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Summary

Primary central nervous system lymphoma (PCNSL) is an aggressive sub-variant of non-Hodgkin 

lymphoma (NHL) with morphological similarities to diffuse large B-cell lymphoma (DLBCL). 

While methotrexate (MTX)-based therapies have improved patient survival, the disease remains 

incurable in most cases and its pathogenesis is poorly understood. We evaluated 69 cases of 

PCNSL for the expression of HGAL (also known as GCSAM), LMO2 and BCL6 – genes 

associated with DLBCL prognosis and pathobiology, and analysed their correlation to survival in 

49 PCNSL patients receiving MTX-based therapy. We demonstrate that PCNSL expresses LMO2, 

HGAL(also known as GCSAM) and BCL6 proteins in 52%, 65% and 56% of tumours, 

respectively. BCL6 protein expression was associated with longer progression-free survival (, 

p=0.006) and overall survival (OS, p=0.05), while expression of LMO2 protein was associated 

with longer OS (p=0.02). Further research is needed to elucidate the function of BCL6 and LMO2 

in PCNSL.
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Introduction

Primary central nervous system lymphoma (PCNSL) is an aggressive subtype of non-

Hodgkin lymphoma (NHL) that originates in the brain, spinal cord, eyes or leptomeninges 

(Abrey, et al 2000, Bayraktar, et al 2011). Although PCNSL accounts for only 1-2% of 

extranodal NHL, its incidence has been rising in recent years, necessitating the development 

of improved therapies (Olson, et al 2002, Poortmans, et al 2003). The introduction of high 

dose methotrexate (MTX) - based chemotherapy with or without cranial radiotherapy (RT) 

has increased the 5-year overall survival (OS) rates to 26-50% (Abrey, et al 2000, Ferreri 

2011). While in systemic diffuse large B-cell lymphoma (DLBCL) the addition of rituximab 

to standard chemotherapy markedly improved patients' OS (Coiffier, et al 2002), the role of 

rituximab in PCNSL is still controversial and awaits the results of ongoing randomized 

trials. As a large protein, rituximab shows poor central nervous system (CNS) penetration 

and evidence supporting the efficacy of rituximab in PCNSL remains low and is based on 

small nonrandomized studies (Birnbaum, et al 2012, Ferreri 2011, Gregory, et al 2013). 

Despite improvement in PCNSL survival, there is significant heterogeneity in patient 

response to therapy and outcome (Abrey, et al 2005). Therefore, it is important to develop 

novel prognostic biomarkers that can capture the diversity of PCNSL.

The morphological and genetic similarities between DLBCL arising systemically and in the 

brain have been used to suggest that PCNSL may be a subvariant of DLBCL (Montesinos-

Rongen, et al 2008, Rubenstein, et al 2006). Therefore, analysis of the genes known to play 

a pathogenic or prognostic role in DLBCL may shed further light into PCNSL biology and 

clinical behaviour.

LIM domain only-2 (LMO2) and human germinal centre-associated lymphoma (HGAL, also 

known as GCSAM-germinal centre associated, signalling and motility) are expressed in 

normal germinal centre (GC) B-cells and GC-derived DLBCL and are associated with 

improved outcome in DLBCL (Alizadeh, et al 2011, Lossos, et al 2003, Lossos, et al 2004, 

Natkunam, et al 2008). LMO2 protein forms a transcriptional complex that regulates gene 

expression in DLBCL; its expression is associated with an increased centrosome number 

(Cubedo, et al 2012). HGAL protein has been implicated in decreasing DLBCL cell motility 

and enhancing BCR signalling by binding SYK and increasing its kinase activity (Lu, et al 

2011, Romero-Camarero, et al 2013). BCL6 is an oncogene that functions as a 

transcriptional repressor necessary for GC formation (Cattoretti, et al 2005). BCL6 RNA and 

BCL6 protein expression was shown to predict survival in systemic DLBCL (Lossos, et al 

2004, Lossos, et al 2001). In contrast to LMO2 and HGAL, the association between BCL6 

protein expression and survival of PCNSL patients was previously examined but led to 

contradicting results (Braaten, et al 2003, Camilleri-Broet, et al 2006, Chang, et al 2003, 

Levy, et al 2008, Lin, et al 2006, Momota, et al 2010, Rubenstein, et al 2013). In this study 

we evaluated the prognostic utility of LMO2, HGAL and BCL6 protein expression to 

predict improved survival in a large cohort of PCNSL patients treated with MTX-based 

chemotherapeutic regimens.
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Materials and Methods

Patients

A total of 69 specimens from human immunodeficiency virus (HIV)-negative PCNSL 

patients with DLBCL histology were studied; specimens were contributed from the 

University of Miami (n=16), Northwestern University (n=9), Memorial Sloan-Kettering 

Cancer Center (MSKCC) (n=19) and the University of Virginia (n=27). The specimens were 

selected based on the following criteria: (1) diagnosis of de novo PCNSL with DLBCL 

histology; (2) availability of tissue obtained at diagnosis before initiation of therapy. For 

analysis of the association between HGAL, LMO2 and BCL6 expression and patients' 

outcome, a total of 49 cases were selected among these specimens based on two additional 

criteria: (1) treatment with curative intent with high dose MTX-based chemotherapeutic 

regimen; and (2) availability of follow-up and outcome data. Institutional review board 

approval was obtained from all participating institutions. Information was available 

regarding the extent and staging of the disease by physical examination, computerized 

tomography (CT) or magnetic resonance imaging of the brain, CT of the chest, abdomen and 

pelvis, bone marrow biopsy and lumbar puncture. Age, Karnofsky performance status 

(KPS), treatment and cerebrospinal fluid/eye involvement (if available) at diagnosis were 

recorded. Follow-up information was obtained from the patients' medical records and 

included progression-free survival (PFS) and OS, defined as previously reported (Lossos, et 

al 2003, Lossos, et al 2001).

Immunohistochemistry

Histological sections were reviewed by two pathologists to confirm the diagnosis based on 

the World Health Organization classification of hematopoietic tumours (Swerdlow, et al 

2008). Antibodies used for immunohistochemical staining of LMO2, HGAL and BCL6 

proteins and the staining methods were previously described (Hans, et al 2004, Natkunam, 

et al 2008, Natkunam, et al 2007a, Natkunam, et al 2007b). As was previously reported by 

us for these three immunohistochemical biomarkers in systemic DLBCL as well as in an 

earlier study analysing BCL6, staining in more than 30% of lymphoma cells was a priori 

assigned a positive score (Hans, et al 2004, Natkunam, et al 2008, Natkunam, et al 2007a). 

These thresholds were chosen to be consistent with the data reported in systemic DLBCL. 

LMO2 staining showed a robust and primarily nuclear signal (Natkunam, et al 2007b), 

whereas HGAL staining was localized to the cytoplasm and membrane (Natkunam, et al 

2005). Isolated cytoplasmic LMO2 staining was not considered for scoring. As described 

previously, the staining intensity of all three markers did not vary among normal and 

neoplastic lymphoid cells. Two haematopathologists independently scored the slides with an 

overall concordance rate of 95%. After this initial independent scoring was carried out, the 

discrepancies were resolved by consensus review over a double-headed microscope to reach 

agreement regarding a score for each discrepant case, as was reported in our previous studies 

(Natkunam, et al 2008, Natkunam, et al 2007a).

Statistical Analysis

Correlations between the immunohistochemical biomarkers and associations with clinical 

parameters were evaluated by Pearson's correlation and presented as asymptotic p-values. 
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Survival curves were estimated using the Kaplan-Meier method and prognostic variables 

were compared by the log-rank test using the SPSS software (version 21, IBM, New York, 

NY). Multivariate regression analysis was performed according to the Cox proportional 

hazards regression model (Cox 1972). OS or PFS were used as the dependent variables to 

adjust the effects of individual biomarkers expression and clinical variables. A two-tailed P 

< 0.05 was considered significant.

Results

A total of 69 specimens from patients with PCNSL, with a median age of 66 years (range 

27-98) were available. LMO2 protein was expressed in 36 (52%), HGAL in 45 (65%) and 

BCL6 in 39 (56%) of PCNSL tumours (Figure 1), at frequencies similar to systemic DLBCL 

(46% for LMO2 (Natkunam, et al 2007b) and 75% for HGAL (Natkunam, et al 2007a)). 

Twenty-nine cases were positive for both HGAL and LMO2 expression and 22 cases were 

positive for all three proteins. LMO2 expression correlated with BCL6 (p=0.004) and 

HGAL (p=0.006) expression, but there was no correlation between the expression of HGAL 

and BCL6.

We evaluated the correlations between HGAL, LMO2 and BCL6 expression with survival in 

49 PCNSL patients treated with MTX-base regimens (Table I): high dose MTX alone (n=4), 

high dose MTX with procarbazine and vincristine (MPV) (n=21) and MPV with cytarabine 

(n=24). Rituximab was added to chemotherapy in 14 patients and 22 patients received whole 

brain radiation (4500 Rads). The median follow up of all these patients was 18 months 

(range 1-122). The median follow up of patients that were alive was 32 months (range 

2-119). There was no statistical difference in PFS and OS between patients who did or did 

not receive rituximab and whole brain radiation (not shown). The previously reported 

MSKCC prognostic score (Abrey, et al 2006), which subdivides patients into 3 groups based 

on age and KPS, exhibited borderline statistical correlation with PFS (p=0.05) and OS 

(p=0.10), most probably due to the small number of patients in each group (not shown).

Tumours from 26 (54%) patients treated with MTX-based therapy exhibited positive 

staining for LMO2, 31 (66%) were positive for HGAL and 29 (59%) were positive for 

BCL6. A Pearson's correlation analysis demonstrated no correlation between the expression 

of LMO2, HGAL and BCL6 with patients' age, KPS and use of radiation or rituximab 

treatment (data not shown). The median PFS of patients with positive and negative HGAL 

staining was 17 (95% confidence interval [CI]: 2-32) and 19 months (95% CI: 9-28 p=0.99), 

respectively, and the median OS was 21 (95% CI: 1-41) and 27 months (95% CI: 3-51 

p=0.76), respectively (Table II). The median PFS of patients with positive and negative 

LMO2 staining was 25 (95% CI: 8-42) and 8 months (95% CI: 0-16 p=0.071), respectively, 

while the median OS was 34 (95% CI: 25-43) and 11 months (95% CI: 7-15, p=0.027), 

respectively. The median PFS for BCL6-positive and -negative cases was 24 (95% CI: 

17-31) and 8 (95% CI: 0-17, p=0.006), respectively and the median OS was 39 months (95% 

CI: 13-65), and 13 (95% CI: 5-21, p=0.055) months, respectively (Table II and Figure 2). 

Compared to patients with LMO2/BCL6 double negative tumours, simultaneous LMO2 and 

BCL6 expression was associated with significantly better OS (p=0.006) and PFS (p=0.004), 
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but was not significantly different from tumours expressing only one of these biomarkers 

(Figure 2).

A multivariate regression analysis that included LMO2 and BCL6 with OS as the dependent 

variable demonstrated that LMO2 expression almost reached statistical significance 

(p=0.064) as an independent predictor of OS in PCNSL patients. In contrast, a multivariate 

regression analysis that included LMO2 and BCL6 with PFS as the dependent variable 

demonstrated that BCL6 expression is an independent predictor of PFS in PCNSL patients 

(P = 0.014). In multivariate regression analyses that included LMO2, BCL6, HGAL, age and 

KPS, with OS or PFS as the dependent variables, only BCL6 expression almost reached 

statistical significance (p=0.06) as an independent predictor of PFS in PCNSL patients 

(Table III). The relatively small number of analysed patients might limit the value of these 

multivariate analyses.

Discussion

PCNSL is an aggressive variant of NHL with morphological and genetic similarities to 

DLBCL. The advent of MTX-based therapy has significantly improved patient prognosis. 

However, despite these therapeutic advances, response to treatment remains variable and the 

disease remains largely incurable, necessitating an improved biological understanding of the 

disease. While several clinical variables, notably age (<50 years) and KPS, have been shown 

to be associated with improved PFS and OS of PCNSL patients (Abrey, et al 2006), these 

factors do not provide indications about the molecular underpinnings of the disease. 

Therefore, finding molecular markers associated with improved patient survival may be 

important for understanding resistance to conventional therapy and the underlying etiology 

and pathogenesis of PCNSL.

PCNSL rarely express the GC marker CD10 and almost universally express MUM1, 

suggesting that they resemble activated B cell-like systemic DLBCL (Camilleri-Broet, et al 

2006, Lin, et al 2006). However, CD10 expression is frequently downregulated in 

extranodal GC-derived lymphomas (Younes, et al 2011), making it difficult to precisely 

determine the cell of origin of PCNSL tumours based on classifications derived from 

systemic DLBCL. Molecular studies of PCNSL immunoglobulin genes showed the presence 

of somatic mutations, which were frequently ongoing, and biased use of immunoglobulin 

genes, suggesting a potential origin from antigen-experienced GC cells (Montesinos-

Rongen, et al 1999, Thompsett, et al 1999). Gene expression profiling studies showed that 

PCNSL may exhibit gene expression signatures similar to GC-B cell-like and activated B 

cell-like DLBCL (Montesinos-Rongen, et al 2008). Herein we sought to determine whether 

HGAL, LMO2 and BCL6, GC-genes known to be prognostic markers and important in the 

pathogenesis of DLBCL (Lossos, et al 2003, Lossos, et al 2001, Natkunam, et al 2008), 

were expressed in and associated with prolonged PFS and OS in PCNSL.

We demonstrate that PCNSLs express HGAL, LMO2 and BCL6 proteins at frequencies not 

significantly different from systemic DLBCL. BCL6 expression was significantly associated 

with improved PFS and almost reached statistically significant association with prolonged 

OS. Previously, 7 studies examined the prognostic significance of BCL6 expression in 
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PCNSL and showed contradicting results (Table IV). Two studies demonstrated a 

significantly shorter PFS in patients with PCNSL tumours expressing BCL6 protein 

(Momota, et al 2010, Rubenstein, et al 2013) while one study showed longer PFS (Levy, et 

al 2008), in accord with the current study. Prolonged OS was associated with BCL6 protein 

expression in 3 previous studies (Braaten, et al 2003, Levy, et al 2008, Lin, et al 2006), 

reaching statistical significance in one (Braaten, et al 2003), while one study showed 

statistically shorter OS (Rubenstein, et al 2013). The reasons for these discrepancies stem 

from the small number of tumours analysed in the majority of these studies. Further, 

different antibody clones and cut-off pointss for BCL6 expression were used. Only 3 studies 

used the 30% cut-off point established in systemic DLBCL and used herein. Most studies 

were retrospective, including our study. The limitations of retrospective studies include a 

heterogeneous patient population and non-uniform use of chemotherapeutic agents as well 

as radiation and rituximab, which may contribute to the conflicting results. However, the age 

and KPS distributions of our patients were quite characteristic for patients with PCNSL, and 

all patients received MTX-based therapy. A single prospective study of biomarkers in 

PCNSL has been reported, but analysed only 26 tumours- a number too small to draw any 

significant conclusions (Rubenstein, et al 2013). Moreover, preferentially prospective 

studies using the same antibody and cut-off value as in systemic DLBCL (as was done in the 

current study) are necessary to elucidate the role of BCL6 in the development of PCNSL and 

its association with improved patient PFS and OS.

Our results have also demonstrated that LMO2 protein is expressed in PCNSL and that its 

expression is statistically associated with prolonged OS. A recent study from China detected 

LMO2 protein expression in only 16 of 66 (24%) PCNSL tumours (Chen, et al 2013). The 

study showed no statistical difference in the outcome of patients with LMO2-positive and -

negative PCNSL, despite a tendency for longer survival of LMO2-positive patients. 

However, in this study no information on therapy was provided, and consequently it is 

unknown if all the patients received MTX-based therapy. LMO2 has been shown to be one 

of the best prognostic biomarkers of survival in systemic DLBCL (Alizadeh, et al 2011, 

Lossos, et al 2004). Although the function of LMO2 in DLBCL and PCNSL is unknown, its 

expression is associated with increased centrosome numbers and it is known to be part of a 

transcriptional regulatory complex (Cubedo, et al 2012). Further studies are needed to 

validate the association between LMO2 expression and OS in PCNSL as well as its function 

in these tumours.

Notably, while expression of BCL6 was significantly associated with improved PFS and 

most probably OS in MTX-treated patients, LMO2 expression was more significantly 

associated with OS. The latter observation suggests that LMO2 expression may be 

associated with better response to second line therapies resulting in patients' rescue and OS 

prolongation. LMO2 and BCL6 are both associated with improved survival in systemic 

DLBCL and PCNSL, suggesting that these genes may be important in the pathogenesis of 

both diseases (Lossos, et al 2001). This is strengthened by the observation that both genes 

are known to be functionally important in GC-derived B-cells, the presumed cell of origin 

for tumours expressing these proteins. Further studies are necessary to validate our 
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observations and to determine the function of BCL6 and LMO2 in PCNSL pathogenesis and 

their contributions to prolonged PFS and OS.
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Figure 1. Histological Findings in PCNSL
Histological sections of a representative central nervous system biopsy shows an atypical 

lymphoid proliferation infiltrating brain parenchyma in a diffuse pattern (A); the lymphoma 

cells typically surround vessels and cause angiocentric and angiodestructive lesions (B); 

higher magnification shows marked cytological atypia of the lymphoma cells with 

pleomorphic nuclear outlines, prominent nucleoli and associated mitotic figures (C); 

immunohistochemistry shows that the lymphoma cells are positive for HGAL (D), LMO2 

(E) and BCL6 (F). [Original magnification, panel A x200, panel B x400, panels C-F x600].
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Figure 2. Kaplan Meier curves of PFS and OS in 49 PCNSL patients treated with methotrexate –
based regimens
(A) PFS stratified on expression of LMO2 protein; (B) OS stratified on expression of LMO2 

protein; (C) PFS stratified on expression of BCL6 protein; (D) OS stratified on expression of 

BCL6 protein; (E) PFS as a function of combined LMO2 and BCL6 proteins expression; (F) 

OS as a function of combined LMO2 and BCL6 proteins expression. PFS, progression-free 

survival; OS, overall survival.
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Table II
PCNSL survival analysis based on expression of HGAL, LMO2 and BCL6 proteins

Variable PFS PFS OS OS

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

HGAL

  Negative (reference) 1.0 0.99 1.0 0.76

  Positive 1.0 (0.45 – 2.22) 0.89 (0.42 – 1.88)

LMO2

  Negative (reference) 1.0 0.071 1.0 0.027

  Positive 0.50 (0.23 – 1.06) 0.44 (0.21 – 0.91

BCL6

  Negative (reference) 1.0 0.006 1.0 0.055

  Positive 0.35 (0.16 – 0.74) 0.49 (0.24 – 1.02)

LMO2/BCL6 combined

 Double negative (reference) 1.0 0.004 1.0 0.006

 One marker positive 0.37 (0.15 – 0.90) 0.31 (0.12 – 0.77)

 Double positive 0.24 (0.10 – 0.61) 0.32 (0.13 – 0.75)

PFS, progression-free survival; OS, overall survival
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Table III

Prognostic factors in multivariate analysis of overall survival and progression free survival in patients with 

PCNSL.

Factor P value for OS P value for PFS

BCL6 0.40 0.06

LMO2 0.19 0.32

HGAL 0.37 0.72

Age (≤ 50 years versus > 50 years) 0.23 0.85

KPS (< 70 versus ≥70) 0.22 0.57

OS, overall survival; PFS, progression-free survival; KPS, Karnofsky performance score.
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