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Primary central nervous system lymphoma: 
how to treat younger patients?
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Abstract
Primary central nervous system lymphoma (PCNSL) is a rare subtype of extranodal lymphoma which is associated with 
a relatively poor prognosis compared to other diffuse large B-cell lymphomas.
Population-based cancer registry data demonstrates that there has been a significant improvement in the survival 
of patients with PCNSL over the past two decades. This improvement likely reflects the introduction of high-intensity 
chemotherapy based on an induction regimen with high-dose methotrexate, and consolidation strategy including au-
tologous stem cell transplantation. As a result, the improvement has been mainly observed in younger patients. New 
approaches such as Bruton tyrosine kinase inhibitor, immunomodulatory agents, immune checkpoint inhibition, and 
chimeric antigen receptor T-cell therapy are under investigation for PCNSL. In addition, trials combining novel agents in 
front-line induction treatment are ongoing.
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Introduction

Great progress has been made over the last 20 years in 
optimizing therapeutic platforms in primary central nervous 
system lymphoma (PCNSL), particularly in younger patients 
who can undergo optimal therapy based on an induction 
regimen and consolidation treatment.

In the context of optimal combination therapy, younger 
patients are usually defined as <65 years of age. In clinical 
practice, age, performance status (PS) and comorbidities 
are of fundamental importance for prognosis, as they all 
determine the possibilities of adequate therapy. Optimal 
induction treatment is possible in patients with PS 0–2/3, 
without significant age restrictions, but with adequate re-
nal function (creatine clearance >50 mL/min) and heart 
ejection fraction, which will allow the administration of 
high-dose methotrexate (HD-MTX) and the use of adequate 
hydration (minimum 4–5 liters of infusion fluids per day). 

The prognosis of younger patients with a worse general 
condition, which results directly from the presence of lym-
phoma, without significant disease burden (also those with 
a borderline creatine clearance, but ≥40 ml/min) should 
be carefully assessed, because the administration of  
HD-MTX can sometimes dramatically improve the patient’s 
condition and kidney function. In this case, treatment can 
be started with lower doses of MTX and escalated in sub-
sequent cycles of chemotherapy. Regardless of age, spe-
cial attention should be paid to diabetic patients, in whom 
large fluctuations in glycemia can be expected and the risk 
of discovering renal failure is high. Performing optimal 
consolidation treatment is much more related to age, as  
high-dose chemotherapy with autologous stem cell trans-
plantation (HD-ASCT) is usually proposed as safe for pa-
tients <60–65, while it is recommended to avoid radio-
therapy in consolidation in patients >60 due to the risk of 
significant neurotoxicity [1–4].
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Induction treatment

The established standard in the treatment of PCNSL are 
multiagent regimens of chemotherapy based on the combi-
nation of HD-MTX with rituximab (an anti-CD20 monoclonal 
antibody). The optimal dose is MTX ≥3.5 g/m2 in a rapid, 
2–4-hour infusion, every 2–3 weeks (optimally every two 
weeks), repeated 4–8 times (optimally at least six cycles) 
[1, 2]. HD-MTX at a dose ≥3.5 g/m2 achieves the thera-
peutic concentration in the cerebrospinal fluid (CSF), and 
therefore does not require additional drug administration 
by lumbar puncture. Methotrexate in lower doses, but  
>1 g/m2, also penetrates the blood brain barrier (BBB), but 
does not reach the appropriate concentration in the CSF. In 
this case, additional intrathecal administration (12–15 mg  
it.) is recommended. HD-MTX is usually associated with 
rituximab (day 1 of the cycle) [1, 2]. It has been suggested 
to optimally use rituximab by administering the drug once 
a week, at the beginning of treatment (the first 6–8 weeks) 
i.e. in the period of the greatest damage to the BBB, which 
may favor better penetration for a large molecule such as 
anti-CD20 [5]. Rituximab (R) is currently included in most 
induction programs of chemotherapy, although there is still 
controversy about its role in the treatment of PCNSL [6–8]. 
The choice of other drugs in the regimens comes down to 
individual preferences and does not result from a direct 
comparison of regimens.

Currently, four induction regimens are considered to 
be equivalent: MATRix/IELSG-32 (R-HD-MTX, cytarabine, 
thiotepa) [9], R-MPV (R-HD-MTX, vincristine, procarbazine) 
[10, 11], MR-T (R-HD-MTX, temozolomide) [5] and R-MBVP  
(R-HD-MTX, etoposide, carmustine and prednisone) [12]. 
The expected remission rate (ORR) after induction treat-
ment, as well as progression-free survival (PFS) and over-
all survival (OS) after consolidation, are in the range:  
77–95% ORR, 2-year PFS 57–87% and 5-year OS 65– 
–81% [5, 9–12]. The MATRix program was associated with 
a significant risk of grade 3 and 4 hematological toxicities. 
Based on real-world study data, the British Society of He-
matology recommends for patients at higher risk (PS >2, 
age >65, significant comorbidities) a reduction of the cy-
tarabine dose by 25% (with a possible 25% reduction in 
the dose of thiotepa), especially in the first cycle [13]. The 
R-MPV regimen is characterized by low toxicity and can be 
safely used in elderly patients or those in a worse gener-
al condition [10, 11]. The MT-R scheme with escalation of 
the MTX dose to 8 g/m2/every two weeks, requires a dose 
reduction in 45% of cases [5].

In the opinion of most researchers, there are no rational 
grounds for escalating the MTX dose significantly >3.5 g/m2.  
At the Department of Lymphoid Malignancies, Maria 
Skłodowska-Curie National Research Institute of Oncolo-
gy in Warsaw, Poland, in cooperation with the Polish Adult 
Lymphoma Group (PALG), a program has been developed 

by the clinic team (R-MIV-AT), based on a combination of 
HD-MTX at dose of 3.5 g/m2 every two weeks with ifosfa-
mide at a dose of 1.5/0.8 g/m2/days 3–5 (age-dependent 
dose) and vincristine 1.4 mg/m2/day 1 (six cycles in total). 
Rituximab 375 mg/m2 is administered once weekly at the 
initiation of therapy for a total of six administrations. The 
induction phase completes one cycle with cytarabine at 
a dose dependent on age, 2/1 g/m2/bid/days 1–2 (four 
doses per cycle), in combination with thiotepa 30 mg/m2/ 
/day 3. Then depending on risk groups, patients are qual-
ified for the consolidation stage with HD-ASCT (thiotepa, 
BCNU, etoposide) or whole-brain radiation therapy (WBRT) 
at a dose of 36 Gy (partial remission or stable remission af-
ter induction) or 24 Gy (complete remission after induction).

Consolidation therapy

Consolidation is integral to optimal therapy. Despite the 
high effectiveness of induction treatment, it is unlike-
ly that long-term remission will be maintained without 
consolidation treatment. The goal of consolidation is to 
significantly improve progression-free survival and delay 
the time to relapse through the eradication of minimal 
persistent disease (potential highly resistant cell clones). 
For this purpose, WBRT, HD-ASCT and non-myeloablative 
chemotherapy may be considered [4].

Radiotherapy

The role of radiotherapy is uncertain. Despite its high effec-
tiveness, recurrences and progressions are very common 
and occur shortly after the end of therapy. A study to com-
pare chemotherapy with consolidation of WBRT (45 Gy) to 
a chemotherapy-only arm (G-PCNSL-SG1 study) did not pro-
vide conclusive answers. The benefit of adding WBRT was 
only the effect on PFS, but not OS, while late neurotoxicity 
was observed in the WBRT arm [14–16]. Standard doses 
of radiation therapy (43–36 Gy) are associated with a sig-
nificant risk of early neurotoxicity, including life-threatening 
leukoencephalopathy, but also of late-delayed neurotoxicity 
complications such as dementia, gait ataxia and urinary 
incontinence, which significantly impair patient quality of 
life. In a retrospective analysis of PCNSL patients treated 
with HD-MTX chemotherapy followed by WBRT (45–36 Gy), 
24% developed symptoms of rapidly progressive subcortical 
dementia (RTOG 93–10 study) within five years of follow-up 
[17]. These observations are confirmed by a large me-
ta-analysis [18], supporting the recommendation to avoid 
standard doses of WBRT in first-line treatment, especially 
in patients older than 60 [16–18]. The risk of significant 
neurotoxicity after WBRT has recently been confirmed by 
two large randomized trials, IELSG-32 (36 Gy) [9] and 
PRECIS (40 Gy) [12], in which WBRT vs. HD-ASCT were 
compared directly in the consolidation. The neurological 
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status of HD-ASCT patients was consistently improved, in 
contrast to WBRT patients who continued to develop and 
worsen neurotoxicity symptoms. Nevertheless, WBRT has 
been shown to be an effective method of consolidation 
and produces PFS and OS comparable to the ASCT arm 
(although significant relapse rates were observed in the 
PRECIS study in the WBRT arm) [9, 12].

Since the possibilities of safe HD-ASCT implementation 
concern a limited, selected group of patients, new ways of 
optimizing the use of WBRT are being investigated. One of 
these was hyperfractionated WBRT, but several years of 
observations confirmed that this technique did not reduce 
neurotoxicity, but only delayed its effect over time even in 
relatively young patients [19, 20].

 More promising seems to be the possibility of using re-
duced doses of WBRT (rdWBRT). In a phase II study, after 
R-MPV induction treatment (5–7 cycles of chemotherapy), 
rdWBRT at a dose of 23.4 Gy (13 fractions at 180 cGy) was 
used as a consolidation, with impressive results: 2-year PFS 
of 77% and 5-year OS of 80%. At the same time, no increase 
in neurotoxicity was observed during the 4-year follow-up. 
These results represent some of the best results in terms 
of OS and safety, but apply to a very small group of PCNSL 
patients and should be treated with caution [11]. Results 
from RTOG 1114 are awaited and should answer the ques-
tion of whether rdWBRT plays a significant role in the con-
solidation of R-MPV/cytarabine chemotherapy compared 
to the cytarabine-only consolidation arm. In other words, 
is it safe to eliminate the WBRT from first-line treatment?

In summary, it can be stated that the use of WBRT in 
consolidation gives a potential advantage over chemother-
apy alone, but one must take into account significant neu-
rotoxicity and, compared to HD-ASCT, worsening of PFS. 
Standard doses of WBRT are generally not recommended 
for first-line treatment, especially for those over 60. Cur-
rently, in consolidation for patients who are not candidates 
for HD-ASCT, WBRT 36 Gy (20 fractions) or preferred 23.4– 
–24 Gy (180 or 200 cGy per fraction) may be considered. 

High-dose chemotherapy with autologous 
stem cell transplantation

HD-ASCT is usually recommended for consideration as 
a consolidation for first-line treatment in all patients for 
whom it is potentially safe [1, 2, 4]. This indication is sup-
ported by the recent results of two large randomized trials 
comparing WBRT to HD-ASCT in consolidation treatment.

In the IELSG32 study, WBRT (36 Gy) was used in one of 
the arms, and in the other HD-ASCT (conditioning: thiote-
pa/TT and carmustine/BCNU). There was no difference be-
tween the arms in either progression-free survival (2-year 
PFS 80% vs. 69%, respectively) or overall survival (2-year 
OS 85% vs. 71%, respectively) [9]. However, a consequent 
improvement of neurological status observed in HD-ASCT 

as opposed to an increase in neurotoxicity in the WBRT 
arm, made HD-ASCT the first-choice method in consoli-
dating PCNSL treatment for patients who qualify for this 
procedure [10].

In the similar PRECIS study (WBRT 40 Gy versus HDC- 
-ASCT with TBC conditioning: thiotepa, busulfan, cyclo-
phosphamide), a trend was observed in the HD-ASCT arm 
towards improvement of progression-free survival (2-year 
PFS 86.8% vs. 63.2%, respectively) without impact on over-
all survival (2-year OS 75% vs. 66%, respectively) [12]. It 
should be remembered that HD-ASCT is associated with 
a significant toxicity of treatment and may apply to a se-
lected group of patients. Conditioning with TT-BCNU com-
pared to TBC is associated with lower treatment-related 
toxicity (TRM 1–3% [9, 21] vs. 11% [10, 12], respectively), 
however the results of the meta-analysis indicate a higher 
efficiency of TBC conditioning, with the possibility of pla-
teauing in long-term relapse-free survival (5-year PFS 81% 
vs. 46%, respectively) [22]. Although there is no strict age 
limit, patients <60 years are usually eligible for HD-ASCT, 
although the 60–70 age group may also benefit.

Non-myeloablative chemotherapy

Consolidation of non-myeloablative chemotherapy is 
usually considered in elderly patients who are not eligible 
for HD-ASCT and who want to avoid WBRT-related neuro-
toxicity, but also for younger unfit patients. HD-ASCT is 
likely superior to non-myeloablative chemotherapy, but 
no randomized studies are available. Two multicenter, 
randomized trials are currently underway to answer the 
question of whether non-myeloablative chemotherapy 
can be an effective alternative to HD-ASCT. In the CALGB 
51101/NCT01511562 study, the EA scheme (etoposide 
40 mg/kg/96 hour continuous infusion plus cytarabine 
2 g/m2/bid/4 days), and in the IELSG 43/NCT02531841 
study, the R-DeVIC scheme (rituximab, dexamethasone, 
etoposide, ifosfamide and carboplatin) are being compared 
to TT-BCNU conditioning [1, 2, 4].

Recent advances in targeted therapy

The use of novel agents has so far been limited to patients 
with recurrent or refractory PCNSL. Agents targeting B-cell 
receptor (BCR) and Toll-like receptor (TLR), Bruton tyrosine 
kinase (BTK) inhibitors, PI3K/mTOR targeted agents, im-
munomodulatory drugs (IMiDs), checkpoint inhibitors, and 
CD19 CAR T-cells therapy, despite high response rates, have 
a relatively short duration of response. Two agents, ibrutinib 
(BTK inhibitor) and lenalidomide (IMiD), based on reliable 
data from several studies have been included in the NCCN 
Guidelines for consideration as salvage therapies. Better 
outcomes are expected as a result of incorporating new 
agents into combination therapy, including chemotherapy. 
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The TEDDi-R regimen was the first to combine a novel agent 
with chemotherapy in PCNSL, but with high frequency of 
treatment-related adverse events [23], However, a combi-
nation of ibrutinib with HD-MTX ±rituximab in another study 
proved to be effective and safe [24].

In addition, trials combining novel agents in front-line 
treatment are ongoing. The LOC-R01 study is of particu-
lar interest here. The objective of this randomized phase 
II study is to improve first-line induction chemotherapy by 
combining either ibrutinib or lenalidomide with a conven-
tional immuno-chemotherapy of R-MPV (R-HD-MTX, procar-
bazine, vincristine) [NCT04446962].
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