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Abstract
Purpose  High-dose methotrexate (HD-MTX)-based chemotherapy regimen is the first-line option for primary central nervous 
system lymphoma (PCNSL). This prospective cohort study aimed to evaluate the efficacy and adverse effects of HD-MTX 
plus idarubicin (IDA) in patients with newly diagnosed immunocompetent PCNSL.
Methods  We recruited newly diagnosed PCNSL patients from January 2017 to August 2020. Patients were assigned into 
two groups: HD-MTX monotherapy and HD-MTX plus IDA (HD-MTX/IDA). In the HD-MTX monotherapy group, patients 
were treated with MTX 8 g/m2 alone on day 1, while the HD-MTX/IDA group received MTX 8 g/m2 on day 1 and IDA 
10 mg/m2 on day 2. Treatments were repeated every 3 weeks for 8 cycles except for progression and/or unacceptable toxicity.
Results  We recruited 61 PCNSL patients, including 36 in the HD-MTX and 25 in the HD-MTX/IDA group. The CR rate 
was 68% in the HD-MTX/IDA group and 72.22% of patients in the HD-MTX monotherapy group (p = 0.7221), while the 
overall response rate was 72% vs. 77.78% (p = 0.6063). Median PFS in HD-MTX/IDA group and HD-MTX monotherapy 
group were 15.6 months and 18.5 months, respectively (p = 0.6374). Median OS was not reached in both groups. There were 
no significant differences in adverse effects between the two groups.
Conclusions  The combination of IDA with HD-MTX showed no obvious therapeutic advantage over HD-MTX monotherapy 
in newly diagnosed patients with PCNSL. HD-MTX dose of 8 g/m2 monotherapy can still provide better therapeutic benefits 
in patients with acceptable adverse effects. Future studies could explore HD-MTX in combination with other chemothera-
peutic agents in the first-line treatment of PCNSL.
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Introduction

Primary central nervous system lymphoma (PCNSL) is 
a rare and aggressive extranodal non-Hodgkin’s lym-
phoma (NHL) that restricted to the brain, leptomeninges, 
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cerebrospinal fluid, eyes, or spinal cord without evidence 
of a systemic lymphoma involvement. PCNSL accounts 
for only 2–4% of malignant brain tumors and 4–6% of 
extranodal lymphomas in Western countries [1–3] Unfor-
tunately, PCNSL shows highly aggressive biological 
behavior within its distinct sites of occurrence, and thus, 
clinical outcomes remain poor [4].

Surgery is mainly used to establish the histological 
diagnosis of PCNSL due to the high risk of postoperative 
neurological impairment and other adverse outcomes [5, 
6]. Radiation therapy has also been used for the treatment 
of PCNSL for decades, but its role has been diminishing 
lately because of significant age-related neurotoxicity [7, 
8].

MTX–based therapies (MTX dose of 3–8 g/m2) are the 
standard induction therapy for PCNSL, but promoted tumor 
response and survival outcome were also observed when 
MTX was combined with other chemotherapeutic agents 
[9–12]. Previous studies using MTX-based multi-drug 
chemotherapy regimens containing idarubicin (IDA) have 
demonstrated promising results [13–16].

IDA is a semi-synthetic daunorubicin analog. Character-
ized by its high lipophilicity, IDA exerts its anti-neoplastic 
effect by increasing the cellular uptake rate. Studies have 
shown that the IDA metabolite idarubicinol can be detected 
in the cerebrospinal fluid after intravenous administration. 
Furthermore, idarubicinol also has good penetrability to 
brain tumor tissues [17, 18]. Therefore, IDA is expected to 
be a potential drug in PCNSL patients, as the combination 
of MTX and IDA had shown better control of PCNSL in our 
retrospective study [19].

This prospective cohort study aimed to evaluate whether 
MTX plus IDA improves the CR and PFS in newly diag-
nosed PCNSL patients.

Patients and methods

Study design and participants

A prospective cohort single-center study was carried out in 
patients with newly diagnosed PCNSL from January 2017 to 
August 2020 and followed up until May 2021. The inclusion 
criteria for this study were as follows: (a) age ≤ 65 years; 
(b) pathological diagnosis of diffuse large B-cell lymphoma 
(DLBCL); (c) Confirmation of no involvement of sites out-
side the CNS by 18F-FDG-PET combined with computed 
tomography (CT) imaging (PET-CT) or contrast-enhanced 
CT; (d) and no HIV infection and no immunosuppression. 
Patients would be excluded if they had systemic lymphoma, 
immunodeficiency disease, or had received only one cycle 
of therapy. All patients underwent physical examination and 

neurological evaluation on admission, and if there were no 
contraindications, an immediate lumbar puncture was per-
formed before the first cycle of chemotherapy. The Huashan 
Hospital Ethics Committee approved the study protocol, and 
informed consent was obtained from all patients.

Treatment protocols

Patients were separated into two groups based on the pref-
erences of physicians, patients and guardians involved: the 
HD-MTX monotherapy cohort and HD-MTX/IDA cohort. 
Patients in the HD-MTX monotherapy group received 
MTX 8 g/m2 on day 1, while those in the HD-MTX/IDA 
group received HD-MTX 8 g/m2 on day 1 and IDA 10 mg/
m2 on day 2. Both groups also received dexamethasone 
15 mg on days 1–3. Each HD-MTX treatment was admin-
istered as a 3-h infusion. Prehydration and alkalinization 
were initiated at least 72 h before MTX administration. 
Diuresis was generally kept at 3500 ml/24 h. Standard 
leucovorin rescue was initiated 24-h after the start of HD-
MTX infusion at a dose of 15 mg/m2 every 6 h for a total 
of eight times. If delayed elimination occurred, the leu-
covorin dose or rate of intravenous fluid hydration and 
alkalinization was increased. Every 3 weeks, 8 cycles were 
repeated until tumor progression or toxicity occurred. This 
study examined CR rate and PFS as primary endpoints and 
OS and safety as secondary endpoints.

The clinical features of all patients were collected from 
the medical records, including age, gender, height, weight, 
performance status, time of diagnosis, surgical resection, 
biopsy type, lesion site, number of lesions, HIV status, 
serum lactate dehydrogenase (LDH) level, etc. Magnetic 
resonance imaging (MRI) was used to assess the location 
and quantity of lesions in all patients. The International 
Extranodal Lymphoma Study Group (IELSG) defined 
involvement of the deep structures of the brain (periven-
tricular regions, basal ganglia, brainstem, and/or cerebel-
lum) [20].

Toxicity and outcome assessments

The continuity of treatment was evaluated by contrast-
enhanced MRI scans every cycle and by PET-CT after 
3 cycles of treatment and after all therapeutic proce-
dures. CR was defined as the complete disappearance of 
all lesions; a partial response (PR) as a 50% reduction 
in tumor size; progressive disease (PD) as an increase of 
25% in tumor size for all lesions and a new occurrence of 
lesions; stable disease (SD) was defined as an unclassifi-
able condition, which was not a CR, PR, or PD. Overall 
response (OR) was determined by CR plus PR. A toxicity 
assessment for each chemotherapy course was conducted 
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using the Common Terminology Criteria for Adverse 
Events version 4.0. The worst toxicity per patient was con-
sidered for analysis. Within the first 2 years after treatment 
completion, patients were assessed every 3 months, then 
every 6 months in the 3rd year, and then annually.

Statistical analysis

Statistical Package for Social Science, version 26.0 (IBM 
SPSS Statistics, Armonk, NY: IBM Corp.) and Graphpad 
Prism version 8.0.1 (Graphpad Software) were used to per-
form all statistical analyses. All tests were two-sided, and 
p < 0.05 was considered statistically significant. Using chi-
square and Fisher’s exact tests, patient characteristics of 
the two groups (HD-MTX and HD-MTX/IDA) were com-
pared. Survival curves were plotted using the Kaplan–Meier 
method and analyzed using the log-rank test. PFS was calcu-
lated from the date of diagnosis to the date of tumor progres-
sion or recurrence, and OS was calculated from the date of 
diagnosis until death or the last follow-up. Cox proportional 
hazards regression was used in both the univariate and mul-
tivariate analyses.

Results

This study enrolled 61 newly diagnosed PCNSL patients, as 
shown in Fig. 1. Thirty-six patients received MTX mono-
therapy with a median age of 50, and 25 received HD-MTX/
IDA with a median age of 52. In the HD-MTX/IDA group, 
3 patients presented with elevated serum LDH, 6 with ele-
vated WBC counts in CSF, and 14 with high CSF protein 
levels. In contrast, 1 patient showed elevated LDH, 14 with 
elevated WBC counts, and 25 elevated proteins in CSF in 
the MTX group. Besides, 15 patients (60%) had lymphoma 
that involved deep sites of the brain, and 9 patients (36%) 
had multiple lesions in the HD-MTX/IDA group, with 18 
patients (50%) and 15 patients (41.67%) in the MTX group, 
respectively. These 2 cohorts demonstrated a balanced dis-
tribution of age, multiple lesions, involvement of deep struc-
ture, biopsy type, except for patients’ intracranial lesions 
greater than 2 cm in diameter. A considerably higher per-
centage of large intracranial lesions (greater than 2 cm) and 
lesion volumes were detected in the HD-MTX/IDA group 
over the MTX monotherapy group (Table 1).

Fig. 1   Flowchart of patients in the study cohort
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The median follow-up duration was 28.5  months 
(range, 9.3–53.3 months). Of the enrolled patients, 15 
patients discontinued treatment due to disease progres-
sion, 8 in the MTX monotherapy group and 7 in the HD-
MTX/IDA group. CR rates was 72.22% of patients in 
the MTX monotherapy and 68% in the HD-MTX/IDA 
group (p = 0.7221) after 3 courses of chemotherapy. 
OR rates were 77.78% and 72%, respectively (Table 2). 
Median PFS in the MTX group was 18.5 months (95% CI 
11.084–25.916 months) compared to 15.6 months in the 

combination group (95% CI 5.36–25.84 months) (Fig. 2). 
Median OS was not reached for both groups (Fig. 3). In 
multivariate analysis, PFS showed no improvement in the 
HD-MTX/IDA group (p = 0.551, HR = 1.224 [95% CI, 
0.630–2.380]) (Table 3).

Notably, the median PFS of patients with intracranial 
lesions ≥ 2 cm in diameter was 9.35 months, while the 
median PFS of patients with diameters less than 2 cm 
was 18.5 months.

Table 1   Patients’ characteristics 
and baseline statistics

IQR interquartile range, ECOG Eastern Cooperative Oncology Group, LDH lactate dehydrogenase, CSF 
cerebro‐spinal fluid, HD-MTX high‐dose methotrexate, HD-MTX/IDA combination regimen of high‐dose 
methotrexate and idarubicin

HD-MTX (%) HD-MTX/IDA (%) p value

Gender, n (%) 0.8038
 Male 19 (52.78) 14 (56)
 Female 17 (47.22) 11 (44)

Age, median [IQR] 52 [48.5–57] 50 [45–58] 0.4072
ECOG score 0.3746
 0–1 20 (55.56) 11 (44)
 ≥ 2 16 (44.44) 14 (56)

Multiple lesions 15 (41.67) 9 (36) 0.6559
Involvement of deep structure 18 (50) 15 (60) 0.4408
Biopsy type 0.5765
 Surgical 17 (47.22) 10 (40)
 Stereotactic 19 (52.78) 15 (60)

Elevated serum LDH level 1 (2.78) 3 (12) 0.3654
Elevated CSF WBC count 14 (14/33) 6 (6/25) 0.1438
Elevated CSF protein level 25 (25/34) 14 (14/25) 0.1598
Diameter ≥ 2 cm 7 (19.44) 12 (12/25) 0.0179
Lesion volume 18.313 ± 6.109 60.976 ± 19.062 0.017

Fig. 2   Kaplan–Meier curves for progression‐free survival (PFS)

Table 2   Outcomes of the two treatment options

HD-MTX high-dose methotrexate, CR complete response, OR overall 
response (complete response + partial response), PFS progression-
free survival, OS overall survival

HD-MTX 
(n = 36)

HD-MTX/
IDA 
(n = 25)

χ2 p value

CR (%) 26 (72.22%) 17 (68%) 0.1264 0.7221
OR (%) 28 (77.78%) 18 (72%) 0.2656 0.6063
Median PFS 

(month)
18.5 15.6 0.2221 0.6374

Median OS 
(month)

NR NR 0.0039 0.9497



43Journal of Neuro-Oncology (2023) 163:39–46	

1 3

Toxicity

Two patients in the HD-MTX/IDA group, and three in 
the MTX group suffered hematological toxicity, includ-
ing anemia, neutropenia, and thrombocytopenia, but grade 
3–4 toxicity was not frequent in either group. Grade 1–2 
hepatotoxicity was experienced by 4 patients (16%) in the 
HD-MTX/IDA group and 8 patients (22.22%) in the MTX 
group (p = 0.7843), with 3 and 1 patient in the respective 
groups suffering grade 3 hepatoxicity. One patient in the 
HD-MTX/IDA group had grade 2 renal dysfunction, and 
febrile neutropenia occurred in one patient in the MTX 
group. All treatment-related toxicities were managed with-
out severe adverse events or treatment-associated deaths in 
either group (Table 4).

Discussion

Given the rarity of PCNSL and the paucity of high-quality 
evidence regarding treatment is available. Only 2 rand-
omized phase III studies and 5 randomized phase II stud-
ies have been performed [21–25]. No consensus exists on 
the optimal frontline regimens, chemotherapeutic agents in 
addition to HD-MTX, or consolidation therapy with WBRT 
versus high-dose chemotherapy and autologous stem cell 
transplant (ASCT) [11, 26, 27]. Chemoimmunotherapy of 
methotrexate, cytarabine, thiotepa, and rituximab (MATRix 
regimen) in the treatment of primary central nervous system 
lymphoma (IELSG32) has shown response rates in patients 
who received Methotrexate–cytarabine plus rituximab 
and thiotepa (MATRix, 87%) as compared to HD-MTX/

cytarabine/rituximab without thiotepa (74%) and HD-MTX/
cytarabine alone (53%) [23].

HD-MTX can penetrate the blood-brain barrier (BBB) 
and is PCNSL’s first-choice treatment. Doses of HD-MTX in 
the range of 3–8 g/m2 are frequently used [28, 29]. However, 
there is no agreement on the optimal MTX dose for PCNSL. 
Current National Comprehensive Cancer Network guide-
lines recommend doses of 3.5 g/m2 or higher for PCNSL [5].

MTX is also combined with other drugs to increase the 
therapeutic effect, and new agents that can cross the BBB 
effectively would be logical candidate drugs for addition 
to MTX. However, combining MTX with temozolomide, 
rituximab, or high-dose cytarabine, still lacks consensus [11, 
30, 31].

IDA is a semi-synthetic daunorubicin analog. Character-
ized by its high lipophilicity, IDA expresses its anti-neoplas-
tic effect by increasing the cellular uptake rate, suggesting 
IDA could be an ideal candidate for the treatment of PCNSL. 
Previous retrospective single-center study found that MTX 
(3 g/m2) combined with IDA exerted a satisfactory control 
of PCNSL [19], whereas our previous research found that 
MTX doses of 8 g/m2 provided a higher CR rate and better 
PFS benefits over 3.5 g/m2 (68.29% vs. 43.75%, p = 0.03 and 
17.7 vs. 9.05 months, p = 0.03, respectively), with accept-
able adverse effects [32]. However, there is no consensus 
on HD-MTX 8 g/m2 alone or plus other chemotherapeutic 
agents delivered in patients with newly diagnosed PCNSL. 
So, this prospective cohort study aimed to further assess 
the effect of MTX (8 g/m2) together with IDA on the pos-
sible improvement of the CR and PFS in newly diagnosed 
PCNSL patients.

Compared with previous studies, our prospective cohort 
study found that the combination of IDA with MTX (8 g/m2) 
did not improve CR rates, OS, and PFS in PCNSL patients. 
The reason may be that MTX (8 g/m2) monotherapy can still 
provide a good curative effect. Besides, the characteristics 
of patients in both groups were not well-matched, with more 
patients receiving HD-MTX/IDA having intracranial tumor 
diameter greater than 2 cm (48% vs. 19.44%) and larger 
lesion volume than those in the single-agent group. This 
imbalance between the two groups may be another factor 
that may have influenced treatment outcomes.

This was the first prospective trial to examine the effects 
of combining MTX (8 g/m2) with an IDA regimen in patients 
with untreated PCNSL. Compared with MTX single-agent 
chemotherapy, IDA combined with MTX showed no appar-
ent therapeutic advantage. Monotherapy with MTX at a dose 
of 8 g/m2 can still provide therapeutic benefits with accept-
able side effects.

Fig. 3   Kaplan–Meier curves for overall survival (OS)
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Table 3   Univariate and 
multivariate analyses of factors 
affecting PFS

HR hazard ratio, 95% CI 95% confidence interval, ECOG Eastern Cooperative Oncology Group, LDH lac-
tate dehydrogenase, CSF cerebrospinal fluid

Characteristic Univariate analysis Multivariate analysis

Median months p value HR 95% CI p value

Age 0.5235 1.028 0.530–1.994 0.934
 ≤ 50 13
 > 50 18.5

Sex 0.6105
 Male 18.7
 Female 11.95

ECOG 0.0603 1.901 0.967–3.739 0.063
 ≤ 1 20.9
 > 2 10

LDH 0.8723 1.224 0.330–4.539 0.763
 Elevated 18.25
Normal 13.9
Biopsy type 0.7858
 Surgical 18.7
 Stereotactic 13.1

Deep brain involvement 0.8004
 No 17.7
 Yes 13.1

No. of lesions 0.0009 3.345 1.602–6.983 0.001
 1 24.8
 ≥ 2 10

CSF protein 0.6166
 Elevated 17.7
 Normal 13.9

CSF cell count 0.5038
 Elevated 11.7
 Normal 17.7

Regimen 0.6374 1.224 0.630–2.380 0.551
 MTX 18.5
 MTX plus IDA 15.6

Diameter 0.1689
 < 2 18.5
 ≥ 2 9.35

Conclusions

This study compared newly diagnosed PCNSL patients 
treated with HD-MTX (8 g/m2) monotherapy or combined 
with IDA and concluded that the combination therapy 

showed no apparent therapeutic advantages. Future studies 
could explore HD-MTX in combination with other chemo-
therapeutic agents in the first-line treatment of PCNSL.
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