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Primary CNS Lymphoma: Current Diagnosis and
Management
Abstract
The primary CNS lymphoma, a variant of non-Hodgkin lymphoma is a rare
tumor of CNS confined only to brain, eyes, meninges or spinal cord. Its incidence
continues to rise in the United States in elderly population. Immunodeficiency
conditions are clearly a risk factor. The diagnosis of PCNSL is challenging
because of non-specific signs and symptoms. Stereotactic biopsy is required for
definite diagnosis however may not be feasible in all the cases. During the last
two decades there has been significant increase in our knowledge about tumor
biology and its behavior. In the past patients with PCNSL had dismal outcome
but there has been dramatic improvement in the prognosis now. High dose
Methotrexate is considered as the cornerstone of therapy in PCNSL. Combination
therapy with other chemotherapeutic drugs improves the outcome in comparison
to monotherapy. There is very limited role of WBRT in the treatment of PCNSL due
to the risk of delayed neurotoxicity. Selected patients with solitary lymphoma may
be treated successfully after neurosurgery. Unlike for non-Hodgkin’s lymphoma
elsewhere in the body, Rituximab is not a first line therapy because of lack of any
proven benefit in PCNSL.
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Introduction
Primary central nervous system lymphoma (PCNSL) is a
variant of non-Hodgkin’s lymphoma which is confined to brain,
eyes, spinal cord and/or meninges constituting 3% of all brain
tumors and 1% of all lymphomas [1].

PCNSL usually affects individuals in their sixth decade of life
with male preponderance [2]. Immunodeficiency conditions like
AIDS, iatrogenic immune-suppression for organ transplantation,
congenital immune-deficiency and autoimmune conditions are
predisposing risk factors. The median age of presentation in
AIDS patient is 35 years and males are affected ten times more
often than females. Most of the patients are affected if profoundly
immunosuppressed with CD4 <100 cells/ µl [3]. PCNSL arises in
fewer than 5% of organ transplant recipients with risk varying
approximately 1-2% in kidney transplant patients to about 2 - 7%
in heart, lung and liver transplant recipients [4].
The incidence of PCNSL may be increasing in United States
mainly in those age above 60 years old [1]. Because of its rarity,
there is a gap in our knowledge of its behavior, diagnosis and
treatment. There has been a considerable progress in last 20
years in the understanding of tumor biology and therapeutic
management options leading to dramatic improvement in
outcome [5]. This review highlights the key advances in our
understanding of diagnosis and management of PCNSL.

Clinical Presentation and Diagnosis
History

Patients with PCNSL present with non-specific symptoms
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which frequently delays the diagnosis. When present, signs
of elevated intra cranial hypertension like headache, nausea,
vomiting and altered mental status (memory loss, confusion, etc.)
are found in about one-third of cases[2]. 10% cases have ocular
involvement and may present with blurred vision and visual
disturbances. New-onset seizures are less frequent than other
forms of brain tumors because of involvement of subcortical
white matter and affects fewer than 10% of cases. B-symptoms
like fever, weight loss and night sweats are also rare compared to
other forms of NHL [6].

Physical examination

Approximately half of the patients have neurological deficits
like cranial nerve palsies, hemiparesis, aphasia, and ataxia. Ocular
involvement, may lead to vision loss, papilledema, optic nerve
infiltration or intraocular tumor on slit lamp examination [2].

Blood examination

Cytopenias or pancytopenia indicates bone marrow
involvement. Preexisting renal and liver abnormalities may
limit the use of methotrexate. Elevated LDH is a poor prognostic
indicator in PCNSL. Other potential seromarkers for diagnosis
may include Antithrombin III, Soluble CD27, interleukin-10
[7]. Additional laboratory tests are warranted in HIV positive
patients. These include CD4 count, viral load testing (RT-PCR),
and antiretroviral resistance testing.

CSF examination

CSF cytology and biochemistry is typically with in normal
limits. Notably brain imaging must be done to rule out
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cerebellar mass lesions before lumbar puncture (LP) because
LP is contraindicated in these patients due to risk of brain
herniation. Promising diagnostic markers in CSF which are still in
experimental stage include MicroRNAs, Antithrombin III, soluble
CD 27 and Pappenheim-stained cytopsin. CSF microRNAs are a
potential noninvasive biomarker for diagnosis with sensitivity
and specificity of 95.7% and 96.7% respectively in preliminary
studies. Antithrombin III is a promising surrogate marker of PCNSL
that may be particularly helpful in lesions not amenable to biopsy.
Soluble CD27 has been described as a marker of CSF involvement
in PCNSL. The detection of leptomeningeal involvement in
lymphoma patients is suboptimal by cytopathology alone and
thus testing of immunocytochemistry with B cell markers, e.g.
CD20, CD10, BCL6, and MUM1 is strongly recommended [7].

Neuroimaging

CT imaging: CT scan of head detects up to 90% brain lesions in

PCNSL patients. Lesions are usually solitary iso - to hyper dense
mass lesions with ring enhancement localized to periventricular
regions of brain. Edema is less prominent than with other CNS
malignancies, such as glioma or metastasis. CT of chest, abdomen,
and pelvis may be indicated to evaluate for metastasis in patients
with B symptoms [8].

MRI: MRI with or without gadolinium enhancement may detect
lesions not seen on CT, as well as leptomeningeal involvement.
Lesions may be hypo- to isointense with dense enhancement
on gadolinium. MRI of spine is particularly indicated in work
up of idiopathic uveitis because intraocular lymphoma is a
consideration in these patients and up to 80% of intraocular
lymphoma patients have CNS involvement [9].

Brain biopsy: The definitive diagnosis of PCNSL is made on

stereotactic brain biopsy. Histologically majority of tumors are
diffuse large B cell lymphomas (DLBCL). Only 1 to 3% are T-cell
phenotype, and approximately 3% are low grade lymphomas of
either B or T cell phenotype [10]. Immunohistochemical work up
requires staining for CD45 (common leucocyte antigen for both B
and T cells), CD 20 (B-cells), and CD3 (T-cells). Immunostaining
of GFAP identifies astrocytes and highlights the gliosis of the
affected brain parenchyma[12]. Proliferation markers like MIB1 are rarely useful in guiding treatment or prognosis in PCNSL.
The MIB-1 labelling index is generally greater than 50% in these
tumors [11].

Prognosis of PCNSL

Prognosis: Without treatment PCNSL has a dismal prognosis

with median survival of 1.5 months. WBRT can prolong the
survival to 10-18 months and combination chemotherapy can
further increase it to beyond 40 months [12]. Long term survival
after methotrexate based therapy is seen in approximately 1520% individuals. According to ‘The International Extra nodal
Lymphoma Study Group (IELSG)’, age over 60 years, elevated LDH,
Eastern Cooperative (ECOG) Group Performance Status greater
than one, elevated CSF protein and tumor location in the brain
(periventricular, basal ganglia, brainstem and cerebellum) are
useful predictors of outcome in PCNSL patients [13]. The presence
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of 0-1,2-3,or 4-5 adverse risk factors correlates with 2-years
survival rates of 80%, 48% and 15% respectively [14]. Despite
being the strongest risk factor there is controversy regarding the
age limit above which prognosis declines. The Memorial SloanKettering (MSK) prognostic index employs a limit of age 50 years
instead of 60 [15]. In recent trials outcomes in patients age above
60 years was not worse than younger patients though it requires
further validation [16].

Treatment

Induction chemotherapy
High dose Methotrexate: The efficacy of Methotrexate in the

treatment of Primary CNS lymphoma was first demonstrated
by Ervin & Canellos in 1980 [17]. The primary CNS lymphoma
cells inside brain are more sensitive to MTX and thus HD-MTX
forms the backbone of PCNL therapy. HD-MTX is also shown
a treatment related prognostic marker for survival in these
patients [18]. There is no firm definition of HD-MTX and doses
from 1g/m2 to 8 g/m2 has been reported in clinical trials [19].
Importantly Lippens and colleagues [20] demonstrated that
intravenous administration of Methotrexate over 3 hours (3g/
m2) leads to superior concentrations in cerebrospinal fluid
(CSF) than infusion over 24 hours. Despite detectable meningeal
disease in up to 15 % patients at diagnosis, intrathecal therapy
has failed to achieve significantly better outcome [21]. Glantz et
al demonstrated higher CSF levels after intravenous Methotrexate
(8g/m2) than intrathecal injection with 12g/m2 Methotrexate
[16]. Furthermore retrospective studies failed to show any
additional benefit of intrathecal therapy over HD-MTX (3g/
m2) [22]. Recently two non-randomized studies have suggested
higher rates of early relapse with omission of intrathecal therapy
in comparison to otherwise identical chemotherapy regimens
[23,24]. The current guidelines recommends against the routine
use of intrathecal therapy in patients who are candidates for HDMTX (3g/m2) therapy [25]. However the recommendations are
controversial in the presence of established meningeal disease
and clinical discretion is required.
Similar to MTX dosage, the number of chemotherapy cycles
required for complete resolution are yet to be established. Abrey
et al. [26] described complete resolution after 4 cycles while
Batchelor et al. [23] reported long term resolution at least in
20% patients after eight cycles of chemotherapy. The current
consensus supports neuroimaging after 6 cycles of chemotherapy.
If disease is completely resolved, treatment can be stopped after
8 cycles of chemotherapy. Further cycles can be considered in the
presence of active disease [24].
The acute toxicity of HD-MTX include nephrotoxicity seen in
up to 5% patients due to the precipitation of Methotrexate and
its 7-OH metabolite in renal tubules [25]. The safe administration
of HD-MTX warrants liberal hydration, urinary alkalinization,
and avoidance of concomitant nephrotoxic drugs including
NSAIDS and contrast agents. At least 48 hours should be spared
between contrast injection and administration of Methotrexate.
Carboxypeptidase -G2 (Glucapidase, FDA approved in 2012), a
recombinant enzyme which hydrolyzes MTX reducing its toxic
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concentrations within 15 minutes of injection, can be used [26].

Rituximab

Unlike in diffuse large B-cell lymphoma elsewhere Rituximab
has not been useful in Primary CNS lymphoma because of poor
CNS penetration[34]. It has been tested as a single agent or as
part of combination therapy in PCNSL (off label use). In a study, 30
patients were treated with rituximab in combination with MTX,
procarbazine, and vincristine [R-MPV]) followed by varying doses
of whole brain radiation therapy (WBRT) and Cytarabine. Fortyfour percent of patients achieved a CR after five or fewer cycles,
and 78% after seven cycles [27].

In another retrospective, observational study on 36 patients
with newly diagnosed PCNSL, six-month progression-free
survival was significantly higher in the group receiving Rituximab
in addition to Methotrexate (MTX) and Ifosfamide (IFO) (94.1
vs. 63.2 %, p = 0.04) without significant difference in adverse
reactions [28].

Combination chemotherapy

In their pioneering study on 17 patients De Angelis and
colleagues reported additional benefit of combination regimen
consisting of intrathecal and high dose intravenous methotrexate
(HD-MTX), thiotepa, and procarbazine, followed by whole-brain
radiotherapy (WBRT) [29]. After chemotherapy, 7 patients (41%)
had a complete response (CR) and 7 (41%) a partial response
(PR). After RT, 13 (76%) patients achieved a CR, 2 (12%) a PR, and
2 (12%) had disease progression. Relapse occurred in 7 (41%)
patients; median disease-free survival was 18 months. Median
overall survival was 32 months. Nephrotoxicity was a minor
complication, but grades 3 and 4 myelosuppression was found
in 5 (29%) patients. The authors concluded that procarbazine
and thiotepa are potential candidates for incorporation into
chemotherapy regimens aiming to decrease the incidence of
neurotoxicity. First relapse and neurotoxicity within 2 years of
diagnosis seem to be critical for predicting long-term outcomes

IELSG20, a phase II randomized control trial in primary CNS
lymphoma patients, was conducted to assess the role of combined
therapy, HD-MTX and cytarabine [30]. It demonstrated a superior
CR rate of 46 % compared to HD-MTX alone (18 %, p = 0.006),
with significant improvements in PFS. The 3 years OS was also
prolonged but failed to reach significance. (46 % vs. 32 %, p = 0.07).
The median disease free survival was 8 months in patients on
combination chemotherapy against 4 months in patients who
received HD-MTX monotherapy. Grade 3-4 hematological toxicity
was more common in the methotrexate plus cytarabine group
than in the methotrexate group (36 [92%] vs 6 [15%]).
In their study by Thiel et al. [31] omission of whole-brain
radiation therapy did not reduce survival [31]. There was modest
improvement in the progression free survival with WBRT but it
failed to translate into increased overall survival.

Consolidation therapy

The most promising results have been obtained with dose
intensive CSF penetrant chemotherapy including Carmustine,
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Thiotepa, Etoposide and high dose Cytarabine in combination
with autologous stem cell transplant (HDT-ASCT). Its efficacy was
first demonstrated in relapsed/refractory PCNSL patients but
subsequently studied as a consolidation approach for first-line
therapy in selected patients [32,33].

Thiotepa has been incorporated as a key agent in HDT-ASCT
protocols for PCNSL because of its small size and lipophilicity
facilitating efficient CNS penetration [34]. Schorb et al. [35]
analyzed the outcomes in a cohort (n = 105; Median age 54)
treated with thiotepa/BCNU HDT-ASCT in first-line consolidation
after HD-MTX-based induction therapy [36]. The results were
encouraging with five-year OS of 79 % and a median PFS and OS
of 85 and 121 months, respectively. HDT-ASCT-related mortality
was 2.8 %, and 36 % of patients received additional WBRT. In an
intention to treat analysis, long-term follow-up data was recently
reported on patients included in two prospective single-arm phase
II trials involving HD-MTX and HD-Ara-C/thiotepa induction
followed by carmustine/thiotepa-conditioned ASCT, with (n = 30)
or without (n = 13) WBRT [35]. A total of 34 of 43 patients
proceeded to ASCT and median OS for the whole cohort was 104
months with a five-year OS of 70 %. The lack of sensitivity of
tumor cells to first line induction chemotherapy doesn’t preclude
from proceeding to HDT-ASCT. Long-term remissions have been
demonstrated in patients who failed to achieve PR with HD-MTXbased induction prior to HDT-ASCT, but with inferior outcomes
[37]. Interestingly the results using BEAM (carmustine, etoposide,
cytarabine, melphalan) regimen followed by autologous stem cell
rescue have been disappointing, with a PFS of 9.3 months in a
single institution study (n = 14) [27].
In a multicenter prospective trial, a dose-intensive, nonmyeloablative, consolidation chemotherapy constituting 4 months
of induction therapy with HD-MTX given every 2 weeks with
oral temozolamide and intravenous Rituximab (MT-R) followed
by high dose consolidation without WBRT was studied. The 2year rate of PFS was. 57 and median time to progression was 4
years. Though well tolerated this regimen was associated with
>80% rate of grade 3 and 4 neutropenia. Apart from relatively
high rate of early disease progression, disease control using
this strategy appears at least comparable with chemoradiation
protocols. However these results require further confirmation.
This approach may be particularly useful in elderly or morbid
patients, who are ineligible for HDT-ASCT and are at higher risk of
developing neurotoxicity with WBRT [38].

Recurrent/ relapsing lymphoma

There is no standard treatment approach for patients with
relapsed and refractory disease. Retreatment with HD-MTX may
be tried if patient responded to this treatment previously [39,40].
Combination therapy is also shown to be beneficial. Mappa et
al. [41] reported a two-year OS of 25 % in a retrospective study
of salvage therapy with rituximab, ifosfamide, and etoposide
for refractory or relapsed PCNSL [41]. In studies where eligible
patients have proceeded to HDT-ASCT, the use of thiotepa-based
HDT-ASCT in relapsed PCNSL, resulted in 3 year OS rates of 60%
[42]. WBRT has also been studied for salvage treatment and
results have been encouraging in comparison to chemotherapy
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with equivalent PFS of 10-10.8 months, but are rarely longlasting. Most often WBRT is employed for consolidation following
salvage chemotherapy or as a palliative single-modality treatment
in doses of 20-40 Gy [43].

Temozolomide has been evaluated in a number of retrospective
and prospective studies, with and without rituximab,
demonstrating modest efficacy and some durable responses (ORR
14-53 %, one-year OS 31-71 %) but disappointing PFS of <2-2.8
months [44]. Use of pemetrexed as an alternative antifolate agent
has been reported in two small cohorts of heavily pre-treated
patients with a median PFS of 5.7-5.8 months and one-year OS of
45 % and studies addressing its efficacy are ongoing [45].

Radiation therapy

Delayed neurotoxicity disfavors the use of this otherwise very
effective treatment in patients with primary CNS lymphoma.
Delayed neurotoxicity affects up to one-third patients and
generally manifests as gait ataxia, dementia and incontinence.
This is dose related and particularly affects older patients above
60 years old [46]. The utility of radiotherapy is also limited by
insufficient control of lymphoma and dissemination of tumor cells
outside the radiation field. WBRT may be employed in patients
with methotrexate resistance [47]. A recent systematic review,
assessed outcomes of chemotherapy against combined modality
treatment and suggested improvements in both survival and
quality-adjusted life years after consolidation WBRT in patients
<60 years old [48].

Surgery

The diagnosis of PCNSL is established by stereotactic brain
biopsy and resection of lymphoma has not been recommended in
the past because of increased post-operative neurological deficits
without any improvement in the outcome. However this notion
was challenged currently in a recent retrospective analysis of
the German PCNSL Study Group-1 (GPSG-1) which was a noninferiority trial designed to test the impact of WBRT following
upfront chemotherapy on overall survival [49]. 13% had total
and 14% had subtotal resections, and while 73% underwent
stereotactic or open biopsies. Significantly more patients in
surgery (gross total or subtotal) group remained in complete
remission 6 months post resection compared to patients who
were only biopsied (P = .003). Progression-free survival was
significantly better following resection (P = .012), but without any
improvement in overall survival. (P = .085). The authors proposed
consideration for surgery in patients with single lesions that
might be safely resected. However current guidelines continue to
recommend against surgical resection.

Conclusion

The treatment approach in primary CNS lymphoma is
changing rapidly. The combination modality promises the
best option currently and cure can be anticipated in up to 50%
patients. There may be a subsection of patients who may benefit
from radiotherapy or surgical resection. Future research should
be directed to identify such patients. There is also a significant
need to identify novel bio markers which can identify primary
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refractive disease.
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