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Abstract Central nervous system (CNS)-directed prophylac-
tic intrathecal (IT) therapy is indicated in patients with Burkitt
and acute lymphoblastic lymphoma. Its role in diffuse large B
cell lymphoma (DLBCL), a heterogeneous subtype, is less well
defined. While addition of rituximab to standard cyclophos-
phamide–hydroxydaunorubicin–oncovin–prednisone (CHOP)
chemotherapy (R-CHOP) has improved the outcomes of
DLBCL patients, its role in reducing CNS relapse is unclear.
We aim to (1) evaluate the clinical risk factors predictive of
CNS relapse, (2) the role of rituximab in influencing CNS
relapse, and (3) role of intrathecal prophylaxis. Four hundred
ninety-nine patients with DLBCL from 2000 to 2008 were
included (CHOP 179 vs. R-CHOP 320). IT prophylaxis was
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Introduction

The incidence of isolated 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%
[1–8]. While relatively uncommon, it is almost always fatal.
Patients at risk of CNS recurrence include those with
advanced stage of disease, elevated lactate dehydrogenase
(LDH), and involvement of extranodal sites such as bone
marrow and testes [1–6]. To reduce the risk of CNS
recurrences in these patients, most authorities, such as the
British Columbia Cancer Agency and the National Cancer
Comprehensive Network, advocate routine intrathecal (IT)
prophylaxis. Nonetheless, the benefit of intrathecal prophy-
laxis in preventing CNS disease has been questioned in recent
years [3]. While the addition of rituximab, a chimeric anti-CD
20 monoclonal antibody to cyclophosphamide–hydroxydau-
norubicin–oncovin–prednisone (CHOP) chemotherapy (R-
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administered to 82 patients based on our institution s guide-
lines. Baseline characteristics between CHOP- and R-CHOP-
treated patients were similar. Although R-CHOP significantly
increased the complete remission rate from 71% to 81%
(P<0.01), CNS relapse rates remained unchanged (R-CHOP
6% vs. CHOP 5.1%). On multivariate analysis, poor
performance status (Eastern Cooperative Oncology Group
>1; hazard ratio (HR)=2.01, 95% confidence interval (CI)

1.29–3.14), failure to attain remission (non-complete response
(CR) vs. CR: HR=2.39, 95% CI=1.03 to 5.51), testicular
(HR=6.67, 95% CI=1.62 to 27.53), kidney (HR=20.14, 95%
CI=5.23 to 77.46), and breast involvement (HR=6.14, 95%
CI=1.61 to 23.37) were each independently predictive of
CNS relapse. Use of IT prophylaxis did not appear to
decrease CNS relapse. Median survival after CNS relapse
was 3.2 months. CNS relapse, a fatal event, remains a
challenge in R-CHOP-treated patients. IT prophylaxis may
not be sufficient to reduce CNS relapse, and strategies
including systemic agents with high CNS penetration should
be evaluated in high-risk patients identified in this study.



CHOP), has certainly improved the survival of patients with
DLBCL [9–13], its efficacy in preventing CNS relapse
though remains controversial.

This study aimed to evaluate the incidence of CNS
relapse, its natural history, and risk factors in a homogenous
group of patients with DLBCL treated with either CHOP or
R-CHOP chemotherapy. We also aim to evaluate the
efficacy of rituximab and intrathecal prophylaxis in
reducing CNS recurrences.

Methods

Patients

Patients with DLBCL without CNS disease at diagnosis
treated in our institution from 2000 to 2008 were included in
this retrospective study. Four hundred ninety-nine consecu-
tive patients with DLBCL in our electronic clinical database
who received at least one cycle of CHOP/R-CHOP chemo-
therapy with curative intent were included. Patients with
DLBCL who received non-curative treatment or who died
soon after diagnosis were excluded. The Ann Arbor staging
system was used to stage all patients prior to the commence-
ment of treatment. This included history; physical examina-
tion; standard laboratory tests; computed tomography scans
of the chest, abdomen, pelvis, and other relevant sites; and
bone marrow biopsy. Both the staging investigations and
histology were centrally reviewed. Following completion of
CHOP or R-CHOP chemotherapy, patients were reviewed
every three to four monthly in the first 3 years. In the fourth
and fifth year, they were reviewed six monthly. Thereafter,
patients were seen yearly till the tenth follow-up year. Out of
364 surviving patients, 40 were lost to follow-up.

Detection of CNS disease

CNS disease at diagnosis or CNS relapse is based on either
radiologic evidence, cytologic proof, or clinical presenta-
tion of CNS involvement. At the discretion of the treating
physician, cerebrospinal fluid (CSF) analysis was also
performed in patients who were deemed at high risk of
CNS relapse, defined in our institution as those with >1
extranodal sites of involvement and specific sites of
involvement (orbit, sinus/posterior nasal space, breast,
testicular, bone, and bone marrow). Of the 203 patients
deemed at risk of CNS relapse as defined, CSF analysis
was eventually performed in 82 patients.

Intrathecal prophylaxis

At the discretion of the treating physician and patient
preference, prophylactic intrathecal prophylaxis was ad-

ministered to those who were deemed at high risk of CNS
relapse, as previously defined. Thus, among the 203
patients deemed at high risk of CNS relapse (i.e., >1
extranodal sites of involvement, or involvement of orbit,
sinus/posterior nasal space, breast, testicular, or bone
marrow), 82 had CSF analysis and subsequent IT prophy-
laxis. Eighty-two patients received a median of four
intrathecal methotrexate 12 mg given on the same day as
intravenous chemotherapy.

Statistical analysis

Clinical characteristics were compared between patients who
received CHOP and those with R-CHOP chemotherapy using
Fisher’s exact test in terms of age, gender, Eastern Cooper-
ative Oncology Group (ECOG), LDH, number of extranodal
sites involved, testicular, status of bone marrow involvement,
kidney, sinus, post-nasal space, liver, breast, IT prophylaxis, B
symptoms, stage, international prognostic index (IPI), and
response to treatment.

Time to CNS relapse was defined as time from
diagnosis to CNS relapse, if no CNS relapse, to the date
of death or date of last follow-up. Only the CNS relapse
was considered as events, and the rest were censored
when calculating cumulative CNS relapse rate using
Kaplan–Meier survival curve. Two-year CNS relapse rate
together with 95% confidence interval (CI) were
reported. Univariate analyses were carried out by means
of Cox regression, and log-rank test was performed to
evaluate the effects of different risk factors on CNS
relapse in terms of these factors. All factors with P
values less than 0.10 were included in the multivariate
analysis to identify prognostic factors for CNS relapse
using Cox regression model. The strength of prognostic
factors was estimated by determining hazard ratios (HR)
and the corresponding 95% CIs.

CNS relapse-free survival was calculated from date of
chemotherapy to date of documented CNS relapse or death;
patients alive without progressive/relapsed disease were
censored on the date of last follow-up visit. Time to relapse
(TTS) was defined as time from diagnosis to relapse
including both CNS and non-CNS relapse. Overall survival
(OS) was defined as time from diagnosis to the date of
death or date of last follow-up. Kaplan–Meier survival
curves were also performed to estimate TTS and OS of
patients with CNS relapse and those with non-CNS relapse.
The equality of TTS or OS between these two groups of
patients was assessed using log-rank test. Similar tests were
done to compare the OS between patients developing CNS
relapse after diagnosis and another 18 patients with CNS
disease at diagnosis. All analyses were carried out using
STATA version 9.0 (STATA Corporation, College Station,
TX, USA).
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Results

Patient characteristics

A total of 499 patients without CNS disease at diagnosis
were included in the analysis; 179 (36%) received CHOP
chemotherapy and 320 (64%) received R-CHOP chemo-
therapy. Clinical characteristics of patients who received
CHOP or R-CHOP chemotherapy were listed in Table 1.
The clinical characteristics were not significantly different
between the two treatment arms except for a B symptoms
(CHOP 34% vs. R-CHOP 23%; P=0.012) and complete
response (CR) rates (CHOP 71% vs. R-CHOP 81%; P<
0.001). Clinical characteristics of patients who received IT
prophylaxis were listed separately in Table 2. As shown in
the table, patients who received prophylactic IT generally
had more advanced stages of disease and more extranodal
involvement.

CNS relapse and risk factors

The median duration of follow-up for the patients who
received CHOP and R-CHOP were 5.45 and 2.70 years,
respectively. The 2-year cumulative incidences of CNS
relapse were 5.1% (95% CI=2.6% to 9.9%) for patients
with CHOP and 6.0% (95% CI=3.8% to 9.4%) for patients
with R-CHOP. The median time from diagnosis to CNS
relapse was not achieved for both patients with CHOP or R-
CHOP (Fig. 1). Time to CNS relapse was not significantly
different the two treatment groups (P=0.818).

The incidence of CNS relapse among patients treated
with intrathecal prophylaxis was 11% (9 out of 82),
compared to 5% (21 out of 417) among those who did
not receive any IT prophylaxis. Patients with more than one
extranodal site of involvement and site-specific involve-
ment comprising of orbit, sinus/posterior nasal space,
breast, testicular, bone, and bone marrow were deemed at
an increased risk of CNS relapse. We identified 203 patients
with one or more mentioned features. Eighty-two patients
received intrathecal prophylaxis together with systemic
chemotherapy while 121 patients received only systemic
chemotherapy. The baseline characteristics are shown in
Table 3. The Kaplan–Meier estimate of CNS relapse-free
survival between these two groups of patients is shown in
Fig. 2. Addition of intrathecal prophylaxis did not confer an
additional benefit (P=0.981)

For the entire cohort of patients, the factors that
increased the risk of CNS relapse included ECOG
performance status >1, elevated LDH, >1 extranodal sites
of involvement, testicular involvement, bone marrow
involvement, kidney involvement, breast involvement,
presence of B symptoms, stage IV at diagnosis, and failure
to attain complete remission (Table 4).

On Cox regression, ECOG performance >1 (HR=2.01,
95% CI 1.29–3.14), failure to attain remission (non-CR vs.
CR: HR=2.39, 95% CI=1.03 to 5.51), testicular (HR=
6.67, 95% CI=1.62 to 27.53), kidney (HR=20.14, 95%
CI=5.23 to 77.46), and breast involvement (HR=6.14,
95% CI=1.61 to 23.37) were each independently predic-
tive of CNS relapse (Table 5).

We also attempted to evaluate the risk factors for CNS
relapse among patients treated with R-CHOP alone. On
univariate analysis, LDH>2ULN, ECOG performance
status >1, >1 extranodal sites of involvement, bone marrow
involvement, kidney involvement, liver involvement, B
symptoms, stage IV disease at presentation, IPI score ≥3,
and failure to attain CR were each associated with increased
risk of CNS relapse (Table 4). Kidney involvement, ECOG
performance status >1, and failure to attain complete
remission were each independently predictive of CNS
relapse on multivariate analysis (Table 5).

The median time to CNS relapse among 30 patients with
CNS relapse was 0.56 year (range, 0.16 to 3.77 years).
Among the 76 patients with non-CNS relapse, the median
time to relapse was 0.93 year (range, 0.13 to 6.44 years). This
difference is statistically significant on log-rank test (P=
0.009).

Overall survival of patients with CNS relapse

The median overall survival for the 30 patients with CNS
relapse was 1.08 years, compared to 1.38 years for the 76
patients with non-CNS relapse (P=0.3590). The median
survival and estimated 2-year survival rate for these 30
patients following a diagnosis of CNS recurrence were
0.27 year and 20%, respectively. Compared to these 30
patients with CNS recurrence, the median OS of the 18
patients with CNS disease at diagnosis was 2.29 years (P=
0.0570; Fig. 3).

Discussion

While rituximab undoubtedly improves the outcome of
patients with DLBCL [9, 10, 13], its impact in reducing
CNS relapse in this group of patients remains uncertain.
The RICOVER-60 trial represents the largest prospective
study available evaluating this question. This trial primarily
investigated the benefits of adding rituximab to CHOP-14
chemotherapy and the optimal number treatment cycles (six
or eight) in 1,217 elderly patients. In the trial, the authors
reported a modest though statistical significant reduction in
the estimated 2-year incidence of CNS events from 6.9% in
patients treated with CHOP to 4.1% in patients treated with
R-CHOP-14 (P=0.043). Nonetheless, since almost 20% of
the patients in the study population did not have DLBCL,
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Table 1 Patients characteristics in terms of chemotherapy (CHOP vs. R-CHOP)

Entire cohort CNS relapse cohort

Characteristics R-CHOP (n=320) CHOP (n=179) P value R-CHOP CHOP P value

Age (years)

≤60 192 (60%) 115 (64%) 0.388 10 (50%) 6 (60%) 0.709
>60 128 (40%) 64 (36%) 10 (50%) 4 (40%)

Gender

Male 166 (52%) 108 (60%) 0.075 12 (60%) 5 (50%) 0.705
Female 154 (48%) 71 (40%) 8 (40%) 5 (50%)

ECOG

≤1 279 (87%) 159 (89%) 0.670 13 (65%) 8 (80%) 0.675
>1 41 (13%) 20 (11%) 7 (35%) 2 (20%)

LDH

LDH≤1ULN 88 (28%) 60 (34%) 0.184 4 (20%) 0 (0%) 0.272
LDH>1ULN 232 (72%) 119 (66%) 16 (80%) 10 (100%)

LDH≤2ULN 226 (71%) 131 (73%) 0.605 8 (40%) 6 (60%) 0.442
LDH>2ULN 94 (29%) 48 (27%) 12 (60%) 4 (40%)

Extranodal

≤1 site 237 (74%) 136 (76%) 0.668 9 (45%) 8 (80%) 0.119
>1 site 83 (26%) 43 (24%) 11 (55%) 2 (20%)

Testicular

No 308 (96%) 174 (97%) 0.798 18 (90%) 9 (90%) 1.000
Yes 12 (4%) 5 (3%) 2 (10%) 1 (10%)

Bone marrow involved

No 284 (89%) 162 (90%) 0.650 15 (75%) 7 (70%) 1.000
Yes 36 (11%) 17 (10%) 5 (25%) 3 (30%)

Kidney

No 311 (97%) 177 (99%) 0.342 16 (80%) 10 (100%) 0.272
Yes 9 (3%) 2 (1%) 4 (20%) 0 (0%)

Sinus

No 316 (99%) 179 (100%) 0.302 20 (100%) 10 (100%) –
Yes 4 (1%) 0 (0%) 0 (0%) 0 (0%)

Post-nasal space

No 303 (95%) 170 (95%) 1.000 20 (100%) 10 (100%) –
Yes 17 (5%) 9 (5%) 0 (0%) 0 (0%)

Liver

No 296 (92%) 170 (95%) 0.350 16 (80%) 10 (100%) 0.272
Yes 24 (8%) 9 (5%) 4 (20%) 0 (0%)

Breast

No 309 (97%) 175 (98%) 0.589 19 (95%) 8 (80%) 0.251
Yes 11 (3%) 4 (2%) 1 (5%) 2 (20%)

IT prophylaxis

No 261 (82%) 156 (87%) 0.130 15 (75%) 6 (60%) 0.431
Yes 59 (18%) 23 (13%) 5 (25%) 4 (40%)

B symptoms

No 245 (77%) 118 (66%) 0.012 11 (55%) 4 (40%) 0.700
Yes 75 (23%) 61 (34%) 9 (45%) 6 (60%)

Stage

1 and 2 178 (56%) 100 (56%) 1.000 6 (30%) 2 (20%) 0.682
3 and 4 142 (44%) 79 (44%) 14 (70%) 8 (80%)

IPI

0, 1, 2 235 (73%) 134 (75%) 0.751 10 (50%) 8 (80%) 0.235
3, 4, 5 85 (27%) 45 (25%) 10 (50%) 2 (20%)

Response

CR 256 (81%) 121 (71%) <0.001 11 (55%) 7 (70%) 0.273
Non-CR 61 (19%) 49 (28%) 9 (45%) 3 (30%)
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Table 2 Patients characteristics of ITMTXatDx (IT) vs. non-IT

Characteristics Entire cohort CNS relapse cohort

Non-IT (n=417) IT (n=82) P value Non-IT (n=21) IT (n=9) P value

Age (years)

≤60 255 (61%) 52 (63%) 0.804 7 (33%) 9 (100%) 0.001
>60 162 (39%) 30 (37%) 14 (67%) 0 (0%)

Gender

Male 194 (47%) 31 (38%) 0.182 9 (43%) 4 (44%) 1.000
Female 223 (53%) 51 (62%) 12 (57%) 5 (55%)

ECOG

≤1 374 (90%) 64 (78%) 0.005 15 (71%) 6 (67%) 1.000
>1 43 (10%) 18 (22%) 6 (29%) 3 (33%)

LDH

LDH≤1ULN 132 (32%) 16 (20%) 0.034 4 (19%) 0 (0%) 0.287
LDH>1ULN 285 (68%) 66 (80%) 17 (81%) 9 (100%)

LDH≤2ULN 299 (72%) 58 (71%) 0.894 10 (48%) 4 (44%) 1.000
LDH>2ULN 118 (28%) 24 (29%) 11 (52%) 5 (55%)

Extranodal

≤1 site 335 (80%) 42 (51%) <0.001 12 (57%) 5 (56%) 1.000
>1 site 82 (20%) 40 (49%) 9 (43%) 4 (44%)

Testicular

No 412 (99%) 70 (85%) <0.001 20 (95%) 7 (78%) 0.207
Yes 5 (1%) 12 (15%) 1 (5%) 2 (22%)

Bone marrow involved

No 382 (92%) 64 (78%) 0.001 16 (76%) 6 (67%) 0.666
Yes 35 (8%) 18 (22%) 5 (24%) 3 (33%)

Musculoskeletal

No 388(93%) 55(67%) <0.001 21(100%) 5(56%) 0.005
Yes 35(8%) 27(33%) 0(0%) 4(44%)

Kidney

No 407 (98%) 81 (99%) 1.000 17 (81%) 9 (100%) 0.287
Yes 10 (2%) 1 (1%) 4 (19%) 0 (0%)

Sinus

No 415 (99.5%) 79 (96%) 0.033 21 (100%) 9 (100%) –
Yes 2 (0.5%) 3 (4%) 0 (0%) 0 (0%)

Post-nasal space

No 405 (97%) 68 (83%) <0.001 21 (100%) 9 (100%) –
Yes 12 (3%) 14 (17%) 0 (0%) 0 (0%)

Liver

No 392 (94%) 74 (90%) 0.224 18 (86%) 8 (89%) 1.000
Yes 25 (6%) 8 (10%) 3 (14%) 1 (11%)

Breast

No 410 (98%) 74 (90%) 0.001 21 (100%) 6 (67%) 0.021
Yes 7 (2%) 8 (10%) 0 (0%) 3 (33%)

B symptoms

No 302 (72%) 61 (74%) 0.787 9 (43%) 6 (67%) 0.427
Yes 115 (28%) 21 (26%) 12 (57%) 3 (33%)

Stage

1 and 2 252 (60%) 25 (30%) <0.001 5 (24%) 3 (33%) 0.666
3 and 4 165 (40%) 57 (70%) 16 (76%) 6 (67%)

IPI

0, 1, 2 303 (73%) 36 (44%) <0.001 6 (29%) 4 (44%) 0.431
3, 4, 5 114 (27%) 46 (56%) 15 (71%) 5 (56%)

Response

CR 317 (76%) 60 (73%) 0.164 15 (71%) 3 (33%) 0.033
Non-CR 89 (21%) 9 (26%) 6 (29%) 6 (67%)
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the true effect of rituximab in this group of patients remains
unknown [3].

Several retrospective series have also attempted to
clarify this matter. For instance, in a recent study, Shimazu
et al. [4] reported a protective effect of rituximab against
CNS relapse in 403 patients with DLBCL (more than half
had stage ¾ disease and more than 30% had >1 extranodal
site of involvement; HR 0.48, P=0.027). In another study
involving 435 patients with DLBCL from the British
Columbia, Villa et al. reported a trend toward reduced
likelihood of CNS relapse in R-CHOP-treated patients (3-
year risk 9.7% vs. 6.4, P=0.085). However, the GELA
group [10] found similar rates of CNS recurrence in 399
elderly patients treated with or without rituximab. Likewise,
Yamamoto and colleagues in a study involving 375
consecutive patients with DLBCL also found that the use
of rituximab did not have an impact on CNS recurrence
[14]. In our study of 499 patients with DLBCL, we also did
not find any significant difference in the CNS recurrence
rates between patients who received CHOP chemotherapy
and R-CHOP chemotherapy. Taken together, these data
suggest that the impact of rituximab in reducing CNS
events is modest, at best. Clearly better strategies to prevent
CNS recurrences are needed.

Most centers routinely administer prophylactic intrathecal
chemotherapy to patients with high-risk features such as bone
marrow, testicular, and sinus involvement. However, there is
no randomized study to show that this approach is effective in
reducing CNS relapses. On the contrary, there is emerging
evidence to suggest that IT prophylaxis might not confer a
protective effect on the incidence of CNS recurrence [1–3, 7].
In our study, 203 patients were deemed at high risk of CNS
relapse, defined as those with >1 extranodal sites of
involvement and specific sites of involvement (orbit, sinus/
posterior nasal space, breast, testicular, bone, and bone
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Fig. 1 Kaplan–Meier estimated CNS free rate by treatment (CHOP
vs. R-CHOP) among 499 patients

Table 3 Patients characteristics of ITMTXatDx (IT) vs. non-IT in the
risk group

Entire cohort

Characteristics Non-IT (n=121) IT (n=82) P value

Age (years)

≤60 63 (52%) 52 (63%) 0.109
>60 58 (48%) 30 (37%)

Gender

Male 60 (50%) 31 (38%) 0.098
Female 61 (50%) 51 (62%)

ECOG

≤1 94 (78%) 64 (78%) 0.951
>1 27 (22%) 18 (22%)

LDH

LDH≤1ULN 28 (23%) 16 (20%) 0.538
LDH>1ULN 93 (77%) 66 (80%)

LDH≤2ULN 71 (59%) 58 (71%) 0.080
LDH>2ULN 50 (41%) 24 (29%)

Extranodal

≤1 site 39 (32%) 39 (48%) 0.028
>1 site 82 (68%) 43 (52%)

Testicular

No 116 (96%) 70 (85%) 0.008
Yes 5 (4%) 12 (15%)

Bone marrow involvement

No 86 (71%) 64 (78%) 0.267
Yes 35 (29%) 18 (22%)

Musculoskeletal

No 92 (76%) 55 (67%) 0.208
Yes 29 (24%) 27 (33%)

Kidney

No 112 (93%) 81 (99%) 0.045
Yes 9 (7%) 1 (1%)

Sinus

No 119 (98%) 79 (96%) 0.366
Yes 2 (2%) 3 (4%)

Eye

No 119 (98%) 80 (98%) 0.693
Yes 2 (2%) 2 (2%)

Post-nasal space

No 109 (90%) 66 (81%) 0.075
Yes 12 (10%) 16 (19%)

Liver

No 100 (83%) 74 (90%) 0.129
Yes 21 (17%) 8 (10%)

Breast

No 114 (94%) 74 (90%) 0.289
Yes 7 (6%) 8 (10%)

B symptoms

No 73 (60%) 61 (74%) 0.038
Yes 48 (40%) 21 (26%)

Stage

1 and 2 32 (26%) 25 (30%) 0.530
3 and 4 89 (74%) 57 (70%)
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marrow). Among them, prophylactic intrathecal prophylaxis
was administered at the discretion of the treating physician
and accordance to patient’s preference. Among the 203
patients, 82 patients eventually had CSF analysis and
subsequent IT prophylaxis. This provided us an opportunity
to compare the rates of CSF rates between those who did not
have IT prophylaxis (n=121) with those who did (n=82).
The corresponding rates of CNS relapse were 8.3% (10 out
of 121) vs. 11% (9 out of 82), respectively (P=0.52). Thus,
addition of intrathecal therapy certainly did not seem to
improve the CNS recurrence rate among patients thought to
potentially benefit from this treatment (Fig. 2). Considering
the uncertain efficacy of intrathecal prophylaxis and the
physical discomfort as well as inconvenience associated with
its administration, a randomized trial to address this question
is timely.

Consistent with the Southwest Oncology Group study [7],
ours findings show that CNS recurrence typically occur
either during chemotherapy or shortly after its completion.
The median time from diagnosis to CNS relapse was
8.4 months and 77% of the recurrences occur within the
first year. The early relapse observed likely reflects the
presence of sub-clinical CNS involvement at diagnosis and
inadequate CNS-directed treatment. The need to improve on
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Fig. 2 Kaplan–Meier estimated CNS relapse-free survival by IT
among 203 patients in “high-risk group”. P value=0.981

Table 4 Univariate analyses of risk factors for CNS relapse in all
patients

Risk factor All patients

Events/patients P value

Chemo

CHOP 10/179 0.818
R-CHOP 20/320

Age (years)

≤60 16/307 0.251
>60 14/192

Gender

Male 17/274 0.798
Female 13/225

ECOG

≤1 21/438 0.000
>1 9/61

LDH

≤1ULN 4/148 0.028
>1ULN 26/351

≤2ULN 14/357 0.000
>2ULN 16/142

Extranodal

≤1 site 17/373 0.006
>1 site 13/126

Testicular

No 27/482 0.049
Yes 3/17

Bone marrow involvement

No 22/446 0.001
Yes 8/53

Musculoskeletal

No 26/441 0.678
Yes 4/58

Kidney

No 26/488 0.000
Yes 4/11

Sinus

No 30/495 0.612
Yes 0/4

Eye

No 30/495 0.592
Yes 0/4

Post-nasal space

No 30/473 0.201
Yes 0/26

Liver

No 26/466 0.090
Yes 4/33

Breast

No 27/484 0.021
Yes 3/15

IT prophylaxis

No 21/417 0.032
Yes 9/82

Table 3 (continued)

Entire cohort

Characteristics Non-IT (n=121) IT (n=82) P value

IPI

0, 1, 2 82 (68%) 53 (44%) 0.642
3, 4, 5 39 (32%) 29 (56%)

Response

CR 86 (71%) 61 (74%) 0.519
Non-CR 35(29%) 21(26%)
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the pickup rate is further exemplified by the observation that
patients with CNS involvement at diagnosis in actual fact
had a better median OS of 2.29 years compared to 1.08 years
among those with CNS relapse (Fig. 2; P=0.057). It is

conceivable that more intensive upfront CNS-directed
therapy resulted in improved survival in patients with CNS
involvement at diagnosis. There were 18 patients with CNS
disease at diagnosis, whom 17 received either intensive
intrathecal therapy or high-dose intravenous methotrexate.

Of relevance, Hegde and colleagues from the National
Cancer Institute found CSF analysis by flow cytometry to be
significantly more sensitive than routine cytology in identifying
lymphomatous CNS involvement [15]. Among 51 newly
diagnosed lymphoma patients at risk of CNS relapse, flow
cytometry detected 11 (22%) cases of occult CSF involvement
compared to only one by cytology (P=0.002). Of these 11
patients, nine received aggressive intrathecal therapy. Even so,
five (45%) patients relapsed in the CNS and died, suggesting
that intrathecal therapy alone might not be sufficient in the
treatment of CNS involvement. Interestingly, in another study
from France evaluating the effectiveness of an intensive
conventional chemotherapy (doxorubicin–cyclophosphamide–
vindesine–bleomycin–prednisone (ACVBP) regimen) com-
pared to standard CHOP in patients with poor-prognosis
aggressive non-Hodgkin lymphoma, significantly fewer CNS
progressions or relapsed occurred in the ACVBP group (9 out
of 323) compared to the CHOP group (26 out of 312). Of
note, in the ACVBP regimen, CNS prophylaxis consisted
of four intrathecal injections of methotrexate during
induction followed by two consolidative courses of
high-dose intravenous methotrexate [16]. Taken together,
these data suggest that early detection of occult CNS
disease via a more sensitive test is needed and perhaps
systemic administration of chemotherapy such as high-
dose methotrexate might be more efficacious than intra-
ventricular/intrathecal administration in preventing re-
lapse. Both strategies should be explored further.

There is some suggestion that prophylactic cranial
irradiation seems to result in a lower incidence of CNS

CNS relapse  ----- CNS disease at diagnosis  

Kaplan-Meier survival estimates

Fig. 3 Kaplan–Meier estimated OS among 18 patients with CNS
disease at diagnosis and 30 patients with CNS relapse later

Table 5 Cox proportional hazards model of risk factors for CNS
relapse among all patients and patients treated with R-CHOP by
multivariate analysis

Risk factor HR (95% CI) P value

All patients

ECOG

≤1 Reference 0.002
>1 2.01 (1.29, 3.14)

Testicular

No Reference 0.009
Yes 6.67 (1.62, 27.53)

Kidney

No Reference 0.000
Yes 20.14 (5.23, 77.46)

Breast

No Reference 0.008
Yes 6.14 (1.61, 23.37)

Response

CR Reference 0.042
Non-CR 2.39 (1.03, 5.51)

R-CHOP

ECOG

≤1 Reference 0.020
>1 1.90 (1.11, 3.27)

Kidney

No Reference 0.002
Yes 10.42 (2.36, 46.04)

Response

CR Reference 0.018
Non-CR 3.29 (1.23, 8.82)

Table 4 (continued)

Risk factor All patients

Events/patients P value

B symptoms

No 15/363 0.002
Yes 15/136

Stage

1 and 2 8/278 0.000
3 and 4 22/221

IPI

0, 1, 2 18/369 0.062
3, 4, 5 12/130

Response

CR 18/377 0.041
Non-CR 12/122
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relapse when incorporated into the treatment regimen of
adult lymphoblastic lymphoma. Gokbuget and Hoelzer
found that combination of cranial irradiation, systemic
high-dose chemotherapy, and intrathecal therapy produced
a CNS relapse rate of only 5% with a higher rate of relapse
detected when cranial irradiation was omitted [17, 18]. Its
role, however, in DLBCL remains doubtful. A combined
analysis evaluating the efficacy of either intrathecal therapy
or cranial irradiation resulted in similar CNS relapse rates
between patients who received prophylaxis (2.8%) vs.
patients who did not (3.6%; P=0.74) [7].

The predictive risk factors for CNS relapse in this study
were consistent with previous reports [1–6]. Our study
showed ECOG performance status >1, >1 extranodal sites
of involvement, bone marrow involvement, kidney involve-
ment, liver involvement, B symptoms, and stage IV disease
remained predictive of CNS relapse in patients treated R-
CHOP at presentation. Consistent with Villa et al. [1],
presence of renal involvement seemed to confer an
especially high risk of CNS recurrence. It remains unknown
whether the incidence of CNS relapse itself is increased in
different genetic subtypes of DLBCL. Moving forward,
incorporation of gene expression/microarray analysis in
addition to clinical parameters could potentially aid in
identifying patients at risk of CNS relapse.

Our study has several limitations and weaknesses. It is a
retrospective study with its inherent confounders and biases.
We attempted to evaluate the difference in CNS relapse
between patients who received CHOP chemotherapy and R-
CHOP chemotherapy in this study. The main difference
between the two groups of patients was the period during
which they were treated. The obvious difference in follow-up
time between the two groups (5.4 vs. 2.7 years) needs to be
emphasized as it is subjected to further bias. However, the
median time to CNS relapse was found to be 0.56 year,
perhaps attenuating this difference.

In conclusion, CNS relapse in DLBCL while uncommon
portends a poor prognosis. Despite the additional survival
benefit from rituximab in DLBCL across all risk groups, its
efficacy in preventing CNS relapse appears to be limited.
Efforts should be concentrated in better identification of
occult CNS involvement, and better prophylactic strategies
should be evaluated.
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