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Central nervous system (CNS) involvement in Burkitt lymphoma
poses a major therapeutic challenge, and the relative ability of
contemporary regimens to treat CNS involvement remains

uncertain. We describe the prognostic significance of CNS involvement
and the incidence of CNS recurrence/progression after contemporary
immunochemotherapy using real-world clinicopathological data from
adults with Burkitt lymphoma diagnosed between 2009 and 2018 in 30
institutions in the USA. We examined associations between baseline CNS
involvement, patients’ characteristics, complete response rates, and sur-
vival. We also examined risk factors for CNS recurrence. Of 641 patients
(aged 18 to 88 years), 120 (19%) had CNS involvement. CNS involvement
was independently associated with human immunodeficiency virus
infection, poor performance status, involvement of ≥2 extranodal sites,
and bone marrow involvement. Selection of the first-line treatment regi-
men was unaffected by CNS involvement (P=0.93). Patients with CNS
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Introduction

Central nervous system (CNS) involvement is a serious
complication of Burkitt lymphoma (BL), with an incidence
ranging from 5% to 40%.1-7 Most first-line regimens employ
dedicated CNS-directed strategies which typically include
intrathecal and systemic chemotherapy capable of penetrat-
ing the blood-brain barrier. The need for multiple intrathe-
cal injections and potential severe toxicities of high-dose
methotrexate (HDMTX) pose challenges to effective CNS-
directed therapy, requiring expertise from the clinician and
strict adherence by the patient. It is uncertain whether the
application and outcomes of CNS-directed treatments in
routine clinical practice correspond to those in clinical trials.
Short-cycle, dose-intensive immunochemotherapy regi-

mens achieve progression-free survival (PFS) rates of 70-
80% in BL.8-11 Adverse effects associated with high-intensity
regimens have limited the use of such regimens among the
elderly or patients positive for human immunodeficiency
virus (HIV), leading to interest in less aggressive options.
The DA-EPOCH-R regimen (dose-adjusted etoposide,
prednisone, vincristine, cyclophosphamide, doxorubicin,
and rituximab) has demonstrated excellent survival and rel-
atively low toxicity in single-arm trials, indicating that treat-
ment for BL can be de-escalated without apparent loss of
efficacy.12,13 Whereas DA-EPOCH-R involves the same or
larger numbers of intrathecal chemotherapy administra-
tions as those in common high-intensity regimens, it
notably lacks classical CNS-penetrant systemic agents
(HDMTX, cytarabine, ifosfamide) used for prophylaxis
against CNS disease.14 DA-EPOCH-R requires strict CNS
staging procedures (using flow cytometry of the cere-
brospinal fluid [CSF] and brain imaging) and specific proto-
cols for prophylactic or therapeutic intrathecal therapy to
control the CNS invasion. Although the National
Comprehensive Cancer Network (NCCN) guidelines rec-
ommend DA-EPOCH-R as a first-line option for BL along
with R-CODOX-M/IVAC (rituximab, cyclophosphamide,
doxorubicin, vincristine, and HDMTX, alternating with
ifosfamide, etoposide, and cytarabine) and R-
hyperCVAD/MA (rituximab, cyclophosphamide, vin-
cristine, doxorubicin, and dexamethasone alternating with
HDMTX/cytarabine), there are limited data about the effi-
cacy of DA-EPOCH-R in individuals with CNS involve-
ment. The guidelines point out that high-risk patients pre-
senting with symptomatic CNS disease should start treat-
ment with the portion of systemic therapy that contains
CNS-penetrating drugs, and that patients with parenchy-
mal brain involvement were not included in the clinical tri-
als of DA-EPOCH-R.15

Our objective was to describe factors associated with
CNS involvement in BL using a large, multi-institutional
dataset designed to study practice patterns and outcomes
of adult BL.16 We examined real-world practice of CNS-
directed management, and also compared CNS-related
outcomes among patients treated with DA-EPOCH-R or
with ‘high-intensity’ regimens.

Methods

Study cohort 
In this multicenter retrospective study, we included patients

aged ≥18 years diagnosed with BL between 2009 and 2018 in 30
institutions throughout the USA. The study was approved by
the institutional review boards of all the institutions and waiver
of informed consent was accepted. Of 702 identified subjects,
641 had complete clinicopathological data and were entered
into a centralized database. Sixty-one patients were excluded
because of pathology inconsistent with BL (n=21), inadequate
follow-up (n=15), treatment dates out of range (n=13), or lack of
clinical details (n=12).
The diagnosis was established by local review of pathology

reports. BL was defined according to the World Health
Organization (WHO) criteria,17 excluding other entities such as
high-grade B-cell lymphoma, not otherwise specified, or dou-
ble/triple-hit lymphoma. We included cases without known
MYC rearrangement if they fulfilled other criteria for BL: small-
cell morphology with tingible body macrophages, BCL2-nega-
tive, CD10/BCL6-positive immunophenotype, and Ki67 stain-
ing at ~100%. Staging evaluations and therapy were completed
at the discretion of treating physicians.

Variables and endpoints
Investigators collected data using a standardized protocol.

Performance status (PS) was assigned according to the Eastern
Cooperative Oncology Group (ECOG) scale. CNS involvement
was classified as leptomeningeal (based on CSF evaluation,
radiological invasion of meninges or cavernous sinus, or clinical
cranial nerve palsy) or parenchymal (radiological or biopsy-
proven invasion of the brain, eye, or spinal cord), and always
classified as stage 4 lymphoma. All CNS evaluations were per-
formed according to institutional standards; specific use of
imaging, CSF cytology, flow cytometry, or IGH polymerase
chain reaction was not recorded. Serum lactate dehydrogenase
(LDH) level was standardized relative to institutional upper
limit of normal (ULN). Details about the location of CNS recur-
rence and schedules of intrathecal therapy were collected for a
subset of patients who either experienced a CNS recurrence, or
who received DA-EPOCH-R with known baseline CNS

disease had significantly lower rates of complete response (59% vs. 77% for patients with and without
CNS involvement, respectively; P<0.001), worse 3-year progression-free survival (adjusted hazard ratio
[aHR]=1.53, 95% confidence interval [95% CI]: 1.14-2.06; P=0.004) and overall survival (aHR=1.62, 95%
CI: 1.18-2.22; P=0.003). The 3-year cumulative incidence of CNS recurrence was 6% (95% CI: 4-8%) and
was significantly lower among patients receiving other regimens (CODOX-M/IVAC, 4%, or
hyperCVAD/MA, 3%) compared with DA-EPOCH-R (13%; adjusted sub-distribution HR=4.38, 95% CI:,
2.16-8.87; P<0.001). Baseline CNS involvement in Burkitt lymphoma is relatively common and portends
inferior prognosis independently of the first-line treatment regimen selected. In real-world practice, regi-
mens including intravenous systemic agents with pronounced CNS penetrance were associated with a
lower risk of CNS recurrence. This finding may be influenced by observed suboptimal adherence to the
strict CNS staging and intrathecal therapy procedures incorporated in the DA-EPOCH-R regimen.



involvement. PFS was assessed locally as the time from diagno-
sis until disease progression, recurrence, or death.18 Overall sur-
vival (OS) was calculated from diagnosis until death or last fol-
low-up. 

Statistical analysis
We compared clinicopathological characteristics between

groups using Fisher exact tests and evaluated factors associated
with baseline CNS involvement by univariate and multivariable
logistic regression (reporting adjusted odds ratios, aOR).
Associations with survival were examined in proportional haz-
ard models, first univariate, and then stratified by general BL
risk factors identified in the same dataset, reporting hazard
ratios (HR).16 The cumulative incidence of CNS recurrence was
studied in competing-risk models that accounted for other
events such as systemic recurrence or death from any cause,
reporting sub distribution hazard ratios (SHR).19 To address
missing data on PS (7%), stage (2%), HIV positivity (2%), LDH
(7%), hemoglobin (5%), and albumin values (9%), we averaged
model coefficients and standard errors from 15 datasets using
multiple imputation by chained equations.20 The imputation
model included all covariates and outcomes. Estimates report
95% confidence intervals (in square brackets), and two-sided P
values <0.05 were considered statistically significant. 

Results

The study included 641 patients with untreated BL diag-
nosed at a median age of 47 years (interquartile range [IQR],
34-59 years), who were predominantly male (76%) and had
stage 4 disease (73%) (Table 1). The most common first-line
regimens were CODOX-M/IVAC (30%), hyperCVAD/MA
(30%), or DA-EPOCH-R (28%), and 90% of all patients
received rituximab. Eight patients (1%) did not receive any
chemotherapy. Intrathecal chemotherapy was given to 545
patients (85%) whereas 396 (62%) received systemic
HDMTX as part of their first-line treatment regimen. The
median follow-up was 45 months.

Baseline central nervous system involvement
CNS involvement was present at diagnosis in 120

patients (19%), including 97 (15%) with leptomeningeal-
only disease, 20 (3%) with parenchymal disease (of
whom 11 had concurrent leptomeningeal disease), and
three (1%) with unspecified CNS involvement (Figure
1A). CSF was positive in 91 patients (14% of all cases, and
76% of those with CNS involvement), whereas ten
patients had cavernous sinus involvement. Parenchymal
disease included brain, ocular, and spinal cord invasion in
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Table 1. Patient characteristics stratified by central nervous system involvement at diagnosis.
                                                                  All                                                           Baseline CNS involvement                                                            P
                                                                                                                        No                                                    Yes
                                                       N                   (%)                             N                    (%)                              N                    (%)

Numbers                                                641                   (100)                               521                    (100)                                 120                    (100)                                           
Age, years                                                                                                                                                                                                                                                                 0.747
<40                                                      233                    (36)                                195                     (37)                                   38                      (32)                                            
≥40 to 60                                            257                    (40)                                204                     (39)                                   53                      (44)                                            
≥60                                                      151                    (24)                                122                     (23)                                   29                      (24)                                            

Sex                                                                                                                                                                                                                                                                              0.37
Male                                                    485                    (76)                                398                     (76)                                   87                      (73)                                            
Female                                               156                    (24)                                123                     (24)                                   33                      (28)                                            

HIV infection                                         142                    (22)                                 99                      (19)                                   43                      (36)                                      <0.001
Stage 4                                                    462                    (72)                                342                     (66)                                  120                    (100)                                        N/A
B symptoms                                          304                    (47)                                236                     (45)                                   68                      (57)                                         0.02
ECOG PS 2-4                                         144                    (23)                                 99                      (19)                                   45                      (38)                                      <0.001
Hemoglobin <11.5 g/dLa                     264                    (45)                                195                     (37)                                   69                      (58)                                      <0.001
Albumin <3.5 g/dLa                               254                    (40)                                187                     (36)                                   67                      (56)                                      <0.001
Lactate dehydrogenase                                                                                                                                                                                                                                             
> ULN                                                463                    (72)                                361                     (69)                                  102                     (85)                                      <0.001
>3x ULN                                            247                    (39)                                180                     (35)                                   67                      (56)                                      <0.001
>5x ULN                                            170                    (27)                                115                     (22)                                   55                      (46)                                      <0.001

≥2 extranodal sites                             275                    (43)                                194                     (37)                                   81                      (68)                                      <0.001
Extranodal involvement:                                                                                                                                                                                                                                            
Marrow                                              222                    (35)                                146                     (28)                                   76                      (63)                                      <0.001
Intestine                                            112                    (18)                                103                     (20)                                    9                        (8)                                         0.001
Liver                                                     88                     (14)                                 64                      (12)                                   24                      (20)                                        0.027
Pancreas                                             27                      (4)                                  24                       (5)                                     3                        (3)                                          0.30
Pleura/peritoneum                           88                     (14)                                 76                      (15)                                   12                      (10)                                         0.19
Kidney/adrenal                                  54                      (8)                                  35                       (7)                                    19                      (16)                                        0.001
Testisa                                                  12                      (3)                                   8                        (2)                                     4                        (5)                                          0.16
Uterus/ovarya                                     14                      (9)                                   9                        (7)                                     5                       (15)                                         0.16
Female breasta                                  14                      (9)                                  10                       (8)                                     4                       (12)                                         0.48

aCutoffs were empirically determined to provide optimal prognostic discrimination in the main study based on this dataset.16 bPercentages and P values calculated for men or
women only, as pertinent. CNS: central nervous system; ECOG PS: Eastern Cooperative Oncology Group performance status; HIV: human immunodeficiency virus; N/A: not appli-
cable; ULN: upper limit of normal.



nine, seven, and four patients, respectively. 
The patients’ characteristics associated with baseline

CNS involvement in univariate analysis included HIV infec-
tion, B symptoms, PS 2-4, low hemoglobin or albumin, high
LDH, ≥2 non-CNS extranodal sites of involvement, and
invasion of the bone marrow, liver, kidneys, or adrenal
glands (Online Supplementary Table S1). Conversely, patients
with extranodal involvement of the intestine were less like-
ly to present with CNS disease. In a multivariate model,
HIV infection (aOR: 1.84 [1.12-3.03], P=0.017), poor PS
(aOR=2.13 [1.27-3.57], P=0.004), ≥2 extranodal sites
(aOR=2.94 [1.75-4.94], P<0.001), and bone marrow
involvement (aOR=2.80 [1.59-4.94], P<0.001) retained sta-
tistical significance, whereas intestinal involvement was
consistently associated with a lower risk (aOR=0.34 [0.16-
0.72], P=0.005). 
The use of first-line regimens did not differ significantly

according to baseline CNS involvement (P=0.93) (Figure
1B). Furthermore, we observed no significant difference in
receipt of any intrathecal chemotherapy (89% vs. 84%,
respectively; P=0.16) or systemic HDMTX (67% vs. 61%,
respectively; P=0.22). Radiation therapy was used some-
what more frequently in patients with CNS disease (11%

vs. 6%, P=0.05), but data on the specific radiation target
were not available. Among 20 patients with parenchymal
CNS involvement, four (20%) received DA-EPOCH-R,
seven (35%) received CODOX-M/IVAC, eight (40%)
received hyperCVAD/M, and one received a low-intensity
regimen.
Among 35 BL patients given DA-EPOCH-R who had

CNS invasion, 29 (83%) had only leptomeningeal disease,
four (11%) had parenchymal disease, and two (6%) had
unspecified involvement. Thirty-four of these 35 patients
received care in academic centers. Details of intrathecal
administrations were available for 21 patients (60%).
Although all 21 received intrathecal chemotherapy, only
45% followed the strict schedule from the original protocol
(first twice-weekly, then weekly, and then monthly admin-
istration). The median number of intrathecal methotrexate
administrations was eight (IQR, 5-12). Clearance of CSF
disease was recorded in 89% of patients.

Outcomes of patients with baseline central nervous 
system involvement
Patients with baseline CNS involvement had a signifi-

cantly lower probability of attaining a complete response:

Real-world CNS outcomes in Burkitt lymphoma
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Figure 1. Baseline central nervous system involvement in Burkitt lymphoma. (A) Proportions of patients with leptomeningeal, parenchymal, or unspecified central
nervous system (CNS) involvement; 11 patients with concurrent leptomeningeal and parenchymal disease are included in the last group. (B) Use of first-line
chemotherapy regimens stratified by the presence of baseline CNS involvement. (C) Progression-free survival stratified by the presence of CNS involvement. (D)
Overall survival stratified by the presence of CNS involvement. Shaded areas indicate 95% confidence interval bands; 3-year survival estimates and P-values from
log-rank test are listed. NR: not reached.
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59% versus 77% in patients with or without CNS disease,
respectively (OR=0.45 [0.29-0.69], P<0.001; excluding
untreated patients) as well as worse PFS (3-year estimate,
46% vs. 69%, respectively; HR=2.02 [1.52-2.67], P<0.001)
(Figure 1C) and OS (49% vs. 74%, respectively; HR=2.18
[1.61-2.94], P<0.001) (Figure 1D). Patients with CNS
involvement had a median PFS of 1.1 years [range, 0.5-4.2]
and OS of 2.6 years [0.9 to not reached], whereas medians
for those without CNS disease were not reached. 
CNS involvement remained an independent risk factor

for PFS (adjusted HR=1.53 [1.14-2.06], P=0.004) and OS
(adjusted HR=1.62 [1.18-2.22], P=0.003) after adjustment
for other characteristics independently associated with
poor outcomes: age ≥40 years, ECOG PS 2-4, and LDH
level >3xULN.16 We observed no difference in PFS based on
whether the CNS involvement was parenchymal or lep-
tomeningeal only (log-rank P=0.90), but patients with CNS
disease who were diagnosed at age ≥60 years had worse

survival (Online Supplementary Figure S1A-D). As expected,
the four patients with parenchymal CNS disease who
received DA-EPOCH-R had particularly poor outcomes (3-
year PFS 25% vs. 57% for those treated with CODOX-
M/IVAC and 56% for those given hyperCVAD/MA)
(Online Supplementary Figure S1E and F).
Inferior PFS with baseline CNS involvement was

observed regardless of the first-line treatment regimen
given (Pinteraction=0.85) (Figure 2A-C) or whether rituximab was
used (Pinteraction=0.75). Similarly, complete response rates were
lower with baseline CNS involvement across regimens
(Pinteraction=0.95) (Figure 2D) and independent of rituximab use
(Pinteraction=0.65).

Central nervous system recurrence
BL recurred in 167 patients (26%), with 39 (6%) present-

ing a CNS recurrence (21 with and 18 without CNS
involvement at diagnosis) (Online Supplementary Figure S2A).
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Figure 2. Prognostic significance of baseline central nervous system involvement among patients treated with specific first-line chemotherapy regimens. (A-C)
Progression-free survival stratified by the presence of central nervous system (CNS) involvement at diagnosis, for patients treated with: (A) CODOX-M/IVAC (n=194);
(B) hyper-CVAD/MA (n=195); and (C) DA-EPOCH-R (n=181). Shaded areas indicate 95% confidence interval bands; 3-year survival estimates and P-values from a log-
rank test are listed; the summary P-value for interaction between baseline CNS involvement and chemotherapy regimen was 0.85. (D) Proportions of patients achiev-
ing complete response (CR) to first-line therapy, stratified by specific regimen and baseline CNS involvement; the summary P-value for interaction between CNS
involvement and chemotherapy regimen was 0.95. 
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The median time from diagnosis to CNS recurrence was 5.8
months (IQR, 4.3-7.6). Thirty-four CNS recurrences (87%)
occurred during the first year of follow-up and 32 (82%)
involved the CNS alone, without systemic disease. Thirty-
seven (95%) patients with CNS recurrence had stage 4 dis-
ease at initial diagnosis, and the only one with early-stage
BL had CNS progression during treatment with RCHOP
(rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisone). The location of the CNS recurrence was
only the leptomeninges in 52% of cases, only parenchyma
in 22%, both compartments in 19%, and unspecified in
7%. 
Prior to CNS recurrence, 81% of patients had received rit-

uximab, 97% had received intrathecal chemotherapy, and
44% had received HDMTX. Of note, 22 patients (56%) did
not attain a complete response before progression in the
CNS, and 18 of those had residual/recurrent disease limited
only to the CNS. Following the CNS recurrence, 77% of
patients received salvage treatment: systemic chemothera-
py (64%), intrathecal chemotherapy (8%), or radiation
(5%). Only five (13%) achieved a second complete
response and the median survival after CNS recurrence was
2.8 months (range, 2.0-4.2) (Online Supplementary Figure
S2B). All five survivors received HDMTX-based salvage
therapy. Four of them had received first-line DA-EPOCH-R,
one underwent consolidative autologous stem cell trans-
plantation, and one received an allogeneic stem cell trans-
plant.
Analysis of the cumulative incidence of CNS recurrence

was conducted in the subcohort of 570 patients who
received one of the NCCN-recommended first-line regi-
mens: CODOX-M/IVAC, hyperCVAD/MA, or DA-
EPOCH-R. The cumulative incidence of CNS recurrence in
this subcohort was 6% [4-8] at 1 year (Figure 3A). In uni-
variate analysis, the strongest associations we observed
were between CNS recurrence and stage 4 disease (Figure
3B), baseline CNS involvement (Figure 3C), and testicular
involvement, this last being very rare (Table 2). Other sig-
nificant factors included HIV infection, poor PS, ≥2 extra -
nodal sites, LDH level >3xULN, and bone marrow involve-
ment (Online Supplementary Figure S3). In a two-variable
model, stage 4 disease (adjusted SHR=7.68 [1.01-58.40],
P=0.049) and baseline CNS involvement (adjusted
SHR=4.04 [2.08-7.87], P<0.001) were cumulatively associat-
ed with CNS recurrence. Due to the limited number of
events, we did not explore more complex multivariate
models. Achievement of complete response after first-line
therapy was associated with a lower risk of CNS recurrence
(SHR=0.30 [0.15-0.57], P<0.001), whereas receipt of ritux-
imab was not (SHR=1.51 [0.36-6.39], P=0.58). 

Central nervous system recurrence according 
to first-line treatment regimen
We examined the risk of CNS recurrence according to

first-line treatment regimen, comparing regimens that con-
tain high-dose, CNS-penetrant systemic agents (CODOX-
M/IVAC or hyperCVAD/MA; n=389) with DA-EPOCH-R
(n=181). There was no significant difference between these
two groups in the prevalence of baseline CNS involvement
(P=0.93), stage 4 disease (P=0.79), LDH level >3xULN
(P=0.31), ≥2 extranodal sites (P=0.27), or testicular involve-
ment (P=0.20). However, patients selected for DA-
EPOCH-R were older (median age 54 vs. 44 years;
P<0.001), and more likely to have poor PS (30% vs. 18%;
P=0.002), HIV infection (33% vs. 20%; P<0.001), or low

Real-world CNS outcomes in Burkitt lymphoma
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Figure 3. Cumulative incidence of central nervous system recurrence. (A-C) The
cumulative incidence of central nervous system (CNS) recurrence in: (A) all
patients (n=570) who received chemotherapy with CODOX-M/IVAC,
hyperCVAD/MA, or DA-EPOCH-R; (B) stratified by disease stage; and (C) strati-
fied by the presence of baseline CNS involvement at diagnosis. Shaded areas
indicate 95% confidence interval bands; P values are from univariate competing
risk models; estimates at 3 years are presented. 
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albumin concentration (48% vs. 34%; P<0.001) (Online
Supplementary Table S2). 
The 3-year risk of CNS recurrence was significantly

lower after CODOX-M/IVAC (4% [2-8]) or
hyperCVAD/MA (3% [1-6]) than after DA-EPOCH-R (13%
[8-18]; SHR=3.57 [1.83-6.97]; P<0.001) (Figure 4A and B).
Furthermore, recurrences involved the CNS more frequent-
ly after DA-EPOCH-R (40%) than after the other two regi-
mens (16%, P<0.001). The risk was higher regardless of
baseline CNS involvement (Pinteraction=0.99) (Figure 4C and D),
age (Pinteraction=0.94), PS (Pinteraction=0.12), or HIV status (Pinteraction=0.86)
(Online Supplementary Figure S4A-F). Among patients with
baseline CNS involvement receiving DA-EPOCH-R, the 3-
year incidence of CNS recurrence reached 35% [20-51%].
The risk did not differ significantly between patients treat-
ed with CODOX-M/IVAC or hyperCVAD/MA within any
subset. The increased risk of CNS recurrence after DA-
EPOCH-R persisted adjusting for age, PS, stage 4 disease,
HIV positivity, baseline CNS involvement, and testicular
involvement (adjusted SHR=4.38 [2.16-8.87], P<0.001).
All patients with CNS recurrence after DA-EPOCH-R

treatment had received intrathecal chemotherapy during
their initial therapy with a median of six (IQR, 5-12) doses
of methotrexate and a median of four (IQR, 0-5) doses of
cytarabine, but strict adherence to the protocol-defined
schedule was reported in only 57% of this subgroup. CNS
recurrence after DA-EPOCH-R treatment was lep-
tomeningeal in 63%, intraparenchymal in 25%, and in both
compartments in 12% of cases. Seven patients (6 with base-
line leptomeningeal disease) received prophylactic
HDMTX (± cytarabine) upon completion of DA-EPOCH-R,

but BL recurred in five, including three with a CNS recur-
rence. Among all patients receiving DA-EPOCH-R, factors
significantly associated with CNS recurrence included base-
line CNS involvement (SHR=5.97 [2.59-13.79]; P<0.001),
marrow involvement (SHR=2.57 [1.07-6.14]; P=0.034),
LDH level >3xULN (SHR=2.53 [1.08-5.94]; P=0.033), and
≥2 extranodal sites (SHR=3.29 [1.28-8.44]; P=0.013).
However, adjusting for baseline CNS involvement, no other
variable retained statistical significance.

DIscussion

In this large, multi-institutional dataset of patients with BL
treated with contemporary immunochemotherapy regi-
mens, CNS involvement at diagnosis was an independent
prognostic factor for PFS and OS, and a strong predictor of
subsequent CNS recurrence. CNS recurrences developed
early and almost exclusively in stage 4 BL. No patient with
stage 1 or 2 disease experienced a CNS recurrence after treat-
ment with NCCN-recommended regimens. The risk of
CNS recurrence was significantly lower with regimens con-
taining high-dose systemic CNS-penetrating agents.
However, we observed that among patients with baseline
CNS involvement who were treated with DA-EPOCH-R,
intrathecal therapy was frequently (in 55%) not adminis-
tered according to the schedule in the published protocol,
which may have contributed to the high observed incidence
of CNS recurrence (35%). Our results have important impli-
cations for the management of BL in clinical practice, given
the rarity of the disease and the paucity of randomized trials. 
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Table 2. Risk factors for central nervous system recurrence in Burkitt lymphoma.
                                                       Cumulative incidence at 3 years                                                                    Univariate model
Variable                                                   With                                                Without                                                SHR             95% CI                   P
                                                      %                    95% CI                        %                     95% CI                                 

Age ≥40 years                                       6                           (4-9)                                7                           (4-11)                                          0.92             (0.47-1.79)                  0.80
Age ≥60 years                                       5                          (2-11)                              7                            (5-9)                                           0.86             (0.38-1.95)                  0.72
Female sex                                            9                          (5-14)                              6                            (4-8)                                           1.57             (0.78-3.13)                  0.20
HIV infection                                        11                         (6-17)                              5                            (3-8)                                           2.04             (1.05-4.00)                 0.036
Stage 4                                                    9                          (6-12)                              1                            (0-3)                                          13.47            (1.83-98.9)                 0.011
B symptoms                                          7                          (4-11)                              6                            (4-9)                                           1.25             (0.65-2.40)                  0.50
ECOG PS 2-4                                        11                         (6-17)                              5                            (3-7)                                           2.31             (1.14-4.67)                 0.019
Hemoglobin <11.5 g/dL                      9                          (6-14)                              4                            (2-7)                                           2.54             (1.26-5.11)                 0.009
Albumin <3.5 g/dL                                9                          (5-13)                              5                            (3-8)                                           1.84             (0.92-3.66)                  0.08
LDH > ULN                                           7                          (5-10)                              6                           (2-11)                                          1.48             (0.62-3.55)                  0.38
LDH >3x ULN                                      10                         (6-14)                              4                            (3-7)                                           2.30             (1.17-4.50)                 0.016
LDH >5x ULN                                      10                         (6-16)                              5                            (3-8)                                           2.04             (1.05-3.97)                 0.036
≥2 extranodal sites                             9                          (6-14)                              4                            (2-7)                                           2.13             (1.09-4.16)                 0.027
Involvement at diagnosis:                                                                                                                                                                                                                                         
CNS                                                    18                        (11-26)                             4                            (2-6)                                           5.73             (2.98-11.0)                <0.001
Bone marrow                                   9                          (6-14)                              5                            (3-7)                                           2.14             (1.09-4.17)                 0.026
Intestine                                            5                          (2-11)                              7                            (5-9)                                           0.74             (0.29-1.88)                  0.52
Liver                                                    8                          (3-16)                              6                            (4-9)                                           1.30             (0.54-3.14)                  0.55
Pancreas                                            9                          (2-24)                              6                            (4-9)                                           1.31             (0.32-5.30)                  0.70
Pleura/peritoneum                         5                          (2-11)                              7                            (5-9)                                           0.76             (0.27-2.15)                  0.60
Kidney/adrenal                                 4                          (1-12)                              7                            (5-9)                                           0.61             (0.15-2.58)                  0.51
Testisa                                                26                         (6-52)                              5                            (3-8)                                           5.93             (1.74-20.2)                 0.004
Uterus/ovarya                                    8                          (1-31)                              9                           (5-15)                                          0.97             (0.13-7.35)                  0.97
Female breasta                                 8                          (1-29)                              9                           (5-15)                                          0.90             (0.11-7.22)                  0.92

aMen or women only, as pertinent. 95% CI: 95% confidence interval; CNS: central nervous system; ECOG PS: Eastern Cooperative Oncology Group performance status; HIV: human
immunodeficiency virus; LDH: lactate dehydrogenase; SHR: subhazard ratio; ULN: upper limit of normal.



The prevalence of baseline CNS involvement in this
real-world BL cohort (19%) is higher than that in phase II
trials (10-14%)8,9,11-13,21-24 or in a recent retrospective study of
264 patients treated with immunochemotherapy (8%),5
but lower than that in a phase III trial (25%).10 These dif-
ferences may reflect both selection bias in smaller trials,
and less rigorous CNS staging in routine practice (com-
pared with the phase III setting), in which the use of CSF
cytology or flow cytometry is not standardized. Our
study had sufficient power to demonstrate independent
impacts of CNS involvement on rates of complete
response, PFS, and OS in BL, as suggested by some tri-
als,8,13,22,25 but not by others.9,10,21,24,26
Interestingly, the choice of using an immunochemother-

apy regimen did not differ according to CNS involvement,
and CNS involvement was prognostically unfavorable
regardless of the use of first-line rituximab or any specific
regimen, including those that contained HDMTX.
Collecting granular data on CNS-directed intrathecal ther-
apy proved challenging in this retrospective study, but
intensive administration schedules designed for patients

with CNS involvement appeared difficult to execute in
real-world practice. All regimens used in our cohort
(hyperCVAD/MA, CODOX-M/IVAC, and DA-EPOCH-
R) involve intensified intrathecal regimens for patients
with CNS disease, which requires thorough staging to
identify subclinical CNS invasion and expertise in the
delivery of intrathecal agents, including the use of intra-
ventricular devices. We could not determine whether
these schedules were correctly applied in most patients,
and whether barriers to effective CNS-directed therapy
were related to physicians’ preference, patients’ refusal, or
system-level factors. Furthermore, we did not have data
on the use of intraventricular reservoirs, although their
availability may affect the efficacy of intrathecal therapy.
Both poor prognosis with CNS involvement and subopti-
mal delivery of CNS-directed therapy indicate that
patients with CNS disease need more efficacious and
practicable treatment approaches that can be consistently
administered in routine clinical practice.
CNS recurrence after standard immunochemotherapy

regimens was uncommon (6%) and exclusive to patients
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Figure 4. Cumulative incidence of central nervous system recurrence according to first-line chemotherapy regimen. (A-D) The cumulative incidence of central nervous
system (CNS) recurrence in: (A) all patients (n=570) treated with CODOX-M/IVAC, hyper-CVAD/MA, or DA-EPOCH-R; (B) patients with stage 4 disease (n=413); (C) patients
without CNS involvement at diagnosis; and (D) patients with CNS involvement at diagnosis. Subhazard ratios were derived from univariate competing-risk models com-
paring hyperCVAD versus CODOX-M/IVAC, or DA-EPOCH-R versus both high-intensity regimens combined. 95% CI: 95% confidence interval; SHR: subjazard ratios.
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with stage 4 disease. Of note, over half of CNS recurrences
emerged in patients who did not attain complete response,
suggesting primary refractory disease or inadequate control
of baseline CNS involvement. Clinical trials have reported
lower incidences (0-4%) of CNS recurrence,8,12,13,21,22,27,28
which may reflect selective enrollment of lower-risk
patients in trials, or suboptimal CNS-directed therapy in
our real-world sample. Despite high rates of intrathecal
therapy, one in five patients with baseline CNS involve-
ment succumbed to a CNS recurrence, which was predom-
inantly leptomeningeal. Survival after CNS recurrence was
dismal and consistent with generally poor outcomes of
recurrent BL.7,29-31 HDMTX salvaged a few patients, but
mainly those who did not receive it as part of their initial
treatment regimen.
An emerging finding was the lower risk of CNS recur-

rence among patients treated with regimens that contain
high-dose systemic CNS-penetrant agents compared with
DA-EPOCH-R, which relies solely on intrathecal
chemotherapy for CNS management. Our observation
could not be explained by stage distribution or prevalence
of baseline CNS involvement, which were similar among
patients receiving these strategies. Although patients
selected for DA-EPOCH-R were older and had a worse PS,
possibly compromising the intensity of treatment and
adherence to CNS prophylaxis, the increased risk persisted
after adjustment for these factors. In this context, it is
important to note that we could not ascertain specific CNS
staging procedures performed in our cohort. Patients
enrolled in the clinical trials of DA-EPOCH-R uniformly
underwent CSF evaluations using flow cytometry.12,13
Underdiagnosis of occult leptomeningeal disease might
result in suboptimal intrathecal treatment, as DA-EPOCH-
R relies on an intensive intrathecal regimen (starting with
twice-weekly administration) in cases with CSF involve-
ment, whether detected by cytology or flow cytometry.
The NCI-9177 study enrolled no patients with parenchy-
mal CNS disease, and out of 11 subjects with CSF involve-
ment, six (55%) experienced relapse or death.12,13
Considering this experience and the outcomes observed in
our series, DA-EPOCH-R should likely be avoided for
treatment of BL with parenchymal CNS involvement.
Among 81 high-risk patients without baseline CSF involve-
ment, two developed a parenchymal CNS recurrence
despite prophylaxis with eight intrathecal injections. In
contrast, we observed CNS recurrence in 18% of patients
with stage 4 BL receiving DA-EPOCH-R and in 35%
among those with baseline CNS involvement. We could
not discern the reasons for the lower intensity of the
intrathecal administration schedule during DA-EPOCH-R
(median 6 doses), which possibly contributed to the high
failure rate of CNS control; adherence was poor even in
academic centers. Because of unavoidable immortal-time
bias, we could not compare outcomes based on degree of
adherence in our retrospective data. It is possible that with
stricter adherence the difference in CNS recurrence
between patients treated with the different regimens
would not have been significant. However, 37% of recur-
rences involved the parenchymal CNS compartment,
which may not be prevented with intrathecal therapy. On
the other hand, reassuringly, there were no instances of
CNS recurrence in patients with disease stages 1-3, sup-
porting the observation of 100% PFS in low-risk BL after
three cycles of DA-EPOCH-R without any CNS prophy-
laxis.13 Because most patients in our study received

intrathecal chemotherapy, we could not identify a sub-
group that could omit it. We highlight an unmet need for
prospective studies of augmentation of DA-EPOCH-R for
patients with CNS involvement using a CNS-directed
strategy that is more efficacious and feasible to execute in
routine clinical practice. The few attempts at “consolida-
tive” HDMTX (± cytarabine) after DA-EPOCH-R observed
in our sample do not enable any true interpretation of
treatment effect, as these patients had CNS involvement
and were likely at particularly high perceived risk of recur-
rence. The unfavorable outcomes of this approach may
reflect the delayed HDMTX administration, lack of added
benefit beyond that of intensive intrathecal therapy in lep-
tomeningeal disease, or simply a matter of bias. The need
to adjust doses based on degree of cytopenias, early emer-
gence of CNS recurrences, and high failure rate of “consol-
idative” HDMTX prophylaxis in our admittedly small sam-
ple illustrate the challenges of designing such an augmen-
tation.32,33 We point out that an analysis of this dataset, as
well as other retrospective studies, does not suggest signif-
icant differences in the overall PFS or OS according to the
first-line treatment regimen used in BL.4,5,16
The strengths of this study include its multicenter scope

encompassing academic and community-based practices,
HIV-associated BL, and a large subset with CNS involve-
ment to allow for an in-depth analysis. Limitations include
the retrospective design, rarity of CNS recurrence, and vari-
ation in CNS-directed staging or treatment, particularly lim-
ited information on the use of CSF flow cytometry, intensi-
ty of intrathecal regimens and mode of delivery (intraven-
tricular catheter or lumbar puncture). We also lacked molec-
ular data that could provide insights into the biology of
CNS invasion and inform future treatment strategies.
In conclusion, despite the success of immunochemother-

apy in BL, patients with CNS involvement constitute a
high-risk group in need of better management. In this large
real-world dataset, CNS involvement was associated with
worse prognosis regardless of first-line regimen applied,
and independently of other factors. Regimens incorporat-
ing high-dose systemic CNS-penetrant agents were associ-
ated with a lower risk of CNS recurrence when adminis-
tered to patients with baseline CNS involvement in routine
clinical practice. Selective use of DA-EPOCH-R for patients
with advanced age and worse PS, who could not maintain
the intrathecal administration schedule inherent to this
protocol, may have influenced our findings. An important
insight from our analysis is that when clinicians apply the
DA-EPOCH-R regimen, they should strictly follow the
pre-specified CNS staging procedures (including CSF flow
cytometry) and adequately tailored intrathecal administra-
tion schedules, as frequent deviations from the protocol
may lead to suboptimal CNS control. CNS-related out-
comes from the ongoing HOVON-127BL randomized trial
comparing DA-EPOCH-R with CODOX-M/IVAC
(EudaraCT 2013-004394-27) will be critical to further
define optimal therapy, provided that sufficient numbers
of patients with baseline CNS involvement are enrolled.
Further prospective studies are needed to optimize realis-
tic delivery of CNS-directed prophylaxis with all standard
regimens and to mitigate the incidence of CNS recurrence.
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