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Primary central nervous system lymphoma (PCNSL) is a highly aggressive extranodal lymphoma subtype arising
in the brain parenchyma, spinal cord, meninges, cranial nerves, and/or intraocularly. PCNSL accounts for 3% of
brain tumours and 2-3% cases of non-Hodgkin's lymphoma. Diffuse large B-cell ymphoma (DLBCL) is a primary

diagnosis in 95% of all PCNSL, with highly aggressive lymphomas (Burkitt's lymphoma, lymphoblastic lymphoma)
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and marginal zone lymphoma (MZL) or T-cell lymphomas accounting for the other 5%. Over the last 40 years,
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Aetiology and pathogenesis

Primary central nervous system lymphoma (PCNSL)
accounts for 2-3% cases of non-Hodgkin's lymphoma.
Diffuse large B-cell lymphoma (DLBCL) is a pri-
mary diagnosis in 95% of all PCNSL [1]. Incidence of
PCNSL in continuously increasing [2]. The aetiology is
not yet fully known. The most significant risk factors
are immune-deficiencies that can be congenital (e.g.
Wiskott-Aldrich syndrome) or acquired (e.g. AIDS).
Indeed, PCNSL is AIDS-defining condition and as such
it demonstrates 100% correlation with Epstein-Barr
virus (EBV) infection. Another high-risk group includes
post-organ transplant patients. The risk of post-trans-
plant lymphoproliferative disorders (PTLD) with central
nervous system (CNS) involvement ranges from 2 to
7% in those after heart, lung, and liver transplant and
from 1 to 2% after kidney transplant [3]. Primary central
nervous system lymphoma falls within the DLBCL sub-
type of activated B-cells after leaving germinal centres
(i.e. activated B-cell like, ABC DLBCL), which express
about 95% MUM1, 50-80% BCL-6+, and about 10%
CD10+ [4]. Molecular analysis is very difficult because
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PCNSL rates have been increasing. Although PCNSL shares many histopathological features with DLBCL (not
otherwise specified; NOS), its prognosis is generally far worse. The current WHO 2008 classification for cancers
of the haematopoietic system and lymphomas assigns DLBCL CNS into a distinct diagnostic entity of ymphoma.
Key words: lymphoma, central nervous system, methotrexate

of the dearth of biopsy material usually found. The
most frequent chromosome aberrations (56-79%) are
deletion of part of chromosome 6p21-6p25 that includes
the HLA locus (linked to chemotherapy resistance) and
silencing of the expression of the cell cycle regulator
CDKN2A. The aberrant activation of the NF«f complex
is also characteristic with resulting increased copies of
the MALTI gene and mutations activating CARDI11 and
MyD8S [5].

Several such pathogenic sites may potentially provide
molecular targets for drugs like ibrutinib, fostamatinib
(B-cell receptor), ruxolitinib (JAK/STAT site), lena-
lidomide, pomalidomide (IRF4/MYC), and inhibitory
MALT1 (via the NFxB complex). Because of molecular
differences, a worse prognosis, and the need to adopt
specific therapeutic regimens, the WHO classifies
DLBCL CNS as a distinct lymphoma disease entity [6].

Clinical symptoms

Median age at patient diagnosis is 56 years (45-70),
with males being slightly more common. Half of suffer-
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ers show behavioural disturbances and focal neurologic
symptoms characteristic of tumour localisation and
infiltrated structures of the CNS (paresis, along with
impairment of the senses, speech, sight, hearing, and
others). In 35% of cases, signs of intracranial pressure
are observed whilst in 15% and 4% of cases, respec-
tively, seizures and visual impairment are reported [7].
In 70% cases, neuroimaging techniques demonstrate
singular lesions (in AIDS patients lesions are more
often multiple ones), where they usually appear in both
cerebral hemispheres. Between 15 and 20% of lesions
are involved with the meninges, and intraocular presen-
tation occurs in 10-20% of cases. Systemic symptoms,
however, appear sporadically.

Diagnosis

Clinical symptoms are non-specific. The basic di-
agnostic technique for patients with suspected brain
tumour is magnetic resonance (MR) using gadolinium
for contrast enhancement. Over 95% of cases of PCNSL
demonstrate a uniformly typical reinforcement around
the tumour site. Glioblastoma can be suspected if necro-
sis has occurred. As mentioned previously, the majority
of PCNSL tumours occurring in immuno-competent
patients are solitary, whilst those in AIDS patients are
frequently multifocal. Even for radiological changes
that constitute typical PCNSL features, a stereotactic
biopsy is required in order to confirm diagnosis. Glu-
cocorticosteroids (GS) use may pose great difficulties
for making diagnoses, in that the resulting spectacular
remissions make biopsies challenging. This can lead to
considerable delays in diagnosis, lasting weeks and even
months [8]. It is therefore recommended that GSs are
withheld 7-10 days prior to the planned biopsy. In the
absence of any contra-indications, complete or partial
tumour resection is equally admissible.

For performing cytological and biochemical meas-
urements of cerebrospinal fluid (CSF) infiltration, lum-
bar puncture is used for obtaining such samples. Flow
cytometry of CSF is performed due its greater sensitivity
and specificity [9, 10]. Indeed, a future and universal
method for making an effective diagnosis would be for
detecting micro-RNA (miRNA) in CSF. This is a short
and non-coding RNA fragment the over-expression of
which is linked to the presence of many cancers. The
miR-21,miR-19b, and miR92a subtypes found in CSF are
characteristic markers of PCNSL as determined by the
real-time polymerase chain reaction (QRT-PCR). A 95%
level of sensitivity and specificity has been achieved when
measuring the presence of miRNA as a marker for diag-
nosing PCNSL [11]. In 4-12% of patients suspected of
PCNSL, the disease can spread beyond the CNS, thereby
necessitating whole body CT scans [12]. In accordance

to the new Lugano classification, FDG-PET-CT [13]
is a very sensitive technique. Further diagnostic tests
include neurological and ophthalmic (using slit lamps)
ones as well as blood tests (LDH measurement and viro-
logical testing) and ultrasound of the testis. For PCNSL,
infiltration of the bone marrow occurs in around 1% of
cases so that biopsy becomes unnecessary, especially if
the PET-CT results prove negative.

Prognostic determinants/factors

The International Prognostic Index (IPI) for aggres-
sive lymphomas has no direct bearing on the prognosis
of PCNSL. Based on a retrospective study of 378 PC-
NSL patients at 23 medical centres, the International
Extranodal Lymphoma Study Group (IELSG) has
developed a prognostic system depending on evaluating
five variables that have been associated with an unfa-
vourable prognosis, namely: > 60 years of age, Eastern
Cooperative Oncology Group (ECOG) score > 1, LDH
concentrations > N, raised CSF protein levels, and
infiltration of deep brain structures (i.e. periventricular
areas, basal ganglia, brain stem, and cerebellum). In
patients with 0-1, 2-3, or 4-5 of these factors the over-
all survival (OS) after two years is, respectively, 80%,
48%, and 15% [14]. However, currently this model is
rarely used because new treatments have become more
effective, thereby making the value of such prognostic
traits less significant (e.g. disease localisation and levels
of blood LDH and CSF protein). A different but uni-
versally used system is the ‘Memorial Sloan Kettering
Cancer Centre Prognostic Model’ from the USA, which
is based on a retrospective study on 338 patients with
PCNSL in which highly significant prognostic determi-
nants were found to be age (<50 vs. > 50 years) and the
Karnofsky Performance Score (KPS); >70% vs. < 70%.
Based on these two criteria, three risk groups were iden-
tified; low (age < 50 years), medium (age > 50 years,
KPS > 70%), and high (age > 50 years, KPS < 70%),
for which the median OS were, respectively, 5.2, 2.1,
and 0.8 years [15].

Treatment
Radiotherapy

Historically speaking, whole brain radiotherapy
(WBRT) has been the primary method for treating
PCNSL. By such means, very effective remissions were
achieved; however, median OS rates were very short at
around 12 months [16, 17]. High rates of local recur-
rence, the lack of controlling the disease spread outside
the radiation field, together with the radiotherapy being
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highly neurotoxic has driven the search for alternative
treatments [7, 18]. Even in the 1970s, methotrexate
therapy (MTX) had been shown to be highly effec-
tive for PCNSL [19] where a study by DeAngelis et al.
treated 31 PNSCL patients by combined regimens of
intravenous MTX (1 g/m?) and intraventricular MTX
followed by WBRT and then by high doses of cytosine
arabinoside (Ara-C), whereas WBRT as a mono-
therapy was given to 16 patients. The median OS in the
combination-treated patients was 42.5 months, whilst
that for the monotherapy was 21.7 months [20]. This
result served to prompt the use of multi-drug regimens
complementary to WBRT.

A big therapeutic problem is the neurotoxicity of
radiotherapy when used alone or in combination. WBRT
adversely affects brain cognition, particularly in the el-
derly (> 60 years old). Other adverse features are urinary
incontinence and abnormal gait and speech. Such im-
pairments lead to the patient losing their independence
[21]. When considering ways to lengthen the patient’s sur-
vival time, a treatment regimen is sought that will maximise
the therapeutic benefits without the adverse effects of
WBRT on the functioning of the patient. In those patients
without WBRT treatment, 12 years of post-treatment
observation has demonstrated their cognitive behaviour
to be adequate in most cases [22]. One way of reducing
the neurotoxic risk is through reducing the WBRT dose to
23.4 Gy (rtWBRT, reduced WBRT), as shown in the study
by Shah et al. After achieving CR post treatment with
rituximab, MTX, procarbazine, and vincristine followed
by rWBRT consolidation, a 67% rate of two-year survival
was seen in the absence of any neurotoxic events [23].
A study by Korfel et al. demonstrated that omitting WBRT
in standard doses (as adjuvant therapy post-induction
MTX-based chemotherapy) has no effect on the OS [24].
Likewise, a study by Thiel et al. showed no gains in OS
when adopting complementary WBRT [25]. It should be
noted that for elderly patients aged > 60 years, giving
complementary WBRT in reduced doses results in poorer
progression-free survival (PFS) compared to younger
patients; the 3-year PFS being 88% vs. 53% in patients
over 60 years old. Furthermore, in this study by Morris et
al., it should be stressed that the three-year OS was 87%
in those post-R-MPV treatment (rituximab, MTX, pro-
carbazine, vincristine) followed by rWBRT with minimal
neurotoxicity [26].

Surgical treatment

As previously stated, stereotactic biopsy is the pre-
ferred material used for diagnostic testing. Until recent-
ly, practically all recommendations have strongly advised
against tumour resection, which has a insignificant effect
on OS, but potentially increases the risk of neurological
deficit during the PCNSL post-operative phase [27].

Nonetheless, a prospective PCNSL German study (SG-1)
has shown improved PFS in patients after tumour resec-
tion [28]. Our own observations have additionally con-
firmed improvements in PFS when lesions in the CNS
have been resected [29]. Based on the authors’ opinions,
it is suggested that tumour resection, when performed
within patient safety limits or by using modern neuro-
logical mapping techniques, is of therapeutic benefit
without harming the patient’s neurological functioning.

Chemotherapy

Methotrexate forms the basis of all multi-drug
regimens for treating PCNSL [18, 30]. Patients in
a favourable clinical condition receive MTX doses
of > 3.5 g/m?. It seems that giving such high intrave-
nous MTX (HD-MTX) doses eliminates the need for
additional intrathecal treatment [31]. A prospective
Phase II study by Batchelor et al., conducted under
the auspices of ‘The New Approaches to Brain Tu-
mour Therapy (NABTT — CNS)’ consortium, dem-
onstrated that using MTX (8 g/m?) every two or four
weeks results in a complete remission (CR) incidence
of 52%; the median PFS was 12.8 months and the OS
was 55.4 months [32]. A study by DeAnglis et al. from
2002 used five cycles of MTX on 98 subjects at a dose of
2.5 g/m?vincristine, procarbazine, along with intrathecal
MTX at 12 mg, carried out complementary to WBRT,
after which all patients received a high dose Ara-C as
consolidation. A high objective response rate (ORR)
of 94% was observed, with a median PFS of 24 months
and median OS of 36.9 months [33]. Based on the
promising findings of the DeAnglis et al. study, further
studies were aimed to determine the efficacy of other
multi-drug regimens. As a result the efficacy of various
drugs penetrating the CNS were established (thiotepa,
busulfan, etoposide, carmustine, and others) [34, 35].
A randomised IELSG study by Ferreri et al. on 79 pa-
tients treated with high-dose MTX and Ara-C followed
by WBRT showed a gain of eight months of failure free
survival (FFS) compared to a FFS of four months in
patients not receiving Ara-C. In combination therapy,
radiological CR outcomes (46% in the MTX/araC arm
vs. 18% in the MTX arm), along with improved OS
trends in the combination arm have been recognised as
effective means of treating PCNSL [36]. The CALGB
50202 study demonstrated the effectiveness of giving
MTX, temozolamide, rituximab, and consolidation with
Ara-C and etoposide (EA). This two-stage treatment
aims to provide a number of effective drugs without
causing any significant myelosuppression that delays
the first and most important phase of the therapy. The
median time to progression (TTP) is four years, while
the median OS was not attained after and over five
years of observation [37].
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The aforementioned toxicity of WBRT inclines
towards searching for alternative methods for consoli-
dating the achieved remission through use of induction
chemotherapy based on high-dose MTX. Attempts at
consolidation have been made by using myeloablative
chemotherapy and autologous hematopoietic stem
cell transplantation (auto-HCT). A French study,
GOELAMS, (i.e. Groupe Ouest-Est d’Etude des Leucé-
mies Aigues et autres Maladies du Sang), on 25 patients
aged below 60 years, obtained an OS of 64% and event
free survival (EFS) of 46% when adopting a regimen of
a MTX program/etoposide/carmustine/ifosphamide/cyta-
rabine with auto-HCT consolidation after four years of
follow-up [38]. A study by Chen et al. on 30 lymphoma
patients (both primary and secondary CNS) adopted the
TBC regimen (thiotepa, busulfan, cyclophosphamide)
and auto-HCT with high doses of rituximab (1000 mg/m?).
In those with PCNSL (n = 18), there was no recurrence
after two years of observation. The OS for all 30 subjects
(including 12 with secondary CNS involvement), achieved
an OS of 93% after two years [39]. Similar outcomes were
obtained in a phase II study on PCNSL patients after
treatment with R-MPV (rituximab, MTX, procarbazine,
vincristine). Patients achieving complete or partial remis-
sion were given the TBC consolidation and auto-HCT.
After 45 months of observation, neither a median PFS
or OS had been attained. A two-year OS was observed
in 81% of those that underwent auto-HCT [40]. Indeed,
the aim of a multi-centre Alliance 51101 study currently
being undertaken in the USA is to compare the efficacy
of intensified treatment (EA — etoposide, Ara-C) with

myeloablative therapy (carmustine, thiotepa, auto-HCT)
(NCT01511562). There are also two other pending stud-
ies, in the recruitment phase, by the IELSG group, whose
aim is to determine the efficacy of auto-HCT when used as
a first-line treatment for PCNSL patients (NCT01011920,
NCT02329080). One of these (IELSG 32) has already
demonstrated improvement in the two-year OS and
FFS (respectively, 66 = 6% and 64 = 6%) after the first
observation period was closed in patients with combined
MTX and Ara-C, in whom rituximab and thiotepa (MA-
TRIX) had been adopted. In the MTX/Ara-C arm and
rituximab/MTX/Ara-C arm, the OS was, respectively,
40 = 6% and 58 * 6% [41]. In this same study a second
randomisation is in progress the aim of which is to deter-
mine the efficacy of WBRT and auto-HCT consolidation
in patients objectively responding to induction therapy.
The advantages of using auto-HCT in first-line treatment
has been shown in a retrospective analysis of 105 PCNSL
patients who had undergone auto-HCT consolidation
between 1997 and 2011; the median PFS and OS being,
respectively, 85 and 121 months whereas the OS rate
after 2 and 5 years was, respectively, 82% and 79% [42].
Table 1 presents the results of the most important studies
published recently.

Rituximab

Rituximab is an anti-CD20 monoclonal antibody
used as a standard treatment for DLBCL lymphoma
at extra-CNS sites. Being such a large molecule, it is
considered that rituximab is unable to appreciably cross

Table 1. Selected treatment regimens for primary central nervous system lymphoma (PCNSL)

Study N Drugs Response rates (%) PFS (%) 0S (%)
Ferreri 2009 [36] 39 MTX 3.5 g/m?, Ara-C, WBRT 69% FFS 38% 46%
3 years 3 years
Shah 2007 [23] 30 R-MPV (MTX 3.5 g/m?), Ara-C, WBRT 93% 57% 67%
2 years 2 years
Thiel 2010 [25] 318  MTX 4 g/m? = WBRT WBRT: CR 36%, 18.3 med. 32.4 med.
without WBRT: 11.9 med. 37.1 med.
CR 58% (months) (months)
Rubenstein 2013 [37] 44 MTX 8 g/m?, TMZ, R, E, Ara-C 77% 57% 65%
2 years 4 years
(unattained)
Morris 2013 [26] 52 MTX 3.5 g/m?, R, VCR, PCB, Ara-C, WBRT = 95% 77% 80%
2 years 5 years
Omuro 2015 [40] 32 MTX 3.5 g/m?, R, PCB, VCR, auto-HCT 97% 81% 81%
5 years 5 years
Chen 2015 [39] 30 R, TT, B, CTX, auto-HCT Not 81% 93%
2 years 2 years
Ferreri 2015 [41] 227  MATRIX (MTX 3.5 g/m?) 87% FFS 64 + 6%, 66 * 6%
2 years 2 years

Ara-C— cytosine arabinoside; auto-HCT — autologous haematopoietic cell transplantation; B— busulfan; CTX — cyclophosphamide; E— etoposide; FFS — time
off from failures; MATRIX — methotrexate, cytosine arabinoside, thiotepa, rituximab; med — median; MTX — methotrexate; PCBs — procarbazine; R — rituxi-
mab; R MPV — rituximab, methotrexate, procarbazine, vincristine; TMZ — temozolomide; TT — thiotepa; VCR — vincristine; WBRT — whole brain radiotherapy
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the blood brain barrier (BBB); following intravenous
injection, concentrations of this antibody are 0.1-4.4%
of those measured in the blood. Nevertheless, radiologi-
cal and clinical responses (by MR imaging) are observed
after rituximab monotherapy [43]. Furthermore, the
efficacy of rituximab was demonstrated in conjunction
with CHOP chemotherapy by reduced DLBCL relapses
in the CNS compared to using CHOP alone [44]. A ret-
rospective study by Holdoff et al. confirmed the advan-
tages of using rituximab combined with chemotherapy.
In patients receiving HD-MTX, the median OS was
16.3 months, whilst in the group where rituximab was
also administered this median OS had not been reached;
the median PFS, respectively, being 4.5 months and
26.7 months [45]. There are also reports on the efficacy of
rituximab when given intrathecally or intraventricularly
[46]. Rituximab is currently recommended for treating
PCNSL in conjunction with chemotherapy. It is sug-
gested that rituximab is given at increased doses during
the first weeks of treatment when the BBB becomes dam-
aged in areas occupied by actively changing tumours. The
frequent administration of standard or raised rituximab
doses every 7-14 days (500-1000 mg/m?) aims to exploit
the BBB leaks during the initial phase of therapy and
thereby increase the penetration of rituximab into the
CNS, thus maximising the therapeutic effects during the
first 7-8 weeks of treatment. After this time, when the
tumour has usually completely or partially regressed, the
integrity of the BBB becomes restored.

Treating recurrence

Irrespective of the first-line therapy, disease recur-
rence or resistance to induction treatment occurs in
asignificant group of PCNSL patients. An optimal strat-
egy for dealing with this situation has not yet been es-
tablished. Repeated treatment with HD-MTX has been
attempted in those in at least 12 months remission [47].
Patients not previously treated with radiotherapy may
benefit from WBRT [48]. A study by Soussain et al.
showed that patients with refractory or relapsed PCNSL
received Ara-C and etoposide along with consolidation
using high doses of thiotepa, busulfan, and cyclophos-
phamide followed by auto-HCT. The median OS for
those given auto-HCT was 58.6 months [49]. These
results are consistent with more recent findings from this
group in a 79-patient subject group, where the five-year
OS rate was 51% after administering the same consoli-
dation regimen, as well as 62% of patients preserving
their susceptibility to chemotherapy [50]. The results of
a Berlin group study on relapsed patients demonstrated
a two-year TTF rate of 49% in all subjects and a 58%
rate in those post-auto-HCT; chemotherapy consisting
of HD-MTX that included cytarabine, thiotepa, ifos-

phamide, and intrathecal administration of liposomal
cytarabine, followed by myeloablative chemotherapy
(thiotepa, etoposide, carmustine) and then auto-HCT
[51]. Preliminary findings of a German prospective
study, (presented at the 56th congress of the American
Society of Haematology (ASH) in 2014), showed that the
‘intent-to-treat group’ (n = 38) of patients with relapsed
or refractory PCNSL treated by auto-HCT achieved
a57.9% OS rate and a 13.2% partial remission (PR). In
the group that completed the treatment (n = 31), the
annual and two yearly OS rate was, respectively, 63%
and 57% [52].

Summary

PCNSL is a subtype of DLBCL, which is distin-
guished not only by its specific location, but through
its immuno-phenotypic and molecular features. Such
features correspond to the activated B-cell-like (ABC)
post-germinal cells in which activation occurs of the BCR
signalling receptor and NFxB complex, as well as the
JAK/STAT pathway following IL-10 receptor activation.
The biological characteristics of PCNSL together with
its localisation protected by the BBB make conventional
immune-chemotherapy fail, which is highly effective
in nodal DLBCL. The basis of PCNSL treatment is
multi-drug chemotherapy consisting of MTX in doses
of > 3.5 g/m?, an alkylating agent, and rituximab, which
should be given in the shortest time intervals to obtain
an optimal response. In consolidating remission, cytosine
arabinoside is used in high doses and etoposide. If the
patient is in a favourable medical condition, then my-
eloablative chemotherapy is adopted by using drugs that
cross the BBB, such as thiotepa, busulfan, and cyclophos-
phamide, followed by auto-HCT. Historically, WBRT was
a commonly used method for consolidation, but due to
the high incidence of encephalopathy post-irradiation and
the previous exposure to high doses of MTX, randomised
studies have been undertaken to confirm the value of
this treatment, particularly exploring reduced radiation
doses. For many patients, however, chemotherapy to-
gether with high MTX doses and auto-HCT consolidation
cannot be used because of advanced age and poor health.
For such reasons, studies are being performed on drugs
that selectively act on signalling pathways that become
pathologically active, this being expected to give potent
clinical responses coupled with low toxicity [53].
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