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Abstract Secondary central nervous system (CNS) in-
volvement in diffuse large B-cell lymphoma (DLBCL)
includes an isolated CNS relapse or CNS involvement with
systemic disease progression. This rare but fatal clinical
problem still remains a therapeutic dilemma in the
management of DLBCL. However, there are limited data
about its treatment outcome. In this study, we gathered 73
cases with secondary CNS involvement of DLBCL from 11
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hospitals in Korea. The data were retrospectively compared
according to the status of systemic disease (isolated vs.
combined CNS involvement) and the use of high-dose
methotrexate treatment (HD MTX). Twenty-nine patients
showed isolated CNS involvement while 44 had combined
CNS involvement with systemic relapse or progression.
Thirty-three cases (45.2%) occurred within 6 months from
the initial diagnosis, and the majority of these were
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associated with systemic disease relapse or progression (n=
27). In isolated CNS involvement, HD MTX resulted in
fewer treatment failures (3/11) than the other treatments
such as other salvage chemotherapy and/or radiotherapy/
intraventricular chemotherapy (14/15). However, neither
HD MTX nor other treatments were effective at reducing the
treatment failure rate in combined CNS involvement (8/10
and 23/30, respectively). Thus, isolated CNS involvement
had a better survival than combined involvement (P=0.008),
but systemic disease progression was the main cause of
death in combined as well as isolated CNS involvement. In
conclusion, the prognosis of secondary CNS involvement
was dismal even after intensive chemotherapy using HD
MTX. Further research focusing on the development of an
optimal treatment strategy is warranted.

Keywords Diffuse large B-cell lymphoma - Central
nervous system - Prognosis

Introduction

Secondary central nervous system (CNS) involvement in
patients with non-Hodgkin lymphoma (NHL) is a devas-
tating complication that leads to death in most cases [1, 2].
The reported incidence is variable depending on various
factors, such as the subtype of NHL, the study population,
and associated risk factors [3—-6]. CNS involvement can
occur as an isolated event despite systemic remission, or
might be combined with systemic disease relapse or
progression [7]. In diffuse large B-cell lymphoma
(DLBCL), secondary CNS involvement is uncommon, but
does occur. A previous database study of 605 newly
diagnosed DLBCL patients who had not undergone CNS
prophylaxis showed that the probability of secondary CNS
involvement at 1 year after diagnosis was 4.5% [4].
Therefore, CNS prophylaxis such as intrathecal prophylaxis
with methotrexate (MTX) has been considered in DLBCL
patients at high risk of CNS involvement. However, the use
of CNS prophylaxis in DLBCL patients remains contro-
versial [8, 9]. A recent report from the RICOVER-60 trial
suggested that intrathecal prophylaxis has no role in
preventing secondary CNS involvement for patients treated
with R-CHOP-14 (rituximab, cyclophosphamide, doxoru-
bicin, vincristine, and prednisolone) [10]. Thus, consider-
ing the unclear benefit of CNS prophylaxis and the poor
prognosis, an effective treatment strategy is required for
secondary CNS involvement. However, there are limited
data on the treatment outcomes for patients with DLBCL
with secondary CNS involvement. Thus, an isolated CNS
involvement during follow-up or CNS involvement com-
bined with systemic disease progression remains a
therapeutic dilemma in DLBCL. A report from the
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International Primary CNS Lymphoma Collaborative
Group suggested that systemic MTX might produce a
favorable outcome in isolated CNS relapse involving brain
parenchyma [11]. However, the efficacy of salvage treat-
ments, including systemic MTX, remains uncertain in the
case of CNS involvement combined with systemic disease
progression. Thus, a comparison of treatment outcomes of
isolated and combined CNS involvement might help to
establish a treatment strategy for this rare but fatal
complication of DLBCL. In this study, we analyzed the
treatment outcomes of DLBCL patients with secondary
CNS involvement by comparing cases of isolated and
combined CNS involvement.

Patients and methods
Data collection and eligibility criteria

Patients were diagnosed with DLBCL according to the
Revised European-American Lymphoma classification or
the World Health Organization classification. Among
patients diagnosed as DLBCL between 1994 and 2008,
those with isolated CNS relapse or CNS involvement
combined with systemic disease progression or relapse
were selected for this retrospective analysis. All patients
should be initially treated with chemotherapy such as
CHOP (cyclophosphamide, doxorubicin, vincristine, and
prednisone) or rituximab plus CHOP or CHOP-like
regimens as a curative intent. Patients who initially
had CNS involvement were excluded. Patients at high
risk of secondary CNS involvement such as testicular
DLBCL were also excluded because intrathecal chemo-
prophylaxis and cerebrospinal fluid (CSF) analysis were
repeated in these patients, and this might affect the
outcome of secondary CNS involvement. The investi-
gators affiliated with the Consortium for Improving
Survival of Lymphoma, a Korean lymphoma study
group, reviewed the medical records of patients with
DLBCL and filled out data collection forms for
information regarding secondary CNS involvement.
Requested information included patient demographics
and clinical characteristics at the initial presentation, the
type of first-line treatment and its response, neurologic
symptoms associated with the secondary CNS involve-
ment, the date of diagnosis of secondary CNS involve-
ment and systemic relapse or progression, treatment
modalities for secondary CNS involvement, systemic
lymphoma, treatment response, and survival status. This
study was approved by the Institutional Review Board
of each institute for the release of case information,
which was rendered anonymous. Informed consent was
exempted because this was a retrospective study.
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Diagnosis of secondary CNS involvement

Secondary CNS involvement was defined as an isolated
CNS involvement despite systemic remission (isolated CNS
involvement) or CNS involvement at the time of systemic
relapse or progression (combined CNS involvement). In
order to diagnose isolated CNS involvement, the systemic
evaluations including chest and abdomen—pelvic computed
tomography (CT) scan and/or '®F-fluorodeoxyglucose
positron emission tomography/CT scan at the time of
CNS involvement should demonstrate no evidence of
systemic disease progression or relapse. The time points
of secondary CNS involvement were categorized according
to the time from diagnosis of DLBCL as follows: (1)
<6 months, (2) 6-12 months, and (3) >12 months. The
patterns of CNS involvement were parenchymal, leptome-
ningeal, and combined involvement. Parenchymal involve-
ment was diagnosed with a brain CT scan or MRI.
Leptomeningeal involvement was diagnosed using one of
the following three criteria: (1) presence of lymphoma cells
in the CSF, (2) presence of suspicious cells with increased
protein levels in the CSF, or (3) presence of suspicious cells
with radiographic findings.

Treatment response

Treatment response was assessed according to the Interna-
tional Working Group criteria published in 1999 [12]. A
complete response (CR) was defined as the disappearance
of all previously measurable lesions and the absence of any
new tumor lesions. Unconfirmed complete response was
defined as >75% reduction of lesions on CT scan with no
radiologic or clinical evidence of new lesions. Partial
response was defined as a decrease of at least 50% in the
product of the two perpendicular diameters of each
measurable lesion. Stable disease was defined as less than
a partial response but not progressive disease, and progres-
sive disease was defined as a >50% increase in the product
of the two diameters of at least one tumor, or the presence
of a newly developed lesion. In cases with leptomeningeal
involvement, negative CSF cytology and no evidence of
leptomeningeal enhancement were defined as CR. Disease
progression of leptomeningeal involvement was diagnosed
if the CSF cytologic examination continued to show
persistent malignant or suspicious cells, additional new
lesions were found in brain imaging studies, or neurologic
manifestations persisted.

Statistical analysis
The relationship of secondary CNS involvement with

clinical characteristics was evaluated using the chi-square
test. The length of time to secondary CNS involvement was

defined as the time from the beginning of therapy to the
diagnosis of secondary CNS involvement, and the overall
survival (OS) after the secondary CNS involvement was
defined as the time from the date of CNS involvement to
the time of death from any cause. These survival curves
were estimated using Kaplan—Meier methods. The follow-
up duration was calculated by the method of Kaplan—Meier
estimate of potential follow-up as previously reported [13].
A two-sided P value of less than 0.05 was considered
significant.

Results
Characteristics of patients and secondary CNS involvement

Seventy-three patients from 11 hospitals in Korea were
analyzed; of these, 29 patients showed isolated CNS
involvement and 44 had combined CNS involvement. The
median follow-up duration of these 73 patients from the initial
diagnosis of DLBCL was 33.93 months (95% confidence
interval (CI) 20.17-47.69 months). Baseline characteristics of
patients at diagnosis were not significantly different between
these two groups (Table 1). However, patients with combined
CNS involvement were more likely to have an elevated level
of serum lactate dehydrogenase (LDH) (75%, 33/44)
compared with those with isolated CNS involvement
(51.7%, 15/29). Thirty-three cases (33/73, 45.2%) with
secondary CNS involvement occurred within 6 months from
the initial diagnosis of DLBCL, and the majority of these
were associated with systemic disease relapse or progression
(Table 2). The median time to secondary CNS involvement
was shorter in cases with combined CNS involvement
(5.63 months, 95% CI 4.58-6.68 months) than in those with
isolated CNS involvement (10.20 months, 95% CI 5.38—
15.02 months). The most common neurologic manifestations
were cranial nerve-associated symptoms such as facial palsy
and diplopia (Table 2).

Treatments and outcomes of secondary CNS involvement

Sixty-six patients received high-dose MTX-based treatment
(HD MTX, n=21) or other treatments (n=45) while seven
patients did not receive any treatment due to follow-up loss.
In the HD MTX group, MTX was used alone (#=5) or in
combination with other drugs such as procarbazine and
vincristine (n=16). In 12 patients, 3.5 g/m®> MTX was
infused over 6 h every 2 weeks, while in the other patients
the dose of MTX was reduced to 1.5 g/m? (n=5) or 3.0 g/m’
(n=4). Twenty-seven patients received localized CNS-
directed therapy (Local Tx) alone: intrathecal chemother-
apy (n=11), whole brain radiotherapy (n=6), or both (n=
10). The other 18 patients received systemic chemotherapy
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Table 1 Baseline characteristics of patients at diagnosis

Characteristics Number (%) Isolated CNS Combined CNS P value
(total N=73) involvement (N=29) involvement (N=44)

Sex

Male 40 (54.8%) 13 (44.8%) 27 (61.4%)

Female 33 (45.2%) 16 (55.2%) 17 (38.6%) 0.230

Age (years; median 52, range 17-81)

<60 43 (58.9%) 13 (44.8%) 30 (68.2%)

>60 30 (41.1%) 16 (55.2%) 14 (31.8%) 0.056

ECOG performance status

<2 61 (83.6%) 26 (89.7%) 35 (79.5%)

>2 12 (16.4%) 3 (10.3%) 9 (20.5%) 0.341

Ann Arbor stage

VI 28 (38.4%) 14 (48.3%) 14 (31.8%)

/v 45 (61.6%) 15 (51.7%) 30 (68.2%) 0.219

Serum LDH (IU/L)

Normal 25 (34.2%) 14 (48.3%) 11 (25.0%)

Increased 48 (65.8%) 15 (51.7%) 33 (75.0%) 0.048

Number of extranodal involvements

Oorl 44 (60.3%) 20 (69.0%) 24 (54.5%)

>2 29 (39.7%) 9 (31.0%) 20 (45.5%) 0.235

B symptoms

Present 31 (42.5%) 8 (27.6%) 23 (52.3%)

Absent 42 (57.5%) 21 (72.4%) 21 (47.7%) 0.053

Bone marrow invasion

Absent 48 (65.8%) 21 (72.4%) 27 (61.4%)

Present 25 (34.2%) 8 (27.6%) 17 (38.6%) 0.451

IPI

Low/low-intermediate 38 (52.1%) 18 (62.0%) 20 (45.5%)

High-intermediate/high 35 (47.9%) 11 (38.0%) 24 (54.5%) 0.232

First-line treatment

CHOP or CHOP-like regimens 39 (52.7%) 16 (55.2%) 23 (52.3%)

R-CHOP 34 (47.3%) 13 (44.8%) 21 (47.7%) >0.999

ECOG Eastern Cooperative Oncology Group; [PI International Prognostic Index; CNS central nervous system; CHOP cyclophosphamide,

doxorubicin, vincristine, prednisone; LDH lactate dehydrogenase

other than HD MTX with the addition of Local Tx after
the occurrence of secondary CNS involvement (CTx/Local
Tx).

Among 66 patients who received any treatment as a
curative intent, 26 patients had isolated CNS involvement
and 40 patients had combined CNS involvement.
Twenty-six patient with isolated CNS involvement
received treatment as follows (Table 3): HD MTX (n=
11), Local Tx (n=13), and CTx/Local Tx (rn=2). HD MTX
was predominantly used for patients with parenchymal
involvement (n=8) while Local Tx was mainly used for
leptomeningeal involvement (n=9). The overall response
of CNS lesions was 80.7% (21/26), but 12 patients died
due to CNS or systemic disease progression and 5 were
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lost to follow-up, corresponding to a treatment failure rate
of 65.3% (17/26) (Table 3). The median OS of patients
treated with HD MTX (13.93 months, 95% CI 0.33—
27.53 months) was better than that of other treatments
(5.63 months, 95% CI 0.01-11.56 months) although this
difference was not statistically significant (P=0.093,
Fig. 1a).

Among 40 patients treated for combined CNS
involvement, 16 patients received a more intensive
salvage chemotherapy regimen with localized CNS-
directed therapy (Table 3). Another 10 patients were
treated with HD MTX, and the other 14 patients were
primarily treated with localized CNS-directed therapy
(Table 3). The overall response rate of CNS lesions was
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Table 2 Comparison of clinical features between isolated and combined CNS relapses

Characteristics Number (%) Isolated CNS Combined CNS P value
(total N=73) involvement (N=29) involvement (N=44)

Relapse time after diagnosis of DLBCL

<6 months 33 (45.2%) 6 (20.7%) 27 (61.4%)

6-12 months 18 (24.7%) 12 (41.4%) 6 (13.6%)

>12 months 22 (30.1%) 11 (37.9%) 11 (25.0%) 0.002

Treatment status at the time of CNS involvement

During or after first-line treatment 54 (74.0%) 24 (82.8%) 30 (68.2%)

During or after salvage treatment 19 (26.0%) 5 (17.2%) 14 (31.8%) 0.186

Serum LDH (IU/L) at relapse

Normal 29 (39.7%) 19 (65.5%) 10 (22.7%)

Increased 44 (60.3%) 10 (34.5%) 34 (77.3%) 0.001

CNS involvement pattern

Parenchymal involvement 25 (34.2%) 13 (44.8%) 12 (27.3%)

Leptomeningeal involvement 38 (52.1%) 12 (41.4%) 26 (59.1%)

Combined involvement 10 (13.7%) 4 (13.8%) 6 (13.6%) 0.269

Clinical manifestations

Cranial nerve palsy-related symptoms 16 (21.9%) 6 (20.7%) 10 (22.7%)

Headache 15 (20.5%) 7 (24.1%) 8 (18.2%)

Motor weakness (e.g., lower extremity) 16 (21.9%) 6 (20.7%) 10 (22.7%)

Mentality change 8 (11.0%) 3 (10.3%) 5 (11.4%)

Dizziness, ataxia 8 (11.0%) 5 (17.2%) 3 (6.8%)

Seizure 5 (6.8%) 0 (0.0%) 5 (11.4%)

Voiding difficulty 3 (4.1%) 0 (0.0%) 3 (6.8%)

Paresthesia, tingling sensation 2 (2.7%) 1 (3.4%) 1 (2.3%)

CNS central nervous system, LDH lactate dehydrogenase, /U/L international unit per liter

50.0% (22/44); however, 50% of the patients subse-
quently showed systemic disease progression. The
outcome of parenchymal involvement combined with
systemic disease progression was poor; thus, the
response to HD MTX was worse than the response of
those with isolated parenchymal involvement (Table 3).
Although leptomeningeal involvement was well controlled
by the addition of local therapy (11 CR among 12 patients
treated with CTx/Local Tx, 91.7%), the median survival of
patients treated with CT/Local Tx (5.77 months, 95% CI
4.27-7.27 months) was not different from that of patients
treated with HD MTX (4.33 months, 95% CI 2.74-
5.92 months, Fig. 1b).

Patterns of treatment failure

If we consider that the patients lost during follow-up might
have experienced disease progression, both death and loss
to follow-up could be regarded as treatment failure. In cases
of isolated CNS involvement, high-dose MTX chemother-
apy showed a lower number of treatment failures compared
with other treatments (3/11 versus 14/15, Table 3). How-

ever, neither high-dose MTX nor other treatments were
effective in reducing the number of treatment failures in
cases of combined CNS involvement. Thus, the majorities
of patients either died or were lost during follow-up, with
the main cause of death being systemic disease progression
(Table 3). Therefore, when the OS of all patients with
secondary CNS involvement (n=73) was compared accord-
ing to the type of involvement pattern regardless of
treatment, patients with isolated CNS involvement (n=29)
showed a better survival than those with combined CNS
involvement (n=44, P=0.008, Fig. 2).

Discussion

Many risk factors for secondary CNS involvement have been
suggested, but there is still no clear consensus about which
patients are at risk of secondary CNS involvement and what
the CNS prophylaxis indications are in DLBCL patients [14].
Although the goal of our study was not to identify risk
factors for secondary CNS involvement of DLBCL, we did
observe that the proportion of patients with bone marrow
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Table 3 Treatment responses and survival outcomes of patients with isolated and combined CNS involvements

Characteristics Number CNS response/survival Treatment (number) Median survival
outcome (months)
HD MTX Local Tx CTx/Local Tx

Isolated involvement 26 11 13 2

Parenchymal 11 CR/PR 572 1/2 13.93
PD/UK 1/0

Leptomeningeal 11 CR/PR 1/0 6/0 2/0 4.93
PD/UK 1/0 0/1

Parenchymal/leptomeningeal 4 CR/PR 1/0 1/0 Not reached
PD/UK 0/2

Treatment failure 17 Death d/t systemic PD 1
Death d/t systemic/CNS PD 2 1
Follow-up loss 0 4 1

Combined involvement 40 10 14 16

Parenchymal 12 CR/PR 0/1 1/0 2.87
SD/PD/UK 1/3/1 2/3

Leptomeningeal 22 CR/PR 2/0 5/0 11/0 5.73
PD/UK 1/0 1/1 1/0

Parenchymal/leptomeningeal 6 CR/PR 0/1 1/0 2.60
PD/UK 1/0 0/1 0/2

Treatment failure 31 Death d/t systemic PD 5 6 4
Death d/t systemic/CNS PD 4 5
Non-disease-related death 1
Follow-up loss 2 3 1

HD MTX high-dose methotrexate, Local Tx localized CNS-directed therapy, C7x chemotherapy, CR complete response, PR partial response, SD
stable disease, PD progressive disease, UK unknown

a Isolated CNS involvement (n = 29) b Combined CNS involvement (n = 44)
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Fig. 1 a Overall survival (OS) after isolated CNS involvement. treatments (P=0.093). b We found no significant differences among
Patients treated with high-dose methotrexate-based chemotherapy (HD patients with combined CNS involvement according to the treatment
MTX) showed a better survival trend than patients who received other modalities (P=0.699)
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Fig. 2 Overall survival (OS) of patients with isolated CNS
involvement was better than those with combined CNS involvement
(P=0.008)

involvement, advanced disease stage, elevated serum LDH,
and increased International Prognostic Index was high in our
series (Table 1). These baseline characteristics might
represent a patient group at increased risk of secondary
CNS involvement and are similar to those reported previ-
ously [11]. There were no significant differences between the
clinical features of isolated and combined CNS involvement
except that serum LDH was more frequently elevated in
combined CNS involvement (Table 2).

The results of our study showed that most cases (51/73,
69.9%) of secondary CNS involvement occurred early,
either during or after the first-line of treatment (median time
to CNS involvement—5.80 months), a finding that is
consistent with previous studies reporting similar median
times from 5.4 to 6.0 months [4, 15, 16]. These data
suggest that most cases of secondary CNS involvement
have subclinical CNS involvement at diagnosis. Although a
series of recent published reports suggested that the
addition of rituximab to CHOP could reduce secondary
CNS involvement in DLBCL, this reduction was mainly in
the incidence of CNS relapse after 1 year [10, 17, 18].
Thus, considering that a large proportion of secondary CNS
involvement occurred early in the disease course, the
protective effect of rituximab against CNS involvement
might be limited in the presence of occult CNS disease at
diagnosis. Thus, an active evaluation to identify the
involvement of CNS at diagnosis should be performed in
DLBCL patients when a risk of secondary CNS involve-
ment is clinically suspected.

The prognosis of patients experiencing secondary CNS
involvement, especially during progression or after relapse
of systemic lymphoma is extremely poor [4, 6, 19]. We
observed many deaths due to systemic disease progression,

especially in cases of combined CNS involvement. Thus,
combined CNS involvement can be regarded as an
expression of end-stage lymphoma refractory to most
therapeutic strategies. However, active treatment with
high-dose MTX was reported to prolong the OS of patients
with isolated brain parenchyma involvement [11]. High-
dose MTX-based chemotherapy also appeared to be
effective for isolated parenchymal involvement in our study
because six patients were alive at the time of the final
analysis. The outcome of localized CNS-directed therapy
with or without systemic chemotherapy was worse than that
of high-dose MTX-based chemotherapy (Table 3). In cases
of isolated leptomeningeal CNS involvement, localized
therapy produced CR rates that were comparable to those
of high-dose MTX-based chemotherapy, but their survival
outcomes were poor and death due to systemic disease
progression or follow-up loss was frequently observed.
Thus, the main cause of treatment failure in isolated CNS
involvement was systemic disease progression rather than
CNS progression (Table 3). Considering the relatively
lower incidence of CNS progression in patients treated
with high-dose MTX-based chemotherapy, systemic ad-
ministration of high-dose MTX might be helpful in
controlling the CNS lesions. However, its role in control-
ling systemic disease progression is still not clear.

Regardless of the treatment modality or the pattern of
CNS involvement, the outcomes of patients with combined
CNS involvement were worse than those with isolated CNS
involvement (Fig. 2). Systemic disease progression
accounted for the majority of deaths in cases with combined
CNS involvement (Table 3); thus, high-dose MTX was not
effective in controlling systemic disease in this condition.
Furthermore, the strategy of systemic chemotherapy against
systemic disease progression and intrathecal chemotherapy
against leptomeningeal CNS involvement also failed to
improve outcomes for patients with combined CNS involve-
ment because of the frequent progression of systemic disease.
Although this study summarized the outcomes of a relatively
large number of patients, it was a retrospective analysis with
several weak points. For example, the treatments were
heterogeneous because participating centers used their own
treatment regimens or strategies. Thus, the dosage of MTX
varied from 1.5 to 3.5 g/m’—a variation that might affect the
outcomes of patients treated with high-dose MTX-based
chemotherapy since the dosage of MTX has been reported to
be a factor influencing the outcome of primary CNS
lymphoma [20]. Therefore, comparison of the efficacies of
those treatments could not be conclusive although high-dose
MTX-based chemotherapy appeared to be beneficial for
patients with isolated CNS involvement, especially brain
parenchymal involvement.

In summary, the prognoses of patients with secondary
CNS involvement remain dismal. Therefore, a prospective
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study with a uniform treatment strategy comprising CNS-
penetrating agents and intensive systemic therapy to control
systemic disease is warranted to establish a more effective
treatment strategy for patients with isolated and combined
CNS involvement.
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