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Abstract. Primary central nervous system lymphoma
(PCNSL) is an extranodal type of lymphoma, which is treated
with methotrexate (MTX)-based induction therapy. Although
PCNSL is a hematological malignancy, patients with PCNSL
may be treated at neurosurgery or hematology/oncology
departments; however, the outcomes of PCNSL treatment
have not been compared between these two departments. The
present study compared the outcomes of 26 patients with newly
diagnosed PCNSL that were treated at the Department of
Neurological Surgery or Department of Hematology/Oncology
(Wakayama Medical University Hospital, Wakayama, Japan)
between January 2011 and December 2021. The relative dose
intensity (RDI) and relative treatment intensity of MTX were
assessed as indicators of the intensity of chemotherapy. The
median RDI of MTX was 67 and 93% in the neurosurgery
and hematology/oncology groups, respectively (P<0.001). The
proportion of patients that achieved a complete response after
high-dose MTX-based therapy was significantly higher in the
hematology/oncology group than in the neurosurgery group
(P=0.038). The estimated 2-year overall survival was 72 and
100% in the neurosurgery and hematology/oncology groups,
respectively (P=0.046). As with the difference in the outcomes
observed between pediatrics and hematology departments for
adolescents with acute lymphoblastic leukemia, the outcomes
of patients with PCNSL may differ between neurosurgery and
hematology/oncology departments.
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Introduction

Primary central nervous system lymphoma (PCNSL) is a
rare and aggressive form of extranodal lymphoma (1). It is
classified as a type of non-Hodgkin's lymphoma. Although
it is a hematological malignancy, patients that are primarily
diagnosed with PCNSL usually present to the neurosurgery
department first with intracranial lesions. For a definitive diag-
nosis, a tissue sample from a brain biopsy needs to be obtained
by a neurosurgeon. Due to community referral patterns,
patients with PCNSL may be treated at either a neurosurgical
department or hematology/oncology department.

High-dose methotrexate (MTX)-based chemotherapy
is generally accepted as the standard induction treatment
for PCNSL (1). However, the optimal induction regimen,
including the optimal combination therapy to add to high-dose
MTX, remains uncertain. In addition, no consolidation
therapy for use after MTX-based chemotherapy has been
established. Recently, intensified chemotherapy, including
high-dose chemotherapy with autologous stem cell transplan-
tation (ASCT), has tended to be considered for consolidation
therapy in such cases. However, the treatments that can be
provided depend on the availability of certain facilities and
equipment. For example, ASCT requires specialist equipment
for harvesting and preserving hematopoietic stem cells and
medical staff capable of performing transplantation proce-
dures. Therefore, treatment methods may vary depending on
the department providing the treatment, e.g., neurosurgery
and hematology departments may differ in the treatments
they can provide for PCNSL. Such differences in the available
treatment options among departments may result in different
outcomes, just as treatment outcomes for acute lymphoblastic
leukemia (ALL) in adolescents and young adults (AYA) differ
between pediatric and hematology departments (2). However,
the outcomes of PCNSL treatment have not been compared
between neurosurgery and hematology/oncology departments.

In chemotherapy for hematological malignancies, it is
important to maintain an appropriate therapeutic intensity to
achieve better outcomes. Several studies have demonstrated
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that maintaining an appropriate relative dose intensity (RDI)
during R-CHOP (rituximab plus cyclophosphamide, doxoru-
bicin, vincristine, and prednisone) chemotherapy improved
survival in newly diagnosed diffuse large B-cell lymphoma
(DLBCL) patients (3,4). Recently, the RDI of MTX was
reported to have an important prognostic impact in patients
with PCNSL (5). However, the difference in the RDI of MTX
between treating departments has not been assessed.

Different treatments may be selected by different depart-
ments, depending on the expertise of the medical staff, which
may lead to differences in treatment outcomes among treating
departments. At our hospital, PCNSL patients were treated
by the neurosurgery or hematology/oncology department,
depending on the year in which they were diagnosed. In this
study, we compared the outcomes of PCNSL patients treated
at our neurosurgery and hematology/oncology departments
based on the RDI of MTX.

Materials and methods

Patients. This was a single-center retrospective study,
conducted at Wakayama Medical University Hospital.
Consecutive patients with newly diagnosed PCNSL who
received high-dose MTX-based therapy between January 2011
and December 2021 were selected via a review of electronic
medical records. Patients who received radiotherapy alone or
palliative chemotherapy were excluded from this analysis. The
selected patients had untreated histologically-proven DLBCL.
A PCNSL patient with natural killer/T-cell lymphoma
histology was excluded. Patients with PCNSL that were diag-
nosed between January 2011 and March 2018 were treated at
the neurosurgery department (Fig. S1). These patients visited
the neurosurgery department for a mass lesion in the brain,
underwent a brain biopsy to obtain a definitive diagnosis,
and continued to be treated at the neurosurgery department.
When patients required multi-drug combination chemo-
therapy after relapse, they were transferred to and treated
at the hematology/oncology department. On the other hand,
patients that were diagnosed with PCNSL between April 2018
and December 2021 were treated at the hematology/oncology
department from the initial treatment onwards. These patients
were referred to the hematology/oncology department once
a definitive diagnosis had been made by the neurosurgery
department. To assess the impact of the treating department
on survival, the patients were classified into those treated
at the neurosurgery department and those treated at the
hematology/oncology department.

All patients underwent positron emission tomog-
raphy-computed tomography (PET-CT) or CT (i.e., patients
who could not undergo PET-CT) for staging in addition to
brain gadolinium-enhanced magnetic resonance imaging
(MRI) before the initial treatment. Prognostic factors were
evaluated using the Memorial Sloan-Kettering Cancer Center
(MSKCC) prognostic model and the International Extranodal
Lymphoma Study Group (IELSG) model (6,7).

Treatments. Induction therapy was performed with three
different regimens: high-dose MTX; rituximab and MTX
(R-MTX); and rituximab, MTX, procarbazine, and vincristine
(R-MPV). The high-dose MTX treatment regimen consisted

of MTX (3.5 mg/m?) and 15 mg leucovorin (15 mg) every 4 h,
starting 24 h after the administration of MTX. In the R-MTX
regimen, the high-dose MTX regimen was administered, but
rituximab (375 mg/m?) was added the day before the MTX
infusion. In some patients, the first dose of rituximab was
administered after MTX. The R-MPV regimen was modified
from the original regimen reported by the MSKCC (8). The
modified regimen consisted of rituximab (375 mg/m?) on day 1,
vincristine (1.4 mg/m?, capped at 2 mg/body) on day 2, and
procarbazine (100 mg/m?) orally on days 2 to 8 in addition to
the high-dose MTX regimen, starting on day 2. Procarbazine
was only administered during odd cycles. The dose of MTX
was reduced at the attending doctor's discretion, based on the
patient's performance status and the presence/absence of renal
impairment. Treatment decisions, including regarding the dose
reduction of chemotherapy agents, were made in treatment
meetings held at each department.

The treatment response was assessed using gadolinium-
enhanced MRI after induction therapy and consolidation
therapy and was defined as a complete response (CR) or partial
response (PR) (9). The tumor burden was estimated using the
sum of the products of the longest perpendicular diameters
(SPD), which was calculated by multiplying the two longest
perpendicular diameters for up to five target lesions. Adverse
events were classified according to the National Cancer
Institute's Common Terminology Criteria for Adverse Events
(CTCAE), version 5.0. Adverse events were assessed during
MTX-based induction therapy. Since it is not possible to deter-
mine adverse events per treatment for leukoencephalopathy,
the adverse event rate for leukoencephalopathy was calculated
for the entire course of treatment.

Assessment of MTX-based therapy. The dosage, number of
courses, and adverse events were evaluated for high-dose
MTX-based therapy, including R-MTX and R-MPV. The RDI
of MTX was calculated as the ratio of the delivered dose of
MTX to the reference dose per unit of time. The reference dose
intensity was based on 3.5 g/m* MTX being administered every
2 weeks. For patients in whom the high-dose MTX regimen
was discontinued, the RDI was calculated based on the number
of courses administered. The relative treatment intensity of
MTX was calculated by multiplying the RDI of MTX by the
number of MTX-based chemotherapy courses, as previously
reported in a study of older DLBCL patients based on relative
treatment intensity (10). For example, if three courses of MTX
involving a dose of 3.5 g/m? were administered every two
weeks without postponement, the relative treatment intensity
for MTX would be three. Delayed MTX clearance was defined
as a serum MTX concentration of =0.1 mmol/l at 72 h after the
start of the high-dose MTX therapy.

Statistical analyses. Bivariate analyses of categorical vari-
ables were conducted using Fisher's exact test. To analyze
continuous variables, the Mann-Whitney U-test or Student's
unpaired t-test was used. The primary endpoint was overall
survival (OS). The secondary endpoint was progression-free
survival (PFS). OS was calculated from diagnosis to death or
the last follow-up. PFS was calculated from disease progres-
sion, relapse, death, or the last follow-up. OS and PFS were
estimated using the Kaplan-Meier method and were compared
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Table 1. Patient characteristics.
Characteristic Total (n=26) Neurosurgery (n=15)  Hematology/oncology (n=11)  P-value
Date of initial treatment Jan. 2011-Dec. 2021  Jan.2011-Mar. 2018 Apr. 2018-Dec. 2021
Median age, years (range) 62 (31-83) 65 (31-72) 62 (48-83) 0.38
Male, n (%) 18 (69) 11 (73) 7 (63) 0.68
ECOG PS =2,n (%) 15 (58) 10 (67) 5 (46) 043
KPS <70, n (%) 11 (42) 7 (47) 4 (37) 0.70
MSKCC prognostic model, n (%) 0.65

Class 1 4 (16) 3 (20) 1(9)

Class 2 11 (42) 5(33) 6 (55)

Class 3 11 (42) 7 (47) 4 (36)
IELSG prognostic model, n (%) 0.26

Low 7(27) 5@33) 2 (18)

Intermediate 9 (35) 3 (20) 6 (55)

High 10 (38) 7 (47) 3(27)
CSF infiltration, n (%) 0(0) 2 (18) 0.17
Intraocular infiltration, n (%) 4 (16) 1 (6) 3(27) 0.28
EGFR, mean (range) 81.3 (49.8-109.4) 86.7 (56.3-107.6) 73.9 (49.8-1094) 0.056
Induction therapy, n (%) <0.001

HD-MTX 15 (58) 15 (0) 0(0)

R-MTX 3(12) 0(0) 3(27)

R-MPV 8 (30) 0(0) 8(73)
Consolidation therapy, n (%) <0.001

WBRT 11 (42) 11 (73) 0(0)

WBRT and HD-AraC 2(8) 0(0) 2 (18)

ASCT 3(11) 0(0) 3(27)

Tirabrutinib 2 (8) 0(0) 2 (18)

Local RT 1(4) 00 1 (10)

None 7(27) 4.(27) 327

ECOG,Eastern Cooperative Oncology Group; PS, Performance Status; KPS, Karnofsky Performance Status; MSKCC,Memorial Sloan-Kettering
Cancer Center; IELSG, International Extranodal Lymphoma Study Group; CSF, cerebrospinal fluid; EGFR, estimated glomerular filtration
rate; HD-MTX, high-dose methotrexate; R-MTX, rituximab and HD-MTX; R-MPYV, rituximab, HD-MTX, procarbazine, and vincristine;
WBRT, whole-brain radiotherapy; HD-AraC, high-dose cytarabine; ASCT, autologous stem cell transplantation; RT, radiotherapy.

using the log-rank test. Data were censored at the date of the
last follow-up or September 30, 2022. The Cox proportional
hazards regression model was used in the univariate and
multivariate analyses of PFS. Clinical factors that exhibited
P-values of <0.20 in the univariate analyses were subjected
to multivariate analysis and selected in a stepwise-deleted
manner. The stepwise method allows the automatic inclusion
and exclusion of variables based on their significance levels
(P-values). Age was divided into two groups; over and under
60 years old. The consolidation therapies described in Table I
were divided into three groups: radiotherapy, chemotherapy,
and none. The chemotherapy group included the patients
treated with whole-brain radiotherapy (WBRT) combined
with high-dose cytarabine (HD-Ara-C), autologous stem cell
transplantation (ASCT) following high-dose chemotherapy, or
tirabrutinib. The grades of adverse events were also assessed.
P<0.05 was considered to indicate a statistically significant
difference. All statistical analyses were performed using the
EZR software package, version 1.55 (Jichi Medical University

Saitama Medical Center, Saitama, Japan), or GraphPad
PRISM, version 9 (San Diego, CA, USA) (11).

Results

Patient characteristics. Twenty-six patients were analyzed.
There were 15 (58%) and 11 (42%) patients in the neuro-
surgery and hematology/oncology groups, respectively.
The clinical characteristics of each group are summarized
in Table I. The median age of all patients at diagnosis was
62 years (range: 31-83). Eleven patients (42%) presented with
a Karnofsky Performance Status (KPS) of <70. According to
the MSKCC prognostic model, 4 (16%) and 11 (42%) patients
were classified into classes 1 and 2, respectively. Age did
not differ significantly between the neurosurgery and hema-
tology/oncology groups (P=0.38). In addition, there was no
significant difference in the distribution of the MSKCC or
IELSG prognostic scores between the two groups. The mean
estimated glomerular filtration rate (¢GFR) before the initial
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Figure 1. (A) RDI of methotrexate during induction therapy according to the treating department. Error bars represent 95% CI. (B) Relative treatment intensity
of MTX during induction therapy. (C) Response rate after induction and consolidation therapies. Bars represent the overall response rate and have been divided
into CR and PR. P-values were obtained using Fisher's exact test during comparisons of the CR rate between the neurosurgery and hematology/oncology
departments. (D) Rate of reduction in the sum of the products of the SPD. Negative values indicate an increase in tumor size. The error bars represent 95%
CI. RDI, relative dose intensity; MTX, methotrexate; CI, confidence intervals; CR, complete response; PR, partial response; SPD, sum of the products of the

longest perpendicular diameter.

treatment was 81.3 ml/min/1.73 m? (range: 49.8-109.4) for
all patients. Although the difference was not significant, the
patients treated at the hematology/oncology department tended
to have lower eGFR than those treated at the neurosurgery
department (P=0.056).

Treatments administered at each department. Different treat-
ment strategies were followed at each department (Fig. S1).
All treatment plans were discussed at departmental meet-
ings. The treatment regimens administered as induction and
consolidation therapies at each department are summarized
in Table I. In this study, three types of high-dose MTX-based
regimens were administered to PCNSL patients as induction
therapies. All PCNSL patients treated at the neurosurgery
department received the high-dose MTX regimen. In the
hematology/oncology department, 3 (27%) and 8 (73%) patients
received the R-MTX and R-MPV regimens, respectively.
After achieving a CR or PR, the patients received consoli-
dation therapy. At the neurosurgery department, 11 patients
(73%) were treated with WBRT as consolidation therapy.
On the other hand, two patients (18%) received WBRT at the

hematology/oncology department. In these two cases, one
patient's dose of WBRT was reduced, and a high-dose cyta-
rabine (Ara-C) regimen was administered to both patients (8).
The proportion of patients who received WBRT as consolida-
tion therapy was significantly lower among the patients treated
at the hematology/oncology department than among those
treated at the neurosurgery department (P=0.045).

At the hematology/oncology department, 3 patients (27%)
received high-dose chemotherapy and underwent autologous
hematopoietic stem cell transplantation (auto-HSCT). The
high-dose chemotherapy regimen included intravenous
busulfan and thiotepa at previously reported doses (12). Two
patients who could not continue receiving the high-dose
MTX regimen after achieving a PR due to toxicities caused
by the chemotherapy were treated with oral tirabrutinib,
a second-generation Bruton's tyrosine kinase (BTK)
inhibitor, as consolidation or maintenance therapy at the
hematology/oncology department (13).

The treatments administered after relapse or progression are
shown in Fig. S2. At the neurosurgery department, 4 patients
underwent retreatment with the high-dose MTX regimen. One
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Table II. Univariate and multivariate analyses of the factors associated with progression-free survival.

Univariate Multivariate
Factor HR (95%CI) P-value HR (95%CI) P-value
Age =60 years 2.37 (0.50-11.2) 0.28
Female sex 0.34 (0.069-1.63) 0.18
KPS <70 3.04 (0.79-11.7) 0.045 4.85 (1.02-23.0) 0.047
Induction therapy 0.36 (0.11-1.19) 0.094
Consolidation therapy 0.50 (0.18-1.37) 0.18
Neurosurgery department 7.08 (0.88-57.2) 0.066 9.61 (1.14-81.1) 0.038

HR, hazard ratio; CI, confidence interval; KPS, Karnofsky Performance Status.
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Figure 2. (A) Overall survival according to the treating department. Progression-free survival according to (B) treating department, (C) MSKCC prognostic
model and (D) MTX-RDI. MSKCC, Memorial Sloan-Kettering Cancer Center; MTX-RDI, relative dose intensity of methotrexate.

of the patients treated at the hematology/oncology depart- radiotherapy (delivered to the ocular lesion) and oral tirabru-
ment developed a relapse in their eye and was treated with  tinib without further recurrence.
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Table IIT. Adverse events related to the high-dose MTX-based regimen.

P-value

Hematology/oncology department

Neurosurgery department
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Grade 3-5

All grades (%) Grade 3 (%) Grade4 (%) Grade5 (%) All grades (%) Grade3 (%) Grade4 (%) Grade5 (%) All grades

Toxicity

0.038
0.

0.014

0(0)
0(0)
0(0)
00
00
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)

0(0)
0(0)
0(0)
00
00
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)

10 (91) 6 (55)

0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)

0 (0)
0 (0)
0 (0)

2 (13)
1(7)
L(7)
0(0)
0(0)
L(7)
0(0)
L(7)
0(0)
0(0)
3 (20)

6 (40)
6 (40)
5(33)
3 (20)

Leukopenia

28
28

0.014

3(27)
3(27)
0 (0)
0 (0)

10 (91)

Neutropenia
Anemia

0.

0.0052
0.24
0.56
1.00
0.28
1.00
1.00

10 (91)

0 (0)

1.00
1.00
1.00
1.00
1.00
1.00

1(7)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)

Thrombocytopenia
Oral mucositis

2 (18)
7 (64)
3(27)
2 (18)
2(18)
3(27)
7 (63)

1(7)

9 (60)

1(9)
0 (0)
2 (18)

0 (0)

Hepatic toxicity
Renal toxicity
Pneumonia

L(N
2(13)
427)
0
14 (93)

L(7)
0(0)
0(0)
0(0)

Infection other than pneumonia

Deep vein thrombosis

0.064
0.24

0.064
0.1

3(27)
0 (0)

3

Leukoencephalopathy*

*Leukoencephalopathy was assessed based on the entire course of treatment. MTX, methotrexate.

MTX treatment delivery. The median number of high-dose
MTX courses administered was 3 (range: 2-5) and 6 (range:
3-7) in the neurosurgery and hematology/oncology groups,
respectively. The initial dose of MTX administered was
3.5 g/m? for all patients treated at the neurosurgery depart-
ment. On the other hand, 3 (27%) of the patients treated at the
hematology/oncology department had their initial MTX doses
reduced, with two patients receiving 2 g/m? and one receiving
3 g/m?. The median volume of supplemental fluid required for
hydration was 3,000 ml (in all patients) and 2,000 ml (range:
1,500-3,000) in the patients treated at the neurosurgery and
hematology/oncology departments, respectively. At both
departments, the fluid used for hydration included sodium
bicarbonate to alkalize the patients' urine. Urinary pH was
monitored in the patients treated at the hematology/oncology
department, and sodium bicarbonate was added if a patient's
urinary pH fell below 7.0. Acetazolamide was administered
regularly for diuresis to the patients treated at the hema-
tology/oncology department. Among the patients treated at
the neurosurgery department, delayed MTX clearance was
observed in 33 of 44 (75%) high-dose MTX courses. In the
hematology/oncology department, delayed MTX clearance
occurred in 22 of 60 (37%) high-dose MTX-based courses,
which was significantly less frequent than was seen in the
patients treated at the neurosurgery department (P<0.001).
The median RDI of MTX was 67% (50-67) and 93% (57-100)
in the neurosurgery and hematology/oncology groups, respec-
tively (P<0.001, Fig. 1A). The mean relative treatment intensity
of MTX was significantly higher in the hematology/oncology
group than in the neurosurgery group (1.8 vs. 4.9, P<0.001,
Fig. 1B).

Response rate. The response rates after induction and consoli-
dation therapy were assessed. The overall response rate to
high-dose MTX-based induction therapy was 81% among all
patients. The CR rate after induction therapy was 13 and 55%
in the neurosurgery and hematology/oncology groups, respec-
tively (Fig. 1C). The proportion of patients that achieved a CR
after high-dose MTX-based therapy was significantly higher
in the hematology/oncology group than in the neurosurgery
group (P=0.038). After consolidation therapy, including
WBRT, there was no significant difference in the CR rate
between the two groups (neurosurgery group: 87% vs. hema-
tology/oncology group: 82%, P>0.999, Fig. 1C). The tumor
volume reduction rate, as determined by measuring the SPD,
after high-dose MTX-based therapy was significantly higher
in the hematology/oncology group than in the neurosurgery
group (P=0.042, Fig. 1D).

Survival analysis. Among all patients, the median duration
of the follow-up period was 2.9 years (range: 0.1-11.3). There
was no significant difference in the duration of the follow-up
period between the neurosurgery and hematology/oncology
groups (median: 3.4 vs. 2.5 years, respectively; P=0.45).
The estimated two-year OS and PFS rates of all patients
were 83.3% [95% confidence interval (CI): 60.9-93.5] and
71.1% (95%CI: 48.5-85.1), respectively. The OS rate for the
patients treated at the hematology/oncology department was
significantly higher than that for those treated at the neuro-
surgery department (two-year OS, neurosurgery group: 72%
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vs. hematology/oncology group: 100%; P=0.046, Fig. 2A). The
two-year PFS rate was 49 and 100% in the neurosurgery and
hematology/oncology groups, respectively (P=0.033, Fig. 2B).
Although the difference was not significant, the patients in
classes 2 and 3 according to the MSKCC prognostic model
tended to have worse OS and PFS rates than those in class 1
(PFS: P=0.076, Figs. 2C and S3). The PFS rate was signifi-
cantly higher in the patients in whom an MTX RDI of =75%
was achieved than in those in whom the RDI of MTX was
<75% (P=0.036, Fig. 2D). Seven patients died from relapse
during the study observation period. One of the patients treated
at the neurosurgery department died of pneumonia (a case of
treatment-related mortality) during induction therapy. None
of the patients treated at the hematology/oncology depart-
ment suffered treatment-related mortality during induction or
consolidation therapy, including auto-HSCT.

Multivariate analysis was performed to evaluate the factors
that affected survival, including the types of induction and
consolidation therapies. Due to the small number of deaths
available for the analysis of OS, multivariate analysis of the
factors that affected PFS was conducted instead. A higher KPS
and being treated at the neurosurgery department were found
to be associated with an increased risk of relapse (Table II).

Toxicities. The toxicities of the high-dose MTX-based induc-
tion therapy are summarized in Table III. The incidence of
cytopenia, including leukopenia, neutropenia, and anemia, was
higher in the hematology/oncology group than in the neurosur-
gery group. However, there was no significant difference in
the incidence of infections, including pneumonia, between the
two departments. Although the difference was not significant,
the incidence of leukoencephalopathy tended to be higher
among the patients treated at the neurosurgery department
who received WBRT after high-dose MTX therapy.

Discussion

The optimal induction and consolidation therapies for PCNSL
have not been established. Therefore, the treatment options
employed may vary depending on the treating department.
In this study, the outcomes of PCNSL patients treated at our
hematology/oncology department were better than those of
PCNSL patients treated at our neurosurgery department.
The patients treated at the hematology/oncology department
received combination therapy for the induction regimen, and
their treatment involved a higher RDI of MTX. The number
of high-dose MTX-based courses also differed, resulting
in a higher relative treatment intensity for MTX in the
hematology/oncology group. A higher CR rate and a more
significant reduction in the SPD were achieved after induction
therapy in the hematology/oncology group than in the neuro-
surgery group. For consolidation therapy, the patients treated
at the neurosurgery department only received WBRT, while
those treated at the hematology/oncology department received
a variety of therapies, including auto-HSCT and tirabrutinib
maintenance therapy.

PCNSL is a hematological malignancy. Hematological
malignancies are sensitive to chemotherapy, and sufficiently
intensive chemotherapy may improve the outcomes of patients
with hematological malignancies. Treating-department-related
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differences in outcomes have been reported in the treatment
of AYA with ALL. Among AYA with ALL, the patients
treated with pediatric protocols exhibited better outcomes than
those treated with adult protocols (14,15). Pediatric protocols
include greater cumulative doses of steroids, vincristine, and
L-asparaginase. In addition to differences in protocol design
and dose intensity, potential variations in the degree of adher-
ence to the scheduled drug treatment outlined in the chosen
treatment protocol between pediatric and adult oncologists
may also affect outcomes (2,16). In the latter studies, treatment
by adult oncologists tended to be more spaced out between
chemotherapy courses than treatment by pediatric oncologists,
which led to differences in treatment intensity. In our study,
comparing the outcomes of PCNSL patients treated at the
hematology/oncology department with those of PCNSL patients
treated at the neurosurgery department, we found differences
in the relative dose and treatment intensity of MTX during
induction therapy and in the choices of consolidation therapy.

The RDI is an indicator of the intensity of chemo-
therapy (17). It has been reported to have an important
impact on survival outcomes in DLBCL patients treated with
R-CHOP-based chemotherapy (3,4). The RDI of MTX was also
reported to have a prognostic impact in PCNSL patients (5).
The latter study demonstrated that an MTX RDI of >75% was
associated with increased OS. However, no previous studies
used the RDI of MTX to compare treatment intensity across
treating departments. In our study, the patients treated at the
hematology/oncology department received HD-MTX at a
higher RDI of MTX and achieved better OS. In addition to
the differences in RDI, the number of courses administered
also differed between the two departments. A previous study
of DLBCL suggested that relative treatment intensity may
be valuable for assessing treatment intensity in retrospective
studies in which different numbers of chemotherapy courses
were administered (10). In this study, the PCNSL patients
treated at the hematology/oncology department received
high-dose MTX therapies at significantly higher treatment
intensities than those treated at the neurosurgery department.
Moreover, 63% of the patients in the hematology/oncology
group received combined treatment with high-dose MTX and
an alkylating agent. Some alkylating agents exhibit high CNS
bioavailability (18). Furthermore, the addition of rituximab to
MTX-based chemotherapy can improve survival, particularly
when the blood-brain barrier is disrupted (1). The combina-
tion of high-dose MTX with other agents, including alkylating
agents and rituximab, increases the treatment intensity and
improves the treatment response (1,19,20). Differences in
treatment intensity during induction therapy may affect CR
rates and outcomes in addition to MTX dose intensity.

The consolidation therapies for PCNSL vary and
include WBRT, high-dose non-myeloablative chemotherapy,
myeloablative chemotherapy with auto-HSCT, medical
maintenance, and observation. WBRT was used as the
basis of such treatment in the past. Recently, myeloablative
chemotherapy with auto-HSCT was reported to be effective
as a consolidation therapy, especially in PCNSL patients aged
60 years or younger (21,22). However, auto-HSCT requires
special equipment for hematopoietic stem cell harvesting and
preservation and medical staff who specialize in stem cell
collection and transplantation. In neurological diseases other
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than PCNSL, there are no indications for auto-HSCT, while
in hematological disease auto-HSCT is the standard treatment
for relapsed malignant lymphoma and initially-diagnosed
multiple myeloma. However, treatment experience may influ-
ence treatment decisions. In a retrospective study conducted in
a neurosurgery department, no patients received auto-HSCT
as a consolidation therapy (23). Some patients treated at our
hematology/oncology department received BTK inhibitors
as consolidation therapy, especially patients who could not
continue receiving treatment with cytotoxic agents due to their
frailty (13). Different treatment departments have different
specialties, and different hospital settings have been reported
to lead to different treatment patterns (24). In addition to differ-
ences in the RDI of MTX in induction therapy, differences in
the treatment options available for consolidation therapy may
affect the outcomes of PCNSL patients.

This study had several limitations. First, it was a
single-center retrospective study. The treatments employed
for PCNSL may vary according to the treating hospital and
country. The MATRix regimen, which includes thiotepa, is
widely used for induction therapy. However, in Japan thiotepa
is not covered by the national health insurance system, except
for use during auto-HSCT. In this study, the induction therapy
did not include thiotepa. Second, the treatment era differed
between the neurosurgery and hematology/oncology groups.
Until March 2018, PCNSL was diagnosed by the neurosurgery
department, and the same department managed the initial
treatment. However, combination chemotherapy after relapse
was administered by the hematology department. In 2018,
discussions between the two departments concluded that
greater consistency between the initial treatments and the
treatments administered for relapsed disease was desirable. As
a result, the hematology department has also been responsible
for the initial treatment since April 2018. Although the types
of induction and consolidation therapies were not found to be
significantly related to the risk of relapse in the multivariate
analysis, the differences between the treatment eras may still
have affected the results due to advances in supportive care and
other factors. Third, the treatment intensity of the induction
therapies was assessed based on the RDI of MTX; therefore,
the analysis did not include changes in treatment intensity due
to the use of combinations of chemotherapy agents. Patients
treated at an MTX RDI of 275% tended to receive combination
chemotherapies as induction therapies (Table SI). Although
prospective comparative studies of the additional therapies
used in conjunction with MTX are lacking, the use of MTX in
combination with other alkylators, including procarbazine, is
recommended (1,25). In addition to the MTX RDI, combina-
tion therapy may have contributed to the increased intensity
of induction therapy at our hematology/oncology department.

In conclusion, the PCNSL patients treated at our hema-
tology/oncology department had better outcomes than those
treated at our neurosurgery department, although it should be
noted that these groups were treated in different periods. The
higher RDI of MTX and use of combination therapies during
induction therapy may have been responsible for the better prog-
noses seen in the patients treated at the hematology/oncology
department. As with the differences in outcomes observed
between pediatrics and hematology departments for AYA with
ALL, the treatment outcomes of PCNSL patients may differ

between neurosurgery and hematology/oncology departments.
Further multicenter studies are warranted to elucidate the
outcomes of PCNSL patients treated at neurosurgery and
hematology/oncology departments.
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