or transformation 
(Figure 3), which was compatible with a diagnosis of 
CLL. These findings were indicative of leukemic involve
ment in the CNS, and the patient was eventually transferred 
to hematology. In this case, Richter’s syndrome was initially 
suspected from the symptoms and course, but CNS-infiltrat
ing cells were small lymphoid cells similar to those of PB 
and BM, and transformation to a diffuse large-cell type was 
ruled out by brain biopsy. Therefore, we diagnosed CNS 
involvement in CLL.

Laboratory data (Table 1) were significant for a white 
blood–cell count of 464,200/μL (98.5% lymphocytes and 
1.5% neutrophils). Hemoglobin level and platelet count 
were 11.7 g/dL and 305,000/μL, respectively. Lactate dehy
drogenase was 262 IU/L (normal range 112–230 IU/L) and 
soluble IL2R 11,000 IU/L (normal range 124–466 IU/dL). 

Figure 1 Magnetic resonance imaging (MRI) showing 5×3.5 cm abnormal nonuniformly contrasted mass with hypointensity on T1-weighted image (left) and with 
hyperintensity on T2-weighted image (right) in the right temporal lobe. (A) MRI at first consultation; (B) MRI after MPV administration (at day 17 after admission); (C) 
MRI after FCR administration (at day 34 after admission); (D) MRI after Ibr administration (at day 54 after admission).
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β2-microglobulin was 2.1 mg/L. Evaluation with thoracoab
dominal computed tomography (CT) revealed splenome
galy and mild systemic lymphadenopathy.

Treatment with 2 mg betamethasone for 7 days transi
ently improved the diplopia and headaches, but tumor size 
evaluated by CT/MRI remained unchanged. No standard 
protocol exists for CLL with CNS involvement, because it 
is an extremely rare disease condition. Therefore, accord
ing to the treatment strategy of primary CNS lymphoma, 
MPV chemotherapy (methotrexate 3.5 mg/m2 on day 1, 
vincristine 1.4 mg/m2 [max 2.8 mg on day 1], and procar
bazine 100 mg/m2 per day on days 1–7) was started. Ten 
days after treatment, intracranial hypertension–related 
symptoms, such as diplopia and headaches, recurred and 
performance status was decreased. MRI showed that the 
tumor size remained unchanged (Figure 1B) and PB-lym
phocyte reduction was poor (Figure 4), indicating resis
tance to the MPV treatment. Therefore, rituximab (Rtx) 
375 mg/m2 and subsequent whole-brain radiotherapy (30 
Gy/15 fr) plus simultaneous in-field boost (10 Gy/5 fr) 
were administered.

After Rtx administration, the diplopia and headaches 
improved and lymphocyte reduction was observed. 

Therefore, treatment with one cycle of FCR chemother
apy (fludarabine 25 mg/m2 per day and cyclophospha
mide 250 mg/m2 per day for the first 3 days, with 
addition of Rtx 375 mg/m2) was started. Although the 
PB lymphocytes decreased steadily (Figure 4) without 
recurrence of intracranial hypertension–related symptoms, 
no reductive effect on the intracranial tumor was 
observed on contrast-enhanced MRI (Figure 1C). 
Because the effects of ibrutinib (Ibr) on the CNS have 
been reported in CLL and mantle-cell lymphoma,6 we 
next selected Ibr 420 mg/day for treatment. However, 2 
weeks later, contrast-enhanced MRI revealed no reductive 
effect, and diplopia and headaches had recurred (Figure 
1D). Finally, the patient refused subsequent treatment and 
was self-discharged from the hospital. He died at home 9 
weeks after the onset of initial symptoms (48 weeks after 
the diagnosis of CLL).

Discussion
Diagnostic cranioscopic biopsy was performed in our case, 
but many cases were diagnosed by cerebrospinal fluid 
(CSF) analysis in a retrospective cohort of 30 CLL 
patients with CNS involvement.7 In that cohort, biopsies 

Figure 2 Brain specimens (cranioscopic biopsy) showing infiltration of small monoclonal lymphocytes with expression of CD5 and CD20 (upper left, H&E ×40; upper right, 
H&E ×100; lowerleft CD5 ×100; lower right, CD20 ×100).
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were performed in only five cases, of which only one was 
diagnosed by brain biopsy.7 Our review of the literature 
revealed diagnostic biopsies had been performed in 12 of 
50 cases (not including surgical resection). Ten of the 50 
cases were diagnosed as Richter’s syndrome, and 11.3% of 
Richter’s transformation with intracranial involvement was 
found in an old literature review of CLL (before 2011).8 

By contrast, there were no cases of Richter’s syndrome in 
the 30 cases of the retrospective cohort.7 It has been 
reported that Richter’s transformation occurs in approxi
mately 5%–10% of the CLL population;9 therefore, it is 
still difficult to conclude whether there is an intimate 
correlation between CNS involvement and Richter’s 
transformation.

The 50 reported cases of CNS involvement in CLL 
had diverse and uncharacteristic symptoms, such as head
aches, convulsions, diplopia, ataxia, facial paralysis, and 
cognitive dysfunction (Table 2). It is difficult to identify 
the risk factors for CNS involvement in CLL.10,11 Our 
literature review confirmed this, because we could not 
find a common feature in cases of CNS involvement. 
There are cases in which CNS involvement develops 
when the stage is not necessarily progressive (on Rai or 

Binet staging) or without high-risk chromosomal abnorm
ality, such as del17p or del11q. This suggests clinical and 
pathophysiological heterogeneity of CNS involvement in 
CLL.7

A report summarizing the literature published before 
2011 of CNS involvement in CLL8 showed average age 
63.4 years, average latency between CLL diagnosis and 
first signs of CNS involvement 2.6 years, average overall 
survival (OS) from CLL diagnosis 3.8 years, and average 
OS from time of CNS onset 12 months. Our review of 
the 50 case reports revealed average age 62.2 years (in 49 
cases) and average latency 4.9 years (in 32 cases. OS 
data could not be extracted. Our case showed a younger 
and more aggressive disease course of age 33 years, 
latency 9 months, OS 48 weeks, and OS from time of 
CNS onset 9 weeks. Our case was resistant to high-dose 
Mtx and whole-brain radiotherapy as standard treatments 
for primary CNS lymphoma. As the standard treatment 
for non–high risk CLL, FCR was effective in reducing 
the number of PB lymphocytes and improved intracranial 
hypertension-related symptoms; however, it had less 
effect on tumor shrinkage, indicating it was ineffective 
for the CNS lesion. Although the number of reports of 
CNS involvement in CLL is low, there were reports of 
successful treatment with FCR in some cases in our 

Figure 3 CLL cells from peripheral blood at first consultation and admission and 
BM at admission showed mature small monoclonal lymphocytes with narrow 
cytoplasm, concentrated nuclei, and partially aggregated chromatin without trans
formation to a large cell type (H&E ×40 and ×200).

Table 1 Hematologic Assessment of Patient

White blood Cells/μL 464,200/μL Na 141 mEq/L

Neutrophils 1.5% K 4.2 mEq/L
Basophils 0 Cl 103 mEq/L

Eosinophils 0 BUN 12 mg/dL

Lymphocytes 98.5% Cr 0.83 mg/dL
Monocytes 0 TP 6.5 g/dL

Others 0 Alb 4.1 g/dL

Plt 30.5×104/μL AST 26 U/L
RBC 449×104/μL ALT 37 U/L

Hb 11.7 g/dL T-Bil 0.4 mg/dL
Ht 42.1% D-Bil 0 mg/dL

MCV 93.8 fL ALP 544 U/L

MCH 26.1 pg γGTP 87 U/L
MCHC 27.8 g/dL LDH 262 U/L

APTT 25.7 seconds CRP 0.072 mg/dL

PT 107.4%
FBG 241 mg/dL IgG 955 mg/dL

AT-III 109% IgA 83 mg/dL

HBs-Ag — IgM 29 mg/dL
HCV-Ab — sIL2R 11,000 U/mL

HTLV-1 — BMG 2.1 mg/L

HIV — ANA —
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literature review (Table 2). However, in general, prog
nosis was poor, owing to resistance to various treatments, 
such as high-dose Mtx, intrathecal injection, whole-brain 
radiotherapy, and FCR. A similar result was obtained in 
our case

Ibr has been reported to be effective in CNS 
lesions of mantle-cell lymphoma6 and Waldenström 
macroglobulinemia.12 Effects of Ibr appear 1–2 weeks 
after administration.13 Nine successful cases of Ibr 
treatment for CNS involvement in CLL were found in 
50 cases (complete response in eight cases, partial 
response in one) (Table 2); therefore, Ibr may be a 
promising drug for CNS involvement. However, this 
was not found in our case. It is possible that the 
effective concentration of Ibr in the CNS lesion had 
not reached sufficient levels in our case. Concentration 
in CSF was reported to be 2log lower than in the 
plasma of 18 patients with primary CNS lymphoma 
treated with Ibr.14 It has been reported that an 
increased dose of Ibr escalates CSF concentration 

without adverse events,15 and that increasing the dose 
of Ibr is effective for CNS lesions in CLL.16 It will be 
necessary in the future to verify the optimal dose of Ibr 
for CNS lesions. Bulky disease in CNS lesion might 
also cause treatment failure. Although ofatumumab and 
alemtuzumab are alternative treatment options, we did 
not select them, because they did not show superiority 
to Ibr in the data or in drug penetration of the CNS. In 
addition, there have been two reports showing the 
effectiveness of venetoclax against CNS lesions 
(Table 2).17,18 One of those was a case where veneto
clax was effective after Ibr resistance, and thus it may 
be beneficial to test venetoclax against CNS involve
ment in CLL.

Conclusion
Patients with CNS lesions in lymphoid tumors have a poor 
prognosis, but the possibility of concomitant use of Mtx 
and Ibr or venetoclax can be envisioned. Accumulation of 

Figure 4 Clinical course of WBC and lymphocyte counts after treatment. 
Abbreviations: MPV, methotrexate 3.5 mg/m2 (day 1), vincristine 1.4 mg/m2 (max 2.8 mg) (day 1), and procarbazine 100 mg/m2 per day (days 1–7); Rtx, rituximab (375 mg/ 
m2; FCR, fludarabine (25 mg/m2 per day), cyclophosphamide (250 mg/m2 per day) for the first 3 days, with addition of Rtx 375 mg/m2; WBRT, whole-brain radiotherapy (30 
Gy/15 fr) plus simultaneous in-field boost (10 Gy/5 fr).
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data from cases is important to verify the choice of new or 
combination drugs for administration from an early stage.
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