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Central nervous system (CNS) relapse of systemic diffuse large B-cell lymphoma (DLBCL) 

is an uncommon, devastating complication of this disease (Kridel and Dietrich 2011). The 

addition of rituximab to anthracycline-based chemotherapy (immunochemotherapy, IC) has 

improved outcomes in patients with DLBCL(Coiffier, et al 2010), with reported CNS relapse 

rates of 2–9.7% depending on the study population and duration of follow-up(Kumar, et al 
2012, Villa, et al 2010). CNS relapses in systemic DLBCL typically occur within 4.7–8 

months after diagnosis (Bernstein, et al 2009, Boehme, et al 2007, Villa, et al 2010), 

suggesting a component of occult CNS disease at diagnosis or primary chemotherapy 

refractory CNS disease. Late CNS relapse is infrequent.

Combinations of targeted agents with frontline IC (rituximab, cyclophosphamide, 

doxorubicin, vincristine, prednisone + other agent; R[X]-CHOP) are increasingly being 

assessed to improve outcomes in DLBCL(Nowakowski, et al 2015, Younes, et al 2014). It is 

unclear to what degree these influence the incidence of CNS relapse in DLBCL because 

agents such as lenalidomide and ibrutinib penetrate the blood-brain barrier(Bernard, et al 
2015). The event-free survival at 24 months (EFS24) is a validated endpoint for disease-
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related outcome in DLBCL in the IC era(Maurer, et al 2014). Establishing that the incidence 

and pattern of CNS relapse also follows the EFS24 timeframe would be valuable. EFS24 

would therefore serve as an informative endpoint specifically in the comparison of different 

regimens’ potential to alter the incidence of CNS relapse.

Here we present the incidence and define the timing of CNS relapse in 1017 patients with 

DLBCL treated with IC and establish that EFS24 is an appropriate endpoint for evaluating 

the risk of CNS relapse. After obtaining approval of the human subject institutional review 

board at the Mayo Clinic and University of Iowa, newly diagnosed human 

immunodeficiency virus-negative patients aged ≥18 years with DLBCL or primary 

mediastinal B-cell lymphoma (PMBCL) treated with anthracycline-based IC were 

prospectively enrolled within 9 months of diagnosis on the Molecular Epidemiology 

Resource (MER) of University of Iowa / Mayo Clinic Specialized Program of Research 

Excellence (SPORE) between 2002 and 2012(Maurer, et al 2014). Patients with CNS 

involvement at diagnosis, primary CNS lymphoma, or post-transplant lymphoproliferative 

disorder at diagnosis were excluded.

Baseline characteristics and frontline regimens are summarized in Table I. At a median 

follow-up of 59 months (1– 148), 404 patients (40%) had an outcome event (relapse, 

retreatment or death) and 295 patients (29%) had died. Thirty-six of the 1017 (3.5%) 

patients had a relapse involving the CNS; 22 had isolated CNS relapse and 14 had combined 

CNS and systemic relapse. The location of CNS relapse was parenchymal in 22 patients, 

leptomeningeal in 11 patients and both parenchymal and leptomeningeal in 3 patients. The 

cumulative incidence of CNS relapse was 3.1% (95% confidence interval [CI] 2.2% – 4.4%) 

at 2 years and 3.7% (95% CI 2.7–5.0%) at 5 years (Figure 1A). Isolated CNS relapse 

without concurrent systemic relapse had an incidence of 1.9% (95% CI 1.2%–3.0%) at 2 

years of diagnosis (Figure 1B). CNS relapse occurred after first line IC in 25 patients and 

after a salvage regimen in 11 patients.

Seventeen of the 36 patients with CNS relapse (47%) had an International Prognostic Index 

(IPI) ≥3. Lactate dehydrogenase was elevated in 22 (73%) patients. CNS-IPI Risk Score was 

intermediate or high risk in 30 patients (83%). Cell of origin per Hans algorithm was 

available in 17 patients, 9 patients of which were non-germinal centre B cell (54%). 

Extranodal sites of disease among these 36 patients were testicular (2), renal (5), bone (10) 

and bone marrow (6). Notably, 7 patients (19%) had no extranodal involvement. Among 

patients with CNS relapse, 6 patients had received CNS prophylactic therapy as part of their 

frontline regimen. Two patients received 3 cycles of intermediate-dose [3.5 g/m2], one 

patient received 2 cycles of intermediate-dose methotrexate, 1 patient received 4 doses of 

intrathecal methotrexate and 1 patient received the intrathecal methotrexate and cytarabine 

part the R-EPOCH regimen (rituximab, etoposide, prednisone, vincristine, 

cyclophosphamide, doxorubicin). Three of these patients subsequently developed isolated 

relapse in the CNS.

The median overall survival after CNS relapse was 6.3 months (95% CI: 2.9–15.5), with 

29% (95% CI: 17%–49%) remaining alive at 12 months. The median overall survival in 

patients who developed CNS relapse after frontline IC was 7.6 months versus 2.1 months in 
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patients who developed CNS relapse after salvage chemotherapy (p = 0.005). First line 

therapy after CNS relapse included high dose methotrexate-based chemotherapy in 22 

patients, other systemic regimens in 6 patients (4 RICE [rituximab, ifosfamide, 

cyclophosphamide and etoposide], 1 temozolomide and rituximab, and 1 R-hyperCVAD 

[cyclophosphamide, vincristine, doxorubicin and dexamethasone) and intrathecal 

methotrexate and/or cytarabine in 5 patients.

Ten patients (28%) proceeded to autologous stem cell transplant after CNS relapse, 6 remain 

alive at a median follow-up of 22 months (range 2–93). There were no differences in post-

CNS relapse survival by age, sex, diagnostic CNS-IPI, cell of origin, time of CNS relapse 

from diagnosis, diagnostic extranodal site involvement or site of CNS relapse (results not 

shown, all p >0.20)

In this large, prospective cohort with a median overall follow-up of over 5 years, we 

identified that most patients who develop CNS relapse will do so within the first 2 years. 

These data demonstrate that the timeframe of CNS relapse is consistent with the standard for 

disease-related outcome in DLBCL, the EFS24. Our study affirms that EFS24 captures the 

timeframe of most CNS relapses and therefore represents a powerful endpoint for 

prospective trials assessing combinations of R-CHOP with novel agents (R[X]-CHOP) that 

demonstrate CNS penetration. Given the relative infrequency of CNS relapse of DLBCL, 

prospective, randomized trials would require a prohibitively large sample size to detect a 

change in a fairly low incidence rate. Therefore, a method of comparing incidence data in a 

standardized manner across earlier phase studies is required. EFS24 in this setting can 

provide consensus evaluation of the influence of these newer regimens on the risk of CNS 

relapse. Given the timeframe of CNS relapse, as established in this study, the EFS24 would 

also be valuable in retrospective and prospective studies assessing optimal CNS prophylactic 

strategies. Capturing the vast majority of events in a relatively short time frame, the EFS24 

is a clinically relevant endpoint for CNS relapse of DLBCL.
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Figure 1. 
A. Cumulative incidence of all central nervous system (CNS) relapse. B. Cumulative 

incidence of isolated CNS relapse (solid line) versus CNS relapse occurring with systemic 

relapse (dashed line).
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Table I

Characteristics at diagnosis of patients with and without subsequent CNS relapse

Patients with CNS relapse (n = 36) Patients without CNS relapse (n = 981) P-value

Age at diagnosis, years; mean (range) 61 (20–86) 62 (18–92) 0.87

Male 25 (69%) 542 (55%) 0.092

IPI 0.17

 0–1 6 (17%) 339 (35%)

 2 13 (36%) 286 (29%)

 3 11 (31%) 231 (24%)

 4–5 6 (17%) 125 (13%)

Initial therapy 0.23

 R-CHOP 26 (72%) 803 (83%)

 R-EPOCH 5 (14%) 60 (6%)

 R2-CHOP 3 (8%) 41 (4%)

 ER-CHOP 1 (3%) 22 (2%)

 Other 1 (3%) 55 (6%)

Cell of origin (available in 17)

 GCB 8 (47%) 199 (36%) 0.15

 Non-GCB 9 (54%) 355 (64%)

Extranodal sites of disease

 Testicular 2 (6%) 14 (1%) 0.051

 Renal/adrenal 5 (14%) 31 (3%) 0.0006

 Bone 10 (28%) 183 (19%) 0.17

 Bone marrow involvement 0.18

  Low grade 3 (8%) 44 (4%)

  DLBCL 6 (17%) 94 (10%)

  None 27 (75%) 843 (86%)

 No extranodal involvement 7 (19%) 612 (63%) <0.0001

Elevated LDH 22 (73%) 512 (58%) 0.14

CNS-IPI 0.060

 Low risk 6 (17%) 339 (34%)

 Intermediate risk 22 (66%) 503 (52%)

 High risk 8 (17%) 136 (14%)

CNS: central nervous system; DPBCL: diffuse large B cell lymphoma; ER-CHOP: R-CHOP + epratuzumab; GCB: germinal centre B cell; IPI: 
International Prognostic Index; LDH: lactate dehydrogenase; R-CHOP: rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone; R-
EPOCH: rituximab, etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin; R2-CHOP: R-CHOP + lenalidomide.
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