
Neuro-Oncology
26(4), 724–734, 2024 | https://doi.org/10.1093/neuonc/noad224 | Advance Access date 1 December 2023

 724

© The Author(s) 2023. Published by Oxford University Press on behalf of the Society for Neuro-Oncology.

Jacoline E.C. Bromberg , Samar Issa , Bronno van der Holt , Matthijs van der Meulen ,  
Linda Dirven , Monique C. Minnema , Tatjana Seute , Marc Durian, Gavin Cull ,  
Marjolein W.M. van der Poel , Wendy B.C. Stevens , Josee M. Zijlstra, Dieta Brandsma ,  
Marcel Nijland , Kylie D. Mason , Aart Beeker , Martine C.J. Abrahamse-Testroote ,  
Martin J. van den Bent , Daphne de Jong , and Jeanette K. Doorduijn

All author affiliations are listed at the end of the article

Corresponding Author: Jacoline E.C. Bromberg, MD, Department of Neuro-Oncology, Erasmus MC Cancer Institute, 
Dr Molewaterplein 40, 3015 GD Rotterdam, The Netherlands (j.bromberg@erasmusmc.nl).

Abstract 
Background.  Studies on the efficacy of rituximab in primary CNS lymphoma (PCNSL) reported conflicting results. 
Our international randomized phase 3 study showed that the addition of rituximab to high-dose methotrexate, 
BCNU, teniposide, and prednisolone (MBVP) in PCNSL was not efficacious in the short term. Here we present long-
term results after a median follow-up of 82.3 months.
Methods.  One hundred and ninety-nine eligible newly diagnosed, nonimmunocompromised patients with PCNSL 
aged 18–70 years with WHO performance status 0–3 was randomized between treatment with MBVP chemo-
therapy with or without rituximab, followed by high-dose cytarabine consolidation in responding patients, and 
reduced-dose WBRT in patients aged ≤ 60 years. Event-free survival was the primary endpoint. Overall survival 
rate, neurocognitive functioning (NCF), and health-related quality of life (HRQoL) were additionally assessed, with 
the IPCG test battery, EORTC QLQ-C30 and QLQ-BN20 questionnaires, respectively.
Results.  For event-free survival, the hazard ratio was 0.85, 95% CI 0.61–1.18, P = .33. Overall survival rate at 5 years 
for MBVP and R-MBVP was 49% (39–59) and 53% (43–63) respectively. In total, 64 patients died in the MBVP arm 
and 55 in the R-MBVP arm, of which 69% were due to PCNSL. At the group level, all domains of NCF and HRQoL 
improved to a clinically relevant extent after treatment initiation, and remained stable thereafter up to 60 months 
of follow-up, except for motor speed which deteriorated between 24 and 60 months. Although fatigue improved 
initially, high levels persisted in the long term.
Conclusions.  Long-term follow-up confirms the lack of added value of rituximab in addition to MBVP and 
HD-cytarabine for PCNSL.

Key Points

• No effect of rituximab on overall survival in PCNSL patients treated with MBVP and 
HD-Ara-C.

• Recurrences continue to occur during at least 10 years of follow-up.

• Clinically relevant fatigue persists for years in a significant proportion of patients.

Survival, neurocognitive function, and health-related 
quality of life outcomes after rituximab—methotrexate, 
BCNU, teniposide, and prednisolone for primary CNS 
lymphoma: Final results of the HOVON 105/ALLG NHL 
24 study  
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Primary central nervous system lymphoma (PCNSL) is a 
rare, diffuse large B-cell lymphoma with disease activity 
restricted to the brain, spine, leptomeninges, and eyes. The 
incidence of PCSNL has increased over the last decades,1,2 
but few prospective, long-term follow-up data are avail-
able.3–7 The efficacy of rituximab in PCNSL is still under de-
bate after 2 randomized studies which yielded conflicting 
results regarding survival outcomes.8–10 We previously re-
ported initial results of the phase 3 HOVON 105/ALLG NHL 
24 study, in which we randomized patients with newly diag-
nosed PCNSL to high-dose methotrexate (HD-MTX)-based 
chemotherapy with or without rituximab, followed by 
high-dose cytarabine, and, in patients up to 60 years old, 
30 Gy whole brain radiotherapy (WBRT). After a median 
follow-up of 33 months, we observed negative trial results 
for the primary endpoint, event-free survival (EFS) (hazard 
ratio 1.01, 95% CI 0.70–1.43, P = .99).9 There were no differ-
ences between treatment arms for neurocognitive func-
tioning (NCF) and health-related quality of life (HRQoL).11,12 
Both NCF and HRQoL improved significantly, with clini-
cally relevant improvements as compared to baseline in all 
selected HRQoL domains and the neurocognitive domain 
“motor speed.” For both NCF and HRQoL, scores remained 
stable up to 2 years after treatment after the initial improve-
ment. In irradiated patients (ie patients ≤ 60 years old), NCF 
and HRQoL also remained stable after radiotherapy for up 
to 2 years after treatment. The long-term effect of adding 
rituximab to MBVP chemotherapy on survival is unknown. 
Moreover, data regarding the NCF and HRQoL in long-term 
PCNSL survivors are limited.13 Here we report long-term 
follow-up results on primary and secondary endpoints in-
cluding overall survival (OS), NCF, and HRQoL outcomes in 
the HOVON 105/ALLG NHL 24 study.

Methods

Patients and Treatment

Between 2010 and 2016, 199 eligible immunocompe-
tent patients aged 26–70 years (median 61) with newly 
diagnosed PCNSL were randomly assigned to MBVP 
(two 28-day cycles of HD-MTX 3 g/m2 on days 1 and 15, 
teniposide 100 mg/m2 on days 2 and 3, carmustine 100 
mg/m2 on day 4, prednisolone 60 mg/m2 on days 1–5) with 

or without i.v., rituximab 375 mg/m2 on days 0, 7, 14, 21 
in cycle 1, and days 0 and 14 in cycle 2.2 All responding 
patients subsequently received high-dose cytarabine 2 g/
m2 consolidation twice daily on 2 consecutive days. Only 
patients aged ≤60 years were further consolidated with 30 
Gy WBRT and, in case of residual disease, an integrated 
boost of 20 × 0.5 Gy on the tumor bed. All patients, or 
caregivers in case patients were unable to, gave written 
informed consent. The study was conducted in accord-
ance with the Declaration of Helsinki and Good Clinical 
Practice, and approved by the Institutional Review Boards 
of the Erasmus MC University Medical Center, Rotterdam, 
The Netherlands, and the respective ethics committees 
of both New Zealand and Australia. Patients from centers 
participating in the NCF and HRQoL sub studies addition-
ally provided consent for NCF and HRQoL evaluation at 
various time points.

Outcome Measures

The response was assessed according to the International 
Primary CNS Lymphoma Collaborative Group (IPCG) cri-
teria14 and EFS, PFS, and OS were calculated for the 
whole trial population from the date of inclusion into the 
study as previously detailed.9 For evaluation of NCF and 
HRQoL, a brief standardized test battery covering various 
neurocognitive domains,15 slightly adapted because not all 
tests were available in the Dutch language, (Supplementary 
Table 1) and the EORTC QLQ-C3016 and QLQ-BN 2016,17 
questionnaires were performed at baseline, after induction 
and consolidation treatments, and 3, 6, 12, and 24 months 
after treatment. Patients from 6 of the original 13 centers 
participating in the NCF and HRQoL analyses, addition-
ally were asked to complete assessments 36, 48, and/or 60 
months after treatment or until progression. The primary 
end-point was EFS, defined as the absence of complete re-
sponse (CR) or unconfirmed complete response (CRu) at the 
end of all protocol treatment, or relapse or death after pre-
vious CR or CRu. Secondary end-points were response rates, 
toxicity, progression-free survival (PFS), and OS, as well as 
NCF and HRQoL outcomes over time. All survival meas-
ures were calculated for the whole trial population; NCF and 
HRQoL analyses were performed on the survivor population.

Results of individual scores on the neurocognitive tests 
were transformed into z-scores adjusted for age, sex, 

Importance of the Study

Primary CNS lymphoma (PCNSL) is a rare disease in 
which the large majority of published papers concern 
retrospective studies with inherent biases. Little pro-
spective, long-term follow-up data is available both 
regarding survival data and, especially, neurocognitive 
functioning and health-related quality of life data. 
Moreover, the efficacy of rituximab in PCNSL is still 
unclear.

In our prospective, randomized, phase 3 study we 
showed that, when added to effective polychemotherapy 

such as the MBVP regimen, rituximab does not signifi-
cantly impact survival outcomes including overall sur-
vival. Secondly, we show that recurrences continue to 
occur in the long term albeit less frequently than in the 
first 3 years, at least in patients not consolidated with 
myeloablative chemotherapy and ASCT. Last but not 
least we show that, in the long term, neurocognitive 
functioning is preserved in a majority of patients but 
clinically relevant fatigue persists for years in a signifi-
cant proportion of patients.
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and/or level of education. HRQoL scores were calculated 
according to the guidelines and range from 0 to 100.18 
Compliance with NCF and HRQoL assessments at each 
time point was defined as the number of completed NCF 
tests/questionnaires at a specific time point divided by 
the number of evaluations expected at that time point. 
Specific predetermined NCF domains and HRQoL scales 
were selected for primary analysis and reported on; rele-
vant NCF domains were attention/executive functioning, 
information processing speed, memory, and motor speed, 
while global health status, role functioning, social func-
tioning, fatigue, and motor dysfunction were considered 
relevant HRQoL outcomes.

Changes over time in NCF at group level and at indi-
vidual patient level were determined for each preselected 
domain with changes in z-scores of ≥1 SD and changes in 
HRQoL scores of ≥10 points were considered clinically rel-
evant.19–23 Patients with NCF/HRQoL data 36, 48, and/or 60 
months after treatment were eligible for this analysis; for 
evaluating changes from baseline, only patients with both 
a baseline evaluation and at least one long-term evaluation 
were eligible. For evaluating changes after chemotherapy 
treatment only patients with both an “ after chemotherapy” 
and at least 1 long-term evaluation were eligible.

Statistical Analysis

Descriptive statistics (eg means or medians with SD and 
range, respectively, or percentages) were used to describe 
the patient population and the NCF and HRQoL outcomes.

Analyses of survival end-points were according to the 
modified intention to treat principle, ie patients were ana-
lyzed according to the treatment arms they were assigned 
to. Patients who were initially randomized but considered 
to be ineligible in hindsight were excluded from all ana-
lyses. The primary endpoint EFS was evaluated using a 
multivariable Cox proportional hazards (PH) regression 
analysis with adjustment for randomization minimiza-
tion factors age (≤60 vs. ≥61 years) and WHO performance 
status (0–1 vs. 2–3). In an exploratory fashion, the effect 
of various prognostic factors on the primary and sec-
ondary endpoints was assessed using univariable and 
multivariable logistic and Cox PH regression analyses.

For both NCF and HRQoL analyses, evaluations were 
analyzed on a group level (ie the magnitude of change over 
time) and an individual patient level (ie responder anal-
ysis).24 All included patients in this long-term follow-up 
assessment were analyzed as 1 group, and not separately 
by treatment arm since no differences were found between 
the groups in the initial NCF and HRQoL analyses on the 
short-term and the number of patients per treatment arm 
was too small at several time points to allow meaningful 
comparison.11,12 Due to the limited number of patients in 
this survivor population, all results were only analyzed de-
scriptively. On a group level, scores over time for all pre-
selected NCF and HRQoL domains were described and 
interpreted in terms of clinically relevant changes. On an 
individual level, the percentage of responders was cal-
culated, defined as having a clinically relevant improve-
ment in scores at each assessment during the 60-month 
 follow-up period as compared to baseline. For the 

statistical analyses Stata version 16.1 was used. See pre-
vious reports for further details.9,11,12

Results

At database lock on February 3, 2022, 80 of 199 included 
patients were alive and had a median follow-up of 82.3 
months. The main clinical characteristics and outcomes are 
shown in Table 1.

Survival Measures

No statistically significant survival differences were found 
between the 2 arms: for EFS the hazard ratio (HR) for the 
R-MBVP arm was 0.85, 95% CI 0.61–1.18, P = .33; for PFS, HR 
0.73, 95% CI 0.52–1.02, P = .067; and for OS, HR 0.87, 95% CI 
0.61–1.26, P = .47. (Figure 1A–C). The 5-year OS after MBVP 
and R-MBVP was 49% and 53%, respectively (Table 1).

Mortality was 60%: 64/100 patients in the MBVP arm 
and 55/99 in the R-MBVP arm died, of which 69% as a re-
sult of PCNSL and 6% due to treatment toxicity (Table 1). 
Radiologically defined relapse or progression occurred in 
111 patients: 63 in the MBVP arm and 48 in the R-MBVP 
arm, of whom 95 (86%) died, most (82%) as a result of the 
lymphoma. The majority of patients (72%) relapsed in the 
brain parenchyma, 14% in the vitreous and only 4% each 
in either CSF or systemically (Supplementary Table 2a). 
Relapses continued to occur throughout follow-up in both 
arms but less frequently beyond 3 years posttreatment: in 
year 4, 6 patients relapsed in arm A, of whom 3 in the eye 
only and 3 in arm B of whom 1 in the eye only. In year 5, 4 
patients relapsed in arm A of whom 1 in the eye only, and 
3 in arm B, and beyond year 5, 1 patient relapsed in arm A 
and 2 in arm B (Supplementary Table 2b). All patients with 
ocular relapse were treated locally only; treatment data for 
all relapsed patients are given in Supplementary Table 2c.

In total, 88/111 (79%) of relapsed patients received further 
treatment; median OS time after relapse was 10.5 months, 
95% CI 5.9–19.9, and was similar in the 2 arms (HR 0.98, 
95% CI 0.6–1.59, P = .93).

At multivariable Cox regression analysis, only age > 60 
years and dexamethasone dose (as a continuous vari-
able) were independent prognostic factors for EFS, PFS, 
and OS (Table 2). Treatment arm, performance status, 
sex, multifocal disease, LDH level, and localizations in 
CSF, or vitreous fluid were not independently associated 
with survival outcomes. A post hoc subgroup analysis in 
younger patients (≤60 years) suggested improved EFS with 
rituximab (HR 0.48, 95% CI 0.28–0.81) though no statisti-
cally significant difference in OS time was found (HR 0.65, 
95% CI 0.36–1.19, Figure 1C–D) on the longer term, sim-
ilar to the results on the short-term.9 The 5-year OS of pa-
tients < 60 years was 62%.

Neurocognitive Function and Health-Related 
Quality of Life

Thirty-one and 45 patients were included in the long-
term NCF and HRQoL analysis, respectively. Baseline 
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Table 1. Main Characteristics and Outcome of Eligible Patients

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

Median age years (range) 61 (26–70) 61 (37–70)

  ≥61 53 (53%) 52 (53%)

Sex: women 39 (39%) 51 (52%)

Performance status

  WHO 0 20 (20%) 23 (23%)

  WHO 1 51 (51%) 50 (51%)

  WHO 2 18 (18%) 16 (16%)

  WHO 3 11 (11%) 10 (10%)

RTOG neurologic function

  0 5 (5%) 14 (14%)

  1 25 (25%) 26 (26%)

  2 19 (19%) 13 (13%)

  3 28 (28%) 21 (21%)

  4 8 (8%) 15 (15%)

  Unknown 15 (15%) 10 (10%)

Pathology DLBCL 99 (99%) 97 (98%)

Multifocal disease 51 (51%) 46 (46%)

CSF involvement yes 16 (16%) 18 (18%)

  No 53 (53%) 52 (53%)

  Unknown 31 (31%) 29 (29%)

Vitreous fluid localization 3 (3%) 8 (8%)

LDH elevated 29 (29%) 29 (29%)

MSKCC prognostic score

  Age ≤ 50 y 12 (12%) 16 (16%)

  Age > 50, WHO < 1 59 (59%) 63 (64%)

  Age > 50, WHO > 1 29 (29%) 20 (20%)

Total

EFS, months, median  (95% CI) 10.8 (6.0–25.6) 15.5 (8.0–42.8) 14.9 (7.9–24.5)

5 y EFS (95% CI) 25% (17–34) 36% (27–46) HR 0.85
(0.61–1.18, P = .33)

PFS, months, median (95% CI) 24 (10.5–28.5) 41 (15.2–100.6) 26 (15.2–39.9)

5 y PFS (95% CI) 29% (21–39) 43% (33–53) HR 0.73
(0.52–1.02, P = .07)

OS, months, median
(95% CI)

57 (37.7–75.1) 85 (42.7–104.3) 61 (44.7–81.7)

5 y OS (95% CI) 49% (39–59) 53% (43–63) HR 0.87
(0.61–1.26, P = .47)

Causes of death

  PCNSL 44/64 (69%) 39/55 (70%) 83/119 (70%)

  Complication of Tx 4/64 (6%) 3/55 (5%) 7/119 (6%)

  Intercurrent disease 2/64 (3%) 3/55 (5%) 5/119 (4%)

  Secondary malignancya 3/64 (5%) 1/55 (2%) 4/119 (3%)

  Other 6/64 (9%) 4/55 (7%) 10/119 (9%)

  Unknown 5/64 (8%) 5/55 (9%) 10/119 (8%)

Abbreviations: CSF, cerebrospinal fluid; MSKCC, Memorial Sloan Kettering Cancer Center; Tx, treatment; WHO, World Health Organization; LDH, 
lactate dehydrogenase; R-MBVP, rituximab—methotrexate, BCNU, vincristine, and prednisolone; DLBCL, diffuse large B-cell lymphoma; EFS, event-
free survival; PFS, progression free survival; OS, overall survival; CI, confidence interval.
aIn total 12 s malignancies were reported, 4 of them in patients with relapsed or progressive PCNSL: 2 basocellular carcinoma, 2 melanomas, 2 
breast, 2 renal, and 1 each of prostate, colorectal, urothelial, and lung carcinoma.
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characteristics were similar for patients included in 
this long-term analysis and the total trial population; 
only the median age was slightly lower (59 vs. 61 years) 
and performance status at baseline was slightly higher. 
Slightly more patients eligible for the long-term anal-
ysis of NCF and HRQoL, as compared to the total popula-
tion, had been treated with rituximab (60–61% vs. 50%), 

HD-Ara-C (94–98% vs. 81%), and WBRT (56–58% vs. 35%) 
(Supplementary Table 2). Compliance with NCF and HRQoL 
testing was ≥60% at all time points, except for NCF at 36 
months (55%) (Supplementary Table 3).

For NCF, scores improved after treatment on the group 
level and, with the exception of motor speed, remained 
largely stable during the 5 years follow-up period (Figure 
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Figure 1. Survival Curves. (A) Event-Free and (B) Overall Survival (C and D) Overall Survival by Age Group (≤60 years, >60 years) and (E and F) 
WHO Performance Status (0–1, 2–3)
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2). For motor speed, there was a clinically relevant deteri-
oration after 48–60 months of follow-up. At the individual 
level most patients retained stable NCF scores over time 
when compared to their baseline scores or “after chemo-
therapy” (Supplementary Figures 1 and 3). Of note, for 
memory, 50% of the patients showed a clinically relevant 
improvement after 60 months compared to baseline, while 
for motor speed 47% of the patients showed a clinically rel-
evant deterioration at 60 months.

For HRQoL, scores at the group level also improved to 
a clinically relevant extent after treatment, and remained 
stable thereafter for up to 5 years after treatment, for all 
preselected scales except fatigue (Figure 3). For fatigue, the 
improvements after treatment were clinically relevant at all 
time points except the 60 months assessment. However, 
fatigue scores remained higher than in norm populations 
to a clinically relevant extent, ie >10 point difference, at all 
time points. At an individual patient level, the percentage 
of patients with stable or improved scores after treatment 
and up to 60 months of follow-up was relatively stable: for 
global health status (69–91%), and role and social func-
tioning (81–95% and 78–91%). Results were different for 
fatigue and motor dysfunction. After 48 and 60 months of 
follow-up, 31 and 35% of patients showed clinically rele-
vant increased fatigue as compared to baseline. Similarly, 
for motor dysfunction, a considerable proportion (25–33%) 
of patients reported more motor dysfunction at 48 and 60 
months after treatment than at baseline (Figure 3). For both 
NCF and HRQoL outcomes, similar results were found in 
the 18 (NCF) and 25 (HRQoL) irradiated patients available 
for long-term analysis (Supplementary Figures 2 and 4).

Discussion

Long-term analyses of this randomized phase 3 study, with 
a median follow-up of 82 months, confirm our previous 
findings that rituximab, when added to MBVP chemo-
therapy, does not improve survival outcomes in patients 

with PCNSL. This is contradictory to the IELSG32 study, in 
which PFS and OS were longer in the MATRIx arm (MTX-
Ara-C plus rituximab and thiotepa) than in the MTX-Ara-C 
arm on long-term follow-up, and even the addition of 
only rituximab prolonged OS compared with MTX-Ara-C 
alone.6 Whether inadvertent differences in the patient 
populations between the trial arms in these studies ex-
plain this discrepancy, or whether the effect of rituximab 
is more pronounced with less effective chemotherapy (ie 
HD-MTX-Ara-C only vs. MBVP-HD-Ara-C) remains uncer-
tain. Relapses continued to occur throughout follow-up, 
as in other studies utilizing WBRT or no consolidation,3,4,6,7 
but possibly less so in studies with myeloablative chemo-
therapy followed by ASCT.5,7

We found an especially strong prognostic effect of age 
on survival: for EFS and age > 60 years the HR was 2.39, 
95% CI: 1.66–3.45 and for OS the HR was 2.33, 95% CI: 
1.55–3.51. This is likely to be at least partially the result of 
the study design in which patients ≤ 60 years old were 
consolidated with WBRT whereas older patients received 
no consolidation other than the HD-Ara-C consolidation 
prescribed to all patients, because of the known negative 
effects of WBRT on neurocognitive functioning in elderly 
patients. Since the results of the second randomization of 
the IELSG32 trial and the PRECIS trial have been reported, 
many centers now have adopted myeloablative chemo-
therapy followed by autologous stem cell transplantation 
(ASCT) as principle consolidation treatment in fit patients. 
ASCT, with high-dose thiotepa in the conditioning reg-
imen, is also feasible in fit elderly patients.25,26 Whether the 
apparent greater effect of rituximab on EFS in younger and 
irradiated patients is a true effect or simply a coincidence 
remains elusive. However, since no effect was shown on 
OS, treatment advice cannot be based on this.

We observed no significant and clinically relevant de-
cline for HRQoL or NCF outcomes, except for motor speed, 
in long-term survivors at the group level. However, at in-
dividual patient levels, major variations were found, with 
stable patients as well as patients who improved or de-
teriorated to a clinically relevant extent (Figures 2 and 3). 

Table 2. Multivariable Analysis for EFS and OS

EFS OS

HR (95% CI) P HR (95% CI) P

Rituximab 0.86 (0.61–1.20) .36 0.84 (0.58–1.23) .37

Age > 60 2.39 (1.66–3.45) <.001 2.33 (1.55–3.51) <.001

WHO > 1 0.69 (0.45–1.05) .08 1.04 (0.67–1.61) .88

Sex female 0.79 (0.56–1.13) .19 0.82 (0.56–1.20) .32

MMSE ≥ 27/30 0.67 (0.44–1.02) .06 0.70 (0.45–1.07) .10

Multifocality 1.42 (0.97–2.09) .08 0.97 (0.65–1.44) .87

Vitreous localization 1.13 (0.53–2.41) .74 1.4 (0.63–3.12) .41

CSF localization 0.82 (0.55–1.21) .32 0.89 (0.58–1.38) .61

Dexamethasone dose (per mg) 1.04 (1.02–1.07) <.001 1.05 (1.02–1.08) <.001

LDH elevated 1.16 (0.79–1.71) .44 1.14 (0.75–1.74) .55

Abbreviations: EFS, event-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; WHO, World Health Organization; MMSE, 
mini-mental state examination; CSF, cerebrospinal fluid; LDH, lactate dehydrogenase; mg, milligram.
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Figure 2. Changes in Neurocognitive Function Over Time. Mean z-Scores (95% CI) Over Time for the Neurocognitive Domains (A) Information 
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The apparent deterioration in motor speed may have been 
caused by the smaller number of patients in this anal-
ysis than in analyses of other cognitive domains—not all 
centers were equipped with the grooved pegboard test. 
Additionally, the influence of strength and dexterity cannot 
be ruled out when assessing motor speed. Other factors, 
such as disease location, steroid use and treatment delay at 
diagnosis may also have influenced the results of the NCF 
and HRQoL analyses but analysis of all these factors for all 
outcome measures would require correction for multiple 
testings and much larger patient numbers. Unfortunately, 
too few irradiated patients had results to allow valid indi-
vidual longitudinal analysis of long-term NCF and HRQoL 
outcomes. At the group level, no significant deterioration 
over time was found but the small number of patients 
precludes drawing conclusions, for example, regarding 
the influence of reduced-dose radiotherapy on this appar-
ently preserved NCF in the long term. However, as previ-
ously shown, after 2 years of follow-up NCF was shown 
to be stable even in irradiated patients.8,27 As is frequently 
found in NCF and HRQoL analyses, patients in worse clin-
ical or neurocognitive conditions are less likely to comply 
with these relatively demanding tests, which may result in 
an underestimation of neurocognitive deficits in the pop-
ulation under investigation. Nevertheless, deterioration 
of NCF was found in the WBRT arm of both studies com-
paring 36–40 Gy WBRT with high-dose chemotherapy and 
ASCT as consolidation.6,7 Two studies investigating NCF 
after low-dose (23.4 Gy) WBRT found no significant dete-
rioration of NCF until 2–3 years of follow-up.27,28 After 3–5 
years some deterioration in memory and attention was 
found in 1 of these series, although this did not differ from 
patients consolidated with ASCT rather than WBRT.29

Interestingly, in our study, scores in all selected HRQoL 
domains improved to a clinically relevant extent compared 
to baseline on a group level in the period after treatment 
and remained stable up to 60 months of follow-up, except 
for fatigue (where the score after 60 months was slightly 
below the level of clinical relevance). Nevertheless, com-
pared with the general population the level of functioning 
in the longer term remains lower, and the level of fatigue, 
and motor dysfunction is higher.30 At the individual patient 
level, we particularly observed that quite a large propor-
tion of patients report more fatigue than at baseline in the 
longer term. The persistence of clinically relevant fatigue 
even years after treatment is a relevant finding for pa-
tients with this disease. In the long-term follow-up of other 
large recent trials on PCNSL fatigue is not mentioned.6,7 
However, in cancer survivorship, cancer-related fatigue is 
known to significantly affect physical, emotional, and so-
cial well-being and interfere with the ability to maintain 
daily activities. In systemic NHL severe persistent fatigue 
has been described to occur in 30–40% of patients 5–20 
years after treatment.31,32 Similar to our study no associ-
ation between fatigue and the receipt of rituximab was 
found at least in the first 24 months of follow-up.32

The strength of our study is its prospective, random-
ized nature with long follow-up including extensive 
neurocognitive and HRQoL evaluations from baseline 
onwards. A limitation is the different treatments for pa-
tients over and under 60 years old, in our opinion neces-
sitated by the unacceptable risk of neurotoxicity of WBRT 

in older patients. Because of this, patients over 60 received 
no consolidation other than the HD-Cytarabine. Although 
randomization was stratified for age, and these differing 
treatments were given in both arms, the EFS chosen as the 
primary outcome measure because of the lack of standard 
consolidation in older patients, is not easy to compare with 
other studies. However, with the long-term analysis pre-
sented here, OS data are sufficiently mature to exclude a 
significant effect of rituximab on OS, the most important 
survival endpoint of treatment, in our study. Regarding 
NCF and HRQoL outcomes, it is unfortunate that too few 
results of irradiated patients were available to draw con-
clusions regarding long-term neurocognitive effects of the 
reduced-dose WBRT utilized in our study.

In conclusion, long-term analysis confirms that rituximab 
does not improve outcomes in our study. Neurocognitive 
functioning or HRQoL outcomes in PCNSL patients re-
ceiving (R-) MBVP chemotherapy remain largely stable 
after treatment up to 60 months of follow-up. At the indi-
vidual level, most patients’ NCF and HRQoL remain stable 
or improve, while a minority deteriorate. However, in a 
significant proportion of patients clinically relevant fatigue 
persists for years after treatment.
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