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Abstract

Background: The incidence of central nervous system (CNS) relapse
in diffuse large B-cell lymphoma (DLBCL) varies, and the optimum
strategy of CNS prophylaxis remains to be defined. We aimed to eval-
uate the incidence of CNS relapse in DLBCL patients and the role of
CNS prophylaxis.

Methods: Data on patients diagnosed with DLBCL at our institution
from January 2011 to June 2019 were retrospectively collected from
the charts and computerized hospital information system for patient
demographics, lymphoma stage at diagnosis, CNS international prog-
nostic index (IPI) scores, extra-nodal sites, chemotherapy type, CNS
prophylaxis, and CNS relapse. CNS prophylaxis comprised intrathe-
cal (IT) chemotherapy and was administered based on the presence
of high-risk features. Patients with primary CNS lymphoma and CNS
involvement at diagnosis were excluded.

Results: Of 101 patients, 58 (57.5%) were males with a median age of
56 (range: 16 - 87) years. Ann Arbor stages of I - IV were confirmed
in nine, 21, 17, and 50 patients, respectively. The lung was the most
common extranodal site involved (27, 26.7%). Twenty-five (24.75%)
patients had a high-risk CNS-IPI score. Ninety-three percent of pa-
tients received R-CHOP (rituximab, cyclophosphamide, doxorubicin,
vincristine, and prednisone) chemotherapy. Sixteen patients received
CNS prophylaxis as IT methotrexate (+ cytarabine and hydrocorti-
sone). Despite high-risk CNS-IPI scores, nine (36%) patients did not
receive CNS prophylaxis. After a median follow-up of 36 (range: 4
- 114) months, two patients with high-risk CNS-IPI score developed
CNS relapse and died shortly.

Conclusions: CNS relapse of DLBCL was uncommon in this patient
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population. Low incidence of CNS relapse despite limited use of IT
prophylaxis may suggest adequacy of IT prophylaxis in these patients.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common
subtype of non-Hodgkin lymphoma (NHL), accounting for 30-
58% of all NHL cases [1, 2]. The outcome of patients with
DLBCL has improved with the addition of rituximab to the
CHOP (cyclophosphamide, doxorubicin, vincristine, and pred-
nisolone) chemotherapy, but a significant number of patients
continue to suffer relapse despite the initial complete response
[3, 4].

After the initial therapy, around 5% of patients with
DLBCL experience central nervous system (CNS) relapse,
which is associated with a very poor prognosis and median sur-
vival of around 4 months [5, 6]. The incidence of CNS relapse
varies from 2% to more than 10% in patients with multiple risk
factors [5-8]; however, the CNS relapse risk has been reported
to be lower in some studies in the rituximab era [8-11].

CNS prophylaxis strategies to prevent CNS relapse in
DLBCL include intrathecal (IT) chemotherapy and systemic
agents with CNS penetration, such as high-dose methotrexate
(HD-MTX). Both IT chemotherapy and HD-MTX are widely
used in practice. Currently, there is no consensus on the stand-
ard of care for CNS prophylaxis.

Systemic chemotherapy has often been considered a pre-
ferred strategy for CNS prophylaxis in DLBCL, particularly for
parenchymal disease, as IT chemotherapy does not penetrate
the brain parenchyma adequately. Therefore, IT chemotherapy
has been considered insufficient in preventing parenchymal
CNS recurrences [7, 12, 13]. However, the superior efficacy of
systemic CNS prophylaxis remains debatable [12-15].

Given the reported variability in CNS relapse incidence
across studies in DLBCL patients [5, 7-11, 16], it is important
to examine this risk in different populations to develop opti-
mal prophylaxis strategies. We conducted this study to evalu-
ate CNS relapse and the role of CNS prophylaxis in DLBCL
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Figure 1. Diffuse large B-cell ymphoma (DLBCL) cases and the patient inclusions and exclusions. CNS: central nervous system.

patients treated at our institution.

Materials and Methods

DLBCL patients diagnosed and treated at King Khalid Uni-
versity Hospital, Riyadh, from January 2011 to June 2019
were retrospectively analyzed. Data were collected from the
computerized hospital information system and patients’ files.
Variables studied included age, gender and lymphoma stage
at diagnosis, CNS international prognostic index (CNS-IPI)
score, site(s) of extra nodal involvement, type of systemic
chemotherapy, CNS prophylaxis received, and the rate of
CNS relapse. CNS prophylaxis was administered based on the
presence of high-risk features, such as > two extranodal sites,
involvement of bone marrow (BM), testes, kidneys, nasophar-
ynx, and paranasal sinuses.

Patients older than 16 years and with a minimum follow-
up of 3 months were included. Patients with primary CNS lym-
phoma and presence of CNS involvement at diagnosis were
excluded. Patients who received supportive care only and did
not receive any systemic therapy (usually elderly patients with
poor performance status, rendered unfit for any systemic ther-
apy), were also excluded.

The study was approved by the Institutional Review Board
and was conducted in compliance with the ethical standards of
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the responsible institution on human subjects as well as with
the Helsinki Declaration.

Results

Atotal of 115 patients were diagnosed with DLBCL during the
study period, and 101 patients fulfilled the inclusion criteria.
Patient inclusions and exclusions are shown in Figure 1. There
was a male preponderance, with 58 (57.5%) males and 43
(42.5%) females, and with a median age of 56 (range: 16 - 87)
years. The majority of the patients had advanced stage disease,
with Ann Arbor stage of III and IV present in 17, and 50 pa-
tients, respectively (Table 1). The lung was the most common
extranodal site, involved in 27 (26.7%) patients, followed by
liver and BM involvement in 20 (19.8%) patients each. Other
extranodal sites involved included gastrointestinal tract, kid-
neys, breast, testis, and adrenals. The details of involvement of
extranodal sites are shown in Table 2. Twenty-five (24.75%)
patients had high-risk CNS-IPI scores, 44 (43.5%) had in-
termediate-risk scores, and 32 (31.7%) patients had low-risk
scores. Ninety-four (93%) patients received R-CHOP (rituxi-
mab, cyclophosphamide, doxorubicin, vincristine, and pred-
nisone) chemotherapy regimen, while the rest received other
types of chemotherapy, mostly a milder regimen like R-CVP
(rituximab, cyclophosphamide, vincristine, and prednisone),
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Table 1. Patients’ Characteristics

Table 3. Characteristics of 25 Patients With High-Risk CNS-IPI

Characteristic Patients’ number %
Age (years), no (range) 56 16 - 87
Gender

Male 58 57.50

Female 43 42.50
Ann Arbor stage

I 9 8.90

11 21 20.80

11 17 16.80

v 50 49.50
CNS-IPI score

High-risk 25 24.75

Intermediate-risk 44 43.50

Low-risk 32 31.70
Chemotherapy

R-CHOP 94 93

Other 7 7.9
CNS relapse 2 2.0

CNS: central nervous system; IPI: international prognostic index; R-
CHOP: rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisone.

because of comorbidities and poor performance status.
Characteristics of the patients with high-risk CNS-IPI are
shown in Table 3. Median age of the high-risk group was 65
years, and 16 (64%) patients were males. All high-risk patients
had stage IV disease except two patients who had stage I1I dis-
ease. After a median follow-up of 28 months for the high-risk
group, 14 (56%) patients were still alive at the last follow-up.
Of the 25 high risk patients, 16 (64%) patients received
CNS prophylaxis, usually based on the involvement of high-
risk extranodal sites. CNS prophylaxis was IT-MTX (+ cytara-
bine and hydrocortisone) in all patients. Patients who received
IT prophylaxis received a median of three IT chemotherapy
injections (range: 1 - 6). Despite the high-risk CNS-IPI scores
or involvement of high-risk organs like kidneys, adrenals, tes-

Table 2. Extranodal Sites Involved

Extranodal site Number %
Lung 27 26.00
Liver 20 19.80
Bone marrow 20 19.80
GI tract 9 8.90
Kidneys 5 4.95
Breast 4 3.96
Testis 2 2.00
Adrenal 2 2.00

Gl: gastrointestinal.
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Patients’ values,

Parameter 1 (%)*
Age (years), median (range) 65 (14 - 87)
Gender

Male 16 (64)

Female 9 (36)

Ann Arbor stage

I 2 (8)

v 23 (92)
CNS-IPI score, n (%)

4 11 (44)

5 13 (52)

6 14
Follow-up (months), median (range) 28 (4-114)
Patients alive at last follow-up 14 (56)
CNS prophylaxis

Received 16 (64)

Not received 9 (36)
Number of IT chemotherapy injections, 3(1-6)

median (range)

aNot otherwise specified. CNS: central nervous system; IPI: interna-
tional prognostic index; IT: intrathecal.

tes, and/or BM, nine of 25 (36%) patients did not receive CNS
prophylaxis based on individual physician preference.

After a median follow-up of 36 months (range: 4 - 114)
for the whole group, two (2%) patients developed CNS relapse
and died shortly after this diagnosis. Both the patients with
CNS relapse had a high-risk CNS-IPI score, with the involve-
ment of one or more high-risk extranodal sites. The CNS re-
lapse was leptomeningeal in one patient and parenchymal in
the second patient. The diagnosis of CNS relapse was made
on imaging and cerebrospinal fluid examination in the first
patient with leptomeningeal relapse, while the diagnosis of
CNS relapse was made on imaging only in the patient with
parenchymal relapse. Both the patients with CNS relapse had
received R-CHOP regimen as systemic therapy and did not re-
ceive any CNS prophylaxis.

Discussion

CNS relapse of DLBCL is a devastating event occurring in
around 5% of patients treated with R-CHOP chemotherapy
regimen. However, according to the CNS-IPI score, the risk of
CNS relapse varies depending upon the risk factors present in
an individual patient. High-risk patients with multiple risk fac-
tors may exhibit a relapse risk as high as 30% [17]. One large
study in the pre-rituximab era reported a low risk of CNS re-
lapse, with most relapses occurring early during chemotherapy
or soon after it, suggesting the presence of subclinical disease
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at diagnosis [5].

The international CNS-IPI score remains a robust risk
stratification tool [18]; however, it might not capture high-risk
patients with limited-stage extra-nodal lymphomas, such as
testicular and breast DLBCL, associated with a high risk of
CNS relapse [19, 20]. More recently, the addition of other fac-
tors, such as the cell of origin and MYC/BCL2 expression, has
further refined the CNS-IPI to improve the characterization of
high-risk patients [21].

The impact of rituximab on CNS relapse in DLBCL re-
mains debatable. Although several studies have shown that
CNS relapse of DLBCL was less frequent in patients treated
with rituximab-containing regimens [8-11], other studies were
unable to replicate this benefit [6]. A meta-analysis examining
the impact of rituximab on CNS relapse of DLBCL showed
a lower incidence of CNS relapse in the rituximab era [22].
Moreover, CNS relapse is variable in different published stud-
ies, and it was so infrequent in some patient populations that
the authors questioned the use of routine CNS prophylaxis [5,
11].

Reduction in the CNS relapse of DLBCL in the rituximab
era has been attributed to improved control of the systemic
disease. Rituximab has limited penetration of the blood-brain
barrier, and rituximab concentration in the cerebrospinal fluid
(CSF) after intravenous administration was found to reach
only 0.1% of the serum concentration [23]. Whether this lim-
ited concentration of rituximab in the CSF contributes to the
reduced CNS relapse of DLBCL is not certain.

The strategies for CNS prophylaxis to prevent CNS re-
lapse include IT chemotherapy and systemic therapy with CNS
penetration such as HD-MTX. Both IT chemotherapy and sys-
temic HD-MTX are widely used in clinical practice. Systemic
chemotherapy has been recommended for CNS prophylaxis of
DLBCL, especially for parenchymal disease, as I'T chemother-
apy does not adequately penetrate the brain parenchyma and
is considered insufficient in preventing parenchymal CNS re-
currences [7, 12, 13]. Even though systemic CNS prophylaxis
with HD-MTX has been practiced as a preferred strategy, its
efficacy remains unclear [12-15].

Some recent studies have cast doubt on the efficacy of
HD-MTX and showed that HD-MTX was ineffective in pre-
venting CNS relapse [12, 14, 15]. One large study of DLBCL
from 21 US centers with 1,162 patients did not find any dif-
ference in CNS relapse with IT or systemic prophylaxis [24].
Another study showed the benefit of HD-MTX in improving
progression free survival (PFS) and overall survival (OS) in
high-risk DLBCL patients but no benefit in preventing CNS
relapse [25]. Interestingly, one study reported a higher inci-
dence of CNS relapse in a group of high-risk DLBCL patients
treated with systemic HD-MTX as compared to those who
did not receive prophylaxis [26]. Gonzalez-Barca et al used
liposomal cytarabine for CNS prophylaxis and interestingly,
there were no CNS relapses in these patients [27]. However,
liposomal cytarabine for CNS prophylaxis has not been widely
adopted in practice.

Current study showed that the risk of CNS relapse was low
in our DLBCL patients treated with rituximab-based regimens
despite some high-risk patients not receiving any prophylaxis.
Although challenging to explain the factor(s) associated with
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low relapse rates in our patients, it may be related to a possible
protective effect of rituximab and/or other factors. Some other
studies in the pre- and post-rituximab era have reported simi-
lar results [5, 9, 11, 22], and because of the low rate of CNS
recurrence and lack of prophylaxis-associated survival benefit,
some investigators have called into question the practice of
CNS prophylaxis in the rituximab era [11]. Although prophy-
laxis is needed in high-risk patients, emerging data cast doubt
on the benefit of systemic therapy with HD-MTX, as CNS
prophylaxis coupled with its added toxicity, possibly delaying
primary lymphoma treatment, and potential inferior outcome
of systemic lymphoma.

Currently, it is not clear which patients should receive HD-
MTX or just IT chemotherapy. Some very high-risk patients
might benefit from systemic therapy; nonetheless, further
studies are needed stratifying patients according to the number
of CNS relapse risk factors and incorporating novel agents for
prophylaxis [28]. Until such evidence may become available,
it seems prudent that CNS prophylaxis should be practiced ac-
cording to local experience and results. As the high-risk pa-
tients are at increased risk of CNS relapse, proper selection
criteria should be employed for administering prophylaxis,
with consideration of incorporating molecular diagnostics to
improve identifying such patients [12, 13]. Given that CNS
relapse is associated with high mortality and lack of effective
therapies, the authors believe high-risk patients should con-
tinue to receive CNS prophylaxis.

Recently, polatuzumab vedotin has been approved in combi-
nation with rituximab, cyclophosphamide, doxorubicin and pred-
nisone (R-CHP) for adult patients with untreated DLBCL. At
present, there are limited data on the use of polatuzumab vedotin
and the incidence of CNS relapse in newly diagnosed DLBCL
patients. POLARIX trial compared R-CHOP regimen with po-
latuzumab vedotin in combination with R-CHP (Pola-R-CHP)
in previously untreated DLBCL patients [29]. CNS prophylaxis
with IT chemotherapy was permitted according to individual in-
stitutional practice guidelines. CNS relapse was similar in both
groups and reported in 3.0% of patients in the Pola-R-CHP group
and 2.7% of patients in the R-CHOP group [29].

Newly emerging data show that chimeric antigen recep-
tor (CAR) T-cell therapy can be useful in patients with CNS
relapse (secondary CNS involvement) of DLBCL. Epperla
et al conducted a multi-center retrospective cohort study and
reported high complete remission rates following CAR T-cell
therapy for secondary CNS lymphoma in 61 patients, but the
responses were not durable with most patients experiencing
early relapse and death [30]. Another smaller multi-center
study found that CD19 CAR T-cell therapy for patients with
LBCL with secondary CNS involvement (28 patients) was
safe and resulted in durable responses comparable to patients
without CNS involvement [31]. A meta-analysis including 128
patients reported efficacy and safety of CAR T-cell in second-
ary (n =98) and primary (n = 30) CNS lymphoma with similar
outcomes for patients without CNS involvement [32]. These
studies confirm the efficacy of CAR T-cell therapy in patients
with CNS relapse of DLBCL, although long-term durability of
this approach is not yet established.

Our study has certain limitations which include a retro-
spective design and smaller number of patients. However, it
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gives a fair idea of the CNS relapse risk in our patients and
may help guide the CNS prophylaxis practice in this DLBCL
patient population.

Conclusions

CNS relapse of DLBCL was uncommon in the current study.
The low incidence of CNS relapse despite limited use of IT
prophylaxis may suggest an overall low risk of CNS relapse
and adequacy of IT prophylaxis for high-risk patients in this
patient population. Further studies are needed stratifying pa-
tients according to number of risk factors and incorporating
novel target agents that could penetrate CNS.
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