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Abstract. The aim of this study was to evaluate whether
the addition of rituximab to chemotherapy reduces central
nervous system (CNS) events and to identify the risk factors
associated with CNS involvement. Patients who were
diagnosed with diffuse large B-cell lymphoma (DLBCL)
between January, 1995 and December, 2012, without prior
CNS disease, were recruited in this study. The patients
received chemotherapy with cyclophosphamide, doxorubicin,
vincristine and prednisolone (CHOP) or CHOP with
rituximab (R-CHOP), with curative intent. The incidence
rate of subsequent CNS events was compared between the
two groups. A total of 110 patients were recruited, 45 (41%)
of whom received CHOP and 65 (59%) R-CHOP. A total of
12 patients (10.9%) subsequently exhibited CNS involvement.
The median time from the initial DLBCL diagnosis to CNS
disease was 6.7 months (range, 1.3-23.8 months). The CNS
disease rate was 15.5% (7/45) in the CHOP group vs. 7.6%
(5/65) in the R-CHOP group. The projected 3-year CNS disease
rate was 18% in the CHOP group vs. 9% in the R-CHOP group
(P=0.15). The survival of patients with CNS disease was poor,
with a median survival of 5.8 months. On multivariate analysis
using the Cox proportional model, stage IV disease remained
an independent predictor of CNS disease (hazard ratio = 7.75,
95% confidence interval: 1.67-35.92, P=0.009). In conclusion,
the addition of rituximab to chemotherapy did not appear to
reduce the risk of CNS events in our study. Other effective
prophylactic measures are required to reduce the incidence of

Correspondence to: Dr Man Fai Law, Department of Medicine
and Therapeutics, Prince of Wales Hospital, 30-32 Ngan Shing
Street, Sha Tin, Hong Kong SAR 999077, P.R. China

E-mail: mflaw99@yahoo.com.hk

“Contributed equally

Key words: rituximab, central nervous system events, diffuse large
B-cell lymphoma

CNS events. High-dose intravenous methotrexate crosses the
blood-brain barrier and may be used as CNS prophylaxis in
high-risk patients.

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most
common type of non-Hodgkin's lymphoma (1). DLBCL is
responsive to chemotherapy and patients with relapsed or
refractory disease may be treated with salvage chemotherapy
followed by autologous stem cell transplantation (ASCT). In
a previous study, the 3-year overall survival rate was 49% for
relapsed lymphoma without central nervous system (CNS)
involvement (2). Patients with disease progression into the
CNS exhibit poor survival, despite aggressive interventions,
with a median survival of 2-5 months (3-5). The reported inci-
dence of CNS involvement varies from 2.8 to 25%, depending
on the population under investigation and the diagnostic
tests used (5-7). The CNS lymphoma may involve the brain
parenchyma and/or the leptomeninges. CNS may be the only
disease site or may be associated with other sites of disease
at relapse. There is currently no consensus regarding the
optimal strategy to prevent CNS dissemination. Traditionally,
the prophylactic measures include intrathecal (IT) injection
of methotrexate, cytarabine and steroid, mainly in high-risk
patients, i.e., those with marrow, testicular, orbital and nasal
sinus involvement.

The addition of rituximab to cyclophosphamide, doxoru-
bicin, vincristine and prednisolone (CHOP) chemotherapy
has improved the remission rate and the overall survival in
DLBCL patients. Considering the effective eradication of
systemic disease in responsive patients, we were prompted to
investigate whether rituximab was also able to reduce CNS
events. This is a major practical question, since CNS prophy-
lactic measures may require improvement if CHOP with the
addition of rituximab (R-CHOP) is found to be inadequate.
The aim of this study was to perform a historical analysis
of the patients treated with CHOP and R-CHOP to evaluate
whether the CNS disease rate was reduced with the addition
of rituximab and to identify the risk factors associated with
CNS involvement.
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Patients and methods

Patient selection and treatment. Patients aged =18 years,
diagnosed with DLBCL and treated with CHOP or R-CHOP
chemotherapy with curative intent in the Tuen Mun
Hospital (Hong Kong, China) between January, 1996 and
December, 2012, were recruited in this study. The exclusion
criteria included human immunodeficiency virus (HIV) posi-
tivity and CNS disease at initial diagnosis.

For early-stage patients (stage I or II) with non-bulky
disease, 4 courses of CHOP (cyclophosphamide 750 mg/m? on
day 1, doxorubicin 50 mg/m? on day 1, vincristine 1.4 mg/m?
on day 1 and prednisolone 40 mg/m? on days 1-5) or R-CHOP
(addition of rituximab 375 mg/m? on day 1) were administered.
Following chemotherapy, regional radiation therapy (RT) was
delivered to the involved area. For patients with advanced
stages (III or IV) or early-stage bulky disease, 6-8 courses
of CHOP or R-CHOP were administered. The chemotherapy
or chemoimmunotherapy were administered every 3 weeks.
Patients with bulky disease also received RT. Bulky disease
was defined as a mediastinal mass with a maximal width
exceeding one-third of the maximal diameter on a standing
posteroanterior chest X-ray, or any mass >10 cm in diameter.
IT prophylaxis with 8 doses of methotrexate (12 mg) was
administered to high-risk patients, such as those with bone
marrow, testicular, nasal sinus, kidney or breast involvement,
unless patients declined prophylactic treatment.

The evaluation of CNS involvement was performed as clin-
ically indicated and included computed tomography (CT) or
magnetic resonance imaging (MRI) and lumbar puncture with
cerebrospinal fluid (CSF) analysis by cytological examination.
CSF analysis was also performed in high-risk patients, such as
those with bone marrow, nasal sinus or testicular involvement.
CNS involvement was defined as the presence of lymphoma
cells in the CSF or the presence of typical lesion(s) on CT
or MRI. The rate of CNS disease progression was compared
between the CHOP and the R-CHOP groups.

Endpoints. Baseline parameters such as age, disease stage,
marrow disease, bulky disease, B symptoms, number and
sites of extranodal disease, international prognostic index
(IPT) score and lactate dehydrogenase (LDH) level were
collected. The prognostic factors associated with subsequent
CNS disease were investigated. The primary endpoint was the
time-to-CNS disease, which was calculated from the date of
pathological diagnosis of lymphoma to the date of diagnosis
of CNS disease. Patients not developing CNS lymphoma were
censored at the last date of follow-up.

Statistical analysis. Time-to-CNS disease and survival were
compared between the two groups using the Kaplan-Meier
method and the log-rank test. Baseline parameters associated
with CNS disease were compared using the Chi-square test
and the Fisher's exact test was used for categorical variables.
To evaluate the risk factors for CNS events, a univariate anal-
ysis was initially performed using time-to-CNS disease as the
endpoint. Subsequently, the Cox proportional hazards model
was applied in the multivariate analysis to include factors
with P<0.05 in the univariate analysis and assess the effect of
these factors on the risk of CNS events. Overall survival was
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calculated from the date of DLBCL diagnosis until the date
of death or censored at the date of the last follow-up. All the
P-values were two-sided and P<0.05 was considered to indicate
statistically significant differences. Data were analyzed using
SPSS software, version 11 (SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics. A total of 111 patients with
DLBCL were identified and 1 patient who was HIV-positive
was excluded from the study. The final cohort included
110 patients, with 45 (41%) receiving CHOP and 65 (59%)
receiving R-CHOP. The baseline parameters were comparable
between the two groups. Over 90% of the patients in this study
received planned doses of chemotherapy. The median patient
age was 55 years (range, 20-77 years) for the CHOP group
and 56 years (range, 18-86 years) for the R-CHOP group. The
majority of the patients had advanced stage III or IV disease
(69% in the CHOP group and 74% in the R-CHOP group). A
total of 20% of all the patients exhibited marrow involvement
and 21% exhibited involvement of >1 extranodal sites. The
extranodal sites included bone marrow, breast, kidney, liver,
ovary, nasopharynx and lungs (Table I).

The compliance of patients to IT prophylaxis was low, with
a total of 5 (11.1%) and 9 (13.8%) patients in the CHOP and
R-CHOP groups, respectively, receiving IT prophylaxis.

Characteristics of CNS diseases. The median follow-up time
for patients treated with CHOP and R-CHOP was 58 months
(range, 1.1-207 months) and 32 months (range, 1.2-131 months),
respectively. In agreement with previously published studies,
patients treated with R-CHOP exhibited a higher complete
remission rate compared with those treated with CHOP
(69 vs. 40%, respectively; P=0.003) and a higher 5-year overall
survival (70 vs. 49%, respectively; P=0.01) (data not shown).

The median time from diagnosis to CNS disease was
6.7 months (range, 1.3-23.8 months). A total of 4 patients
developed CNS lymphoma following initial complete remis-
sion (1 patient received CHOP chemotherapy and relapsed
8 months after initial remission; the remaining 3 patients
received R-CHOP therapy and relapsed 5-14 months after their
initial remission).

A total of 12 patients (10.9%) subsequently developed CNS
involvement; 3 patients received IT prophylaxis and 4 patients
exhibited involvement of >1 extranodal site. The incidence
of CNS events was 15.5% (7/45) in patients receiving CHOP
and 7.6% (5/65) in those receiving R-CHOP. The projected
risk of CNS events at 3 years was 9% in the R-CHOP group
compared with 18% in the CHOP group (P=0.15) (Fig. 1).
Parenchymal relapse appeared to be more common among
patients receiving R-CHOP (R-CHOP vs. CHOP, 80 vs. 29%),
respectively) (Table II).

Treatment of CNS disease. A total of 8 patients suffering from
CNS disease were re-treated with high-dose methotrexate
and IT methotrexate and cytarabine; 5 of these patients also
underwent whole-brain RT; 2 patients with systemic and CNS
disease were administered dexamethasone, cytarabine and
cisplatin chemotherapy, IT methotrexate and cytarabine; and
2 patients received supportive therapy due to their advanced



Bz SPANDIDOS

B BURLICATTONS MOLECULAR AND CLINICAL ONCOLOGY 3: 747-752, 2015 749

Table I. Baseline characteristics of the two treatment groups.
CHOP?, no. (%) R-CHOP®, no. (%)

Characteristics (n=45) (n=65) P-value
Age, years

<60 31 (69.0) 41 (63.0) 0.55

>60 14 (31.0) 24 (37.0) 0.55
Gender

Male 21 (47.0) 27 (42.0) 0.69

Female 24 (53.0) 38 (58.0) 0.69
LDH >2xULN 17 (39.0) 23 (35.0) 0.84
Stage

III or IV 31 (69.0) 48 (74.0) 0.67

v 17 (38.0) 31 (47.0) 0.33
B symptoms 23 (51.0) 39 (60.0) 043
Bulky disease 2(4.4) 8 (12.0) 0.19
ECOG performance status >1 3(6.6) 7(11.0) 0.52
IPI 3-5 15 (33.0) 12 (48.0) 0.17
Extranodal sites >1 6 (13.0) 17 (26.0) 0.15
Bone marrow involvement 10 (22.0) 12 (18.0) 0.63
Breast involvement 2(4.5) 1(1.5) 0.56
Nasopharyngeal involvement 1(2.2) 4(6.1) 0.65
Kidney involvement 1(2.2) 2 (3.1) 1.00
Pulmonary involvement 4(8.9) 10 (15.3) 0.39
Hepatic involvement 1(2.2) 2 (3.1) 1.00
Ovarian involvement 1(2.2) 2(3.1) 1.00
CNS prophylaxis with IT chemotherapy 5(11.1) 9 (13.8) 0.77

*Cyclophosphamide, doxorubicin, vincristine and prednisolone. "CHOP with rituximab. LDH, lactate dehydrogenase; ULN, upper limit of

normal; ECOG, Eastern Cooperative Oncology Group; IPI, international prognostic index; CNS, central nervous system; IT, intrathecal.
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Figure 1. Time-to-central nervous system (CNS) event in CHOP- and
R-CHOP-treated patients.

age and refractory lymphoma. However, the survival of all
patients with CNS disease was poor, with a median survival
time of 5.8 months.

Risk factors for CNS involvement. On univariate analysis, the
following factors were significantly associated with subse-
quent secondary CNS disease: Stage I'V disease [hazard ratio
(HR)=8.79,95% confidence interval (CI): 1.91-40.34,P=0.005],
bone marrow involvement (HR=5.24, 95% CI: 1.69-16.31),
P=0.004) and elevated LDH level >2 times the upper limit
of normal (HR=3.01, 95% CI: 0.97-9.61, P=0.05) (Table IIT).
On multivariate analysis using the Cox proportional model,
stage IV disease remained an independent predictor for CNS
disease (HR=7.75, 95% CI: 1.67-35.92, P=0.009) (data not
shown).

Discussion

The addition of rituximab to CHOP has been shown to improve
the remission rate and the overall and event-free survival
of patients with DLBCL (8-11). Based on the eradication of
systemic disease achieved by rituximab, we investigated
whether it was able to reduce the incidence of CNS involve-
ment since its introduction into our practice. The overall CNS
event rate for DLBCL was 10.9% in our study. The majority
of CNS events developed within 1 year of the diagnosis of
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Table II. Characteristics of patients with central nervous system (CNS) relapse.

CHOP?, no. (%) R-CHOP®, no. (%)

Characteristics (n=7) (n=5)
Site of CNS relapse

Parenchymal 2(29.0) 4(80.0)

Leptomeningeal 5(71.0) 1(20.0)
Diagnosis of CNS relapse

Imaging 2(29.0) 4(80.0)

CSF 3(42.0) 1 (20.0)

Both 2(29.0) 0(0.0)
Relapse within the first year from diagnosis 5(71.0) 4 (80.0)
Treatment of CNS relapse

High-dose methotrexate 5(71.0) 3 (60.0)

IT chemotherapy 6 (86.0) 4 (80.0)

Whole-brain irradiation 2(29.0) 3 (60.0)

Supportive therapy 1(14.0) 1(20.0)
Outcome

Lymphoma-related death 6 (86.0) 4 (80.0)

Alive in second remission 1(14.0) 1(20.0)
*Cyclophosphamide, doxorubicin, vincristine and prednisolone. "CHOP with rituximab. CSF, cerebrospinal fluid; IT, intrathecal.
Table III. Risk factors for central nervous system relapse in univariate analysis.
Factors Hazard ratio (95% CI) P-value
Age >60 years 0.39 (0.09-1.78) 0.23
Male gender 2.01 (0.63-6.33) 0.23
LDH >1x ULN 1.21 (0.26-5.51) 0.81
LDH >2x ULN 3.01 (0.97-9.61) 0.05
Bone marrow involvement 5.24 (1.69-16.31) 0.004
Stage IV disease 8.79 (1.91-40.34) 0.005
Stage III and IV disease 5.27 (0.68- 40.9) 0.11
Extranodal sites >1 2.39(0.71-8.03) 0.15
IPI >2 1.12 (0.35-3.54) 0.84
B symptoms 1.69 (0.51-5.61) 0.39
Bulky disease 2.43(0.53-11.15) 0.25
IT prophylaxis 2.69 (0.74- 10.0) 0.14
Rituximab 0.43 (0.14-1.38) 0.15

CI, confidence interval; LDH, lactate dehydrogenase; ULN, upper limit of normal; IPI, international prognostic index; IT, intrathecal.

Ilymphoma. The CNS disease rate was 15.5% (7/45) in the
CHOP group vs. 7.6% (5/65) in the R-CHOP group. The
projected 3-year CNS disease rate was 18% in the CHOP
group vs. 9% in the R-CHOP group (P=0.15). Therefore, the
addition of rituximab to chemotherapy did not significantly
reduce the risk of CNS events in our study.

The risk of CNS events was higher in our cohort compared
with that in previous studies. The CNS disease rate was
previously reported to be 2.2-10.4% (3,5,12-15). This differ-
ence may be attributed to our inclusion of more patients with

advanced-stage (III or IV) disease (~70%). Moreover, lumbar
puncture with CSF analysis was not routinely performed at
diagnosis to allow for the detection and exclusion of patients
with occult CNS disease. The early CNS relapse and higher
proportion of isolated CNS relapses observed in our study
may also reflect the presence of subclinical CNS disease at
diagnosis.

Stage I'V lymphoma was identified as a significant predictor
of CNS disease in our cohort. Elevated LDH levels, extranodal
site involvement and advanced stage of lymphoma are the most
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commonly reported risk factors. Our findings are consistent
with those of previous studies (12-17).

Rituximab penetrates poorly across the blood-brain
barrier. A pharmacokinetic study demonstrated that, following
an intravenous (i.v.) dose of rituximab, its levels in the CSF
were only 0.1% of their corresponding levels in the serum (18).
Therefore, it is unlikely that rituximab is able to directly access
the lymphoma cells in the CNS. We observed a relatively
higher proportion of parenchymal disease in the R-CHOP
group compared with that in the CHOP group (80 vs. 29%,
respectively). The pharmacokinetic constraints of rituximab
may limit its ability to prevent lymphoma progression in the
parenchymal compartment. We also observed that isolated
CNS disease was more common in the R-CHOP group in
our cohort. This may be due to the fact that R-CHOP is more
effective in preventing systemic relapse of lymphoma.

The optimal treatment for patients with disease progres-
sion into the CNS has not yet been standardized (19,20). The
majority of our patients were treated with high-dose metho-
trexate, with or without whole-brain RT. It was previously
demonstrated that treatment with high-dose methotrexate
was effective and improved survival (19). Whole-brain RT is
effective for initial control of CNS lymphoma; however, it is
associated with increased risk of delayed treatment-related
neurotoxicity, particularly in elderly patients (21). There is
also a potential role for high-dose chemotherapy followed by
ASCT. Bromberg et al reported an overall survival benefit in
patients undergoing ASCT and long-term survival is more
likely in these patients (22).

Our study was limited by its retrospective nature and the
small sample size. Not all patients underwent lumbar puncture
and CSF analysis at the beginning of therapy; therefore, a
proportion of patients with subclinical CNS disease at diag-
nosis may have been missed. There was also a difference in
follow-up time between the two groups.

The efficacy of IT prophylaxis could not be properly
assessed in our study due to the low compliance. Previous
published studies on the effect of rituximab on CNS events also
reported a similar low rate of IT prophylaxis, even in high-risk
patients (4,13,14). It was found the effect of rituximab on the
risk of CNS disease could be assessed regardless of whether
IT prophylaxis had been administered (4). Although certain
studies support the efficacy of IT chemotherapy, several
others have questioned its ability to prevent CNS recur-
rence (14,23-26). Although IT chemotherapy has been effective
in preventing or treating leptomeningeal disease, its efficacy
in preventing parenchymal disease has been questioned due to
the low penetration into the brain parenchyma and the uneven
distribution within the neuroaxis. Lumbar administration of
IT methotrexate also results in marked differences in peak
levels throughout the subarachnoid space. Subtherapeutic levels
are common due to differences in CSF movement, choroidal
uptake and drug clearance (27). IT prophylaxis is associated
with several rare but severe neurological complications, such as
seizures, encephalopathy and spinal cord lesions manifesting as
tetraplegia, paraplegia and cauda equina syndrome (28). These
complications may defer patients receiving I'T chemotherapy.

Patients with CNS relapse have a poor prognosis. The
incidence of CNS events may be reduced by increasing the
sensitivity of diagnosis of CNS disease and applying more
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effective prophylactic therapeutic regimens. The application
of more sensitive tests may facilitate the diagnosis of occult
CNS disease. Flow cytometry of CSF may prove useful for
the detection of leptomeningeal involvement and it is more
sensitive compared with conventional cytological analysis of
CSF (29). Brain MRI or CT scan is indicated for the detection
of parenchymal involvement, particularly in high-risk patients,
such as those with stage IV DLBCL. More intensive upfront
CNS-directed prophylaxis may be used for high-risk patients.
High-dose i.v. methotrexate or cytosine arabinoside may cross
the blood-brain barrier and have been used to treat established
CNS disease. The incorporation of high-dose i.v. methotrexate
into the rituximab combination may be a rational prophylactic
approach for high-risk patients. A retrospective study with a
median of 3 cycles of i.v. methotrexate 3.5 g/m? administered to
a high-risk group of DLBCL patients reported a significant
reduction of CNS recurrence, with a recurrence rate of only 3%
in the high-risk group at a median follow-up of 33 months (30).

Another multicenter retrospective study of patients at
high-risk for CNS relapse demonstrated that the addition of
high-dose i.v. methotrexate and/or cytarabine was associated
with a lower incidence of CNS relapse compared with I'T chemo-
therapy alone (31). The 3-year actuarial rates of CNS relapse in the
groups receiving I'T methotrexate, IT methotrexate with 2 cycles
of high-dose i.v. methotrexate, and chemotherapy regimens
containing high-dose i.v. methotrexate and cytarabine, were
18.4, 6.9 and 2.3%, respectively (P=0.009). The most frequent
toxicity of i.v. methotrexate was renal impairment, which was
grade 1 in the majority of the cases.

A prospective study of patients with DLBCL or grade II1
follicular lymphoma reported that 6 courses of R-CHEOP
(rituximab, cyclophosphamide, doxorubicin, etoposide,
vincristine and prednisolone) followed by high-dose cytara-
bine (3 g/m? twice daily for 2 days) and a course of high-dose
methotrexate (3 g/m? i.v. as a 24-h infusion) achieved a CNS
relapse rate of 4.5% (32). There is growing evidence that
high-dose antimetabolite therapy may provide effective CNS
prophylaxis in patients with DLBCL.

The optimal time of systemic high-dose chemotherapy
has not yet been defined. CNS relapse is most common
within the first 12 months from the completion of primary
therapy (14,25-26,33). This may suggest the presence of
occult CNS disease at diagnosis and early use of high-dose i.v.
methotrexate is recommended.

In conclusion, although the addition of rituximab to
chemotherapy may improve the remission rate and overall
survival of patients with DLBCL, it did not appear to decrease
the risk of CNS events in our study. There is a need for a better
prophylactic strategy by increasing the sensitivity of diagnosis
of CNS disease and more effective prophylactic therapeutic
regimens, such as high-dose i.v. methotrexate, in order to
reduce CNS events, particularly in high-risk patients.
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