
Primary Central Nervous
System Lymphomas
Ugonma Chukwueke, MDa,b,c, Christian Grommes, MDd, Lakshmi Nayak, MDa,b,c,*
KEYWORDS

� Primary central nervous system lymphoma � High-dose methotrexate
� Whole-brain radiation therapy � Thiotepa � Autologous stem cell transplant

KEY POINTS

� Most of the primary central nervous system lymphomas (PCNSL) are diffuse large B-cell
lymphomas.

� Genomic analysis has demonstrated Toll-like receptor (TLR) signaling as a result of
MYD88 mutation and frequent concurrent B-cell receptor (BCR) pathway activation as
mechanisms of pathogenesis of PCNSL.

� Age and performance status are independently associated with the prognosis of PCNSL.

� High-dose methotrexate in combination with chemotherapy is associated with improved
outcomes.

� Consolidation with high-dose chemotherapy and autologous transplant, chemotherapy
alone, or whole-brain radiation reduces recurrence risk.
INTRODUCTION

Primary central nervous system lymphoma (PCNSL) is an aggressive variant of extra-
nodal non-Hodgkin lymphoma (NHL) arising within the brain, leptomeninges, eyes, or
spinal cord, in the absence of systemic disease.1 Unlike other primary brain tumors
like glioblastoma, PCNSL has a favorable response to treatment. However, the prog-
nosis is inferior to that of other subtypes of NHL, including other extranodal NHL. The
5- and 10-year relative survival rates for PCNSL are 35.2% and 27.5%, respectively.2

The diagnosis and management of PCNSL differ from that of other primary brain can-
cers and systemic NHL.
EPIDEMIOLOGY

PCNSL is rare brain cancer and accounts for 6% of malignant primary central nervous
system (CNS) tumors. Approximately 1500 new cases of PCNSL are diagnosed each
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year in the United States. The number of cases is expected to increase further with the
aging of the US population.2 The median age at diagnosis is 66, and PCNSL is slightly
more common among men. Congenital or acquired immunodeficiency is the only
established risk factor for PCNSL. The incidence of PCNSL as a result of human im-
munodeficiency virus (HIV) infections has decreased significantly since the 2000s
due to effective treatments and decreased incidence of AIDS. Since 2000, there has
been an increase in the incidence of PCNSL, especially in the elderly.
PATHOLOGY

Approximately 90% of PCNSL are diffuse large B-cell lymphomas (DLBCLs), with the
remainder consisting of T-cell lymphomas, low-grade lymphomas, or Burkitt’s lym-
phomas.3 Primary CNS DLBCL is highly proliferative tumor cells clustered in the peri-
vascular space, with reactive lymphocytes, macrophages, and activated microglial
cells intermixed with the tumor cells. Malignant cells express pan–B-cell markers,
including CD19, CD20, CD22, and CD79a. The molecular mechanisms underlying
transformation and localization to the CNS are poorly understood.4,5 Systemic DLBCL
can be classified into 3 molecular subclasses by gene expression profiling including
germinal center B-cell-like lymphoma (GCB), and activated B-cell–like (ABC) lym-
phoma and type 3 large B-cell lymphoma. In general, the ABC subtype is associated
with an inferior prognosis than the GCB subtype. The ABC gene expression profile
subtype accounts for the majority (>95% in 1 series) of primary CNS DLBCL cases.6

Genomic analysis of PCNSL has demonstrated a high prevalence of MYD88 and
CD79Bmutations, less frequently CARD11 and TNFAIP3 mutations, and other genetic
alterations consistent with activation of the B-cell receptor (BCR), toll-like receptor
(TLR), and nuclear factor-kB pathways in greater than 90% of cases. Other genes
with mutations in PCNSL include PIM1, BTG2, PRDMI, TOX, and IRF4. Inactivation
of CDKN2A has also been noted. These observations have provided insight into po-
tential targets for clinical trials in PCNSL.4,7
CLINICAL MANIFESTATIONS AND DIAGNOSIS

The presenting symptoms and signs of PCNSL are variable and depend on the loca-
tion of the nervous system involved. Patients can present with focal neurologic defi-
cits, neuropsychiatric signs, symptoms of raised intracranial pressure, or ocular
symptoms.8 Seizures occur in less than 14% of patients and are less common than
with other types of brain tumors, likely because PCNSL involves predominantly
subcortical and deep white matter. Concurrent leptomeningeal and ocular involve-
ment occurs in approximately 15% to 20% and 5% to 20% of PCNSL patients,
respectively. Presenting symptoms of ocular involvement include blurred vision and
floaters. Unlike patients with systemic NHL, PCNSL patients rarely manifest B symp-
toms like fever, night sweats, or weight loss.
A gadolinium-enhanced brain magnetic resonance imaging (MRI) is the most sensi-

tive radiographic study for the detection of PCNSL. Most PCNSL patients (66%) pre-
sent with a single brain mass which is homogeneously enhancing on postcontrast T1
images.
The diagnosis of PCNSL is preferably made by brain biopsy. In case a brain biopsy

cannot be performed, the diagnosis can be made by the analysis of cerebrospinal fluid
(CSF) or vitreous aspirate in patients with ocular involvement. However, given the
possible delay in diagnosis and treatment with the latter 2 methods, prompt brain bi-
opsy is advised in cases that are surgically accessible.9 Corticosteroids should be
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Primary CNS lymphoma 149
avoided if possible before a biopsy, given the risk of disrupting cellular morphology,
resulting in a nondiagnostic pathologic specimen.
In case of diagnostic difficulties such as nondiagnostic brain biopsy, cytology, or

flow cytometry from CSF and vitreous fluid,MYD88L265P PCR can be helpful in making
the diagnosis.10–12

A thorough diagnostic evaluation is needed to establish the extent of the lymphoma
and to confirm localization to the CNS. Physical examination should consist of a
comprehensive neurologic examination as well as the examination of the body for
lymph nodes and testicular masses in men. A lumbar puncture should be performed
if not contraindicated, and CSF should be assessed by flow cytometry, cytology,
and immunoglobulin heavy-chain gene rearrangement. Systemic disease must be
excluded to establish a diagnosis of primary CNS lymphoma, and computed tomog-
raphy/positron emission tomography scans of the chest, abdomen, and pelvis are
advised to exclude occult systemic disease. Bone marrow biopsy can be considered
if high suspicion. Involvement of the optic nerve, retina, or vitreous humor should be
evaluated with a comprehensive eye evaluation including a slit-lamp examination.
Blood tests should include a complete blood count, a basic metabolic panel, liver
function tests, serum lactate dehydrogenase, and HIV serology.13 As PCNSL is a mul-
ticompartmental disease involving the brain, spinal cord, CSF, and eyes, the IPCG
recommends an extent-of-disease evaluation that enables clinicians to follow the
response to therapy in each compartment as well as with attention to corticosteroid
dosing.13

Two prognostic scoring systems have been developed specifically for PCNSL; the
International Extranodal Lymphoma Study Group (IELSG) scoring system and the Me-
morial Sloan-Kettering Cancer Center (MSKCC) prognostic score.14,15 The IELSG
identified age greater than 60 years, Eastern Cooperative Oncology Group perfor-
mance status greater than 1, elevated serum lactate dehydrogenase level, elevated
CSF protein concentration, and involvement of deep regions of the brain as indepen-
dent predictors of poor prognosis. Patients are divided into 3 groups; low-risk (with 0–
1 factors), intermediate-risk (2–3 factors), and high-risk (4–5 factors). In the MSKCC
prognostic model, PCNSL patients are divided into 3 groups based on age and Kar-
nofsky Performance Status (KPS) score only: (1) <50 years of age regardless of the
KPS, (2) �50 years with a KPS score of �70, and (3) �50 years with a KPS score
<70. Based on these 3 divisions, significant differences in overall and progression-
free survival were observed with both scoring systems.
UPFRONT TREATMENT

Treatment of newly diagnosed PCNSL consists of an induction phase and a consoli-
dation phase. Induction therapy consists of chemotherapy with the objective of
achieving a complete response/remission. The goal of consolidation is to prevent dis-
ease recurrence. Defining response to treatment in PCNSL requires the assessment of
all documented sites of involvement (brain, CSF, eye) on the baseline assessment. The
IPCG has established response criteria that have been adopted into most prospective
clinical trials of PCNSL (Table 1).13

Resection is not part of the standard treatment approach for PCNSL given the multi-
focal, deep, and invasive nature of this cancer and brain biopsy is favored.16 There
have been some recent reports that indicate that gross total resection in PCNSL pa-
tients may be associated with better prognosis.17 However, given the chemosensitiv-
ity of the disease and the retrospective or post hoc nature of the reports, resection is
not favored unless to help with neurologic symptoms and mass effect.
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Table 1
International PCNSL Collaborative Group Consensus Guidelines for the Assessment of Response in PCNSL (adapted from reference9)

Response Brain Imaging
Steroid
Dose Ophthalmologic Examination CSF Cytology

Complete response No contrast-enhancing disease None Normal Negative

Unconfirmed complete response No contrast-enhancing disease Any Normal Negative
Minimal enhancing disease Any Minor RPE abnormality Negative

Partial response 50% decrease in enhancement NA Normal or minor RPE abnormality Negative
No contrast-enhancing disease NA Decrease in vitreous cells or retinal

infiltrate
Persistent or suspicious

Progressive disease 25% increase in enhancing disease
Any new site of disease

NA Recurrent or new disease Recurrent or positive

Stable disease All scenarios not covered by responses
above

Abbreviations: CSF, cerebrospinal fluid; NA, not applicable; PCNSL, primary central nervous system lymphoma; RPE, retinal pigment epithelium.
Modified from Abrey LE, Batchelor TT, Ferreri AJ, et al. Report of an international workshop to standardize baseline evaluation and response criteria for primary

CNS lymphoma. J Clin Oncol. 2005;23:5034-5043.
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Primary CNS lymphoma 151
Standard of care induction and consolidation treatment of PCNSL has yet to be
defined. Historically, PCNSL was treated only with WBRT at doses ranging from 36
to 45 Gy, which resulted in a high proportion of radiographic responses but also early
relapses within less than a year. Given the lack of durable responses to radiation and
the risk of neurotoxicity associated with this modality of therapy, WBRT alone is no
longer a recommended treatment of patients with newly diagnosed PCNSL and is
considered for consolidation or salvage. Additionally, PCNSL is an infiltrative, multi-
focal disease, so focal radiation or radiosurgery is not recommended. The most effec-
tive treatment of PCNSL is intravenous, high-dose methotrexate (HD-MTX) in
combination with other chemotherapeutic agents. Variable doses and schedules of
HD-MTX have been used, but in general, doses of 3 g/m2 or greater delivered as an
initial bolus followed by an infusion over 3 hours, administered every 10 to 21 days,
is recommended for adequate brain and CSF penetration.18 Additionally, it has
been shown that longer duration of induction chemotherapy with HD-MTX (>6 cycles)
results in higher proportion of complete responses.19,20 The role of additional chemo-
therapeutic agents has been studied in the context of several single-arm and random-
ized phase 2 trials.20,21 In a phase 2 trial conducted by IELSG (IELSG20), 79 PCNSL
patients were randomized to receive induction therapy with either HD-MTX or HD-
MTX in combination with cytarabine followed by consolidative WBRT in all. The HD-
MTX and cytarabine arm demonstrated a higher number of complete responses
(46% vs 18%) and a superior 3-year OS.22 The IELSG conducted a follow-up, random-
ized, phase 2 trial in 219 newly diagnosed PCNSL patients using the HD-MTX and
cytarabine combination from the IELSG20 study as a control arm. In this study
(IELSG32), 3 different induction chemotherapy regimens were compared: HD-MTX
and cytarabine (arm A), HD-MTX, cytarabine, and rituximab (arm B), and HD-MTX,
cytarabine (Ara-C), thiotepa, and rituximab (MATRix) (arm C). In this study, the combi-
nation of the 4 drugs (MATRix) in arm C was superior to the other arms in terms of
complete response (49% in arm C than 23% in arm A and 30% in arm B) and overall
response (87% in arm C than 40% in arm A and 51% in arm B) proportions.23 Other
induction chemotherapy regimens that have been studied in the context of multicenter
trials include the HD-MTX, temozolomide, and rituximab (MTR) regimen21; the rituxi-
mab, HD-MTX, procarbazine, and vincristine (R-MPV) regimen19; and the rituximab,
HD-MTX, carmustine (BCNU), teniposide (Vumon), and prednisolone (R-MBVP)
regimen.24 In addition to different chemotherapeutic agents, these different induction
regimens also include different doses and schedules of MTX. Because there have
been no head-to-head comparisons of these induction chemotherapy regimens in
randomized trials for newly diagnosed PCNSL patients, there is no compelling ratio-
nale at this time to select one over the other.
The role of rituximab which is an anti-CD20 monoclonal antibody is controversial in

newly diagnosed PCNSL. Despite being a large molecular and its limited CSF penetra-
tion, radiographic responses have been observed in relapsed/refractory PCNSL pa-
tients treated with rituximab.25 Also, historical comparisons have indicated that the
complete response rates are higher with induction regimens that include rituximab
than those that don’t.26 The IESLG32 trial demonstrated in a prospective, randomized
phase 2 setting that the addition of rituximab to HD-MTX and cytarabine led to
improved complete and overall response rates although this did not meet criteria for
statistical significance. Regardless, there was a significant improvement in
progression-free and overall survival.23 A randomized phase 3 trial did not meet the
primary endpoint of improvement in event-free survival with rituximab at 1 year
(49% vs 52%), although younger patients seemed to benefit.27 Here, the authors
defined “event” as not achieving a complete response, or progression or death. A
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meta-analysis including data from the 343 patients enrolled in both randomized trials
suggested the benefit of rituximab on progression-free survival.28 A retrospective re-
view of 1002 patients showed longer overall survival in patients receiving rituximab on
a univariate analysis.29 Most patients receiving rituximab were significantly younger
with higher performance status, and the association was not confirmed in multivariate
analysis. For these reasons, the precise role of rituximab in the management of newly
diagnosed PCNSL remains undefined.
The options for consolidation include WBRT, chemotherapy alone, or high-dose

chemotherapy followed by autologous stem cell transplantation (HDT/ASCT). There
is increasing data on the risk of delayed neurotoxicity particularly with combined-
modality treatment that includes HD-MTX and WBRT, especially in elderly patients.30

Several trials have assessed whether WBRT can be eliminated from the management
of PCNSL. In a multicenter, phase 3 trial, 318 patients were randomized to receive HD-
MTX–based chemotherapy with or without consolidative WBRT.31,32 Intent-to-treat
analysis revealed that patients treated with chemoradiation achieved prolonged
progression-free survival (PFS) but no improvement in OS, demonstrating that the
elimination of WBRT from the treatment regimen did not compromise OS. Another
approach studied is using lower doses of consolidative WBRT to determine if it is
as effective and less toxic. In a multicenter phase 2 study, no significant neurocogni-
tive decline was observed after consolidative reduced-dose WBRT (23.4 Gy) in pa-
tients who had achieved a complete response to induction chemotherapy including
HD-MTX.19 The promising results from this study led to a randomized phase 2 trial
conducted by the NRG of R-MPV-A (rituximab, HD-MTX, procarbazine, vincristine,
cytarabine) with or without reduced dose WBRT. This study met its primary endpoint
and demonstrated improved 2 year PFS on the reduced dose WBRT arm
(NCT1399372) although the data for long-term neurotoxicity and overall survival are
yet to mature.33 High dose chemotherapy and autologous stem cell transplant
(HDT-ASCT) is being increasingly used for consolidation in appropriate patients with
newly diagnosed PCNSL.34,35 Conditioning regimens including thiotepa have demon-
strated the most encouraging results. In a multicenter phase 2 study, 79 patients were
treated with induction therapy with MATRix, followed by carmustine and thiotepa con-
ditioning before ASCT in whom the overall response rate was 91%with a 2-year OS of
87%. Toxicities were manageable and treatment-related deaths occurred in less than
10% of patients. Two randomized, multicenter, phase 2 trials compared WBRT and
HDT/ASCT for consolidation in newly diagnosed PCNSL patients. The IESLG32
demonstrated that both modalities are equally effective in patients � 70 years of
age with 2-year-progression-free survival of 80% in the WBRT arm and 69% in the
HDT/ASCT arm.36 The PRECIS study conducted by the ANOCEF-GOELAMS in pa-
tients �60 years of age demonstrated favorable 2-year-progression-free survival
rate on the HDT/ASCT arm at 87% than 63% on the WBRT arm, although the HDT/
ASCT-associated mortality in this study was slightly higher at 11%.37 Both trials pro-
spectively evaluated neurocognitive function over time, and at 2 to 3 years of follow-
up, objective cognitive decline was noted in patients receiving WBRT and improve-
ment in those undergoing HDT/ASCT. These results demonstrated at least compara-
ble if not better results with HDT/ASCT to WBRT. The risk-benefit ratio of
neurocognitive worsening from WBRT versus the treatment-associated mortality
with HDT/ASCT should be weighed in making the decision regarding consolidative
treatment.
Nonmyeloablative chemotherapy is also being studied for consolidation especially

to concerns of HDT/ASCT related morbidity and mortality, and the fact that this
approach is more suited for young and fit patients. A phase 2 study (CALGB 50202)
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including 44 patients treated with MT-R followed by high-dose infusional etoposide
and cytarabine (EA) demonstrated an encouraging 2 year PFS rate of 57%.20 Based
on these results, the Alliance cooperative group conducted a randomized study of pa-
tients receiving MTR-A for induction followed by consolidative thiotepa-based ASCT
versus nonmyeloablative chemotherapy with EA. In this study, the median PFS was
superior on the ASCT arm, although there was a statistically higher number of progres-
sors on the EA arm with induction chemotherapy before consolidation.
In general, due to the impact of WBRT on cognition and quality of life, full-dose

WBRT is not preferred for newly diagnosed PCNSL patients. Consolidation with
HCT-ASCT is considered in the appropriate patient.
ELDERLY PATIENTS WITH PRIMARY CENTRAL NERVOUS SYSTEM LYMPHOMA

Elderly patients account for more than half of all the subjects diagnosed with PCNSL.2

The risk of neurotoxicity is highest in this population and survival is also poor in this pop-
ulation than younger patients. In fact, despite optimization of treatment regimens over
the last few decades, these efforts have not resulted in an improvement in overall sur-
vival for most elderly patients, particularly those over 70 years of age.38 Most of the
PCNSL patients over 60 years of age develop clinical neurotoxicity after treatment
with a WBRT-containing regimen, and some of these patients die of treatment-
related complications rather than recurrent disease.39 Several studies have indicated
that HD-MTX at doses of 3.5 to 8 g/m2 is well tolerated in elderly patients with manage-
able World Health Organization grade 3 or 4 renal and hematologic toxicity.40 A meta-
analysis of 783 PCNSL patients greater than 60 years of age demonstrated that regi-
mens including HD-MTX are associated with improved survival.41 Another retrospective
study of 244 elderly PCNSL patients demonstrated that higher relative dose-intensity of
HD-MTX was associated with improved progression-free and overall survival.42 Here,
the authors also showed that older patients receiving HD-MTX-based induction and
consolidation had outcomes similar to younger patients. In a multicenter phase 2 trial
of chemotherapy alone in 98 elderly patients with PCNSL randomized to receive three
28-day cycles of either MPV-A (HD-MTX, procarbazine, vincristine, and cytarabine [Ara-
C]) orMT (MTX and temozolomide), trends favored theMPV-A regimen over the simpler,
less toxic MT regimen with respect to complete response rate, PFS, and OS, although
none of these differences were statistically significant.43 Subsequent studies suggest
that the addition of rituximab to both MPV and MT could increase the radiographic
response rate. Other nonrandomized studies have demonstrated the feasibility of HD-
MTX (8 g/m2) and multiagent immunochemotherapy consisting of rituximab, MTX, pro-
carbazine, and lomustine for elderly patients with newly diagnosed PCNSL.44,45 Aggres-
sive treatments and consolidation are typically not feasible in most elderly patients, but
these can be carefully considered in a select subgroup. A retrospective review of 52
elderly (�65 years) patients treated with HDT/ASCT demonstrated 2-year
progression-free survival and overall survival rates of 62% and 71%, respectively,
with 4% HDT/ASCT-related mortality.46 In a pilot prospective study of HDT/ASCT in
14 patients, there were no treatment-related deaths. There is an ongoing phase 2 trial
of the safety, feasibility, and efficacy of age-adjusted HDT/ASCT in elderly (>65 years
of age) and fit PCNSL patients in a multicenter setting.47 Given the multiple factors in
consideration including performance status, concurrent medical comorbidities, organ,
and bone marrow function as well as a neurocognitive baseline, there is no standard
of care established for elderly patients (>60 years of age) with newly diagnosed PCNSL,
but deferral of WBRT and utilization of chemotherapeutic approaches is the primary
approach recommended by most experts.
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REFRACTORY AND RELAPSED PRIMARY CENTRAL NERVOUS SYSTEM LYMPHOMA

Despite high initial response rates with HD-MTX-based induction therapy, approxi-
mately 50% of patients with PCNSL relapse particularly within the first 2 years. Addi-
tionally, 15% to 25% of PCNSL patients have HD-MTX refractory disease. Prognosis
of relapsed/refractory PCNSL is poor, with a limited number of prospective phase 2
studies for guidance on the management of this patient population. In a study of
256 patients with relapsed/refractory PCNSL, relapse was asymptomatic in 25% of
patients and was identified on serial surveillance imaging,48 which highlights the
importance of surveillance imaging as recommended by the IPCG. Although relapses
in PCNSL are predominantly within the CNS, relapses in extraneural organs are re-
ported in up to 17% of patients. Late relapses also appear to occur more commonly
in primary CNS DLBCL versus systemic DLBCL.49 Rechallenge with HD-MTX is effec-
tive in patients who had previously responded to this agent. In a multicenter, retro-
spective study of 22 relapsed PCNSL patients with a history of prior response to
HD-MTX, 91% had a radiographic response to the first salvage treatment with HD-
MTX, and 100% to second salvage treatment. The median OS from the first salvage
treatment was 61.9 months.50

In patients who have not previously been treated with HDT/ASCT, this is also an op-
tion at the time of relapse. In a phase 2 trial of 43 patients with relapsed/refractory
PCNSL, salvage therapy with high-dose cytarabine and etoposide was followed by
HDT/ASCT with a conditioning regimen consisting of thiotepa, busulfan, and cyclo-
phosphamide. Twenty-six of the 27 patients who proceeded to ASCT had a complete
response, and the median PFS and median OS in this group were 41.1 and
58.6 months, respectively.51 It is noteworthy that, in a small series of patients with
relapsed PCNSL after initial HDT/ASCT, a second autotransplantation was successful
as salvage treatment.52

WBRT in patients who have not received radiation as a part of their initial treatment
may be an effective option in the relapsed PCNSL setting, although the risk of neuro-
toxicity remains high.53,54 Many clinicians reserve WBRT for those patients with
chemotherapy-refractory disease or at the time of relapse. In a series of 27 relapsed
or refractory PCNSL patients treated with WBRT (median dose, 36 Gy), 74% achieved
an overall radiographic response and the median OS was 10.6 months. Delayed
neurotoxicity rates of 15% were noted at doses greater than 36 Gy even in this set
of short survival.
Novel therapeutics currently under study for primary CNS DLBCL include BTK (Bru-

ton’s tyrosine kinase) inhibitors, IMiDs (immunomodulatory imide drugs), mTOR
(mammalian target of rapamycin) inhibitors, pI3K (phosphoinositide 3-kinase) inhibi-
tors, immune checkpoint inhibitors, and CD19-directed chimeric antigen receptor
(CAR) T cells.4 In light of the fact that more than 90% of primary CNS DLBCL cases
are of the poor-prognosis ABC subtype and the importance of BCR signaling in these
tumors, a treatment regimen designed to target BCR signal transduction using ibruti-
nib, the BTK inhibitor, is noteworthy. Phase 1 and 2 studies of single-agent ibrutinib
demonstrated high overall response rates of 52% to 77% in relapsed and refractory
PCNSL patients, although the durability of the responses was short-lived.55,56 Ibrutinib
has been investigated in combination with chemotherapy such as rituximab and HD-
MTX, as well with temozolomide, etoposide, doxil, dexamethasone, ibrutinib, and rit-
uximab (TEDDI-R) in phase I studies yielding longer progression-free survival.57,58

Second-generation BTK inhibitor, tirabrutinib has demonstrated similar results in R/
R PCNSL in the context of a phase 1/2 trial, and is now approved for this indication
in Japan. Lenalidomide, an immunomodulatory agent, has antiproliferative properties
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and is the subject of several ongoing, prospective clinical trials in relapsed and refrac-
tory PCNSL. In phase 1 and 2 studies of lenalidomide with rituximab, the overall
response rate was 64% to 67% with median progression-free survival of 6 to
7.8 months.59,60 Lenalidomide is also being investigated as maintenance or consolida-
tive therapy after induction chemotherapy in elderly patients (FIORELLA trial). The Na-
tional Comprehensive Cancer Network (NCCN) guidelines list both lenalidomide and
ibrutinib as considerations for salvage therapy in PCNSL. Various other next-
generation BTK inhibitors, mTOR/PI3K inhibitors, BCL2 inhibitors, and IMiDs are being
studied are single agents or in combination in phase 1 and 2 trials. Clinical trials of
checkpoint inhibitors (nivolumab and pembrolizumab) and CD-19 directed CAR
T cell therapy are also ongoing based on encouraging responses in case series with
these agents.61,62 The precise role of novel agents in PCNSL including specific com-
binations and their introduction in first-line treatment is currently under investigation,
but they hold tremendous promise to improve response rates and overall outcomes.

MONITORING AND FOLLOW-UP

As treatment improves for PCNSL, more patients are living longer, emphasizing the
need to optimize neurocognitive function and quality of life. The IPCG recommends
a schedule of follow-up neuroimaging studies and cognitive assessment in PCNSL
survivors.13
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CLINICS CARE POINT

� Early brain biopsy is preferred to make the diagnosis of primary CNS lymphoma. It is
recommended to withhold corticosteroids before histopathologic confirmation. High dose
methotrexate dose of 3g/m2 is recommended for adequate brain and CSF penetration.
Renalfunction should be closely monitored during high-dose methotrexate treatment.
Whole brain radiotherapy can increase the risk of neurocognitive decline particularly in
combination with high-dose methotrexate in older patients and so preferable to use in
salvage.
REFERENCES

1. Batchelor TT, DeAngelis LM. Lymphoma and leukemia of the nervous system.
2nd edition. New York: Springer; 2013.

2. Ostrom QT, Cioffi G, Gittleman H, et al. CBTRUS statistical report: primary brain
and other central nervous system tumors diagnosed in the United States in 2012-
2016. Neuro Oncol 2019;21(Suppl 5):v1–100.

3. Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the World Health Or-
ganization classification of lymphoid neoplasms. Blood 2016;127(20):2375–90.

4. Grommes C, Nayak L, Tun HW, et al. Introduction of novel agents in the treatment
of primary CNS lymphoma. Neuro Oncol 2019;21(3):306–13.

5. Ponzoni M, Issa S, Batchelor TT, et al. Beyond high-dose methotrexate and brain
radiotherapy: novel targets and agents for primary CNS lymphoma. Ann Oncol
2014;25(2):316–22.
Descargado para Anonymous User (n/a) en National Library of Health and Social Security de 
ClinicalKey.es por Elsevier en marzo 17, 2022. Para uso personal exclusivamente. No se permiten 

otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0889-8588(21)00119-2/sref1
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref1
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref2
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref2
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref2
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref3
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref3
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref4
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref4
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref5
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref5
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref5


Chukwueke et al156
6. Camilleri-Broet S, Criniere E, Broet P, et al. A uniform activated B-cell-like immu-
nophenotype might explain the poor prognosis of primary central nervous system
lymphomas: analysis of 83 cases. Blood 2006;107(1):190–6.

7. Braggio E, Van Wier S, Ojha J, et al. Genome-wide analysis uncovers novel recur-
rent alterations in primary central nervous system lymphomas. Clin Cancer Res
2015;21(17):3986–94.

8. Bataille B, Delwail V, Menet E, et al. Primary intracerebral malignant lymphoma:
report of 248 cases. J Neurosurg 2000;92(2):261–6.

9. Morell AA, Shah AH, Cavallo C, et al. Diagnosis of primary central nervous system
lymphoma: a systematic review of the utility of CSF screening and the role of early
brain biopsy. Neurooncol Pract 2019;6(6):415–23.

10. Bonzheim I, Giese S, Deuter C, et al. High frequency of MYD88 mutations in vit-
reoretinal B-cell lymphoma: a valuable tool to improve diagnostic yield of vitreous
aspirates. Blood 2015;126(1):76–9.

11. Hiemcke-Jiwa LS, Ten Dam-van Loon NH, Leguit RJ, et al. Potential diagnosis of
vitreoretinal lymphoma by detection of MYD88 mutation in aqueous humor with
ultrasensitive droplet digital polymerase chain reaction. JAMA Ophthalmol
2018;136(10):1098–104.

12. Rimelen V, Ahle G, Pencreach E, et al. Tumor cell-free DNA detection in CSF for
primary CNS lymphoma diagnosis. Acta Neuropathol Commun 2019;7(1):43.

13. Abrey LE, Batchelor TT, Ferreri AJ, et al. Report of an international workshop to
standardize baseline evaluation and response criteria for primary CNS lym-
phoma. J Clin Oncol 2005;23(22):5034–43.

14. Abrey LE, Ben-Porat L, Panageas KS, et al. Primary central nervous system lym-
phoma: the Memorial Sloan-Kettering Cancer Center prognostic model. J Clin
Oncol 2006;24(36):5711–5.

15. Ferreri AJ, Blay JY, Reni M, et al. Prognostic scoring system for primary CNS lym-
phomas: the International Extranodal Lymphoma Study Group experience. J Clin
Oncol 2003;21(2):266–72.

16. Bellinzona M, Roser F, Ostertag H, et al. Surgical removal of primary central ner-
vous system lymphomas (PCNSL) presenting as space occupying lesions: a se-
ries of 33 cases. Eur J Surg Oncol 2005;31(1):100–5.

17. Weller M, Martus P, Roth P, et al. Surgery for primary CNS lymphoma? Chal-
lenging a paradigm. Neuro Oncol 2012;14(12):1481–4.

18. Ferreri AJ, Guerra E, Regazzi M, et al. Area under the curve of methotrexate and
creatinine clearance are outcome-determining factors in primary CNS lym-
phomas. Br J Cancer 2004;90(2):353–8.

19. Morris PG, Correa DD, Yahalom J, et al. Rituximab, methotrexate, procarbazine,
and vincristine followed by consolidation reduced-dose whole-brain radiotherapy
and cytarabine in newly diagnosed primary CNS lymphoma: final results and
long-term outcome. J Clin Oncol 2013;31(31):3971–9.

20. Batchelor T, Carson K, O’Neill A, et al. Treatment of primary CNS lymphoma with
methotrexate and deferred radiotherapy: a report of NABTT 96-07. J Clin Oncol
2003;21(6):1044–9.

21. Rubenstein JL, Hsi ED, Johnson JL, et al. Intensive chemotherapy and immuno-
therapy in patients with newly diagnosed primary CNS lymphoma: CALGB 50202
(Alliance 50202). J Clin Oncol 2013;31(25):3061–8.

22. Ferreri AJ, Reni M, Foppoli M, et al. High-dose cytarabine plus high-dose meth-
otrexate versus high-dose methotrexate alone in patients with primary CNS lym-
phoma: a randomised phase 2 trial. Lancet 2009;374(9700):1512–20.
Descargado para Anonymous User (n/a) en National Library of Health and Social Security de 
ClinicalKey.es por Elsevier en marzo 17, 2022. Para uso personal exclusivamente. No se permiten 

otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0889-8588(21)00119-2/sref6
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref6
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref6
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref7
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref7
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref7
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref8
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref8
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref9
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref9
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref9
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref10
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref10
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref10
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref11
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref11
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref11
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref11
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref12
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref12
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref13
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref13
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref13
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref14
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref14
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref14
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref15
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref15
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref15
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref16
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref16
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref16
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref17
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref17
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref18
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref18
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref18
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref19
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref19
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref19
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref19
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref20
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref20
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref20
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref21
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref21
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref21
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref22
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref22
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref22


Primary CNS lymphoma 157
23. Ferreri AJ, Cwynarski K, Pulczynski E, et al. Chemoimmunotherapy with metho-
trexate, cytarabine, thiotepa, and rituximab (MATRix regimen) in patients with pri-
mary CNS lymphoma: results of the first randomisation of the International
Extranodal Lymphoma Study Group-32 (IELSG32) phase 2 trial. Lancet Haematol
2016;3(5):e217–27.

24. Poortmans PM, Kluin-Nelemans HC, Haaxma-Reiche H, et al. High-dose
methotrexate-based chemotherapy followed by consolidating radiotherapy in
non-AIDS-related primary central nervous system lymphoma: European Organi-
zation for Research and Treatment of Cancer Lymphoma Group Phase II Trial
20962. J Clin Oncol 2003;21(24):4483–8.

25. Batchelor TT, Grossman SA, Mikkelsen T, et al. Rituximab monotherapy for pa-
tients with recurrent primary CNS lymphoma. Neurology 2011;76(10):929–30.

26. Holdhoff M, Ambady P, Abdelaziz A, et al. High-dose methotrexate with or without
rituximab in newly diagnosed primary CNS lymphoma. Neurology 2014;83(3):
235–9.

27. Bromberg JEC, Issa S, Bakunina K, et al. Rituximab in patients with primary CNS
lymphoma (HOVON 105/ALLG NHL 24): a randomised, open-label, phase 3 inter-
group study. Lancet Oncol 2019;20(2):216–28.

28. Schmitt AM, Herbrand AK, Fox CP, et al. Rituximab in primary central nervous
system lymphoma-A systematic review and meta-analysis. Hematol Oncol
2019;37(5):548–57.

29. Houillier C, Soussain C, Ghesquieres H, et al. Management and outcome of pri-
mary CNS lymphoma in the modern era: an LOC network study. Neurology 2020;
94(10):e1027–39.

30. Correa DD, Maron L, Harder H, et al. Cognitive functions in primary central ner-
vous system lymphoma: literature review and assessment guidelines. Ann Oncol
2007;18(7):1145–51.

31. Thiel E, Korfel A, Martus P, et al. High-dose methotrexate with or without whole
brain radiotherapy for primary CNS lymphoma (G-PCNSL-SG-1): a phase 3,
randomised, non-inferiority trial. Lancet Oncol 2010;11(11):1036–47.

32. Korfel A, Thiel E, Martus P, et al. Randomized phase III study of whole-brain radio-
therapy for primary CNS lymphoma. Neurology 2015;84(12):1242–8.

33. Omuro A, DeAngelis LM, Karrison T, et al. Randomized phase II study of rituxi-
mab, methotrexate (MTX), procarbazine, vincristine, and cytarabine (R-MPV-A)
with and without low-dose whole-brain radiotherapy (LD-WBRT) for newly diag-
nosed primary CNS lymphoma (PCNSL). J Clin Oncol 2020;(38):2501.

34. Kasenda B, Schorb E, Fritsch K, et al. Prognosis after high-dose chemotherapy
followed by autologous stem-cell transplantation as first-line treatment in primary
CNS lymphoma–a long-term follow-up study. Ann Oncol 2012;23(10):2670–5.

35. Ferreri AJ, Illerhaus G. The role of autologous stem cell transplantation in primary
central nervous system lymphoma. Blood 2016;127(13):1642–9.

36. Ferreri AJM, Cwynarski K, Pulczynski E, et al. Whole-brain radiotherapy or autol-
ogous stem-cell transplantation as consolidation strategies after high-dose meth-
otrexate-based chemoimmunotherapy in patients with primary CNS lymphoma:
results of the second randomisation of the International Extranodal Lymphoma
Study Group-32 phase 2 trial. Lancet Haematol 2017;4(11):e510–23.

37. Houillier C, Taillandier L, Dureau S, et al. Radiotherapy or autologous stem-cell
transplantation for primary CNS lymphoma in patients 60 years of age and
younger: results of the intergroup ANOCEF-GOELAMS randomized phase II PRE-
CIS study. J Clin Oncol 2019;37(10):823–33.
Descargado para Anonymous User (n/a) en National Library of Health and Social Security de 
ClinicalKey.es por Elsevier en marzo 17, 2022. Para uso personal exclusivamente. No se permiten 

otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0889-8588(21)00119-2/sref23
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref23
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref23
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref23
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref23
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref24
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref24
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref24
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref24
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref24
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref25
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref25
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref26
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref26
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref26
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref27
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref27
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref27
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref28
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref28
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref28
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref29
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref29
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref29
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref30
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref30
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref30
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref31
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref31
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref31
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref32
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref32
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref33
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref33
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref33
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref33
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref34
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref34
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref34
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref35
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref35
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref36
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref36
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref36
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref36
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref36
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref37
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref37
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref37
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref37


Chukwueke et al158
38. Mendez JS, Ostrom QT, Gittleman H, et al. The elderly left behind-changes in sur-
vival trends of primary central nervous system lymphoma over the past 4 de-
cades. Neuro Oncol 2018;20(5):687–94.

39. Nayak L, Batchelor TT. Recent advances in treatment of primary central nervous
system lymphoma. Curr Treat Options Oncol 2013;14(4):539–52.

40. Jahnke K, Korfel A, Martus P, et al. High-dose methotrexate toxicity in elderly pa-
tients with primary central nervous system lymphoma. Ann Oncol 2005;16(3):
445–9.

41. Kasenda B, Ferreri AJ, Marturano E, et al. First-line treatment and outcome of
elderly patients with primary central nervous system lymphoma (PCNSL)–a sys-
tematic review and individual patient data meta-analysis. Ann Oncol 2015;
26(7):1305–13.

42. Martinez-Calle N, Poynton E, Alchawaf A, et al. Outcomes of older patients with
primary central nervous system lymphoma treated in routine clinical practice in
the UK: methotrexate dose intensity correlates with response and survival. Br J
Haematol 2020;190(3):394–404.

43. Omuro A, Chinot O, Taillandier L, et al. Methotrexate and temozolomide versus
methotrexate, procarbazine, vincristine, and cytarabine for primary CNS lym-
phoma in an elderly population: an intergroup ANOCEF-GOELAMS randomised
phase 2 trial. Lancet Haematol 2015;2(6):e251–9.

44. Fritsch K, Kasenda B, Hader C, et al. Immunochemotherapy with rituximab, meth-
otrexate, procarbazine, and lomustine for primary CNS lymphoma (PCNSL) in the
elderly. Ann Oncol 2011;22(9):2080–5.

45. Fritsch K, Kasenda B, Schorb E, et al. High-dose methotrexate-based immuno-
chemotherapy for elderly primary CNS lymphoma patients (PRIMAIN study). Leu-
kemia 2017;31(4):846–52.

46. Schorb E, Fox CP, Fritsch K, et al. High-dose thiotepa-based chemotherapy with
autologous stem cell support in elderly patients with primary central nervous sys-
tem lymphoma: a European retrospective study. Bone Marrow Transpl 2017;
52(8):1113–9.

47. Schorb E, Finke J, Ihorst G, et al. Age-adjusted high-dose chemotherapy and
autologous stem cell transplant in elderly and fit primary CNS lymphoma patients.
BMC Cancer 2019;19(1):287.

48. Langner-Lemercier S, Houillier C, Soussain C, et al. Primary CNS lymphoma at
first relapse/progression: characteristics, management, and outcome of 256 pa-
tients from the French LOC network. Neuro Oncol 2016;18(9):1297–303.

49. Nayak L, Hedvat C, Rosenblum MK, et al. Late relapse in primary central nervous
system lymphoma: clonal persistence. Neuro Oncol 2011;13(5):525–9.

50. Plotkin SR, Betensky RA, Hochberg FH, et al. Treatment of relapsed central ner-
vous system lymphoma with high-dose methotrexate. Clin Cancer Res 2004;
10(17):5643–6.

51. Soussain C, Hoang-Xuan K, Taillandier L, et al. Intensive chemotherapy followed
by hematopoietic stem-cell rescue for refractory and recurrent primary CNS and
intraocular lymphoma: Societe Francaise de Greffe de Moelle Osseuse-Therapie
Cellulaire. J Clin Oncol 2008;26(15):2512–8.

52. Kasenda B, Schorb E, Fritsch K, et al. Primary CNS lymphoma–radiation-free
salvage therapy by second autologous stem cell transplantation. Biol Blood
Marrow Transpl 2011;17(2):281–3.

53. Nguyen PL, Chakravarti A, Finkelstein DM, et al. Results of whole-brain radiation
as salvage of methotrexate failure for immunocompetent patients with primary
CNS lymphoma. J Clin Oncol 2005;23(7):1507–13.
Descargado para Anonymous User (n/a) en National Library of Health and Social Security de 
ClinicalKey.es por Elsevier en marzo 17, 2022. Para uso personal exclusivamente. No se permiten 

otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0889-8588(21)00119-2/sref38
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref38
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref38
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref39
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref39
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref40
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref40
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref40
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref41
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref41
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref41
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref41
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref42
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref42
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref42
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref42
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref43
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref43
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref43
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref43
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref44
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref44
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref44
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref45
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref45
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref45
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref46
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref46
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref46
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref46
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref47
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref47
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref47
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref48
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref48
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref48
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref49
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref49
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref50
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref50
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref50
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref51
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref51
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref51
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref51
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref52
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref52
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref52
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref53
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref53
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref53


Primary CNS lymphoma 159
54. Hottinger AF, DeAngelis LM, Yahalom J, et al. Salvage whole brain radiotherapy
for recurrent or refractory primary CNS lymphoma. Neurology 2007;69(11):
1178–82.

55. Grommes C, Pastore A, Palaskas N, et al. Ibrutinib unmasks critical role of bruton
tyrosine kinase in primary CNS lymphoma. Cancer Discov 2017;7(9):1018–29.

56. Soussain C, Choquet S, Blonski M, et al. Ibrutinib monotherapy for relapse or re-
fractory primary CNS lymphoma and primary vitreoretinal lymphoma: final anal-
ysis of the phase II ’proof-of-concept’ iLOC study by the Lymphoma study
association (LYSA) and the French oculo-cerebral lymphoma (LOC) network.
Eur J Cancer 2019;117:121–30.

57. Lionakis MS, Dunleavy K, Roschewski M, et al. Inhibition of B cell receptor
signaling by ibrutinib in primary CNS lymphoma. Cancer Cell 2017;31(6):
833–43.e5.

58. Grommes C, Tang SS, Wolfe J, et al. Phase 1b trial of an ibrutinib-based combi-
nation therapy in recurrent/refractory CNS lymphoma. Blood 2019;133(5):436–45.

59. Rubenstein JL, Geng H, Fraser EJ, et al. Phase 1 investigation of lenalidomide/
rituximab plus outcomes of lenalidomide maintenance in relapsed CNS lym-
phoma. Blood Adv 2018;2(13):1595–607.

60. Ghesquieres H, Chevrier M, Laadhari M, et al. Lenalidomide in combination with
intravenous rituximab (REVRI) in relapsed/refractory primary CNS lymphoma or
primary intraocular lymphoma: a multicenter prospective ’proof of concept’ phase
II study of the French Oculo-Cerebral lymphoma (LOC) Network and the Lym-
phoma Study Association (LYSA)dagger. Ann Oncol 2019;30(4):621–8.

61. Nayak L, Iwamoto FM, LaCasce A, et al. PD-1 blockade with nivolumab in
relapsed/refractory primary central nervous system and testicular lymphoma.
Blood 2017;129(23):3071–3.

62. Frigault MJ, Dietrich J, Martinez-Lage M, et al. Tisagenlecleucel CAR T-cell ther-
apy in secondary CNS lymphoma. Blood 2019;134(11):860–6.
Descargado para Anonymous User (n/a) en National Library of Health and Social Security de 
ClinicalKey.es por Elsevier en marzo 17, 2022. Para uso personal exclusivamente. No se permiten 

otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0889-8588(21)00119-2/sref54
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref54
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref54
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref55
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref55
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref56
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref56
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref56
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref56
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref56
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref57
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref57
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref57
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref58
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref58
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref59
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref59
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref59
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref60
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref60
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref60
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref60
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref60
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref61
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref61
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref61
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref62
http://refhub.elsevier.com/S0889-8588(21)00119-2/sref62

	Primary Central Nervous System Lymphomas
	Key points
	Introduction
	Epidemiology
	Pathology
	Clinical manifestations and diagnosis
	Upfront treatment
	Elderly patients with primary central nervous system lymphoma
	Refractory and relapsed primary central nervous system lymphoma
	Monitoring and follow-up
	Funding
	Clinics care point
	References


