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Primary CNS lymphoma

• Lymphoma with exclusive manifestation in the CNS

• Median age: ~ 60 years

• Incidence: approximately 0.5/100.000
 increasing for unkown reasons

• Particular situation: HIV-associated CNS lymphomas
 incidence decreasing since introduction of HAART

• Unclear pathogenesis => specific CNS tropism?



Clincal presentation

• Personality changes

• Symptoms associated with increased intracranial pressure

• Motor and sensory deficits

• Cranial nerve palsies

• Seizures (rare)

• Cerebellar symptoms



Imaging: CT

• Iso- or hyperdense mass

• Multiple lesions in about 30-40% of all patients

native contrast

Institute of Neuroradiology, USZ



Imaging: MRI

• MRI: T1 hypointense, T2  iso-/hyperintense

• Homogeneously contrast-enhancing mass – no necrosis

• Frequently well circumscribed, few edema

T2 T1 + contrast

Imaging: MRI

Institute of Neuroradiology, USZ



How to confirm the diagnosis?

• Lumbar puncture: dissemination in the CSF in 20-30% of the
patients with newly diagnosed PCNSL

 Confirmation of a malignant B cell clone (FACS) or clonal IgH
rearrangement using PCR

• Stereotactic biopsy: do not administer steroids before!

• Tumor resection does not affect survival (really…?)

Staging:

• Slit lamp examination (ocular involvement in 10-15%)

• (PET)-CT scan chest and abdomen, bone marrow biopsy

• HIV testing



Histology

• Diffuse large B cell
lymphoma (98%)

• High proliferation
index (>50% Ki-67+)

• CD20+



Prognosis

• Survival without treatment: weeks / few months

• Age and performance status are the most important prognostic factors

Abrey et al. J Clin Oncol 2006 



No role for resection – for 4 decades



Resection – may be considered…

Weller et al., Neuro Oncol 2012



Treatment of PCNSL over time

• WBRT (>40 Gy)
• Median OS 12 months, <5% 5-year survival (Nelson et al., 1992) 

• High-dose methotrexate (HD-MTX): most active drug

• Median survival approximately 25 months

• ~25% surviving 5 years or more (Herrlinger et al., 2005)

• HD-MTX + intrathecal MTX + WBRT
• Median OS 42 months

• 25% 5-year survival (Abrey et al., 1998, DeAngelis et al., 2002)

• BUT: up to 60% of all patients (and virtually all elderly patients) 
suffer from severe neurotoxicity (Abrey et al., 1998; Harder et al., 
2004)

How to improve induction and consolidation therapy and avoid neurotoxicity?



IELSG-20: MTX vs. MTX/Ara-C

• Randomized phase II trial, 24 centers, 6 countries

• 79 patients, age 18-75 Jahre

• 4 cycles of MTX, 3.5 g/m2 alone OR MTX plus 4x Ara-C, 
2 g/m2 d2+3, every 3 weeks, followed by WBRT

• CR rate after MTX-based therapy: 
18% (MTX) versus 46% (MTX + Ara-C)

• Hematological toxicity more frequent and severe with
combination

Ferreri et al., Lancet 2009



Ferreri et al., Lancet 2009

3 year survival rate 32% versus 46% (p = 0.07)

PFS OS

IELSG-20: MTX vs. MTX/Ara-C



< 60 years, n=39

≥ 60 years, n=49P < .001

• 88 patients

• Systemic therapy (HD-MTX, Ara-C, vinca-alkaloids, ifosfamide, 
cyclophosphamide) + intraventricular chemotherapy (MTX, 
prednisolone, Ara-C)

• 60% CR, median OS 55 months

9% dying from toxicity
23% reservoir infection

Bonn protocol - polychemotherapy

Pels et al., J Clin Oncol 2003



p=0.0022

old protocol

new study

Bonn protocol 2

• No intrathecal chemotherapy (n=18): 
• CR rate reduced compared to previous study (53%)
• PFS shorter

Pels et al., J Neurooncol 2009

Monate



Rubenstein et al., J Clin Oncol 2013

CALGB 50202 
intensive chemotherapy + rituximab



Rubenstein et al., J Clin Oncol 2013

PFS OS

CALGB 50202 
intensive chemotherapy + rituximab



What is the role for rituximab in PCNSL?

Holdhoff et al., Neurology 2014



IELSG-32 trial

PCNSL [≤ 65 years, PS 0-3] or [65-70 years, PS ≤2]

®

®
WBRT 36 Gy
± Boost 9 Gy

BCNU 400 mg/m2 D1       
Thiotepa 5 mg/kg x 2/d; D2-3

+ APBSCT

4x MTX 3.5 g/m2 D1
AraC 2 g/m2 x 2/d, D2-3

x 3 weeks

4x Rituximab 375 mg/m2 D-5/0
MTX 3.5 g/m2 D1
AraC 2 g/m2 x 2/d, D2-3

x 3 weeks

4x Rituximab 375 mg/m2 D-5/0
MTX 3.5 g/m2 D1
AraC 2 g/m2 x 2/d, D2-3
Thiotepa 30 mg/m2 D4
x 3 weeks

Response assessment

CR – PR - SD PD – Tox
 SC Harvest

WBRT 40 Gy
± Boost 9 Gy



Ferreri et al., Lancet Haematol 2016 

PFS OS

IELSG-32 trial



MBVP

high dose Ara-C

2 cycles

End of treatment

low dose WBRT

Less than PR

< 60 yr

1 cycle

R-MBVP

> 61 yr

Off protocolMRI

MRI

Bromberg et al., Lancet Oncol 2019

HOVON 105/ALLG NHL 24 trial

Methotrexate
Carmustine 
Teniposide
Prednisolone



MBVP (n=100) R-MBVP (n=99)

After (R-)MBVP
CR/CRu 36% 30%
PR 50% 56%
ORR 86% 86%

PFS Overall survival

Response to treatment / survival

Bromberg et al., Lancet Oncol 2019



Rituximab in PCNSL

Schmitt et al., Hematol Oncol 2019



Randomisation
WBRT

yes (A1, B1) or no (A2, B2)

6 x HD-MTX plus ifosfamide
(biweekly)

3 x 8 mg dexamethasone/die
for 10 days in cycle 1

Arm A Arm B

WBRT
4-7 weeks 
after CR 

A1

Observation

A2

WBRT

B1

4 x HD-Ara-C
4 x 3 g/m2 in 48 h

21 d cycles
B2

CR PR, SD, PD

The G-PCNSL-SG1 trial

n=526

n=56 n=98n=96 n=68



The G-PCNSL-SG1 trial

Thiel et al., Lancet Oncol 2009
Korfel et al. Neurology 2015

PFS OS

 early WBRT does not prolong overall survival



Conclusion:
Cognitive functioning and global 
health status are reduced in the 
early WBRT arm 



Overall-Survival
median follow-up 63mo (3-84)
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• High-dose chemotherapy followed by autologous stem cell 
transplantation

• Only patients younger than 60 years

High-dose chemotherapy with 
autologous stem cell support

Illerhaus et al., J Clin Oncol 2006



PCNSL [≤ 65 years, PS 0-3] or [65-70 years, PS ≤2]

®

®
WBRT 36 Gy
± Boost 9 Gy

BCNU 400 mg/m2 D1       
Thiotepa 5 mg/kg x 2/d; D2-3

+ APBSCT

4x MTX 3.5 g/m2 D1
AraC 2 g/m2 x 2/d, D2-3

x 3 weeks

4x Rituximab 375 mg/m2 D-5/0
MTX 3.5 g/m2 D1
AraC 2 g/m2 x 2/d, D2-3

x 3 weeks

4x Rituximab 375 mg/m2 D-5/0
MTX 3.5 g/m2 D1
AraC 2 g/m2 x 2/d, D2-3
Thiotepa 30 mg/m2 D4
x 3 weeks

Response assessment

CR – PR - SD PD – Tox
 SC Harvest

WBRT 40 Gy
± Boost 9 Gy

IELSG-32 trial: 2nd randomization



IELSG-32 trial: 2nd randomization

Overall survival

Ferreri et al., Lancet Hematol 2017

Progression-free survival



PRECIS study: WBRT vs. ASCT

Houillier et al., J Clin Oncol 2019

Randomization:

• Thiotepa, busulfan, cyclophosphamide  ASCT
• WBRT (40 Gy)

• 2-year PFS rates: WBRT: 63%; ASCT: 87%
• Cognitive impairment was observed after WBRT but not 

after ASCT

• 140 patients with newly 
diagnosed PCNSL

• Induction chemotherapy: 
R-MBVP, followed by R-
AraC



IELSG-43 trial

High-dose chemotherapy and autologous stem cell transplant 
or 

consolidating conventional chemotherapy 



Treatment at recurrence

• No standard of care

Individual decision based on previous treatment, response to

initial therapy, performance status, age….

• Available options
HD-MTX re-challenge

Other chemotherapeutic drugs (topotecan, temozolomide…)

High-dose chemotherapy + stem cell transplantation

WBRT



Elderly PCNSL patients: a 
particular challenge

• Median age of PCNSL patients: ~ 60 years

• Definition of “elderly“ is imprecise:

> 60 years?

> 65 years?

> 70 years? 

• Therapeutic relevance: age is an inclusion criterion in 
many trials

• (Neuro)toxicity is a particular concern in the elderly



PFS OSn=526

< 70 years
> 70 years

< 70 years
> 70 years

Elderly PCNSL patients in G-PCNSL-SG1

Roth et al., Neurology 2012



PFS (months) OS (months)

No-CR patients

> 70 years 3.2 17.3

< 70 years 3.5 22.3

CR patients

> 70 years 16.1 26.7

< 70 years 35.0 44.2

Roth et al., Neurology 2012

=> Relapses occur earlier in elderly patients

Elderly PCNSL patients in G-PCNSL-SG1



MTX/TMZ vs. MPV-A in elderly patients

Omuro et al., Lancet Hematol 2015

• Randomized phase II trial

• 95 patients, median age 72 years (60–85)

• Treatment arms:

• MTX 3.5 g/m2 + Temozolomide

• MTX 3.5 g/m2 + Procarbazine, Vincristine, AraC

• Primary einpoint: PFS at 1 year (PFS-1)

• Toxicity (Grad 3/4): no difference

• CR rate: 45% (MT) vs. 62% (MPV-A)



OS

MTX/TMZ vs. MPV-A in elderly patients

Omuro et al., Lancet Hematol 2015



First author n age Treatment CR PR PFS OS

Omuro 23 68 MTX, Temozolomide 55% 0% 8 35

Hoang-Xuan 50 72
MTX, CCNU, PCZ, 

Prednisolone. MTX and
AraC i.th.

42% 6 % 10.6 14.3

Illerhaus 30 70 MTX, CCNU, 
Procarbazine 44% 26% 5.9 15.4

Fritsch 28 76 MTX, CCNU, PCZ, 
Rituximab 64% 18% 16 17.5

Roth 126 73
MTX, ifosfamide, 

+/- WBRT
30% 14% 4.0 12.5

Omuro 95 73
MTX, PCZ, VCR, AraC

MTX, TMZ
62%
45%

26%
20%

9.5
6.1

31
14

Fritsch 107 73 MTX, PCZ, Rituximab
(+ Lomustine) 42% 32% 10.3 20.7

MTX-based therapy in elderly patients
Prospectively collected study data



FIORELLA trial in elderly PCNSL patients



Novel agents: lenalidomide

Ghesquieres et al. Ann Oncol 2019

PFS OS

• Lenalidomide + rituximab (8 cycles), followed by lenalidomide 
maintenance therapy (up to 12 cycles)

• Relapsed/recurrent PCNSL / PIOL: 50 patients, 45 assessable

• Median age: 69 years

• CR rate: 29%

• mPFS: 7.8 months, mOS: 17.7 months



• Bruton tyrosine kinase (BTK) inhibitor

 BTK links the B-cell antigen receptor (BCR) and Toll-like 

receptors with the NF-κB pathway

• Monotreatment or in combination with other drugs

• Aspergillosis observed as a particular side effect

• 52 patients with relapsed/refractory PCNSL / PIOL

• CR rate: 19%, PR rate 33%

• Median PFS: 4.8 months; median OS 19.2 months

• Ibrutinib detectable in the cerebrospinal fluid
Soussain et al., Eur J Cancer 2019

Novel agents: Ibrutinib



Novel agents: Ibrutinib



Novel agents: PD-1 inhibitors



Summary & take home messages

• Cure is probably restricted to younger patients

• Standard of care is only poorly defined
 further trials are urgently needed 

• HD-MTX as the therapeutic backbone / rituximab increasingly used

• WBRT should be avoided in the first-line setting

• Open questions:

• Role for new drugs, e.g. immune checkpoint inhibitors, 
lenalidomide, ibrutinib…?

• Optimal treatment for elderly/frail patients?

patrick.roth@usz.ch
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