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Key Points

• PCNSL has a unique
molecular profile dis-
tinct from that of sys-
temic DLBCL.

•BCL6 rearrangements
are associated with
a poor prognosis in
PCNSL.

The objective of this study was to evaluate the distribution and prognostic impact of a broad

range of molecular attributes in a large cohort of immunocompetent patients with primary

central nervous system lymphoma (PCNSL) by using tissue microarray. Patients diagnosed

withPCNSLwere initially identified in theBCCancer Lymphoid Cancer clinical andpathology

databases. Tissue microarrays were constructed by using archival formalin-fixed paraffin-

embedded diagnostic biopsy tissue. Immunohistochemistry and fluorescent in situ

hybridization studies were performed. A total of 115 patients with PCNSL with diffuse large

B-cell lymphoma (DLBCL) histology were identified. The majority of cases ($75%) had

a non–germinal center B-cell phenotype according to immunohistochemistry algorithms,

but cell of origin did not affect progression-free or overall survival. MYC (40%), BCL2 (75%),

and programmed death-ligand 1 (29%) protein expression were common, but their

corresponding gene rearrangements were rare (#1% each), suggesting that alternate

mechanisms were driving expression. There were no dual rearrangements involving MYC

and BCL2. Only 22% of cases had membranous expression of major histocompatibility

complex class II, suggesting a mechanism for escape from immune surveillance.

Epstein-Barr virus–encoded RNA was positive in 1 immunocompetent patient. BCL6

protein expression (77%) and BCL6 rearrangements (31%) were frequent; the latter was

the only factor associated with a poor prognosis in the overall cohort and in the

subgroup of 52 patients treated with high-dose methotrexate–based regimens. This

large population-based study shows that prominent molecular features of PCNSL are

unique and different from those of systemic DLBCL. These results may better inform

drug development in PCNSL.

Introduction

Primary diffuse large B-cell lymphoma (DLBCL) of the central nervous system (CNS), also known as
primary CNS lymphoma (PCNSL), is an aggressive non-Hodgkin lymphoma that exclusively involves the
CNS, including brain parenchyma, leptomeninges, or intraocular regions. Several retrospective studies
performed over the past decade suggest that the biology of PCNSL is unique and different from that of
systemic DLBCL.1-3 However, the pathogenesis of PCNSL remains poorly understood, in part due to its
relative rarity but also because CNS biopsies are often stereotactic needle biopsies, small surgical
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biopsies, or obtained after a course of corticosteroids and may
therefore not yield sufficient material for analysis.

Analyzing a broad range of molecular abnormalities in a large
cohort of uniformly treated patients is necessary to understand the
biology of PCNSL. From a prognostic standpoint, phenotypic and
genotypic factors associated with outcomes in systemic DLBCL
such as cell of origin (COO) or aberrations in MYC/BCL2/BCL6
may not necessarily be applicable to PCNSL. From a treatment
perspective, molecular profiling of PCNSL could help select
patients for specific therapies, especially in the era of noncytotoxic
novel agents.4 The objective of the current study was to evaluate
the distribution and prognostic impact of a broad range of
molecular attributes in a large cohort of unselected immunocom-
petent patients with newly diagnosed PCNSL by using tissue
microarray (TMA).

Materials and methods

Patient identification

Patients with a brain biopsy result showing a B-cell non-Hodgkin
lymphoma between 1998 and 2010 were initially identified in the
BC Cancer Centre for Lymphoid Cancer clinical and pathology
databases. Archival formalin-fixed paraffin-embedded diagnostic
biopsy tissue was retrieved, and TMAs were constructed. All
brain biopsy samples were centrally reviewed by a BC Cancer
hematopathologist at the time of TMA construction if a central
review for clinical purposes had not been performed previously.
Central pathology review reports and medical records were
subsequently examined to verify the diagnosis of PCNSL with
DLBCL morphology and to obtain clinical and treatment data
before inclusion in the current analysis. Patients without PCNSL,
including those with non-DLBCL morphology and secondary
CNS relapse of systemic DLBCL, were excluded. HIV-positive
patients were also excluded.

The majority of patients underwent contrast-enhanced computed
tomography and/or magnetic resonance imaging of the head,
chest, abdomen, and pelvis. Deep brain lesions were defined as
those localized to the periventricular region, corpus callosum,
basal ganglia, brainstem, or cerebellum.5 Ocular slit-lamp exami-
nations and cerebrospinal fluid analyses were obtained when
feasible; positron emission tomography scans were not routinely
performed, however.

Treatment

During the study period, intravenous methotrexate-based chemo-
therapy regimens were recommended for patients with adequate
renal function and otherwise good performance status. The
MIDVAP regimen was used between 1988 and 1999, and it
included methotrexate 1 g/m2 together with doxorubicin, vincristine,
procarbazine, dexamethasone, and whole-brain radiotherapy
(WBRT) with 35 Gy in 20 fractions.6 Single-agent high-dose
methotrexate (HDMTX) 8 g/m2 followed by leucovorin rescue was
introduced in January 2000, and the addition of intravenous
rituximab 375 mg/m2 together with the first 4 doses of HDMTX
was introduced in 2006. Treatment modality was switched to
WBRT in cases of significant methotrexate toxicity or insufficient
response.7,8 Consolidative high-dose chemotherapy and autolo-
gous stem cell transplantation were not routinely recommended
during the study period. Patients who were not considered

candidates for intravenous chemotherapy were treated with WBRT
alone or best supportive care (BSC), the latter category including
corticosteroids.

TMAs, immunohistochemistry, and

in situ hybridization

TMAs were constructed by using duplicate 0.6-mm diameter cores
from diagnostic formalin-fixed paraffin-embedded tissue biopsies of
CNS tissue. Immunohistochemistry (IHC) was performed on 4-mm
TMA sections using routine protocols on a fully automated Ventana
BenchMark XT system (Ventana Medical Systems, Tucson, AZ).
IHC staining was evaluated independently by 2 to 3 hematopathol-
ogists (K.L.T., G.W.S., and M.A.M.), and discrepancies were
resolved by 1 to 2 hematopathologists (G.W.S. and R.D.G.).

COO was determined by estimating protein expression in
malignant cells using IHC in 10% increments for CD10
(Novocastra 56C6; $30% expression positive), BCL6 (Novo-
castra LN22; $30% expression positive), MUM1 (Dako MUM1p;
$30% expression positive for the Hans algorithm or $80% for
the Choi algorithm), FOXP1 (Fischer JC12; $ 80% expression
positive), LMO2 (Santa Cruz 1A9-1; $30% expression positive),
and GCET1 (Abcam RMA341;$80% expression positive). COO
was then assigned by using 3 different IHC algorithms: Hans,
Choi, and Tally.9-11

Additional IHC included MYC (Epitomics Y69; $40% expression
positive), BCL2 (Dako 124 and Epitomics E17; $50% expression
positive), and programmed death-ligand 1 (PD-L1) (Dako 22C3;
$1% expression positive) on tumor cells. Expression of the HLA
DPQR antigens of major histocompatibility complex (MHC) II by
IHC (Dako CR3/43; $10% expression positive) was performed as
previously described. The pattern of staining was further described
as restricted to cytoplasm and/or cell membrane.12,13

To determine Epstein-Barr virus infection status of the large
lymphoid cells, in situ hybridization for Epstein-Barr virus–encoded
RNA (EBER; Ventana Medical Systems) was performed on 4-mm
TMA sections using routine protocols on a fully automated Ventana
Benchmark XT system. Staining in $80% of malignant cells was
considered positive.

Fluorescence in situ hybridization

Fluorescence in situ hybridization (FISH) was performed as
previously described.14 Separate break-apart assays were per-
formed for MYC, BCL2, and BCL6 using the LSI MYC, BCL2, and
BCL6 dual color break-apart commercial probes, respectively
(Abbott Molecular, Chicago, IL). PDL1/2 (9p24.1 locus) and CIITA
(16p13 locus) FISH were performed as previously described using
in-house bacterial artificial chromosome probes (Spectrum Green
and Orange).15 FISH signal patterns in 200 interphase nuclei were
independently scored (S.B.-N. and K.L.T.) using an Olympus BX61
microscope (403) and ARIOL software (version 3.4; Genetix, San
Jose, CA). A positive rearrangement was defined as a break-apart
identified in.5% of nuclei with split green/red signals or the loss of
one or more red or green signals. In situations in which .20% of
nuclei had$3 fusion signals, this was further categorized as gain (3
or 4 fusion signals) or amplification ($5 fusion signals). All other
signal findings were regarded as negative.
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Statistical analysis

Group comparisons were performed with Fisher’s exact test.
Progression-free survival (PFS) was defined as the time from
diagnosis to relapse/progression or death from any cause. Patients
who were switched to WBRT for persistent disease upon
completion of HDMTX were coded as having a progression event.
Overall survival (OS) was defined as the time from diagnosis to
death from any cause. PFS and OS were estimated by using the
Kaplan-Meier method, and group comparisons were made with the
log-rank test. Hazard ratios (HRs) and 95% confidence intervals
(CIs) were estimated in univariate and multivariate Cox proportional
hazards models. Variables with P , .1 in univariate analysis were
entered into the multivariate models, which used a backward
likelihood ratio selection method, and results with P , .05 were
considered statistically significant. All statistical analyses were
performed with SPSS version 14.0 (IBM Corporation, Armonk, NY).
The study was approved by the UBC/BC Cancer Research Ethics
Board.

Results

Patient characteristics

A total of 157 cases were initially identified and included in the
TMAs. However, 42 were excluded after review of central pathology
and medical records: failure to obtain sufficient tumor content for
the TMA and/or failure of IHC/FISH testing (n 5 14), secondary
CNS relapse of systemic DLBCL (n 5 10), HIV infection (n 5 10),
PCNSL with non-DLBCL histology (n5 4), and unavailable clinical/
treatment data (n 5 4). A total of 115 patients were therefore
included in the current analysis, and characteristics are shown in
Table 1.

Primary treatment modalities included HDMTX-containing regimens
in 52 (45%) patients, WBRT alone in 40 (35%) patients, and BSC
in 23 (20%) patients. Among the 52 patients treated with
chemotherapy, 11 (21%) received MIDVAP and 41 (79%) received
HDMTX. Rituximab was also given to 11 (21%) of 41 patients
treated with HDMTX. All patients treated with MIDVAP received
WBRT as part of the protocol, and 7 patients treated with HDMTX
were switched to WBRT due to inability to tolerate methotrexate.
The median dose of WBRT in these 7 patients plus the 40 patients
treated with WBRT (as a single modality) was 35 Gy (range, 20-50
Gy) administered over a median of 20 days (range, 5-25 days).
None of the patients in this study received consolidative high-dose
chemotherapy and autologous stem cell transplantation.

IHC, EBER, and FISH results

The majority of tumors had a non–germinal center B-cell (GCB)
phenotype as determined by the Hans (75%), Choi (85%), and Tally
(98%) algorithms. There was 74% agreement between algorithms
in the assignment of COO. Table 1 shows the expression of
individual proteins used to assign COO, although 5% to 6% of
patients were not assigned a COO due to failure of $1 of the IHC
stains.

Protein expression for MYC was positive in 40% of patients, BCL2
in 75% to 78% of patients, and dual expression of MYC/BCL2
was observed in 35% of cases. All cases with dual MYC/BCL2
expression had a non-GCB phenotype according to all 3 algorithms,
except for 1 case assigned a GCB phenotype according to the Hans
algorithm. Overall, MYC (n 5 2) and BCL2 (n 5 1) rearrangements

were uncommon (Table 2). There were no dual rearrangements
involving MYC and BCL2, although one case with an MYC
rearrangement also had a concurrent BCL6 rearrangement.

BCL6 rearrangements were present in 28% of patients; however,
a much higher proportion exhibited BCL6 protein expression
(79%). BCL6 IHC was positive in 27 (93%) of 29 patients with
BCL6 rearrangements and was negative in 17 (23%) of 73
patients without BCL6 rearrangements, for a 43% concordance
rate (supplemental Table 1). Table 2 shows BCL6 copy number
alterations that included 1 deletion, 2 amplifications, 11 gains (5
also had break-apart), and 94 normal. Supplemental Table 1 also
shows that BCL2 and LMO2 protein expression (but not BCL6
protein expression) was the only factor associated with the
presence of BCL6 rearrangements.

PD-L1 protein expression was positive in 31 (29%) of 107 patients,
whereas only 1 patient had a PD-L1 rearrangement. MHC class II
protein expression was positive in 78 (70%) of 112 patients, with
staining restricted to the cytoplasm (47%) or cell membrane (22%).
All cases with membranous staining also had cytoplasmic staining.
CIITA rearrangements were identified in 3 patients. EBER was
positive in 1 case (confirmed HIV-negative).

Outcomes and prognostic factors

With a median follow-up of 8 years (range, 8 months to 16 years) in
living patients, the 5-year PFS and OS estimates were 11% and
24%, respectively. Treatment modality (HDMTX vs BSC: HR, 0.09
[95% CI, 0.05-0.18]; WBRT vs BSC: HR, 0.16 [95% CI, 0.09-
0.30], P , .001) as well as the presence of BCL6 rearrangements
(HR, 1.68 [95% CI, 1.08-2.60], P 5 .021) were the only variables
significantly associated with worse PFS in univariate analysis, as
shown in supplemental Table 2. Age.60 years (HR, 1.78 [95% CI,
1.13-2.81], P5 .013), poor performance status (HR, 2.27 [95%CI,
1.35-3.84], P 5 .002), and treatment modality (HDMTX vs BSC:
HR, 0.06 [95% CI, 0.03-0.12]; WBRT vs BSC: HR, 0.18 [95% CI,
0.10-0.32], P, .001) were significantly associated with worse OS.
The presence of BCL6 rearrangements was not associated with
OS (HR, 1.28 [95% CI, 0.81-2.01], P 5 .286). The 1 patient
with dual MYC and BCL6 rearrangements progressed after 2
cycles of single-agent HDMTX and died shortly after a course of
palliative WBRT.

None of the other clinical and pathologic variables, including COO,
MYC/BCL2, and BCL6 protein expression, were associated with
PFS or OS. Figure 1 displays PFS and OS according to treatment,
and Figure 2 presents PFS and OS according to the presence
or absence of BCL6 rearrangements. Table 3 shows that in
multivariate analysis, only the presence of BCL6 rearrangements
remained significantly associated with PFS, whereas only treatment
modality remained significantly associated with OS.

Characteristics and outcomes of patients treated

with HDMTX

A subgroup analysis was performed in the 52 patients treated with
HDMTX-based regimens. Patient and disease characteristics are
summarized in Table 1. With a median follow-up of 8.5 years (range,
2-16 years) in living patients, the 5-year PFS and OS were 20% and
45%, respectively, as shown in Figure 1. Supplemental Table 2 and
Table 3 show that the presence of BCL6 rearrangements was the
only variable associated with worse PFS in univariate (HR, 2.46
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[95% CI, 1.26-4.84], P 5 .009) (Figure 2C-D) and multivariate
analyses. Male sex was the only variable associated with worse
OS in univariate (HR, 2.52, [95% CI, 1.15-5.49], P 5 .020) and
multivariate analyses. The same analysis was repeated in the 40
patients treated with WBRT alone, and no prognostic factors,
including BCL6 rearrangements, were identified (data not shown).

Discussion

In this large population-based cohort, we performed a broad
analysis of the biology and prognosis of PCNSL with DLBCL
morphology using TMAs and found a distinct molecular profile
that is very different from what has been reported for systemic
DLBCL.1-3,16,17 Consistent with other reports, the majority of cases
had a non-GCB phenotype according to the IHC algorithms, but
COO did not affect PFS or OS.18-23 Protein overexpression (MYC,
BCL2, BCL6, and PD-L1) seemed to be independent of their
corresponding gene rearrangements. With the exception of BCL6
rearrangements, FISH results (MYC, BCL2, PD-L1, and CIITA
rearrangements) were not associated with PFS or OS partly
because they were extremely uncommon (,5%).

Even though MYC and BLC2 protein expression was common
(40% and 75%-80%, respectively), their corresponding gene
rearrangements were extremely uncommon (#3%, including no
cases with dual MYC and BCL2 translocations), suggesting
that alternate mechanisms were driving protein expression in
PCNSL.19,20,24-28 MYC protein overexpression may be related
to the high proliferative activity of PCNSL or activation of the
NF-kB pathway, but the precise mechanisms remain unknown
and cannot be further clarified by our data.24,25,29 Dual
expression of MYC and BCL2 was strongly associated with
a non-GCB phenotype, similar to systemic DLBCL.17,30,31 MYC
and/or BCL2 overexpression was not associated with outcomes
in our study, although other retrospective series using different
methodologies and patient bases have reported a negative
association.28,32

BCL6 rearrangements were frequent (;1 in 3 patients), which is
consistent with previous retrospective series in which the prevalence
of BCL6 rearrangements (mostly chromosomal translocations)
ranged between 10% and 40%.1,24-26,33 BCL6 rearrangements
were the only factor associated with a poor PFS on multivariate
analysis in the overall cohort and in the subgroup of patients treated
with HDMTX-based regimens. From a biologic standpoint, BCL6 is
a proto-oncogene encoding a transcriptional repressor necessary
for normal germinal center formation. Translocations between
BCL6 and various immunoglobulin and non-immunoglobulin partner
genes deregulate this transcriptional repressor and prevent BCL6
from binding to its own promoter, leading to abnormal B-cell
development.33,34 Our FISH analyses used a single probe, and
therefore we could not evaluate for specific translocation partners
or discrete chromosomal abnormalities such as deletions of the
long arm of chromosome 6 [Del(6)(q22)].25 This aspect of PCNSL
lymphomagenesis may also partially explain its non-GCB phenotype.

Conversely, BCL6 protein expression was very frequent (;80%) and
was strongly correlated with the presence of BCL6 rearrangements,
although it did not play a prognostic role. The presence of BCL6 protein
expression has been associated with variable outcomes (favorable,
unfavorable, or no association) in various retrospective series of patients
with PCNSL.21,22,32,33,35,36 These studies, including ours, have used

Table 1. Patient and disease characteristics

Characteristic

Entire cohort

(N 5 115), n (%)

or n/N (%)

HDMTX subgroup

(n 5 52), n (%)

or n/N (%)

Patient characteristics

Age .60 y 81 (70) 29 (56)

Male sex 68 (59) 32 (62)

Performance status $2 89 (77) 32 (62)

Elevated lactate dehydrogenase 24/83 (29) 14/51 (27)

Ocular involvement 5 (4) 5 (10)

Deep brain lesions 67/111 (60) 31/50 (62)

$2 brain lesions 46/111 (41) 24/50 (48)

Largest mass $4 cm 61/109 (56) 31 (60)

Extra-CNS disease 0 (0) 0 (0)

Frontline treatment

BSC 23 (20)

WBRT 40 (35)

HDMTX-based chemotherapy 52 (45)

HDMTX regimen 41 (79)

MIDVAP regimen 11 (21)

Rituximab 11 (21)

Radiation 18 (35)

Autologous SCT 0 (0)

IHC for cell of origin

CD10 positive 4/110 (4) 1/50 (2)

BCL6 positive 85/108 (79) 34/49 (69)

MUM1 positive* 33/109 (30) 14/50 (28)

FOXP1 positive 84/111 (76) 34/50 (68)

LMO2 positive 34/106 (32) 14/47 (30)

GCET1 positive 5/114 (4) 2/51 (4)

Cell of origin algorithms

Non-GCB (Hans algorithm) 82/109 (75) 38/50 (76)

Non-GCB (Choi algorithm) 93/109 (85) 41/50 (82)

Non-GCB (Tally algorithm) 108/110 (98) 50/50 (100)

IHC for other proteins

MYC positive 37/93 (40) 16/38 (42)

BCL2 positive

124 antibody 69/92 (75) 31/39 (79)

E17 antibody 87/111 (78) 40/50 (80)

MYC 1 BCL2 positive

124 antibody (BCL2) 30/88 (35) 13/37 (35)

E17 antibody (BCL2) 32/92 (35) 13/38 (34)

PD-L1 positive 31/107 (29) 13/46 (28)

HLA-DP positive

Cytoplasmic staining only 53/112 (47) 28/51 (55)

Membranous staining† 25/112 (22) 8/51 (16)

EBER positive 1/108 (1) 0 (0)

SCT, stem cell transplantation.
*Cutoff (Hans algorithm) of $30%.
†All membranous positive cases also had cytoplasmic staining.
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different methods to test for BCL6 expression and have
evaluated outcomes in various cohorts with dissimilar therapies
and distributions of prognostic factors. As a germinal center
marker in a disease with largely a non-GCB phenotype, it remains
unknown whether BCL6 protein expression plays an indepen-
dent, substantial role in PCNSL.

Unlike certain forms of systemic DLBCL such as primary mediastinal
large B-cell lymphoma, we found that CIITA rearrangements were
very rare (3 of 105).37 Using a targeted DNA sequencing approach,
Chapuy et al only found 1 of 24 cases with a CIITA rearrangement.2

We also found that only 22% of cases had membranous expression
of MHC class II that typifies antigen-presenting cells, including
B cells. Our group previously showed that a cytoplasmic-only pattern
(but not membranous) conferred a worse prognosis in systemic
DLBCL.13 We did not find a similar association, raising the
hypothesis that the reduced membranous expression in PCNSL
plays an important role in the biology of PCNSL, likely related to
mechanisms of escape from immune surveillance.

Similarly, PD-L1 expression was common, but PD-L1/PD-L2 trans-
locations were very uncommon (1 of 101).19 Chapuy et al identified
PD-L1/PD-L2 chromosomal rearrangements in 3 of 24 patients
through genomic sequencing but also noted frequent 9p24.1/
PD-L1/PD-L2 copy gains (28 of 42 patients in a separate extension
cohort) using ligand-specific quantitative polymerase chain reaction.
The latter may provide a more robust mechanism for PD-L1
upregulation.2 We found that 13 of 101 cases had PD-L1/PD-L2

copy gains, but these were not associated with PD-L1 protein
expression or prognosis (data not shown). Altogether, these data
suggest that alternate mechanisms lead to PD-L1/PD-L2 deregula-
tion, again highlighting the role of immune evasion in PCNSL.

To the best of our knowledge, this analysis is the largest published
cohort of PCNSL testing a broad range of molecules with IHC, ISH,
and FISH in a TMA. Our study captured .80% of the denominator
of patients with PCNSL diagnosed in British Columbia between
1998 and 2010 and is therefore reflective of results in a general
population with excellent long-term follow-up. However, our cohort
was enriched with patients expected to have a poor prognosis
(70% aged.60 years, 78% with performance status.1, and 56%
not eligible for HDMTX-based regimens) and treated in an era in
which relatively obsolete treatments were used. Outcomes in the 52
patients treated with HDMTX-based therapies remained poor
(5-year PFS, 20%; 5-year OS, 45%), which may have limited our
ability to detect any other relevant prognostic factors. It is unknown
whether results may have been different in the subgroup of patients
receiving HDMTX-based therapies plus additional strategies such
as other drugs that cross the blood–brain barrier, immediate WBRT
consolidation, etoposide/cytarabine consolidation, or consolidation
with autologous stem cell transplantation.38-40

In conclusion, we found that PCNSL has a distinct biology and
prognosis. Overall outcomes in this cohort were poor, reflecting
a general population base and an earlier treatment era, which
may have abrogated the prognostic impact of other factors. This

Table 2. FISH results in the entire cohort

Gene

FISH result, n/N (%)

Failed

Informative

Normal Break-apart Gain Amplification Deletion

MYC 7/115 (6) 94/108 (87) 2/108 (2) 14/108 (13) 0 (0) 0 (0)

BCL2 5/115 (4) 81/110 (74) 1/110 (1) 28/110 (25) 1/110 (1) 0 (0)

BCL6 6/115 (6) 94/109 (86) 30/109 (28) 11/109 (10) 2/109 (1) 1/109 (1)

PD-L1/2 14/115 (12) 84/101 (83) 1/101 (1) 13/101 (13) 3/101 (3) 1/101 (1)

CIITA 10/115 (9) 92/105 (88) 3/105 (3) 12/105 (11) 1/105 (1) 0 (0)
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ment in the entire cohort. PFS (A) and OS (B).
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methodology should be repeated in larger cohorts of patients
with PCNSL receiving contemporary treatments known to be
associated with improved outcomes. Other molecules relevant

to PCNSL such as MYD88, CD79b, ETV6, PIM-1, CARD11, and
EZH2 should be examined.1,2,41,42 Other methods such as whole-
genome/exome sequencing and peripheral blood micro-RNA

A
1.0

0.8

0.6

0.4

0.2

0.0

0 2

Pr
og

re
ss

ion
-fr

ee
 su

rv
iva

l

4 6 8 10 12 14 16 18

p=0.019

20

BCL6r neg (n=79),
5yr PFS 15%

BCL6r pos (n=30),
5yr PFS 0%

C
1.0

0.8

0.6

0.4

0.2

0.0

Pr
og

re
ss

ion
-fr

ee
 su

rv
iva

l

p=0.007

0 2 4 6 8 10 12 14 16 18 20

Time (years)

BCL6r negative (n=35),
5yr PFS 27%

BCL6r positive (n=14),
5yr PFS 0%

B
1.0

0.8

0.6

0.4

0.2

0.0
Ov

er
all

 su
rv

iva
l

p=0.284

0 2 4 6 8 10 12 14 16 18 20

BCL6r neg (n=79),
5yr OS 25%

BCL6r pos (n=30),
5yr OS 21%

D
1.0

0.8

0.6

0.4

0.2

0.0

Ov
er

all
 su

rv
iva

l

p=0.162

0 2 4 6 8 10 12 14 16 18 20

Time (years)

BCL6r negative (n=35),
5yr OS 48%

BCL6r positive (n=14),
5yr OS 36%

Figure 2. Outcomes according to the presence

of BCL6 rearrangements (BCL6r). PFS (A) and

OS (B) in the entire cohort. PFS (C) and OS (D) in

the HDMTX subgroup.

Table 3. Multivariate analyses

Cohorts and variables PFS, HR (95% CI) OS, HR (95% CI)

Entire cohort n 5 79 n 5 109

Age (.60 y vs #60 y) Not included 1.49 (0.93-2.40), P 5 .099

Performance status (2-4 vs 0-1) Not included 1.17 (0.67-2.06), P 5 .587

LDH (elevated vs normal) 1.61 (0.96-2.70), P 5 .071 Not included

Treatment (HDMTX vs others) 0.69 (0.43-1.11), P 5 .125 0.30 (0.19-0.46), P , .001

BCL6 FISH (positive vs negative) 2.06 (1.22-3.49), P 5 .007 1.55 (0.98-2.46), P 5 .064

HDMTX only n 5 48 n 5 45

Sex (male vs female) Not included 2.59 (1.16-5.81), P 5 .021

LDH (elevated vs normal) 1.76 (0.89-3.48), P 5 .104 Not included

LMO2 IHC (positive vs negative) Not included 1.33 (0.61-2.92), P 5 .479

BCL6 FISH (positive vs negative) 2.62 (1.33-5.17), P 5 .006 1.12 (0.46-2.71), P 5 .806

LDH, lactate dehydrogenase.
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could provide additional prognostic information.43,44 Our results
may better inform drug development in PCNSL, including those
targeting the B-cell receptor pathway, immune evasion, and the
tumor microenvironment.4,39,45-48
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