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Summary

De novo diffuse large B-cell lymphoma (DLBCL) presenting with synchronous central nervous 

system (CNS) and systemic disease (synDLBCL) is not well described and is excluded from 

clinical trials. We performed a retrospective analysis of 80 synDLBCL patients treated across 

10 Australian and UK centres. Of these patients, 96% had extranodal systemic disease. CNS-

directed treatment with combination intravenous cytarabine and high-dose methotrexate 
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(“CNS-intensive”) (n=38) was associated with favourable survival outcomes compared with 

“CNS-conservative” strategies such as intravenous high-dose methotrexate monotherapy, 

intrathecal therapy and/or radiotherapy (2-year progression-free survival [PFS] 50% versus 

31%, p=0.006; 2-year overall survival [OS] 54% versus 44%, p=0.037). Outcomes were 

primarily dictated by the ability to control the CNS disease, with 2-year cumulative CNS 

relapse incidence of 42% and non-CNS relapse 21%. Two-year OS for CNS-relapse patients 

was 13% versus 36% for non-CNS relapses (p=0.02). Autologous stem cell transplantation as 

consolidation (n=14) was not observed to improve survival in those patients who received 

CNS-intensive induction when matched for induction outcomes (2-year PFS 69% versus 56%, 

p=0.99; 2-year OS 66% versus 56%, p=0.98). Hyperfractionated or infusional systemic 

treatment did not improve survival compared to R-CHOP (rituximab, cyclophosphamide, 

doxorubicin, vincristine, prednisolone) (2-year OS 49% for both groups). Our study suggests 

that adequate control of the CNS disease is paramount and is best achieved by intensive 

CNS-directed induction.

Introduction:

Diffuse large B-cell lymphoma (DLBCL) is a biologically and clinically heterogenous 

malignancy. It commonly presents solely outside of the central nervous system (CNS), or is 

less frequently isolated to the CNS (primary CNS lymphoma; PCNSL). CNS involvement of 

systemic DLBCL at diagnosis (synDLBCL) is rare but results in poor outcomes. SynDLBCL is 

typically excluded from clinical trials, so data are limited (Chihara et al., 2017; Ferreri et al., 

2015; Nijland et al., 2017).  Whilst the treatments of systemic DLBCL and PCNSL are well 

established (Cunningham et al., 2013; Ferreri et al., 2016), high-dose methotrexate 

(HDMTX)-based therapy, used to treat PCNSL, does not provide adequate systemic control, 

and drugs for systemic disease, such as R-CHOP (rituximab, cyclophosphamide, doxorubicin, 

vincristine and prednisolone), have insufficient CNS penetration.  Hence, defining optimal 

management proves challenging, and most patients receive a combination of systemic and 

CNS-directed therapy.
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CNS dissemination of systemic disease occurs in up to 5% of all patients with DLBCL ( Ferreri 

et al, 2009a; Ghose et al., 2015), however asymptomatic presence at diagnosis is not well 

documented, as magnetic resonance imaging and lumbar puncture staging of the CNS is not 

routine. A recent study described baseline CNS involvement in 2-3% of systemic DLBCL 

cases, though the number of patients formally evaluated for CNS disease was not reported 

and the primary focus was molecular prognostication (Reddy et al., 2017). Whether CNS-

relapse predictors, such as presence of a high-risk CNS International Prognostic Index (IPI) or 

sites associated with CNS relapse, e.g. testes, kidneys and adrenal glands, predicts for 

synDLBCL has not been comprehensively studied (El-Galaly et al., 2017; Ollila & Olszewski, 

2018; Schmitz et al., 2016). 

The largest reported retrospective cohort of synchronous systemic and CNS lymphoma 

(n=60) included non-DLBCL subtypes and analysed patients according to consolidative 

autologous stem cell transplantation (AuSCT) in first response rather than by induction 

regimen. The study reported a 3-year overall survival (OS) of 75% in the transplanted 

patients versus 29% in non-transplanted (Damaj et al., 2015), however selection bias 

inherent in choosing patients for intensive therapy and the inclusion of multiple histological 

subtypes are likely to contribute to the difference. Smaller retrospective series of similar 

cohorts report superior non-transplant outcomes (3-year OS 49% in the largest) from 

various induction regimens, including R-CODOX-M (rituximab, cyclophosphamide, 

cytarabine, vincristine, doxorubicin, methotrexate)/ IVAC (ifosfamide, etoposide, 

cytarabine), though patient numbers are low (Chihara et al., 2017; Maciocia et al., 2016; 

Nijland et al., 2017; Phillips et al., 2018; Yoo et al., 2015). To date, the clinical and biological 

features of this rare entity have not been comprehensively described. The role of intensified 

(e.g. hyperfractionated, such as HyperCVAD [hyperfractionated cyclophosphamide, 

vincristine, doxorubicin, dexamethasone, methotrexate, cytarabine], CODOX-M/IVAC, or 

infusional e.g. DA-EPOCH-R [dose-adjusted eptposide, prednisolone, vincristine, 

cyclophosphamide, doxorubicin, rituximab) systemic induction therapy, multi-agent CNS-

directed chemotherapy and the role of AuSCT in consolidation of patients with adequate 

CNS-directed treatment in induction are not established.

Synchronous CNS and systemic presentation of non-Hodgkin lymphoma (NHL) was 

evaluated in a small, single-arm phase II study (n=38) however the study included follicular, 
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mantle cell lymphoma and aggressive NHL subtypes, in newly-diagnosed and relapsed 

patients. Treatment entailed intravenous (IV) high-dose methotrexate (HDMTX) plus 

cytarabine followed by intensification with high doses of cyclophosphamide, cytarabine and 

etoposide, followed by a carmustine (BCNU)/thiotepa-conditioned (i.e. CNS-penetrating) 

AuSCT ( Ferreri et al., 2015). It should be noted that the regimen omitted anthracyclines 

other than a single cycle of R-CHOP for debulking, which was only delivered in 2 patients; 

only 16 patients had synchronous disease at initial diagnosis and detailed outcomes 

according to histology were not reported.  Nonetheless, OS for the whole group was 45% at 

5 years and treatment-related mortality (TRM) was 10.5%.

This international, multicentre study reports the largest cohort of de novo synDLBCL 

including detailed assessment of clinical features, treatment regimens, toxicities and 

outcomes for this rare entity. 

Methods:

Patients

Eligible patients had treatment-naïve, histologically-proven DLBCL according to the relevant 

World Health Organisation classification at the time of diagnosis. Cases were identified by a 

systematic search of lymphoma databases and pharmacy records from the rituximab era for 

patients receiving CNS-directed intravenous or intrathecal chemotherapy. Cases diagnosed 

as high-grade B-cell lymphoma with MYC and BCL2 and/or BCL6 (HGBL-DH) rearrangements 

were included. Burkitt lymphoma, lymphoblastic lymphoma/acute lymphoblastic leukaemia, 

mantle cell lymphoma and low-grade lymphomas were excluded, though transformed low-

grade lymphomas were included if completely treatment-naïve. CNS involvement was 

confirmed by histological biopsy, cerebrospinal fluid (CSF) cytology and/or flow cytometry, 

and/or definitive radiological evidence. Where the only evidence of CNS disease was 

radiological, it was sufficiently convincing for CNS-directed treatment (rather than 

prophylaxis alone) to be administered. Patients with discrete CNS lesions or direct CNS 

invasion from a systemic site were eligible; however, patients with clinical features due to 

external compression only (i.e. lesions only on the systemic side of the blood brain barrier) 

were excluded. 
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All patients received rituximab-containing immuno-chemotherapy incorporating CNS-

directed and systemically efficacious therapy. 

Study design

This was an international, multicentre, retrospective study. Patients treated from 2003 to 

2017 were identified from 10 participating Australian and United Kingdom sites using local 

hospital and pharmacy records. The research was approved by the Austin Hospital human 

research and ethics committee (LNR/17/Austin/186) and conducted in accordance with the 

declaration of Helsinki. 

Data collection

Collected data included patient demographics, results of baseline investigations and 

treatment details, including number of cycles, dose reductions, intrathecal therapy, site and 

dose of radiation, transplant conditioning (if performed), TRM and response to therapy. IPI, 

National Comprehensive Cancer Network (NCCN)-IPI (Zhou et al., 2014) and CNS-IPI (Schmitz 

et al., 2016) were also calculated. Data on cell of origin (COO) according to Hans algorithm 

(Hans et al., 2004), immunohistochemical expression of MYC (>40%) and BCL2 (>50%), and 

fluorescence in-situ hybridisation (FISH) for identifying MYC, BCL2 and BCL6 rearrangements 

were also collected where available. Response assessments were assigned at the point of 

completion of planned primary therapy and prior to consolidative AuSCT in patients who 

received this treatment. Primary refractory disease was defined as failure to achieve at least 

a partial response or progression within 3 months of therapy.

Statistical analysis:

Data were analysed by treatment group. The ‘CNS-intensive’ group was defined by 

treatment with established multi-agent intravenous chemotherapy regimens with ≥2 CNS 

penetrating drugs (i.e. HDMTX [≥1  g/m2] and cytarabine [≥2 g/m2]), with or without 

intrathecal chemotherapy (ITC) and/or radiotherapy (RT) in addition to systemic 

chemotherapy. The ‘CNS-conservative’ group was defined by use of ≤1 IV CNS penetrating 

chemotherapy agents in induction (i.e. HDMTX), administered with or without ITC and/or RT 

in addition to systemic therapy. Comparison by systemic induction regimen (R-CHOP versus 

R-HyperCVAD or CODOX-M/IVAC) and by consolidative AuSCT was also performed. To 
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reduce selection bias, transplant outcomes were further analysed by induction regimen and 

putative transplant eligibility (i.e. age ≤70 years and chemosensitive to induction) in the 

control group.

Fisher’s exact test was used to compare categorical variables. Responses were defined by 

the internationally recognised criteria applied at the time the patient was treated, and both 

CNS and systemic compartments must have met the criteria for response. Progression-free 

survival (PFS) was defined as the time from diagnostic biopsy to the time of radiologically or 

histologically proven progression, death or last follow-up, and OS was defined as the time 

from diagnostic biopsy to death or last follow-up. Cox proportional hazard model was used 

to determine factors associated with OS and PFS and their 95% confidence interval (95%CI). 

A parsimonious multivariable model was constructed based upon treatment modalities and 

anticipated confounders. The Kaplan-Meier method was used to determine survival 

distribution and log-rank test to determine survival differences between groups. When 

comparing transplant outcomes, a “delayed entry” model using transplant date was used to 

eliminate immortal time bias. Competing risk analysis was used to determine cumulative 

incidences. Two-sided p-values of <0.05 were considered significant. SPSS version 25 (IBM, 

Armonk, NY, USA) was used for analysis.

Results:

Patient characteristics

Eighty patients were eligible. Baseline characteristics are described in Table I. The diagnosis 

was DLBCL not otherwise specified (NOS) in 67 patients (84%), HGBL-DH or HGBL in 12 (15%) 

and T-cell histiocyte-rich DLBCL in one (1%). Median age was 64 years for the whole cohort, 

and 54 versus 69 for the CNS-intensive and CNS-conservative groups, respectively (p<0.001); 

68% were male (Table I). High-risk cases (score ≥4) by NCCN-IPI and CNS-IPI comprised 68% 

and 70% of cases respectively, with differences between treatment groups related 

exclusively to age (Table I). Systemic extranodal disease was present in 77/80 (96%), and 

56/80 (70%) had more than one extranodal site in addition to CNS involvement (Table I). 

Fifty-eight (73%) had at least one extranodal site considered of special interest due to its 
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association with CNS relapse (bone marrow, adrenal glands, kidneys, testes, uterus and 

sinuses) (El-Galaly et al., 2017; Kridel et al., 2017; Schmitz et al., 2016). 

COO was available in 62 patients (78%); 29 (47%) were germinal-centre origin (GC) and 33 

(53%) were non-GC. MYC and BCL2 expression by immunohistochemistry (IHC) was 

performed in 42 (53%) and co-expressed in 17 (40%); 12/17 (71%) were non-GC origin. FISH 

for MYC and BCL2 translocations was performed in 26 (33%) and both were rearranged in 6 

(7% of total; 23% of cases tested); 5/6 were GC origin.

The distribution of CNS involvement was parenchymal-only in 30 (38%), 

leptomeningeal/CSF-only in 40 (50%) and both in 10 (12%). More leptomeningeal disease 

was present in the CNS-intensive group (66% versus 33%, p<0.001), however a higher 

number of patients had lumbar punctures as part of chemotherapy in this group (97% 

versus 60%, p<0.001). Sixty-four cases (80%) had discrete CNS lesions non-contiguous with a 

systemic site; 16 (20%) had direct invasion into the CNS from a systemic site, such as 

paranasal sinuses or vertebrae. Focal CNS symptoms were present in 65 (81%). 

Treatment:

Treatment details, including CNS-directed therapies are described in Table II. Systemic 

induction in the CNS-intensive group was R-HyperCVAD in 66%; R-CODOX-M-IVAC in 24%; R-

CHOP plus HDMTX and cytarabine in 5%; MATRix (methotrexate, cytarabine, thiotepa, 

rituximab) in 3%; and R-DHAP (rituximab, dexamethasone, cytarabine, cisplatin) plus 

HDMTX in 3%. Systemic induction in the CNS-conservative group included R-CHOP/CHOP-

like in 83%; R-CODOX-M and DA-EPOCH-R in 5% each; and R-MPV (rituximab, methotrexate, 

procarbazine, vincristine), R-bendamustine and R-HDMTX only in 3% each. Two patients in 

the CNS-conservative group received radiotherapy as the sole CNS-directed therapy (whole 

brain and involved-field in one each). A further two patients progressed in the CNS and died 

prior to receiving planned CNS-directed therapy (HDMTX was planned for both). These cases 

were included in the analysis as treatment intent was curative. CNS-directed therapy was 

intercalated with systemic therapy in almost all cases.

The first cycle of chemotherapy contained IV CNS-penetrating agents in 38 (48%); the 

remaining 42 (52%) received systemic-only IV therapy +/- ITC. Six patients had a “debulking” 
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cycle of R-CHOP prior to commencing intensive systemic treatment with infusional or 

hyperfractionated induction. 

Fourteen patients underwent consolidative AuSCT. Conditioning included carmustine + 

thiotepa in 7, BEAM (carmustine, etoposide, cytarabine and melphalan) in six and 1 Stanford 

variant CBV (Horning et al., 1991) in one. Thirteen received CNS-intensive induction and one 

received R-CHOP with HDMTX. 

Outcomes

Within the CNS-intensive group, dose-reduction occurred in seven patients (18%) and seven 

(18%) had to cease therapy early either due to toxicity or lack of efficacy. In contrast, 20 

patients (48%) treated with CNS-conservative therapy required dose reductions (p=0.009), 

and 22 (52%) required early cessation (p=0.002). 

There were four treatment-related deaths in the CNS-intensive group; two during induction 

and two during consolidative AuSCT. Three induction-related deaths occurred in the CNS-

conservative group (11% versus 7%, p=0.70). There were a further three late treatment-

related deaths due to salvage therapy (n=2, one in each group) or from therapy-related 

myeloid neoplasm (n=1, in the CNS-conservative group). 

The overall response rate (ORR) was 80% for CNS-intensive and 63% for CNS-conservative, 

and complete response (CR) rates were higher in CNS-intensive group but this was not 

statistically significant (69% versus 51%, p=0.16). Primary refractory disease occurred in 19% 

of CNS-intensive and 38% of CNS-conservative (p=0.07). Two-year PFS and OS for the whole 

group was 40% and 49% respectively. 2-year PFS for CNS-intensive and conservative 

respectively were 50% and 31% (p=0.006) and 2-year OS was 54% versus 44% (p=0.037, 

Figure 1A-1B). Hyperfractionated or infusional regimens (R-HyperCVAD, DA-EPOCH-R, R-

CODOX-M/IVAC) were not observed to reduce systemic relapses relative to R-CHOP/R-

CHOP-like induction (p=0.76). Outcomes for individual regimens are included in Table SI.

Patients who underwent consolidative AuSCT all achieved a response (11 CR, 3 partial 

response) post-induction. Two-year PFS was 70% versus 34%, favouring those transplanted 

when compared with the rest of the cohort, though this was not statistically significant 

when adjusted for immortal time bias (p=0.079, Figure 2A); 2-year OS was 66% in the 
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transplant group versus 45% in non-transplanted (p=0.13, Figure 2B). Thirteen of 14 

transplant patients received CNS-intensive induction.

Within the CNS-intensive group, 32 patients met the criteria for “transplant-eligible” 

analysis (age ≤70 years and chemosensitive to induction); 13 were transplanted and 19 not 

transplanted. When compared directly, no difference was observed between those 

transplanted versus those not transplanted in PFS (2-year PFS 69% versus 56%, p=0.99, 

Figure 2C) or OS (2-year OS 66% versus 56%, p=0.98, Figure 2D). 

The most common site of relapse or progression was the CNS (n=28). 2-year cumulative 

incidence of CNS relapse was 42% (Figure 3A), with fewer CNS relapses observed in the CNS-

intensive arm (25% versus 49%, p=0.03). Five systemic-only relapses occurred in each 

treatment group (n=10). CNS progressions were associated with a 2-year OS of 13% versus 

36% for systemic-only relapses (p=0.02, Figure 3B).

The parsimonious multivariable model included age, receipt of IV CNS penetrating agents, 

receipt of CNS-intensive induction and receipt of CNS radiotherapy. Autologous 

transplantation in first response was not included in the multivariate model as the number 

of patients needing to be removed due to transplant ineligibility (e.g. early progression or 

death) was substantial. CNS-intensive induction had the largest impact on survival in the 

model, though it failed to achieve statistical significance (Hazard ratio [HR] for PFS 0.48 

(95%CI 0.22-1.07, p=0.07); HR for OS 0.57 (95%CI 0.26-1.27, p=0.17; Table III). Analysis of 

the CNS-conservative patients who received IV HDMTX (as opposed to those who received 

IT MTX or RT only) also showed inferior outcomes compared to those who received CNS-

intensive treatment (2-year PFS 28% versus 50%, p=0.02), despite higher cumulative HDMTX 

in those treated with monotherapy (10.5 g/m2 versus 6 g/m2, p=0.027).

There was no PFS advantage for patients treated with IV CNS-directed treatment in the first 

cycle (HR 0.65, 95%CI 0.36-1.16, p=0.14). However, death from CNS progression occurred in 

six cases prior to delivery of planned IV CNS-directed chemotherapy. Other predictors of 

survival outcome are described in Table III.

Discussion
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This is the largest reported study of synDLBCL - a group almost uniformly excluded from 

clinical trials. Results from our 80 patients demonstrate that this rare phenomenon occurs 

almost exclusively in the setting of systemic, often extensive, extranodal disease (El-Galaly 

et al., 2017; Kridel et al., 2017; Schmitz et al., 2016). Treatment is heterogeneous, with no 

emerging standard of care. The 2-year OS for the whole cohort was only 49%, which was 

improved by the use of combination HDMTX and cytarabine-containing induction therapy 

compared to HDMTX alone and other conservative CNS strategies (OS 54% versus 44%; 

p=0.037).

The high rate of extranodal systemic disease in this cohort reinforces known risk factors for 

CNS relapse, and patients with extranodal disease should be carefully evaluated for CNS 

involvement at baseline. Whilst most of our cohort (81%) had focal CNS symptoms, the 

presence of CNS symptoms may be over-estimated, as symptomatic patients are more likely 

to be identified.

Due to the extended period of the study, complete pathobiological data were not available 

for all patients. Nonetheless, poor-risk biological features, such as double-expression of MYC 

and BCL2 and non-GC subtype by the Hans algorithm were present more frequently than 

expected from a general DLBCL population, consistent with previous reports of cohorts with 

high-risk of CNS relapse (Hans et al., 2004; Klanova et al., 2019; Savage et al., 2016). Though 

over-represented compared with a systemic DLBCL population, IHC-defined non-GC subtype 

was relatively less frequent when compared to PCNSL, where the vast majority are ABC 

subtype (Rubenstein, 2017). This may be partly explained by the relatively high percentage 

of HGBL-DH in our cohort (23% of cases tested), which are usually GC phenotype and have 

CNS risk (Rosenthal & Younes, 2017). Ultimately, gene expression profiling and analysis of 

the genetic and functional drivers is required to optimally define this entity.

Comparing our data with reports of DLBCL relapsing in the CNS, the clinicopathological 

features of synDLBCL are similar to systemic DLBCL that bears high-risk features for 

subsequent CNS relapse with regard to CNS-IPI, extranodal disease and involvement of high-

risk sites (El-Galaly et al., 2017). A comprehensive genomic analysis of the genetic and 

functional drivers of CNS presentations of systemic DLBCL, either synchronously or at 

relapse, with comparison to PCNSL has not previously been performed and is ongoing by our 

group (Chapuy et al., 2016; Kraan et al., 2013).  This may ultimately provide a rationale for 
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the addition of novel agents, such as ibrutinib and lenalidomide, which have known CNS 

penetration and single-agent activity primarily in ABC-subtype systemic disease, which is 

likely to be an independent risk factor for CNS relapse of systemic DLBCL (Klanova et al., 

2019; Wilson et al., 2015). Ibrutinib has also been studied in PCNSL with promising results, 

probably due to high number of nuclear factor-κB-activating B-cell receptor pathway 

mutations such as MYD88 and CD79B (Lionakis et al., 2017). 

Optimal therapy for synDLBCL has not been established. R-CHOP-based 

immunochemotherapy is standard treatment for systemic DLCBL but has poor CNS 

penetration. Aggressive combination chemotherapy with MATRix, with or without AuSCT or 

whole-brain RT, has become standard of care for fit PCNSL patients (Ferreri et al., 2016). 

However, it is unclear if this regimen provides equivalent systemic control to anthracycline-

containing regimens. The two main approaches in our cohort were adding HDMTX to R-

CHOP, and regimens developed for Burkitt lymphoma, such as R-CODOX-M/IVAC, or 

lymphoblastic leukaemia, such as R-HyperCVAD, which contain CNS-penetrating agents. 

These intensive regimens are not tolerated by elderly or poor performance status patients. 

Additionally, the dose of methotrexate in R-HyperCVAD is substantially lower than doses 

commonly used in PCNSL, though this did not appear to affect outcomes in our cohort 

(Table SI). 

The primary determinant of prognosis in our cohort was the behaviour of the CNS disease. 

CNS progression or relapse occurred early, and before CNS-directed treatment was 

delivered in a small but significant number (7.5%) of patients who were not salvageable.

The most significant factor affecting survival was the ability to control the CNS disease, 

which was improved by the addition of IV cytarabine to HDMTX (CNS-intensive). Given the 

significant amount of overlap between those treated with CNS-intensive induction and 

those receiving hyperfractionated, infusional and dose-intensified induction, we cannot 

conclude definitively that it is the addition of cytarabine that improved outcomes. As 

expected, patients receiving intensive poly-drug regimens in our cohort were younger on 

average than their CNS-conservative counterparts.  Whilst the younger age and more 

intensive systemic treatment of the CNS-intensive group may have contributed to the 
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improved survival, it is clear that CNS disease control was substantially improved by the 

addition of cytarabine with lower rates of CNS relapse/progression observed (25% versus 

49%, p=0.03). The discrepancy in survival between CNS relapses and systemic relapses is 

evidence that the CNS component of the disease dictates survival. Thus, it is likely that the 

improvement in survival in SynDLBCL is related to combination CNS-directed chemotherapy 

(i.e. HDMTX plus cytarabine) rather than dose intensification or hyperfractionation of agents 

that do not have substantial CNS penetration. This is supported by PCNSL data, where the 

addition of cytarabine to HDMTX gives superior disease control in PCNSL compared to 

HDMTX alone ( Ferreri, 2009b). Therefore, optimal CNS disease control should be a focus of 

efforts to improve outcomes, regardless of age. Our data suggest early and aggressive multi-

agent CNS-directed treatment should be considered the first priority in patients with 

synDLBCL. Whether the inclusion of additional CNS-penetrating agents, such as thiotepa, 

adds benefit is uncertain, but it may ultimately provide better CNS control, as it does in 

PCNSL ( Ferreri et al., 2016).

Up-front consolidation with AuSCT in high-risk DLBCL is controversial. No randomised data 

demonstrate OS benefit using consolidative AuSCT in first remission, even in selected high-

risk populations (Greb et al., 2008; Stiff et al., 2013). In PCNSL, consolidating MATRix with 

AuSCT or RT is a current standard of care, yet the study evaluating this did not have a 

chemotherapy-alone control arm (Ferreri et al., 2017). The toxicity of AuSCT is not 

insubstantial, with 2/14 patient deaths from toxicity in our report. Favourable transplant 

outcomes have been reported in smaller series of synchronous CNS and systemic NHL 

(Damaj et al., 2015). Comparing transplant outcomes in non-randomised, retrospective data 

is difficult, as there are unknown confounders that cannot be adjusted for in patient 

selection. The PFS and OS reported in our transplanted patients was similar to this previous 

report and appeared better than the non-transplanted patients, though the results were not 

statistically significant when adjusted for immortal time bias. Additionally, no benefit was 

observed when compared only in patients responding to CNS-intensive induction who were 

not transplanted. This suggests that the potential benefit of up-front AuSCT was due the to 

selection of relatively favourable-risk chemo-sensitive patients. 
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The major limitation of our study is the heterogeneity of treatment and the discrepancy in 

ages between treatment groups, with more conservative approaches being taken in older 

patients. Unknown confounding factors may have influenced patient selection for 

aggressive versus conservative therapy. Importantly, other IPI risk factors including ECOG 

performance status were similar between groups. Whilst this may confound the survival 

data, the lower rates of CNS relapse/progression in intensively treated patients do suggest 

that better disease control is achieved by this approach. While our study is limited by the 

retrospective nature of data collection and the heterogenous treatment inherent to this 

rare entity, it is the largest to report clinicopathological features, therapeutic strategies 

prescribed and outcomes, including site and timing of relapse, in a pure DLBCL cohort, from 

10 expert tertiary centres. Prospective randomised trials in this disease entity are unlikely 

given its rarity and the need for urgent treatment.

In conclusion, synDLBCL almost universally involves extranodal sites outside the CNS and is 

associated with suboptimal outcomes. The prognosis is determined by the ability to achieve 

early control of CNS disease, and therefore rapid delivery of combination, CNS-penetrating 

agents is warranted in fit patients. Combination cytarabine and HDMTX-containing 

induction regimens may provide superior outcomes to those incorporating only HDMTX or 

intrathecal therapy.
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Table I. Baseline characteristics

Variable All (n=80) CNS-intensive 

(n=38)

CNS-conservative 

(n=42)

P value 

Median age (years)

 (range)

64 (18-87) 54 (18-75) 69 (45-86) <0.001

Male gender 54 (68%) 26 (68%) 28 (67%) 1

ECOG PS ≥2 44 (55%) 21 (55%) 23 (55%) 1

NCCN IPI ≥4 54 (68%) 20 (53%) 34 (81%) 0.009

High-risk CNS IPI 56 (70%) 21 (55%) 34 (81%) 0.01

Non-CNS extranodal 

disease 

77 (96%) 38 (100%) 39 (93%) 0.24

Median extranodal 

sites outside CNS 

(range)

2 (0->10) 2 (1->10) 2 (0->7) 0.91

Leptomeningeal 

disease only 

39 (49%) 25 (66%) 14 (33%) <0.001

Direct invasion only 16 (20%) 5 (13%) 11 (26%) 0.17

Concordant bone/BM 

involvement

27 (34%) 14 (37%) 13 (31%) 0.64

Adrenal gland 

involvement

13 (16%) 5 (13%) 8 (19%) 0.55

Renal involvement 13 (16%) 8 (21%) 5 (12%) 0.36

Sinus involvement 12 (15%) 7 (18%) 5 (12%) 0.53

Testicular involvement 10 (19% of 

males)

5 (19% of males) 5 (19% of males) 1

Uterine involvement 3 (12% of 1 (9% of females) 2 (14% of 1
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females) females)

BM = bone marrow; CNS = central nervous system; ECOG PS= Eastern Cooperative Oncology Group 

performance status; IPI = International Prognostic Index; NCCN = National Comprehensive Cancer Network.

Table II. Treatment and responses by group

Treatment and 

outcome

CNS-intensive (N, %) CNS-conservative (N, %) P value 

Systemic therapy R-HyperCVAD = 25 (66%)

R-CODOX-M/IVAC = 9 

(24%)

R-CHOP = 2 (5%)

R-DHAC = 1 (3%)

MATRix = 1 (3%)

R-CHOP = 35 (83%)

R-CODOX-M = 2 (5%)

DA-EPOCH-R = 2 (5%)

R-Bendamustine = 1 (2%)

R-MPV = 1 (2%)

R-HDMTX = 1 (2%)

N/A

CNS-directed IV 

therapy

IV MTX + Ara-C = 37 (97%)

MATRix = 1 (3%)

HDMTX = 25 (60%) <0.001 

(for any IV 

therapy)

Intrathecal 

chemotherapy

37 (97%) 25 (60%) <0.001

CNS-directed 

radiation therapy

12 (32%) 8 (19%) 0.21

AuSCT in 1st response 13 (34%) 0 (0%) <0.001

Median cumulative 

dose of IV MTX (g/m2)

6 (1-14) 3.15 (0-64)€

10.5 (3-64)£

0.11€

0.027

IV CNS-directed 1st 

cycle

28 (74%) 10 (24%) <0.001

Treatment-related 

mortality#

5 (13%) 5 (12%) 1

Dose reductions 

required

7 (18%) 20 (48%) 0.009
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Early cessation of 

chemotherapy¥

7 (18%) 22 (52%) 0.002

Complete responses 

at EOI

25/36* (69%) 20/38* (51%) 0.16

Primary refractory 7/36* (19%) 15/38* (38%) 0.07

CNS progression or 

relapse

9/36* (25%) 19/38* (49%) 0.03

*Denominator reduced due to early induction deaths prior to first disease assessment

#Includes deaths in salvage/consolidation

¥ Includes cessation for toxicity and futility

€ In all CNS-conservative patients

£ In patients receiving HDMTX

AraC = cytarabine (variable doses); AuSCT; autologous stem cell transplantation; BR = bendamustine, 

rituximab; CNS = central nervous system; DA-EPOCH-R = Dose-adjusted etoposide, prednisolone, vincristine, 

cyclophosphamide, doxorubicin, rituximab; EOI = end of induction; HDMTX: high-dose methotrexate; IV = 

intravenous; MATRix = methotrexate (3.5 g/m2), cytarabine (2 g/m2 BD days 2 and 3), thiotepa (30 mg/m2); 

MTX = methotrexate (variable doses); N/A: not available; R-CHOP = Rituximab, cyclophosphamide, 

doxorubicin, vincristine, prednisolone; R-CODOX-M = rituximab, hyperfractionated cyclophosphamide, 

vincristine, doxorubicin, methotrexate (3 g/m2); R-DHAC = rituximab, dexamethasone, cytarabine ( 2 g/m2 BD 

days 1 and 2); R-HyperCVAD = rituximab, hyperfractionated cyclophosphamide, vincristine, doxorubicin, 

dexamethasone alternating with IV methotrexate (1 g/m2) and cytarabine (3 g/m2 BD days 2 and 3); R-IVAC = 

rituximab, ifosfamide, etoposide, cytarabine (2 g/m2 BD days 1 and 2); R-MPV = rituximab, methotrexate (3.5 

g/m2), procarbazine, vincristine.

Table III. Analysis of factors predicting survival outcomes.   

Variable PFS HR (95% CI) p value OS HR p value

Univariate analysis

Age >60 years 1.93 (1.04-3.57) 0.037 2.11 (1.11-4.01) 0.022

ECOG PS ≥2 1.74 (0.95-3.19) 0.07 2.05 (1.09-3.87) 0.027

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

NCCN IPI >4 1.33 (0.75-2.36) 0.33 1.37 (0.75-2.48) 0.30

High-risk CNS-IPI 1.58 (0.8-3.1) 0.19 1.42 (0.72-2.81) 0.31

DPE DLBCL 2.03 (0.89-4.65) 0.09 2.05 (0.85-4.96) 0.11

CNS-intensive 

induction

0.45 (0.25-0.81) 0.01 0.53 (0.29-0.97) 0.04

IV HDMTX 

monotherapy

1.5 (0.81-2.75) 0.20 1.1 (0.58-2.08) 0.77

CNS RT 0.81 (0.43-1.54) 0.53 0.95 (0.5-1.83) 0.89

AuSCT in 1st 

response

0.30 (0.11-0.84) 0.022 0.34 (0.12-0.95) 0.04

Hyperfractionated 

or infusional 

induction* 

0.55 (0.31-0.99) 0.045 0.66 (0.36-1.29) 0.185

Leptomeningeal only 1.02 (0.58-1.79) 0.95 1.00 (0.56-1.8) 0.99

Direct invasion 0.68 (0.32-1.45) 0.32 0.78 (0.36-1.69) 0.53

IV CNS Rx 1st cycle 0.65 (0.36-1.16) 0.14 0.84 (0.47-1.52) 0.57

Multivariate analysis

Age >60 years 1.35 (0.66-2.76) 0.47  1.68 (0.8-3.5) 0.17

CNS-intensive 

induction

0.43 (0.22-1.07) 0.07 0.57 (0.26-1.27) 0.17

CNS radiotherapy 0.89 (0.49-1.79) 0.75 0.99 (0.5-1.99) 0.99

Any IV CNS-directed 

chemotherapy

0.86 (0.39-1.86) 0.71 0.7 (0.32-1.56) 0.39

*This included regimens HyperCVAD, CODOX-M, CODOX-M/IVAC, DA-EPOCH-R, DHAC, MATRix. It was 

excluded from multivariable analysis due to significant cross-over between this group and “CNS-intensive” 

induction, such that they could not be considered truly independent of one another; thus, the most significant 

of the two was used in the multivariable analysis

AraC = cytarabine (variable doses); AuSCT = autologous stem cell transplantation; CNS = central nervous 

system; CODOX-M = hyperfractionated cyclophosphamide, vincristine, doxorubicin, methotrexate; DA-EPOCH-

R = Dose-adjusted etoposide, prednisolone, vincristine, cyclophosphamide, doxorubicin, rituximab; DHAC = 

dexamethasone, cytarabine; DPE DLBCL = dual protein expression of MYC and BCL2; Complete data available 

for 42 patients (53%); ECOG PS= Eastern Cooperative Oncology Group performance status; HDMTX = high dose 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

methotrexate (variable doses); HR = hazard ratio; HyperCVAD = hyperfractionated cyclophosphamide, 

vincristine, doxorubicin, dexamethasone alternating with IV methotrexate and cytarabine; IPI = International 

Prognostic Index; IV = intravenous; IVAC = ifosfamide, etoposide, cytarabine; MATRix = methotrexate, 

cytarabine, thiotepa; NCCN = National Comprehensive Cancer Network; OS = overall survival; PFS = 

progression-free survival; RT = radiotherapy; Rx = treatment

Figure legends

Figure 1.

A. Progression-free survival according to treatment with CNS-intensive (IV HDMTX plus cytarabine) versus CNS-

conservative. B. Overall survival according to treatment with CNS-intensive versus CNS-conservative. CNS = 

central nervous system; HDMTX = high dose methotrexate (variable doses); IV = intravenous; OS = overall 

survival; PFS = progression-free survival.

Figure 2.

A. Progression-free survival according to receipt of consolidative AuSCT in first response for all patients. B. 

Overall survival according to receipt of consolidative AuSCT in first response for all patients. C. Progression-free 

survival according to receipt of AuSCT in patients responding to CNS-intensive induction. D. Overall survival 

according to receipt of in patients responding to CNS-intensive induction.  AuSCT = autologous stem cell 

transplantation; CNS = central nervous system; OS = overall survival; PFS = progression-free survival.

Figure 3. 

A. Cumulative incidence of CNS relapse/progression. B. Overall survival by site of relapse or progression: CNS, 

non-CNS and progression-free. CNS = central nervous system; OS = overall survival. 
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