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Abstract Central nervous system (CNS) relapse contin-
ues to be a frequent and usually fatal complication in
patients with diffuse large B cell lymphoma (DLBCL).
Multiple factors identify the possibility of relapse and
justify neurological prophylaxis; however, most of these
have not been confirmed. Thus, the use of prophylaxis has
not been defined. From 1988 to 2008, 3,258 patients with
DLBCL with higher clinical risks and multiple extranodal
involvement that have been treated with standard anthra-
cycline-based chemotherapy: CHOP (cyclophosphamide,
doxorubicin, vincristine and prednisone) or CHOP-R
(CHORP plus rituximab) and that achieve complete response
were retrospectively analyzed to assess the efficacy of CNS
prophylaxis. One thousand five patients received different
schedules for CNS prophylaxis, and 2,253 patients did not
receive CNS prophylaxis. CNS relapse was similar in
patients who receive prophylaxis (6 %) compared to
patients who did not receive prophylaxis (5.9 %). Overall
survival of patients who either receive or did not receive
prophylaxis was not statistically significant: 49 % versus
53 % (p = 0.802). Thus, it seems that CNS prophylaxis did
not improve outcome in this special setting of patients, and
no prognostic factors to predict the presence of CNS
relapse were identified. It is evident that multicentric
studies are necessary to define the role of prophylaxis in
order to prevent CNS relapse and that the therapeutic
procedure will be carefully revised.
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Introduction

Central nervous system (CNS) relapse in patients with diffuse
large B cell lymphoma (DLBCL) has been reported to be
between 1.1 and 10.4 %. Although relatively uncommon, itis a
serious and mostly fatal complication [1-7]. Multiple attempts
have been performed to identify the patients who are considered
atrisk and who should receive prophylaxis [8—16]. However, no
uniform criteria have been developed, and the efficacy of dif-
ferent forms of CNS prophylaxis has never been formally
demonstrated. Recently, the use of systemic therapy with
higher doses of methotrexate (MTX) or cytosine arabinoside, or
with the addition of rituximab to standard chemotherapy, has
been advocated as useful to prevent CNS relapse, but contra-
dictory results have been reported [17-20]. Controlled clinical
trials are clinically and ethically difficult to prevent, and for this
reason, retrospective analysis has been performed to answer this
problem. Although multiple therapeutic attempts have been
employed to prevent CNS relapse, most reports included only
one type of prophylaxis [3, 18, 21, 22], and comparison between
the different types is not available. During the last 25 years, we
employed different approaches of prophylactic measures. Thus,
we revised our experience in this field to evaluate the risk
factors in a homogenous group of patients with DLBCL treated
with cyclophosphamide, doxorubicin, vincristine and predni-
sone (CHOP) or CHOP adding rituximab (R-CHOP), with a
large follow-up to define whether the CNS relapse can influence
overall survival (OS) in patients with DLBCL and poor prog-
nostic factors.
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Patients and methods

Patients with proven diagnosis of DLBCL according to
WHO classification, without evidence of CNS involvement
at diagnosis, who were treated in our institution from 1988
to 2010, were included in the present analysis. Burkitt’s
lymphoma, lymphoblastic lymphoma, human immunode-
ficiency virus (HIV)-associated lymphoma and lymphoma
as second neoplasm were excluded.

For all patients, initial staging work-up including clini-
cal examination, complete blood counts, serum chemistry,
serum determination of lactic dehydrogenase (LDH) and
beta 2 microglobulin (B2 M), HIV, hepatitis B and C tests
was performed.

Computed tomography of the thorax, abdomen and
pelvis, as well as aspirate and biopsy tests of the bone
marrow, was also conducted. A lumbar puncture (LP) was
performed in all cases with breast, testicle, kidney and bone
marrow involvement [23, 24]. Although other extranodal
presentations were previously mentioned at risk of CNS
relapse as lymphoma manifestation in the head, neck, nasal
and bone, in our experience, it is very rare, and LP was not
routinely performed in these patients. Patients with positive
LP for malignant cells were excluded for analysis. If the
patients showed clinical manifestations of CNS involve-
ment, tomography and/or magnetic resonance imaging was
performed. A positive result excludes them from the study.
All patients were treated with six cycles at standard doses
of CHOP or R-CHOP. Patients with nodal bulky disease
(tumor mass >10 cm) received adjuvant radiotherapy [25].
Only patients that achieved complete response after che-
motherapy were considered candidates for CNS prophy-
laxis, which began 6-8 weeks after chemotherapy.

Administration of CNS prophylaxis was upon the dis-
cretion of the treating physician, who presents the case in
an internal round-table, and the total group decides whether
the patient received prophylaxis; in all cases LP was per-
formed prior to prophylaxis.

During this time different prophylaxis therapies were
administered

Cranial radiotherapy was given along with whole-brain
radiation therapy and was administered at a dose of 2.5 Gy
in 25 treatment sessions of 0.1 Gy each.

Intrathecal methotrexate (IT MTX) is another therapy
administered. Fifteen milligram of MTX plus 100 mg of
hydrocortisone was given every 5 days for six doses fol-
lowed by maintenance therapy, and of the same single dose
every 3 months for 1 year (total doses: 10).

A standard dose of 40 mg combined IT MTX and
cytosine arabinoside and 100 mg of hydrocortisone were
administered at the same schedule mentioned earlier.
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On the other hand, 4 g/m2 of high-dose MTX was given
every 14 days, for four doses (total dose: 16 g/m2), fol-
lowed by folinic acid rescue.

To diagnose CNS relapse, patients with symptoms and/
or sings of neurological involvement were studied using
LP, cranial tomography and magnetic resonance imaging.
The diagnosis was based on the detection of lymphoma
cells in the spinal fluid and radiological findings. No brain
biopsy was performed.

When CNS relapse was documented, the patients were
treated with different schedules:

e Patients with brain relapse and who received radiother-
apy for prophylaxis were treated with high-dose MTX:
4 g/m? with folinic acid rescue on Days 1 and 28, and
cytosine arabinoside 2 g/m? every 12 h for eight doses
(total dose: 12 g/m?) on Days 15 and 45.

e Patients with meningeal relapse were treated with three
drugs: MTX, cytosine arabinoside and hydrocortisone
with the aforementioned doses every 4 days until
clearance of the spinal fluid. Maintenance was contin-
ued every 28 days until progression, death or toxicity.

Statistical analysis

The primary endpoint was time to CNS relapse, which is
defined as the time of CNS involvement and the end of
chemotherapy in patients who achieved CR. The second
endpoint was overall survival after CNS relapse until death
from any cause. CNS relapse and overall survival were
estimated according to the method of Kaplan and Meier. A
5-year CNS relapse rate together with 95 % confidence
interval (CI) was reported. Univariate analysis was carried
out by means of Cox regression, and log-rank test was
performed to evaluate the risk of CNS relapse in terms of
these factors. All factors with p values less than 0.10 were
included in the multivariate analysis in order to identify
prognostic factors for CNS relapse using the Cox regres-
sion model.

Relapse-free survival (RFS) was defined as time from
diagnosis to relapse, including both CNS and non-CNS
relapse. OS was defined as the time from diagnosis to the
date of death or date of last follow-up (December 2011).

Results

The study was performed in a single center, the Oncology
Hospital, National Medical Center of the National Institute
of Social Security, which is an tertiary reference center and
has a coverage of 36.000.000 people. Patients diagnosed
with DLBCL between 1988 and 2008 were included in the
study. The median time of follow-up was 13.6 years (range
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5-19.3 years). During this time, 7,685 patients were diag-
nosed with malignant lymphoma. In order to avoid the
presence of bias by including different histological types,
we considered only patients with DLBCL histology (3,285
cases).

Table 1 shows the clinical and laboratory characteris-
tics. For various reasons, we received patients with
advanced disease; patients in the early stages are rare, and
most patients have adverse prognostic factors and have
bulky disease, higher clinical risks, poor performance sta-
tus, higher levels of LDH and beta 2-microglobulin and
multiple extranodal infiltration.

One hundred and eighty-eight patients had CNS relapse.
The median time for CNS relapse was 3.0-32.4 months
(median 11.6 months). Thirty-five patients had parenchy-
mal relapse, 50 had a meningeal relapse, and 102 showed
relapse in both sites. Table 2 shows the CNS relapse pat-
tern according to the type of CNS prophylaxis. No statis-
tical differences were observed upon comparing the
different types of prophylaxis and the nonuse of CNS
prophylaxis.

By univariate analysis, no increased risk for CNS
relapse was associated with different risk factors that were
analyzed (Table 3). Thus, multivariate analysis did not
show any statistical differences (data not shown). Sixty-
five patients achieved a complete response (35 %), but 30
patients (45 %) showed disseminated relapse 6-21 months
after CNS relapse and died, secondary to tumor progres-
sion. One hundred twenty-two patients did not respond to
treatment and died, secondary to neurological infiltration.
At 5 years, OS of patients with CNS relapse was 19 %.

In an intent to analyze the impact of CNS relapse on the
outcome of RFS and OS, we reviewed the patients who did
not receive prophylaxis and compared them with patients
who received prophylaxis to CNS. Actuarial curves at
5 years showed that OS was 53 % in patients who did not
receive compared to 49 % in patients who received pro-
phylaxis, which is not statistically significant (p = 0.802).

The study was approved by the Ethical and Scientific
Committee of our institution, and all patients gave
informed consent to receive or not to receive CNS pro-
phylaxis (Table 4).

Discussion

Although the problem of CNS recurrence in patients with
aggressive lymphoma is well recognized, it is still unclear
which patients are at risk of the event, and for this reason, a
better prophylaxis to avoid the presence of CNS relapse
remains undefined. The incidence of CNS relapse has been
reported to be from 0.9 to 35 %, depending on histology
subtypes presented in the study population. In DLBCL it

Table 1 Clinical and laboratory characteristics

No (%)

Number 3,258(100)
Age (years)

<60 1,897(58)

>60 1,361(41)
Sex

Male 1,501(46)

Female 1,757(53)
Stage

I 514(15)

v 2,744(84)
LDH (elevated, >2 N) 2,993(91)
ECOG

0-1 830 (25)

>2 2,428 (74)
Extranodal sites

0 514 (15)

1 604 (18)

2 710 (21)

) 1,430 (45)
Bone marrow involvement 901 (32)
Clinical risk

Low 32.(1)

Low-intermediate 190 (5)

High-intermediate 1,106 (33)

High 1,930 (59)
Bulky disease (tumor mass >10 cm) 1,001 (30)
Beta 2 microglobulin >2 N 1,217 (37)
Chemotherapy

CHOP 2,347 (72)

CHOP-R 911 (27)

LDH lactic dehydrogenase, ECOG Eastern Cooperative Oncology
Group, CHOP cyclophosphamide, doxorubicin, vincristine and
prednisone, CHOP-R CHOP plus rituximab

has been reported to be +5 % in patients who did not
receive prophylaxis, but until now there is no information
about the risk of patients who received prophylaxis.

Multiple studies have been performed to identify the
prognostic factors to predict the risk of CNS relapse which
include higher clinical risks, advanced stage, higher levels
of serum LDH, extranodal involvement with some specific
organs, such as testicle, breast, sinuses, kidney, bone
marrow involvement, and the presence of bulky disease
[8-16], but none of these risk factors have been confirmed.
Attempts have been performed to develop risk models and
to increase the possibility of identifying the risk of CNS
relapse, but again, independent studies have not been able
to confirm the initial results [8-11, 19].
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Table 2 Central nervous system relapse and risk factors

Table 4 Overall survival rate

No cases (%) 5-year rate 95 % CI )4

Age (years)

<60 96/1897 (5.0) 2.0 1.4-2.7

>60 92/1361 (6.7) 2.3 1.8-2.9 0.688
Sex

Male 90/1501 (5.7) 2.5 1.9-2.9

Female 98/1757 (5.5) 2.4 1.8-2.7 0.8
Stage:

1 28/514 (5.4) 1.7 0.8-2.1

v 160/2744 (5.8) 2.8 2.1-3.1 0.710
LDH:

Normal 10/265 (3.7) 2.9 2.3-34

Elevated 178/2993 (5.9) 3.8 3.0-4.5 0.06
ECOG

0,1 33/830 (3.9) 23 1.9-2.8

>2 155/2428 (6.3) 2.5 2.5-3.1 0.123
Extranodal sites
0,1 61/1118 (5.4) 2.4 1.8-3.0
>2 127/2140 (5.9 3.6 2.8-4.1 0.03
Clinical risks

0,2 14/222 (6.3) 1.9 0.8-2.7

>2 174/3036 (5.7) 24 1.9-3.1 0.03
Bulky disease (tumor mass >10 cm)

Yes 69/1001 (6.8) 2.6 1.9-3.2

No 119/2257 (5.2) 2.5 2.0-3.0 0.08
Beta 2 microglobulin

Normal 69/1217 (5.6) 2.1 1.7-2.8

Elevated 119/2041 (5.0) 2.0 1.5-24 0.880
CHOP 131/2347 (5.5) 2.7 2.1-3.4
CHOP-R 57/911 (6.2) 2.8 2.0-3.4 0.101
Received CNS prophylaxis

Yes 60/1005 (6.0) 2.3 1.6-2.9

No 118/2253 (5.9) 2.3 1.5-2.9 0.273

Table 3 Type of central nervous system prophylaxis and relapse

Prophylaxis Relapse

No (%)
Total 1,005 60 (5.9)
Radiotherapy 108 5 (4.6)
Intrathecal chemotherapy 275 17 (6.1)
High doses of methotrexate 299 18 (6.0)
Rituximab 323 20 (6.1)
No prophylaxis 2,253 118 (5.9)

In the present study, we present a larger series of
patients with uniform criteria: diagnosis of DLBCL,
patients who treated with standard anthracycline-based
chemotherapy and in the last years introduced monoclonal
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No Prophylaxis-CNS  Prophylaxis-CNS

No (%)
Cases 2,253 (100) 1,005 (100)
Complete remission 1,718 (76) 783 (77)
Relapse-free survival® 1,235 (71) 601 (71)
Overall survival® 1,216 (53) 499 (49)

* Actuarial curves at 5 years

antibodies, uniform clinical risks, advanced stages, pres-
ence of bulky disease and multiple extranodal involvement,
including bone marrow infiltration; however, in our results,
neither of the mentioned prognostic factors influenced the
presence of CNS relapse, and the most important is it did
not influence OS when comparing patients who received
CNS prophylaxis and those who did not.

On the other hand, different types of prophylaxis have
been recommended based on the experience observed in
the reports. No consensus exists about the better prophy-
lactic measures. In our experience we employed different
prophylaxis, and no clear differences were observed
between the different schedules. The addition of rituximab
to anthracycline-based chemotherapy has been suggested
to reduce the number of CNS relapse [14, 19, 20], but other
studies did not confirm these findings [21, 22]. In our study,
the addition of rituximab did not influence the presence of
CNS relapse.

Extranodal involvement, especially in some organs, has
been associated with a higher risk of developing CNS
relapse; however, in our study the primary extranodal
presentation of breast, testicle or presence of bulky disease
did not confirm these findings [23-25].

The most important finding is that the number of CNS
relapse was similar in patients who received any prophy-
lactic measure compared with patients who did not receive
CNS prophylaxis. The main problem is to define the origin
of tumor cells that are the cause of CNS infiltration. Taking
into consideration, the short time to CNS relapse is prob-
ably that the malignant cells are present in CNS upon
diagnosis and are not detected using conventional methods
and did not produce clinical symptoms because the tumor
mass is small. However, some malignant cells can be
resistant to chemotherapy, including rituximab, and can
migrate to the CNS system to produce neurological relapse.
Thus, the use of higher doses of MTX and cytosine ara-
binoside should be the preferred prophylaxis.

The aim is to detect the tumor cells when the tumor
mass is small, in order to have a better chance to eradicate
these tumor cells. Hedge et al. [26] found that flow
cytometry can detect occult malignant cells in CNS,
however, in these study they found that in 22 % of patients
with DLBCL a with negative search using conventional
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methods to detect tumor cells in the spinal fluid, flow
cytometry positively detected malignant cell. Although
these patients received CNS prophylaxis, neurological
relapse was observed in five patients (45 %). Thus, it has
been suggested that differences in results will be secondary
to different criteria and different panels, and recently, it has
been suggested that flow cytometry will not be considered
the standard diagnostic test; controlled clinical trials are
necessary to define the role of this laboratory test [27].

The presence of CNS relapse remains to be a worst
clinical feature because remission is rare and <10 % of
patients are alive at 1 year [28-30]. However, the presence
of CNS relapse did not influence the OS of the entire group
when compared to patients who did not receive prophy-
laxis. It appears that some patients have the propensity to
relapse in extranodal sites; thus, although CNS relapse can
be avoided, relapse in another extranodal site is present,
and as is common in this type of relapse, second response is
rare and most patients die, secondary to tumor progression.
Thus, it is evident that there is urgency to define the
patients who are present with a trend to develop a relapse in
any extranodal site in order to prevent the relapse and
modify the current treatment in this type of patients. Thus,
if CNS relapse can be diminished with the use of pro-
phylaxis, other extranodal relapses cannot be avoided
and the patients, ultimately, relapse, with a low opportunity
to achieve response, leading to death due to tumor
progression.

We conclude that in our experience with a larger num-
ber of patients and with a longer follow-up period, the use
of CNS prophylaxis, as employed actually, did not prevent
CNS relapse and that the use of prophylaxis did not affect
OS in patients with high clinical risks and poor prognostic
factors.
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