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Abstract:
Objective Few reports have described the real-world outcomes of rituximab, methotrexate (MTX), procar-

bazine, and vincristine (R-MPV) plus response-adapted whole-brain radiotherapy (WBRT) for elderly patients

with primary central nervous system lymphoma (PCNSL). We evaluated the outcome of this regimen.

Methods We evaluated >60-year-old patients with newly diagnosed PCNSL who received R-MPV plus

WBRT from January 2010 to December 2019 at Toyohashi Municipal Hospital. The patients’ characteristics,

regimen enforcement, response rate, survival, and toxicity were analyzed.

Patients Ten patients were consecutively enrolled. Their median age was 69 years old, and 60% had a per-

formance status of 3 or 4 before induction therapy.

Results Seven patients achieved a complete response after induction, and all 10 patients achieved a com-

plete response after consolidation. Seven received reduced-dose WBRT at 23.4 Gy, and 2 received WBRT at

45 Gy. The median follow-up was 44.4 months; the 3-year progression-free survival and overall survival rates

were 60% and 80%, respectively; and the cumulative incidence of relapse was 40%. The incidence of symp-

tomatic delayed neurotoxicity was 70%. Of the 7 patients who received reduced-dose WBRT, 4 (57%) devel-

oped delayed neurotoxicity, including 1 severely affected patient. Only one patient survived without relapse

and delayed neurotoxicity. The ratio of patients who developed relapse or delayed neurotoxicity that impaired

daily life was 33% and 100% in the MTX high- and low-intensity groups, respectively.

Conclusion This regimen in elderly patients is unsatisfactory because of delayed neurotoxicity. We should

consider maintaining an adequate MTX intensity, postponing or minimizing WBRT, and choosing high-dose

consolidation therapy for select patients.

Key words: primary central nervous system lymphoma, R-MPV regimen, whole-brain radiotherapy, delayed

neurotoxicity
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Introduction

The optimal strategy for treating newly diagnosed primary

central nervous system lymphoma (PCNSL) remains contro-

versial. A typical treatment for newly diagnosed PCNSL is

high-dose methotrexate (MTX)-based chemotherapy fol-

lowed by whole-brain radiotherapy (WBRT) as consolida-

tion (1, 2). However, adverse effects of WBRT, such as de-

layed neurotoxicity, are common, especially in elderly pa-

tients, and such adverse effects lead to a decreased quality

of life (2, 3). One study showed that moderate to severely

delayed neurotoxicity, defined as rapidly progressive subcor-

tical dementia, occurred in 24% of patients (4). High-dose

chemotherapy (HCT) supported by autologous stem cell

transplantation (ASCT) as consolidation has been introduced
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as an alternative to WBRT (5, 6). In Japan, thiotepa was re-

cently approved for treatment, further expanding the treat-

ment options for PCNSL.

At our institution, we adopted the rituximab, MTX, pro-

carbazine, and vincristine (R-MPV) regimen followed by

response-adapted WBRT (ra-WBRT) and high-dose cyta-

rabine (AraC) based on the results of a phase 2 study per-

formed at the Memorial Sloan Kettering Cancer Cen-

ter (1, 7). The study demonstrated a 79% complete response

(CR) rate and median progression-free survival (PFS) and

overall survival (OS) of 3.3 and 6.6 years, respectively, with

minimally delayed neurotoxicity. However, few reports have

described the efficacy and neurotoxicity of this regimen in

real-world settings, especially in elderly patients.

We therefore retrospectively analyzed the outcomes of this

regimen in elderly patients at our institution and reviewed

the literature to determine whether or not our treatment

strategy for PCNSL should be amended.

Materials and Methods

Patients

We retrospectively analyzed consecutive immunocompe-

tent patients >60 years old with PCNSL who started the R-

MPV plus ra-WBRT regimen at Toyohashi Municipal Hos-

pital from January 2010 to December 2019. We included all

patients who received R-MPV plus WBRT, regardless of

completion of or deviation from the regimen. Patients who

received one course of another regimen before the R-MPV

regimen were also included.

This study was approved by the institutional review board

of Toyohashi Municipal Hospital.

Institutional guideline for implementation of the

regimen

The R-MPV plus ra-WBRT regimen was performed based

on the original study in which it was analyzed (7). In brief,

the criteria for chemotherapy or WBRT dose reduction and

pre-R-MPV treatment according to the patient’s age, comor-

bidities, and general condition were not specified, being in-

stead left to the discretion of each attending physician and

through discussion at conferences. The rituximab, cyclo-

phosphamide, doxorubicin, vincristine, and prednisolone

regimen (R-CHOP) was chosen as the pre-R-MPV regimen

according to a report describing its temporary efficacy

against PCNSL (8, 9).

Induction therapy

We selected the R-MPV regimen as an induction therapy

as follows: day 1, rituximab at 375 mg/m2 intravenously;

day 2, MTX at 3.5 mg/m2 intravenously (over 2 hours) and

vincristine at 1.4 mg/m2 (capped at 2.0 mg); and days 2 to

8, procarbazine at 100 mg/m2 per day, given during odd cy-

cles. In the original study, rituximab was prescribed at 500

mg/m2, but we reduced the dose to 375 mg/m2, which is

commonly used in the treatment of malignant lymphoma.

Standard hydration and leucovorin rescue were given in ac-

cordance with institutional guidelines. One cycle was 14

days. After five cycles of therapy, we performed magnetic

resonance imaging (MRI) of the brain. Patients who

achieved CR proceeded to consolidation therapy, while those

who did not achieve CR received two additional cycles of

the R-MPV regimen and consolidation therapy thereafter.

Consolidation therapy

Patients who achieved CR after five or seven cycles of in-

duction received reduced-dose WBRT (rd-WBRT) at 23.4

Gy. Otherwise, WBRT at 45 Gy was offered. These doses

were the same fractions used in the original trial. After

WBRT, two courses of high-dose AraC were given at 3 g/

m2/day on days 1 and 2 (1, 7).

Follow-up assessments

We acquired the patients’ characteristics, course of treat-

ment, adverse events during the regimen, response rate, PFS,

OS, and delayed neurotoxicity from their medical records.

The treatment response was assessed according to MRI with

contrast enhancement. Because several patients did not un-

dergo an eye examination or cerebrospinal fluid evaluation

before treatment, the response based on the international cri-

teria for PCNSL could not be determined in all pa-

tients (10). Instead, we used the RECIST version 1.1 evalu-

ation as a generalized evaluation tool (11). CR was deter-

mined by the absence of the lesion, and partial response

(PR) was determined by an at least 30% reduction in the

sum or the maximum tumor diameters compared with base-

line. Cases in which MRI showed shadows but the attending

physician judged them to be scars from a brain biopsy were

considered CR.

For the survival analysis, the time to event was calculated

from the initiation of chemotherapy until death (OS), pro-

gression or death of any cause (PFS), or the date of the last

follow-up in the intent-to-treat population. We also assessed

the intensity of MTX as the relative dose intensity (MTX-

RDI; defined as the cumulative MTX dose divided by the

estimated standard dose of MTX, with the standard dose set

as 3.5 g/m2 per cycle). Delayed neurotoxicity was defined as

symptoms that appeared or deteriorated after completion of

the series of this regimen without relapse. Adverse events

and delayed neurotoxicity were assessed according to the

Cancer Institute’s Common Terminology Criteria for Ad-

verse Events version 5.0. Delayed neurotoxicity was graded

as follows: grade 1, MRI abnormality only; grade 2, symp-

toms that do not substantially interfere with life; and grade

3, symptoms that substantially interfere with life.

Statistical analyses were performed using Kaplan-Meier

survival plots with the EZR software program (Jichi Medical

University Saitama Medical Center, Saitama, Japan) (12).
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Figure.　The progression-free survival and overall survival from the initiation of chemotherapy. (A) 
The progression-free survival. (B) The overall survival.

Results

Patient characteristics

We identified 10 patients with PCNSL who received the

R-MPV plus WBRT regimen. All patients were >60 years

old, and their median age was 69 (range, 62-77) years old.

All but one patient was negative for human immunodefi-

ciency virus (the status of Patient 6 was unknown because

that patient was not tested). The performance status (PS) be-

fore treatment was 3 or 4 in 6 patients (Patients 2, 3, 5, 6,

9, and 10) (60%). Two patients received a pre-R-MPV regi-

men of R-CHOP to reduce the tumor burden (Patient 8 for

an unknown reason and Patient 10 due to concerns regard-

ing the safety of administering high-dose MTX over a long

holiday). Patient 8 dropped out of the protocol after the sec-

ond cycle of R-MPV for an unknown reason. Thus, nine pa-

tients completed the induction, and six of them improved to

a PS of 0 to 2 after induction. Patient 5, who had lesions in

the basal ganglion, thalamus, and cerebral peduncle, re-

mained at a PS of 4 despite improvement of the lesions.

Seven patients received rd-WBRT at 23.4 Gy, and 2 re-

ceived WBRT at 45 Gy. Five of 10 patients were excluded

from 1 or all courses of high-dose AraC because of old age,

a poor PS, or a continuous fever during the first course. Five

patients completed treatment as scheduled in the protocol.

The initial dose of high-dose MTX was reduced to 1 to 2 g/

m2 for four patients (Patients 4, 7-9). Three patients (Patients

2, 5, and 6) received a reduced MTX dose during treatment

because of adverse events. One patient received high-dose

AraC at 3 g/m2 (Patient 3), and 5 patients received a re-

duced dose of 1 to 2 g/m2.

The response and survival

Following the evaluation at the end of the five courses of

the R-MPV regimen, six of nine patients achieved CR and

proceeded to consolidation therapy. The remaining three pa-

tients achieved PR and two additional courses of R-MPV. Of

the three patients with PR, one achieved CR and the other

two still showed PR following the additional courses. For

the patients who were able to be evaluated, the CR rate for

the completion of induction and consolidation was 70% and

100%, respectively. The median follow-up period was 44.4

(range, 10.7-98.9) months, the 3-year PFS was 60.0% (me-

dian survival, 57.6 months), and the 3-year OS was 80.0%

(median survival, 78.2 months) (Figure). Four patients

(40%) survived without relapse, and 3 (30%) died of

PCNSL. Patient 2 died of gallbladder cancer without re-

lapse, and Patient 5 died of an unknown cause at home. At

the time of this writing, Patient 9 was receiving palliative

treatment after the second relapse. Patient 3 survived with-

out relapse and delayed neurotoxicity. Table 1 shows the pa-

tients’ characteristics and clinical outcomes.

We stratified the 10 patients into two groups: the high-

intensity group (MTX-RDI of >0.80; n=6) and the low-

intensity group (MTX-RDI of <0.50, n=4). All patients in

the high-intensity group reached CR after five or seven cy-

cles of R-MPV and received rd-WBRT. In the low-intensity

group, however, three of the four patients did not achieve

CR after induction. Two of them received an additional 2

cycles (total of 7 cycles) of R-MPV and a higher dose of

WBRT (45 Gy) (50%) accordingly. The ratio of patients

who relapsed or had delayed neurotoxicity that impaired

their daily life was 33% in the high-intensity group but

100% in the low-intensity group.

Adverse events during treatment

Hematological adverse events of grade >3 during induc-

tion were neutropenia (Patients 2-5, 7-10) (n=8), anemia

(Patients 2, 5, and 10) (n=3), and thrombocytopenia (Patient

10) (n=1). Adverse events during high-dose AraC treatment

were neutropenia (Patients 1-4, 6, 7) (n=6), anemia (Patients

4 and 6) (n=2), and thrombocytopenia (Patients 1, 3, 4, 6,

and 7) (n=5). Non-hematological adverse events of grade >3

were sepsis (Patients 9 and 10) (n=2), elevated alanine
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aminotransferase (Patients 2 and 6) (n=2), and hyponatremia

(Patient 2) (n=1) (all events occurred during induction). No

life-threatening adverse events were observed during any

course of the regimen.

Delayed neurotoxicity

Of the 10 patients who received WBRT, delayed neuro-

toxicity was observed in 7. Of the 7 patients who received

rd-WBRT at 23.4 Gy, grade 2 and 3 delayed neurotoxicity

was observed in 3 and 1 patient, respectively (57%). Patient

1 had lesion-induced cognitive impairment before treatment.

The Hasegawa Dementia Scale-Revised (HDS-R) score was

11 before treatment but improved to 18 after the third

course of R-MPV. After completion of the regimen, the doc-

tor determined that the patient had no cognitive decline (an

objective evaluation test was not done), and the patient re-

turned to work. MRI showed leukoencephalopathy at six

months after completion of consolidation, but the patient

was asymptomatic. After two years, he developed irritability

and deterioration of his cognitive function. These symptoms

worsened, and he started rehabilitation. The HDS-R and

Wechsler Adult Intelligence Scale scores were 12 and 59

(full-scale), respectively. After 3.5 years, he began to receive

care services. After 4.5 years, he became prone to falls and

showed signs of verbal abuse, violence, and disorientation,

and his memory loss worsened, requiring treatment at a psy-

chiatric hospital. His HDS-R score was 10 at that time. At

the last follow-up six years after treatment, the patient was

unable to walk, required a wheelchair at all times, and had

considerable difficulty speaking. Patient 2 also had cognitive

decline before treatment, and this patient’s HDS-R score

was 9 after the second course of R-MPV. The HDS-R score

improved to 21 after consolidation. From three months after

the end of treatment until his death of gallbladder cancer,

the patient complained of forgetfulness and had MRI find-

ings of leukoencephalopathy; however, he had no difficulties

in daily life. Patient 6 complained of forgetfulness at one

year and one month after treatment. Two months later, he

relapsed. Although MRI was not performed at the onset of

the forgetfulness, the forgetfulness was determined to be the

result of delayed neurotoxicity because the symptoms at the

time of relapse were pain and paralysis in the left lower

back and left lower leg, and there was no worsening of the

forgetfulness at that time. He was not evaluated using an ob-

jective cognitive test. Patient 10 had an HDS-R score of 20

before treatment and 27 after treatment. Two months after

treatment completion, he complained of forgetfulness and

walking instability. After six months, MRI showed leukoen-

cephalopathy. His forgetfulness and walking instability wors-

ened at four years and seven months, and he underwent a

consultation with the Department of Neurology. His Mini-

Mental State Examination (MMSE) score was 24. At the last

follow-up, he complained of staggering, gait instability, dif-

ficulty differentiating between dreams and reality, being un-

able to walk much, bumping into objects, and being forget-

ful; however, he was still able to live independently. All 3

patients who received WBRT at �30 Gy had delayed neuro-

toxicity of grade �2. Patient 4 had an HDS-R score of 21

before treatment. Her cognitive function began to deteriorate

(with an HDS-R score of 11) at 9 months after the comple-

tion of treatment with MRI findings of leukoencephalopathy.

She experienced gait instability that required walking assis-

tance, urinary incontinence, incoherent conversation, halluci-

nation, and soliloquy in addition to cognitive decline. After

two years and three months, she developed a cerebral infarc-

tion and was transferred to another hospital. At the last

follow-up of three years and three months after the treat-

ment, she was bedridden, not speaking, and receiving gas-

trostomy feedings. Patient 8 complained of forgetfulness

without impairment of daily life from one year and four

months to the development of relapse at six years eight

months. He was not evaluated using an objective cognitive

test. Patient 9 had an HDS-R score of 26 and MMSE score

of 23 before treatment, but these scores were not evaluated

after treatment. He complained of diplopia and walking in-

stability with MRI findings of leukoencephalopathy without

relapse at one year and two months after completion of

treatment. His symptoms continued until relapse.

Discussion

We investigated the real-world outcomes following treat-

ment with the R-MPV plus ra-WBRT regimen for elderly

patients with PCNSL. Our results indicated that this regimen

had a good response rate: all 10 patients achieved CR at the

end of the consolidation. However, four patients relapsed,

and seven patients had delayed neurotoxicity after complet-

ing the regimen. Only one patient survived without relapse

or delayed neurotoxicity. Despite the high response rates,

the long-term outcomes were not satisfactory.

The R-MPV plus ra-WBRT regimen seems to be widely

used in Japan, likely because this regimen is one of the few

combination chemotherapy regimens including high-dose

MTX for PCNSL that can be used in Japan. Other combina-

tion regimens that are reportedly effective for

PCNSL (13-16) include anticancer drugs that are not ap-

proved by insurance in Japan (e.g. thiotepa other than use in

ASCT, temozolomide, lomustine, and carmustine). However,

few reports have described the outcomes of the R-MPV

regimen in real-world settings.

When we searched the terms “R-MPV,” “(MPV) AND

(lymphoma),” and “(reduced dose whole brain) AND (lym-

phoma)” in PubMed on March 20, 2021, we found only two

prospective trials (including the original trial) and two retro-

spective trials that reported the results of this regimen for

PCNSL (Table 2) (1, 17-19). One of the trials only included

patients <60 years old (17), and another omitted WBRT for

21 of 39 (54%) patients, mainly because they were �71

years old (18). To our knowledge, the present study is the

first to evaluate the R-MPV plus ra-WBRT regimen for eld-

erly patients in a real-world setting.

The present study showed that the PFS and OS rates in
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Table　2.　Survival Outcomes of R-MPV Plus Response-adapted WBRT Regimen for Patients Who Received Reduced-dose 
WBRT (23.4-24.0Gy).

Reference Study design
Treated 

No

Median age 

(range)

Median 

follow up
PFS (ITT) OS (ITT)

1 Prospective phase 2 52 60 (30-79) 67.2 3 y: 51% median 39.6 m 3 y: 77% median 79.2 m

17 Retrospective 10 54.5 (47-59)# 33.1 3 y: 56% median not reached 3 y: 69% median not reached

18 Retrospective 39* 73 42.4 median not reached median not reached

19 Prospective phase 2 22 51.5 (31-67) 11.3 1 y: 94% median not reached 1 y: 68% median 19 m

Our Retrospective 10 69 (62-77) 44.4 3 y: 60% median 57.6 m 3 y: 80% median 78.2 m

#This study only enrolled patients under 60 years old.

*WBRT was omitted in 21 of 39 patients in this trial.

ITT: intent to treat, OS: overall survival, PFS: progression-free survival, R-MPV: rituximab methotrexate procarbazine vincristine, WBRT: whole-brain ra-

diotherapy

our facility were good despite the patients’ relatively old age

and low PS. However, our actual results are not satisfactory,

with only 1 patient (10%) surviving without delayed neuro-

toxicity. This indicates the peculiar difficulty in evaluating

treatment outcomes in patients with PSCNL, in whom ad-

verse events of delayed neurotoxicity are a major problem.

Large-scale real-world data on the delayed neurotoxicity-free

PFS or quality of life-adjusted PFS will be required in the

future.

The original prospective trial of R-MPV plus rd-WBRT of

23.4 Gy showed minimal delayed neurotoxicity among 12

patients who achieved a progression-free status and com-

pleted neuropsychological evaluations up to 48 months.

However, only three elderly patients were included among

them (1). Our study shows that delayed neurotoxicity re-

mains a major problem for elderly patients with PCNSL

(more than half of patients were affected, including a se-

verely affected patient), even those receiving rd-WBRT at

23.4 Gy. Multiple reports have shown that patients’ age is

the main risk factor for an increased incidence of delayed

neurotoxicity, which occurred in 19% to 83% of patients >

60 years old who received WBRT following MTX-based

chemotherapy at an average of 3 to 52 months after com-

pleting treatment (20, 21). One report showed no marked

difference in the quality-adjusted life expectancy between

elderly patients with PCNSL undergoing chemotherapy

alone and those undergoing chemotherapy plus WBRT (22).

We should consider deferring WBRT until relapse for eld-

erly patients, as has been attempted in clinical tri-

als (19, 21). Even when WBRT is performed, we should

consider keeping the dose at <30 Gy, even when proceeding

to 45 Gy WBRT in the protocol. This is because WBRT at

45 Gy in elderly patients reportedly causes a high rate of

neurological damage (>70%) (23, 24), and the outcomes in

our patients were also severe.

We believe that it is important to maintain the RDI of

high-dose MTX in order to avoid WBRT and a worsening

treatment outcome. Notably, the initial dose of MTX was re-

duced in 40% of the patients in our study, and only 30% of

the patients completed the regimen without MTX dose

modification. Our study also shows that some clinicians re-

duce the MTX dose by more than half due to concerns re-

garding the toxicity of high-dose MTX in elderly patients,

but this decision is not based on clearly established criteria.

The optimal MTX dose and schedule for elderly patients

have yet to be determined. A large multicenter retrospective

analysis recently suggested that maximizing the MTX-RDI

and delivering consolidation in a subgroup of elderly pa-

tients may improve clinical outcomes (25). Tatarczuch et

al. (26) reported good outcomes of R-MPV therapy (4-year

PFS and 4-year OS of 82% and 77%, respectively) in eld-

erly patients (>60 years old), with minimal dose reduction

of MTX and only 11% receiving WBRT. High-dose MTX-

based therapy is associated with an improved survival com-

pared with regimens without high-dose MTX; MTX is thus

the key drug in treating PCNSL. Several clinical trials have

indicated that reasonable MTX doses in elderly patients are

considered to range from 3 to 4 g/m2 (16, 27, 28). Our

study also showed that a high MTX-RDI (>80%) tended to

provide better outcomes and enabled a reduction in the in-

tensity of WBRT. We should make efforts to maintain the

RDI of high-dose MTX even in elderly patients.

The role of high-dose AraC in this regimen for elderly

patients, however, is less clear. One randomized phase 2 trial

showed that the addition of high-dose AraC to high-dose

MTX provides improved outcomes with acceptable toxicity

compared with high-dose MTX alone in patients �75 years

old (29). Another prospective phase 2 trial showed similar

outcomes between elderly patients and young patients

treated with high-dose AraC containing consolidation and

omitting WBRT (13). However, one retrospective trial

showed that extending high-dose AraC consolidation of the

MPV-AAA regimen resulted in no notable improvement in

the CR rate, PFS, or OS but had a higher rate of hematotox-

icity than the historical control of the MPV-A regimen

among elderly patients (30). In the present study, the only

patients who survived without relapse or neurotoxicity re-

ceived the full dose of high-dose AraC without reduction. At

present, we support the practice of administering high-dose

AraC in elderly patients to the greatest extent possible.

Omitting WBRT may increase the risk of relapse. A ran-

domized phase 3 trial indicated a benefit of WBRT in terms
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of the PFS but not the OS (2). We should therefore consider

consolidation therapy of HCT-ASCT. Randomized phase 2

studies have demonstrated that ASCT and WBRT are both

as effective as consolidation and that ASCT preserves or im-

proves the cognitive function (6, 31). Omuro et al. (5) re-

ported effective disease control and acceptable toxicity with

R-MPV followed by ASCT (2-year PFS, 79%; 2-year OS,

81%). However, all of the above-mentioned ASCT studies

showed an ASCT treatment-related mortality rate of approxi-

mately 3% to 12%, even in patients <60 years old. There-

fore, we hesitated to administer ASCT in the present study

because of the relatively old age and low PS of our cohort.

A recent pilot trial indicated the feasibility and effectiveness

of high-dose MTX comprising induction followed by HCT

(thiotepa plus 2-day busulfan). The median age of the pa-

tients was 74 (range, 69-79) years old, and all patients ex-

cept 1 survived without relapse (32). In Japan, thiotepa was

approved for HCT combined with busulfan for adult lym-

phoma in March 2020 following a clinical study of its

safety (33). HCT-ASCT using such a regimen may thus be

considered for select patients, even those >60 years old.

One limitation of this study is the small number of pa-

tients included from a single institution. Furthermore, our

study was retrospective, most of the chemotherapy reduc-

tions and follow-up intervals were at the discretion of the at-

tending physician, and response assessments were also left

to each attending physician. In addition, delayed neurotoxic-

ity was mostly evaluated based on patient complaints and

MRI findings; objective cognitive tests were insufficiently

performed. Therefore, it will be necessary to evaluate a

larger number of patients with PCNSL from multiple centers

in order to determine the optimal treatment strategy for real-

world populations according to objective and uniform indi-

cators.

In conclusion, the R-MPV regimen with ra-WBRT for

elderly patients at our institution resulted in a good response

rate and PFS and OS rates comparable with those in previ-

ous reports. However, the long-term outcome was not satis-

factory because only one patient survived without relapse

and delayed neurotoxicity. Delayed neurotoxicity, which

leads to a decline in the quality of life, was observed even

with rd-WBRT at 23.4 Gy. We believe that it is important to

endeavor to maintain MTX-RDI, postpone WBRT until re-

lapse or minimize radiation dose, and choose consolidation

of ASCT for elderly patients with PCNSL who are in a

good condition. Individualized approaches based on objec-

tive indicators are needed in the future.
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