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Abstract

Background: Central nervous system (CNS) relapse in non-Hodgkin lymphoma (NHL) is a rare 

but serious complication that carries a poor prognosis. The use of infusional etoposide, prednisone, 

vincristine, cyclophosphamide, doxorubicin, and rituximab (EPOCH-R) for frontline treatment of 

diffuse large B cell lymphoma (DLBCL) is increasing, though little is known about incidence of 

and risk factors for CNS relapse with this regimen

Patients and methods: We completed a chart review of patients with NHL who received 

EPOCH-R as front line therapy. Data obtained included baseline and treatment characteristics 

including if patients received CNS directed therapy. We measured overall survival (OS), 

progression free survival (PFS), and progression to CNS involvement.

Results: We identified 223 patients who met the inclusion criteria, 72% had DLBCL. Of all the 

patients, 5.8% experienced CNS relapse, and 38.6% were treated with CNS prophylaxis. There 

was no difference in rate of CNS relapse, OS, or PFS between patients who had and had not 
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received CNS prophylaxis. Patients whose serum lactate dehydrogenase was greater than twice the 

upper limit of normal at diagnosis and those with extranodal disease were significantly more likely 

to have CNS relapse (P = .0247 and 0.022, respectively) than their counterparts.

Conclusions: The rate of CNS relapse in this patient population approaches 6%, not 

significantly different from reports on those receiving R-CHOP. The results of this study suggest 

that CNS prophylaxis might be more selectively used among patients treated with EPOCH-R with 

certain high-risk features.

1 | INTRODUCTION

Although the incidence of central nervous system (CNS) relapse in non-Hodgkin lymphoma 

(NHL) patients is low at 2%−9%, prognosis is poor and the outcome is almost universally 

fatal with a median overall survival (OS) of <6 months.1–6 Several risk factors have been 

associated with a higher risk of CNS relapse in NHL,7 including Burkitt and lymphoblastic 

histologies,8 elevated serum lactate dehydrogenase (LDH) levels, presence of extranodal 

disease, and increased international prognostic index (IPI) scores.6,9,10 Treatment options 

for CNS relapse are limited, and include intrathecal (IT) chemotherapy with methotrexate 

or cytarabine, high-dose intravenous (IV) methotrexate, or palliative radiotherapy.5,11,12 

New therapeutic options have been suggested with some improvement in outcomes,13 

but prevention of CNS disease remains the ultimate objective. Some studies suggest the 

addition of high dose IV methotrexate or cytarabine is superior to IT chemotherapy at 

preventing CNS relapse, but data is not conclusive.14 Given the above, effective CNS-

directed prophylactic measures in NHL patients are needed, but the optimal approach has yet 

to be defined.15

Notably, almost all recent data regarding CNS treatment and prophylaxis have been 

generated from studies in which diffuse large B cell lymphoma (DLBCL) patients 

received rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) 

as frontline therapy. With increased appreciation of features associated with failure of 

R-CHOP, more patients are now being treated with etoposide, prednisone, vincristine, 

cyclophosphamide, doxorubicin, and rituximab (EPOCH-R). In fact, EPOCH-R is arguably 

the treatment of choice for patients with primary mediastinal lymphoma and double hit 

lymphomas.16–20 A phase III randomized trial comparing R-CHOP to EPOCH-R in DLBCL 

has completed accrual, and early data demonstrated no difference in event free survival or 

OS, but effect on CNS relapse as well as subset analyses are still pending (NCT00118209). 

Importantly, data on the frequency and predictors of CNS events in patients treated with 

EPOCH-R are very limited; moreover, no data are available on the efficacy of CNS 

prophylaxis in these patients. Data for patients with AIDS related lymphomas showed no 

improvement in CNS outcomes with use of EPOCH-R,21 though these results are not widely 

applicable to all patients with NHL. As this regimen is increasingly used in DLBCL, a better 

understanding of the utility of CNS prophylaxis in this population is needed.

Accordingly, we analyzed NHL patients who were treated with frontline EPOCH-R with the 

objectives of (1) determining the rates and predictors of CNS events in these patients, and 
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(2) to study outcomes of patients receiving CNS prophylaxis as they compare to those not 

receiving prophylaxis.

2 | METHODS

2.1 | Chart review

We completed a chart review of 223 patients who received EPOCH-R as front line therapy 

for NHL between 2004 and 2014. Key inclusion criteria included: diagnosis of NHL 

confirmed by biopsy, age >18 years, no other first line therapy prior to EPOCH-R, at least 2 

cycles of EPOCH-R received, no consolidation with hematopoietic stem cell transplantation, 

and no known evidence of CNS involvement at the time of diagnosis. All patients included 

with Richter transformation or transformed follicular lymphoma underwent transformation 

prior to therapy. Because of the retrospective nature of this study, employment of CNS 

prophylaxis was strictly at the discretion of the treating physician, and therefore potentially 

subject to personal preference or institutional guidelines. Data obtained were: age, histology, 

Eastern Cooperative Oncology Group (ECOG) performance status, presence of B symptoms, 

white blood cell count, serum LDH, HIV status, extranodal (EN) sites of involvement, 

bone marrow status, and stage. Initial and subsequent staging was based on the treating 

physician’s assessment. Data on treatment included number of cycles received and CNS 

directed therapy if applicable. We measured OS, progression free survival (PFS), and 

progression to CNS involvement starting from the date of diagnosis. CNS relapse was 

defined as any disease progression involving the CNS, parenchymal or leptomeningeal, 

in the presence or absence of systemic progression. The study was approved by the IRB 

of each participating institution (Northwestern University, the University of Iowa, the 

University of Chicago, and the Mayo Clinic).

2.2 | Statistical analysis

Two-tailed Fisher’s exact test was used to compare the subgroups of patients who received 

CNS prophylaxis to those who did not based on baseline features. Two-tailed Fisher’s 

exact test was also used to determine whether any of the following baseline features was 

associated with risk of CNS relapse: age, histology, ECOG performance status, presence 

of B symptoms, white blood cell count, serum LDH, HIV status, EN sites of involvement, 

bone marrow status, and stage. A P-value of <.05 was considered statistically significant. We 

compared, using Kaplan-Meier survival curves with log-rank analyses, the patterns of OS 

and PFS between patients receiving CNS prophylaxis and those who did not receive it, as 

well as OS for patients who experienced CNS relapse.22 All analyses were performed with 

Prism (Graphpad Software, San Diego, CA) and SAS (Cary, NC).

3 | RESULTS

3.1 | Patients characteristics

We identified 223 patients with a median age at diagnosis of 54 (range 18–83), of whom 

61.9% were males. Other patients’ characteristics are noted in Table 1. Notably, 72% had 

DLBCL; 68% had ECOG PS 0–1; 74.9% had LDH above upper limit of normal (ULN); 

35.0% had 2 or more EN sites; and 71.3% had Stage III-IV disease at time of diagnosis.
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3.2 | Use of CNS prophylaxis

Of all patients, 38.6% received CNS prophylaxis, most using IT methotrexate but 2 were 

treated with IT cytarabine and 1 patient was given both methotrexate and cytarabine. 

Patients who had a baseline IPI score of 0 or 1 or with stage I or II disease were significantly 

less likely to receive CNS prophylaxis (P < .001 for both). There was no significant 

difference in use of CNS prophylaxis in patients with other baseline characteristics including 

presence of B symptoms, bone marrow involvement, baseline ECOG performance status, or 

LDH 2 times above the ULN (Table 2).

3.3 | Outcomes

The 24- and 48-month OS for all patients were 80.0% and 72.6%, respectively. The 24-

month OS for patients who received CNS prophylaxis was 78.7% compared with 81.1% (P 
= .7323); the 48-month OS were 69.7% and 74.1% (P = .4455), respectively (Figure 1). The 

24 and 48 month PFS for all patients were 73.7% and 66.9%, respectively. The 24-month 

PFS for patients receiving CNS prophylaxis was 75.8% compared with 73.0% for those who 

did not (P = .7544); the 48-month PFS were 61.2% and 67.6% (P = .386), respectively 

(Figure 1).

Of the patients who received CNS prophylaxis with IT methotrexate, 5 experienced CNS 

relapse (5.8%). Of the patients who did not receive CNS prophylaxis, 8 experienced CNS 

relapse (5.8%). There was no difference in the rate of CNS relapse between patients who 

did or did not receive CNS prophylaxis (P = 1.00). Of the 13 CNS relapses we observed, 

four had parenchymal involvement, 5 had leptomeningeal involvement, and 1 had both 

parenchymal and leptomeningeal involvement. We were unable to obtain where in the CNS 

the relapse had occurred for the other 3 patients with CNS relapse. Among patients in whom 

CNS relapse was observed, 7 had a complete response to front line therapy and 2 had a 

partial response. We do not have data for the other 4 patients who experienced CNS relapse. 

Patients whose LDH was greater than twice the ULN at diagnosis and those with EN disease 

were significantly more likely to have CNS relapse (P = .0247 and .022, respectively) than 

their counterparts. No other clinical or disease-related factors were associated with CNS 

relapse in our cohort. There was no difference identified in rates of CNS relapse among 

patients with more than 1 site of EN disease at time of diagnosis and patients who had 1 

or no sites of EN disease, though there was a trend toward significance (P = .0675). We 

did not identify any particular sites of EN involvement that had a significant difference in 

CNS relapse (Table 3). The median OS and PFS for patients who had CNS relapse were 

12.5 and 8.9 months, respectively (Figure 1). The median time to CNS progression was 10 

months (range 2.1–27.0 months) (Figure 1). A cox regression analysis was undertaken to 

identify any risk factors for CNS relapse in multivariate fashion. This failed to identify any 

statistically significant factors (P < .05).

3.4 | DLBCL subgroup analysis

A separate subgroup analysis was performed on patients diagnosed with DLBCL, excluding 

those diagnosed with HIV. Of the 139 patients included, 7 (5%) experienced CNS relapse, 

58 (42%) received CNS prophylaxis. There was no statistically significant difference in CNS 

relapse rates between patients who did and did not receive CNS prophylaxis (P = .6991). 
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There was no difference found in use of CNS prophylaxis in this population based on ECOG 

performance status, LDH, IPI score, presence of B symptoms, or bone marrow involvement 

at time of diagnosis. There was no significant difference in OS or PFS (P = .8822 and .7122, 

respectively) (see Supporting Information Table S4).

4 | DISCUSSION

In this large series of patients treated with EPOCH-R, we show that CNS prophylaxis 

did not affect rates of CNS relapse, though it is probable that those who received CNS 

prophylaxis had a higher baseline risk of CNS relapse. We confirmed that patients who 

relapse in the CNS have universally poor outcomes. Further, we establish that EN disease 

and elevated LDH predict CNS relapse analogous to what was previously published in 

patients treated with R-CHOP.

Our series specifically studied patients treated with EPOCH-R as, to our knowledge, no 

data on rates of CNS relapse and outcomes have been published in patients treated with 

this regimen. EPOCH-R is generally used in DLBCL patients with more aggressive disease 

features than those receiving R-CHOP, though no formal comparisons were made between 

rates of aggressive disease features in our cohort as compared with those in reported cohorts 

of patients treated with R-CHOP. In our analysis, 44% of patients had IPI scores of 3 or 4, 

which suggests a 5-year OS of 46% and 32%, respectively,23 and implies that EPOCH-R are 

generally offered for high-risk DLBCL patients. Our population also had an 11% incidence 

of HIV infection. It is important to acknowledge the high risk characteristics of this study 

population when considering the findings reported here. We were unable to obtain sufficient 

data to make any conclusions with respect to the impact of cell of origin on outcomes for 

patients in our cohort.

The overall rate of CNS relapse in patients receiving dose adjusted EPOCH-R was 5.8%, 

which is similar to what has been previously reported for patients who received R-CHOP.1,5–

7 Importantly, we also did not find a significant difference in CNS relapse rates amongst 

patients who did and did not receive IT CNS prophylaxis, though only 86 patients (38.6%) 

in this series received CNS prophylaxis, limiting the power of any conclusions. Patients 

who were selected for prophylaxis were more likely to have a higher IPI score, but we 

were not able to identify any other factors associated with physician choice to use IT CNS 

prophylaxis. While all participating institutions used methotrexate as the agent of choice, 

1 institution implemented prophylaxis in 55% of patients while the other 2 utilized this 

strategy in 21% and 24%, respectively. Although this may reflect differences in referral 

patterns, it also raises a question as to whether more broadly implemented guidelines 

regarding prophylaxis are warranted.

We identified LDH levels above 2 times the institutional ULN, and presence of extranodal 

disease, as the 2 baseline factors most associated with risk of CNS relapse. Interestingly, we 

did not find a significant difference in rates of CNS relapse in patients who had B symptoms, 

bone marrow involvement, or renal or adrenal extranodal disease as prior studies have 

suggested for patients receiving R-CHOP and other regimens not containing rituximab.2,10 

This could represent a real difference in risk factors for relapse in patients treated with 
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EPOCH-R compared with R-CHOP. It is possible it could be due to an insufficient number 

of CNS events to detect a difference.

We performed a separate subgroup analysis on the population of patients diagnosed with 

DLBCL, excluding those diagnosed with HIV. We identified a significantly lower use of 

CNS prophylaxis in patients with an IPI score of 0–1 (P = .0243), as well as a trend toward 

significance in higher use of CNS prophylaxis in patients with bone marrow involvement (P 
= .0892). We found no significant difference in CNS relapse rates, OS, or PFS in patients 

who did or did not receive CNS prophylaxis in this population.

The CNS IPI score as presented by Schmitz et al.10 has been accepted as a model to predict 

risk of CNS relapse in patients with DLBCL treated with R-CHOP. It includes the IPI 

score as well as presence of genitourinary or adrenal diseases to risk stratify patients. We 

calculated the CNS-IPI score on the subpopulation of DLBCL patients without HIV, and 

found 6 patients with a CNS-IPI score of 0, 20 patients with a score of 1, 31 patients with 

a score of 2, 38 patients with a score of 3, 29 patients with a score of 4, 13 patients with 

a score of 5, and 2 patients with a score of 6. Of the 7 patients in this subgroup who 

experienced CNS relapse, 2 had a score of 5, 3 had a score of 4, 1 had a score of 3, and 1 

had a score of 2. Based on the risk of CNS relapse provided by Schmitz et al., the weighted 

risk of CNS relapse in this cohort is 5.05%, which correlated with our findings in this group. 

Supporting Information Table S5 demonstrates the use of CNS prophylaxis stratified by 

CNS-IPI score.

Our study is not without limitations. The retrospective nature of this analysis led to missing 

data. The lack of adequate cell of origin data limited our ability to assess whether rates 

of CNS relapse correlate with cell of origin or any molecular drivers, such as MYC/

BCL-2 expression. Furthermore, while the sample size of 223 is relatively large, patients 

were treated at 4 large academic centers which represents its own selection bias. Another 

limitation is the heterogenous nature of the diseases included as well as small size of 

subgroups with involvement of each extranodal organ. Nonetheless, the results of this study 

suggest that CNS prophylaxis might be more selectively deployed among patients treated 

with EPOCH-R, particularly those with certain high-risk features. The rate of CNS relapse 

in this patient population approaches 6%, not significantly different from reports on those 

receiving R-CHOP. It should also be noted that our effort provides data regarding the use 

or omission of IT chemotherapy, but this should be not be conflated with any conclusions 

regarding either the usage of high-dose systemic CNS prophylaxis, or of IT treatment for 

known CNS disease (as opposed to prophylaxis). Given the poor prognosis of patients who 

suffer from CNS relapse, novel strategies and clinical trials addressing this issue are urgently 

needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Top left: OS in NHL patients treated with first line dose adjusted EPOCH plus rituximab 

who received CNS prophylaxis compared with those who did not. Top right: PFS in NHL 

patients treated with first line dose adjusted EPOCH plus rituximab who received CNS 

prophylaxis compared with those who did not. In the top 2 figures, the solid line represents 

patient who received CNS prophylaxis and the dotted line represents those who did not. 

Bottom left: OS in NHL patients treated with first line dose adjusted EPOCH plus rituximab 

who experienced CNS relapse. Bottom right: Time to CNS progression in NHL patients 

treated with first line dose adjusted EPOCH plus rituximab
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TABLE 1

Baseline characteristics of all patients

Total patients 223

Males 138 (61.9%)

Median age at diagnosis 54 (range 18–83)

Patients ≥ 60-years old at diagnosis 79 (35.4%)

ECOG PS 0 or 1 151 (67.7%)

ECOG PS ≥ 2 72 (32.3%)

Elevated LDH 167 (74.9%)

> 1 site of EN disease 78 (35.0%)

Stage I or II disease 64 (28.7%)

Stage III or IV disease 159 (71.3%)

Histologic diagnosis

 DLBCL 161 (72.2%)

 FL 5 (2.2%)

 Richter transformation 12 (5.4%)

 PMBCL 24 (10.8%)

 Transformed from FL 5 (2.2%)

 Gray zone 7 (3.1%)

Received CNS prophylaxis 86 (38.6%)

 IT methotrexate 83

 IT cytarabine 2

 IT methotrexate plus cytarabine 1
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