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 Introduction 

 Primary central nervous system lymphoma (PCNSL) 
accounts for 4% of all primary brain tumors and for 2–
10% of all primary extranodal lymphoma localizations 
 [1, 2] . Its incidence is increasing in both immunosup-
pressed patients and immunocompetent individuals. 
Usually, PCNSL arising in immunocompetent patients 
are Epstein-Barr virus-negative, diffuse, large, B-cell 
lymphomas (DLBCL). PCNSL is a very aggressive tumor 
with a clinical outcome much worse than for nodal lym-
phomas. The treatment of these malignancies remains 
very unsatisfactory: the overall survival is only 20–25% 
at 5 years.
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 Abstract 

 Primary central nervous system lymphoma (PCNSL) is a rare 
form of extranodal non-Hodgkin’s lymphoma with continu-
ously increasing incidence in both immunosuppressed and 
immunocompetent individuals. PCNSL is a very aggressive 
tumor with a poor outcome, and its clinical outcome is much 
worse than for nodal lymphomas. Differently from lympho-
mas arising in lymph nodes or in other extranodal sites, the 
treatment of PCNSL remains very unsatisfactory. Current bi-
ologic knowledge of PCNSL is still limited and several funda-
mental questions remain to be answered. This is mainly due 
to the paucity of PCNSL material for adequate translational 
research. With the aim of providing biologic material to in-
vestigators interested in PCNSL, we have implemented a vir-
tual tissue bank (VTB) for PCNSL in immunocompetent pa-
tients. After registration, the VTB is accessible via any web 
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  Clinical Features of PCNSL 

 The median age of PCNSL patients is 61 years (range 
14–85 years). More than half of the patients present with 
a bad performance status (ECOG PS  1 1) and frequently 
display involvement of the frontal lobe; one third have 
multiple lesions. Deep brain structures (basal ganglia, 
corpus callosum, brainstem and cerebellum) are involved 
in 30–40% of cases. One third of the patients have lym-
phoma cells at cerebrospinal fluid (CSF) examination; 
60% of the cases have an elevated concentration of CSF 
proteins. A prognostic scoring system has been proposed 
by the International Extranodal Lymphoma Study Group 
(IELSG) and is based upon the following factors: age  1 60 
years, ECOG PS  1 1, elevated serum lactate dehydroge-
nase, high CSF protein levels and deep brain involvement 
 [3] . The overall survival varies according to the combina-
tion of these parameters  [3] .

  Treatment of PCNSL 

 Current therapeutic knowledge of PCNSL derives 
from retrospective multicenter studies, nonrandomized 
phase II trials and meta-analyses of published reports
 [3–9] . 

  Surgery is not a treatment option in PCNSL, and 
whole-brain radiotherapy is rarely curative (median sur-
vival 12–14 months). The introduction of chemotherapy 
significantly improved prognosis. The single most active 
drug is high-dose (i.e.  1 1 g/m 2 ) methotrexate (MTX). 
However, overall survival at 5 years is only 20–25%, and 
the risk of late neurotoxicity, especially in the elderly, is 
increased in comparison with individual treatments. 
MTX has also been administered as combination thera-
py, and the ‘standard’ regimen for PCNSL employed may 
be an MTX-based combination chemotherapy.

  Pathology and Genetics of PCNSL 

 In immunocompetent patients, more than 90% of 
PCNSL are DLBCL  [3–5, 10] , with rare exceptions  [11, 
12] . The lymphomatous tissue often contains a variable 
amount of reactive T cells.

  PCNSL cells often express bcl-2, bcl-6 and MUM1 
molecules, less frequently CD10  [13, 14] . Thus, when they 
are compared to nodal DLBCL, they usually fall into the 
activated B-cell type. Compared to nodal non-Hodgkin’s 
lymphomas, preliminary gene expression data available 

for PCNSL describe a preferential expression of mole-
cules involved in the regulation of apoptosis or in the sig-
naling pathway of unfolded protein response  [15] . About 
half of PCNSL show alterations in the CDKN2A gene, 
thus leading to the failure to detect immunohistochemi-
cally its product p16  [16]  and in p14 gene  [17] .

  Cytogenetic characteristics correspond to those of ‘ex-
tra-brain’ DLBCL  [18]  but a higher incidence of chromo-
some 6q deletion is noted in PCNSL  [19] . PCNSL cells 
have been reported to use preferentially individual VH3 
 [20]  and VH4 gene families of the immunoglobulin heavy 
chain genes at DNA level, with somatic mutations and 
intraclonal heterogeneity  [21] . This mechanism of aber-
rant somatic hypermutation involves additional genes, 
including PIM1, c-MYC, PAX5, RhoH/TTF, GSTP1, 
DAPK, TIMP-3, MGMT and THBS1  [22, 23] . 

  PCNSL and Immunology 

 CNS and the eye  [24–27]  have been considered an im-
mune sanctuary. Elements supporting this dogma are: (1) 
the blood-brain barrier; (2) the blood-CSF barrier; (3) the 
absence of lymphatic vessels; (4) the absence, at least in 
healthy conditions, of dendritic cells; (5) the high local 
production of anti-inflammatory mediators; (6) the con-
stitutive FAS expression on those cells that induce the 
killing of immune cells, and (7) the presence of microglia, 
a specialized monocyte/macrophage population consid-
ered the main immune component of the CNS.

  Different hypotheses have been put forward concern-
ing PCNSL lymphomagenesis, with each of them lacking 
supporting data. PCNSL might derive from a systemic 
lymphoma, controlled by the systemic immune system 
with the exclusion of the brain, the immune sanctuary. 
Likewise, PCNSL might arise from a lymphocyte under-
going malignant transformation inside the brain trapped 
at CNS level.

  The Microenvironment in PCNSL 

 The non-neoplastic immune system seems to be ac-
tively involved in PCNSL pathogenesis. Issues in favor of 
this hypothesis are the presence of reactive perivascular 
T-cell infiltration in a significant number of cases, where 
it has been related to a significantly more favorable out-
come in PCNSL  [28]  and a low expression of HLA class I 
and II molecules in approximately half of PCNSL pa-
tients, a critical step predisposing to immune escape from 
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cytotoxic T-cell activation  [29–32] . PCNSL cells and vas-
cular endothelium are a primary source of the B-cell-at-
tracting chemokine 1 (BCA-1)  [33] , thus reinforcing the 
theory of a close interaction between lymphocytes and 
vessels; PCNSL tumor cells also express the selective 
BCA-1 receptor, CXCR5. BCA-1 is selective for B lym-
phocytes and follicular T-helper lymphocytes that are re-
cruited with very high efficacy and a relatively low po-
tency. In addition, tumors could express chemokines in 
order to subvert immune defense.

  Finally, the recent demonstration of the presence of 
low amounts of B lymphocytes in normal brain opens 
new insights into the pathogenesis of PCNSL  [34] .

  Open Questions in PCNSL 

 An IELSG-sponsored PCNSL workshop  [5]  pointed 
out several unanswered molecular and pathologic ques-
tions, such as the origin of PCNSL cells, a better defini-
tion of CNS as an immunologically privileged organ, the 
regulated neuroimmune network where the CNS is inte-
grated, blood-brain barrier characteristics and tumor ac-
cessibility, and the prognostic role of biologic and mo-
lecular markers. At the same meeting, the International 
PCNSL Collaborative Group was founded  [35] . For the 
first time ever, a ‘global approach’ by a group of world-
wide specialists – including neurologists, oncologists, ra-
diation oncologists, hematologists, pathologists, basic 
scientists and biostatisticians – was possible. 

  Virtual Tissue Bank for PCNSL 

 The establishment of tumor tissue banks appears 
therefore of paramount importance. Access to tumor ma-
terial is fundamental to improve our knowledge about 
cancer and to ultimately improve the therapeutic results 
 [36–41] . This is especially true for PCNSL, since one of 
the main limitations for research in this field has been the 
paucity of tumor material. This is due both to the rarity 
of the disorder and, perhaps more importantly, to the 
small size of biopsy specimens, which are usually ob-
tained stereotactically and measure 2–5 mm in diameter. 
Therefore, an international, multi-institutional tissue 
bank is the only reasonable approach to overcome these 
problems. Of note, the collection of frozen PCNSL mate-
rial is extremely important to allow future in-depth mo-
lecular studies.

  The collaboration between the IELSG and the Inter-
national PCNSL Collaborative Group resulted in the ac-
cumulation of data of both retrospective and prospective 
cases in VTB. VTB means that material is stored at local 
tumor banks or at local pathology departments, while 
data storage is centralized. Any pathologist can contrib-
ute to the VTB. The only requirement is the will to share 
the residual diagnostic tissue for future IELSG-approved 
studies on PCNSL. It is mandatory that the collection of 
the tissue for VTB will not affect the use of this sample 
for further diagnostic procedures for the patient. The 
contributing pathologist is free to perform his/her own 
studies on the same material independently of VTB, but 
it is his/her own responsibility to update the VTB Central 
Office if the tissue block of a patient is no longer available. 
By a regulatory standpoint, IELSG-VTB adheres to the 
Tubafrost coordinating rule, i.e. if tissue may legitimate-
ly be used for research in the country where it was taken 
out (under whose legal issues the patient falls), it may also 
be used for research in the country it is sent to  [42] .

   Figure 1  represents a scheme of the VTB. The partici-
pating pathologists structure the VTB front-end as a web-
interface to allow easy access to data. The VTB is acces-
sible via the IELSG website (www.ielsg.org) in a platform-
independent way using any web browser on any operating 
system (Firefox, Internet Explorer, Safari on Microsoft 
Windows, Unix or MacOs). No specific software is re-
quired at the local pathology institutes. The VTB back-
end consists of a permanent server placed at the host in-
stitute running a Filemaker 7.0 Server Advanced as data-
base engine (FileMaker, Santa Clara, Calif., USA) running 
on a dedicated Apple G4 desktop computer (Apple, Cu-
pertino, Calif., USA) as web server at the IELSG facilities. 
For security reasons, the server is on a secured intranet 
connected to the Internet through a dedicated gateway 
behind a double firewall, separated from the local (hos-
pital) network. SSL (Secure Sockets Layer) encryption for 
web access is being implemented to further enhance data 
security. The database can serve up to 100 users simulta-
neously.

  Access to the VTB requires a unique username and a 
password. Individual usernames and passwords are is-
sued by IELSG after having received a signed agreement 
form from the pathologists. Username and password are 
sent to the pathologists by e-mail in two separate mes-
sages. 

  Different levels of access (data submission only and 
simple statistics vs. full data access) have been imple-
mented. A user defined as  collaborator  (mostly a patholo-
gist) submits new cases and has read/write access restrict-
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ed to his/her own data, and access to basic statistical data 
on all the registered cases. In other words, investigators 
will not have direct access to the database, and this ap-
proach will be in any case mediated by the Central Office. 
Access to all the data in the VTB is available only to the 

curators of the database (M.P. and F.B.), to the bioinfor-
matician (I.K.) and to the IELSG data managers. 

  The structure of the VTB database has been designed 
based on our experience with PCNSL and consists main-
ly of three data types (patient data, pathology data and 

Pathology
institute

www

80/tcp

Firewall 1 Firewall 2 Apache
web

server

FileMaker
server

db.ielsg.org

IELSG

  Fig. 1.  Scheme of the IELSG-VTB for PCNSL. 
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- Site of biopsy (txt)
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- Additional histology local number (No.)
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� Relapse
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� Submission date (date)

Additional data
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  Fig. 2.  Data collected in VTB. 
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some additional data) anonymously describing patients, 
pathologies and the availability of samples ( fig. 2 ). Except 
for the date of birth and sex, personal patient character-
istics are not recorded. The local histology number iden-
tifies the patient. The pathology data are further subdi-
vided into diagnostic data (i.e. comprising the pathology 
institute where the diagnosis was made, the date and site 
of the biopsy, and any additional diagnostic histological 
sample number), histology (i.e. statistically predominant 
histotypes or any further histotype), immunophenotype 
(i.e. ‘B’ versus ‘T’ cell-defining immunophenotypes as 
well as any further marker tested), the type of the diag-
nostic sample (i.e. first diagnosis vs. relapse) and the sam-
pling procedure (i.e. stereotactic biopsy vs. surgical resec-
tion vs. others). Importantly, information about the pres-
ence of frozen material should be included. Database 
access restrictions have been set in a way that the histol-
ogy numbers are accessible only to the pathologist who 
has submitted those data and to the curators and bioin-
formatician of the VTB and the IELSG data managers. 
Thus, the pathologist submitting data is the only person 
who can obtain directly identifiable information on the 
patient using the local histology number.

  Investigators willing to perform research on PCNSL 
can submit a research project to the IELSG. Each project 
will be evaluated by the VTB curators for material avail-
ability and by the IELSG Review Board for scientific rel-
evance. Once a research project is approved by the IELSG, 
the VTB curators will put the investigators in contact 
with the pathologist at the local institutions. The investi-
gators and the local pathologists have to adhere to the lo-

cal policies regarding the use of the locally stored patho-
logic material. Clinical data will be collected only if re-
quired for any single project and only after its approval 
by IELSG; in most instances, these data will regard per-
formance status, lactate dehydrogenase, CSF protein lev-
els, anatomic sites involved and therapeutic regimens. 
Provided clinical data are usually released to carry out a 
specific project, in the case of any request of additional 
data, local clinical services referring to the IELSG will be 
contacted upon authorization by the latter and, if neces-
sary, by a local ethical committee. The absence of clinical 
data from the database prevents once again the identifica-
tion of patients.

  Finally, any single project will be evaluated for co-au-
thorship: individual pathologists providing material as 
well as VTB curators, according to the degree of their 
own contribution in the investigation; in any case, it must 
be clearly mentioned in the text that the material for the 
study has been drawn from VTB.

  In conclusion, we have implemented a VTB to explore 
the availability of PCNSL material for translational stud-
ies. We hope this approach might contribute to increase 
our knowledge on PCNSL and, ultimately, to increase the 
clinical outcome for patients affected by PCNSL.
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