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Purpose: High-dose methotrexate (HD-MTX)-based chemotherapy regimen is the first-line
treatment of primary central nervous system lymphoma (PCNSL). At present, doses of MTX
in the range of 3.5-8 g/m* are frequently used. However, the optimal dose of methotrexate
for PCNSL remains controversial. The purpose of this real-world study was to compare the
efficacy and toxicity of HD-MTX in patients with untreated PCNSL.

Methods: Immunocompetent adults with newly diagnosed PCNSL between January 2015
and December 2018 were investigated and followed up to June 2019. All patients’ initial
treatments were based on HD-MTX chemotherapy regimens.

Results: A total of 73 patients were reviewed. For patients who received HD-MTX at 8 g/m”
vs.3.5 g/m?%, the complete response (CR) rates were 68.29% vs 43.75% (p = 0.03), and the
median PFS times were 17.7 months vs 9.05 months (HR=0.455, 95% CI 0.239-0.865,
p=0.016). There was no significant difference in OS between the two groups. Serious adverse
effects were uncommon and clinically manageable.

Conclusion: There is a correlation of treatment response and clinical outcomes between the
dosage of MTX in initial induction therapy in newly diagnosed PCNSL. MTX dose of 8 g/m?
provided a higher CR rate and PFS benefits with acceptable adverse effects.

Keywords: primary central nervous system lymphoma, high-dose methotrexate,
chemotherapy, prognosis

Introduction

Primary central nervous system lymphoma (PCNSL) is an uncommon extranodal
non-Hodgkin’s lymphoma (NHL) that is defined as lymphoma involving the brain,
leptomeninges, cerebrospinal fluid, eyes, or spinal cord without evidence of sys-
temic disease at the time of diagnosis. PCNSL accounts for only 2—4% of intracra-
nial tumors and 4-6% of extranodal lymphomas in Western countries.'
Unfortunately, PCNSL has been classified as a highly aggressive lymphoma with
poor clinical outcomes.*

In the past three decades, many therapeutic regimens for PCNSL have been
studied and recommended for use in patients, but with evidence-based clinical case
series, small sample prospective clinical trials, and clinical experience. The role of
surgery in PCNSL is typically limited to diagnostic biopsy, as aggressive surgery
for PCNSL has been discouraged due to a high risk of significant postoperative

Received: 1 June 2021
Accepted: 13 July 2021
Published: 4 August 2021

Cancer Management and Research 2021:13 6115-6122 6115
© 2021 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-8682-3854
http://orcid.org/0000-0002-1556-3864
mailto:bbchen@fudan.edu.cn
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Li et al

Dove

neurologic deficits and other adverse outcomes.”® Because
of neurotoxicity risk after radiotherapy, whole-brain radia-
tion therapy (WBRT) is also not the treatment of choice,
especially in elderly patients.*”” Given the limited roles
of surgery and radiotherapy, chemotherapy is the treatment
of choice, particularly as first-line therapy.

High-dose methotrexate (HD-MTX) based regimens
remain the first option for newly diagnosed PCNSL
because of high response rates as demonstrated by
numerous studies. However, there is little consensus on
optimal dosing for induction and consolidation therapy.
MTX therapy at doses greater than 3 g/m® has been
shown to penetrate the blood-brain barrier and enter the
cerebrospinal fluid (CSF) at therapeutic levels.'® Most
studies employed doses between 3 and 8 g/m?, but the
optimal dose for initial treatment has yet to be
identified.'""'* Efforts have been made to determine the
optimal dose of HD-MTX for patients with PCNSL,
including strategies to calculate appropriate individua-
lized doses using different algorithms.'*'> Due to the
rarity of PCNSL, prospective randomized trials to com-
pare various treatment options are not feasible.
Therefore, this retrospective cohort analysis in a real-
world fashion was conducted to investigate the efficacy
of HD-MTX in various dosages and to determine an
effective standard MTX dose for PCNSL. We reviewed
73 cases of pathologically confirmed PCNSL in our hos-
pital to evaluate the relationship between treatment and

outcome.

Patients and Methods

Patients

Immunocompetent patients with newly diagnosed primary
CNS lymphoma were reviewed between January 2015 and
December 2018. The inclusion criteria for this study were
as follows: (a) pathological diagnosis of diffuse large
B-cell lymphoma (DLBCL); (b) no systemic involvement
other than CNS; (c) availability of complete information
on the patient’s treatment and outcomes; (d) HIV-negative
and non-immunosuppression-related PCNSL; (e) no pre-
vious treatment except for steroid therapy. Patients were
excluded if they were HIV-positive, showed evidence of
systemic lymphoma on imaging studies, had any asso-
ciated immunodeficiency or received radiotherapy alone
as initial treatment. The study protocol was approved by
the Ethics Committee of Huashan Hospital, and all
patients provided written informed consent.

The clinical features of all patients were collected
from the medical records, including demographics, per-
formance status, time of diagnosis, surgical resection or
biopsy, number and site of lesions, immunochemical
staining, HIV status, serum lactate dehydrogenase
(LDH) levels, CSF protein level, CSF cell counts, CSF
pressure and hepatorenal function, etc. We also recorded
the initial treatment dose of HD-MTX, any toxicity asso-
ciated with HD-MTX, the number of cycles of HD-MTX-
based therapy, and the treatment response. The location
and number of lesions pre and post-therapy were evalu-
ated by contrast-enhanced magnetic resonance imaging
(MRI) for all patients. Deep brain involvement (corpus
callosum, basal ganglia, periventricular region, thalamus,
brainstem, and/or cerebellum) was determined based on
the International Extranodal Lymphoma Study Group
(IELSG).'®

Treatment Regimens and Response

Assessment

Between January 2015 and December 2018, treatment
options may be changed over time in our institution. In
recent years, the treatment options were that fit patients
aged < 65 years old were treated with an HD-MTX (8 g/
m?) on day 1, while those aged > 65 years received
a reduced MTX dose at 5 g/m?. Those aged > 70 years
or unfit received only HD-MTX at 3.5 g/m? on day 1.
Dexamethasone was administered at 15 mg/d on days 1-3.
The methotrexate dose may be adjusted based on the
patients’ renal function. All patients received an HD-
MTX-based chemotherapy regimen. Each HD-MTX treat-
ment was administered as a 3-h infusion. Prehydration and
alkalinization were initiated at least 72 h before MTX
kept at 3000 mL/24
h. Standard leucovorin rescue was initiated 24 h after the

administration. Diuresis was
start of MTX infusion at a dose of 15 mg/m” every 6 h for
a total of eight times. If delayed elimination occurred, the
leucovorin dose or rate of intravenous fluid hydration and
alkalinization was increased. The patients received addi-
tional chemotherapy cycles every 3 weeks for at least 8§
cycles. The data for initial treatments were obtained, and
the categories were MTX as a single drug, MTX combined
with idarubicin (IDA), MTX combined with rituximab
(R), and a combination of these drugs. When the disease
progressed, treatment was adjusted to include whole-brain
radiotherapy or second-line treatment. The primary end-
points of the study were progression-free survival (PFS)
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and complete remission (CR) rate, and the secondary end-
points were overall survival (OS) and safety.

Treatment response was evaluated using contrast-
enhanced magnetic resonance imaging (MRI) of the
brain at baseline and before each cycle of chemotherapy.
CR was defined as complete disappearance of all
lesions; partial response (PR) was defined as the tumor
size reduction of >50%; progressive disease (PD) was
defined as an increase in tumor size by >25% for all
lesions or the occurrence of new lesions; and stable
disease (SD) was defined as a condition that could not
be classified as CR, PR, or PD. An overall response
(OR) was considered if either CR or PR was observed.
PFS was calculated from the date of diagnosis to the
date of disease progression, the first relapse, death from
any cause, or last follow-up. OS was assessed from the
date of diagnosis until death or the last follow-up.
Treatment toxicities were assessed separately for each
chemotherapy course and graded using the Common
Terminology Criteria for Adverse Events (CTCAE)

Table | Clinical Characteristics of the Included PCNSL Patients

Characteristics Patients (n=73)
Age, n (%), years

>60 19(26.03)

<60 54(73.97)
Median age (range) 53[24-8I1]
Sex, n (%)

Male 49(67.12)

Female 24(32.88)
ECOG, n (%)

0-1I 30(41.10)

24 43(58.90)
LDH, n (%)

Elevated 6(8.22)

Normal 67(91.78)
No. of lesions, n (%)

| 37(50.69)

2 36(49.31)
Deep brain lesions, n (%)

No 27(36.99)

Yes 46(63.01)
Biopsy type

Surgical 26(35.62)

Stereotactic 47(64.38)

v4.0. After the completion of treatment, patients were
clinically evaluated every 3 months for the first 2 years,
every 6 months for 3 years, and then annually. The date
of the last follow-up was June 30, 2019.

Statistical Analysis

The patients’ baseline characteristics were summarized
using descriptive statistics, and descriptive analyses were
conducted for all variables. The Chi-square, Fisher’s exact
test, Mann—Whitney, and Kruskal-Wallis tests were used
for statistical analyses. Survival curves were plotted by the
Kaplan—Meier method and analyzed by the log-rank test.
Multivariate Cox proportional hazards regression analysis
was performed for multivariate analysis. All tests were
two-sided, and p<0.05 was taken as statistically signifi-
cant. All statistical analyses were performed using Stata
version 15.1.

Results

Patient Characteristics

In this study, 73 patients with newly diagnosed PCNSL
were reviewed in this study (Table 1). These patients
included 49 males and 24 females, with a median age of

Table 2 Comparison of Clinicopathological Features Between
Patients Who Received MTX 3.5 g/m* vs 8 g/m?

MTX 3.5g/m? | MTX 8 g/m? p
(n=32) (n=41)
Gender, n (%) 0.44
Male 23 (71.88) 26 (63.41)
Female 9 (28.13) 15 (36.59)
Age, median [IQR] 61[51-69] 49[42-55] 0.0l
ECOG score 0.34
(] 12(34.38) 20(46.34)
22 20(65.63) 21(53.66)
Multiple lesion 15(46.88) 21(51.22) 0.71
Involvement of deep structure 23(71.88) 23(56.09) 0.17
Biopsy type 0.84
Surgical 11(34.38) 15(36.58)
Stereotactic 21(65.63) 26(63.41)
CSF protein level 0.0l
Elevated 13(48.15) 29(80.56)
Normal 14(51.85) 7(19.44)
Chemotherapy regimen 0.30
MTX monotherapy 11(34.37) 19(46.34)
Multi-agent chemotherapy 21(65.63) 22(53.66)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; LDH, lactate
dehydrogenase.

Abbreviations: MTX, methotrexate; IQR, interquartile range; ECOG, Eastern
Cooperative Oncology Group; CSF, cerebrospinal fluid.
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Table 3 HD-MTX Doses and Treatment Responses
MTX= 3.5g/m? (N=32) MTX 8g/m? (N=41) 7 p value
CR (%) 14(43.75) 28(68.29) 443 0.03
OR (%) 21(65.63) 30(73.1) 0.49 0.49
Median PFS (month) 9.05 17.7 4.37 0.03
Median OS (month) 42.5 NR 0.048 0.83

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

OS, overall survival; NR, not reached.

53 years (range, 24 to 81 years). Six patients (8.22%) had
an elevated LDH level at diagnosis, and 46 (63.01%) had
deep brain involvement. A diagnostic biopsy procedure
was performed for all patients, with 47 patients (64.38%)
undergoing a stereotactic biopsy and 26 (35.62%) under-
going gross total resection of their mass. No cases of
PCNSL were diagnosed on the basis of CSF analysis.

Treatment Responses

We compared the effects of patients receiving methotrexate
at 8g/m” and 3.5g/m”. Forty-one patients received HD-MTX
at 8 g/m”, and 32 received an MTX dose of 3.5 g/m?. Thirty
patients received treatment with HD-MTX monotherapy
(Table 2). Among the 43 patients who received combination
therapy, 17 received HD-MTX combined with idarubicin, 24
received HD-MTX plus rituximab, and 2 received HD-MTX
combined with rituximab and idarubicin treatment.
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The median follow-up duration was 28.8 months (range,
6.3-51.9 months). By the end of observation, 26 (35.62%)
patients died. The CR rates after 3 courses of chemotherapy
were 43.75% for the patients who received HD-MTX at
3.5 g/m* and 68.29% for the patients who received HD-MTX
at 8 g/m* (p=0.03). The corresponding OR rates were 65.63%
and 73.1%, respectively (Table 3). The median PFS was 9.05
months in the HD-MTX 3.5 g/m* group compared with 17.7
months in the HD-MTX 8 g/m? group (p=0.03; Figure 1A).
The median OS in the HD-MTX 3.5 g/m* group was 42.5
months, and it has not yet been reached in the MTX dose 8 g/
m? group (p=0.83; Figure 1B). From the multivariate analysis,
HD-MTX at 8 g/m* and single lesion were significant inde-
pendent predictors of longer PFS (p=0.016, HR=0.455 [95%
CI, 0.239-0.865]; p=0.031, HR=1.908 [95% CI, 1.060-3.432]
respectively; Table 4). These two cohorts showed similar dis-
tributions of gender, performance status, deep brain structure
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Figure | Kaplan-Meier PFS, OS curve stratified by MTX doses. Progression-free (A) and overall (B) survival of patients with newly diagnosed PCNSL treated with MTX 3.5 g/m? vs
MTX 8 g/m?. Progression-free (C) and overall (D) survival of patients younger than 65 years treated with HD-MTX 3.5 g/m? vs MTX 8 g/m?>.
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Table 4 Univariate and Multivariate Analyses of Factors Affecting
PFS of PCNSL Patients

Univariate Multivariate Analysis
Analysis
Characteristic Median | p-value HR 95% CI p-value
Months
Age (years) 0.35 0.980 | 0.950-1.010 0.185
<60 11.2
>60 10.3
Sex 0.82
Male 1.7
Female 9.9
ECOG 0.02 1.800 | 0.946-3.425 0.073
<l 17.7
>2 9.9
LDH 0.6l
Elevated 158
Normal 10.5
Biopsy type 0.09 0.991 | 0.497-1.976 0.980
Surgical 17.7
Stereotactic 10
Deep brain 0.45
involvement
No 16.6
Yes 10
No. of lesions 0.02 1.908 | 1.060-3.432 0.031
| 16.6
22 9.5
CSF protein 0.45
Elevated 10
Normal 1.2
Regimen 0.84
Monotherapy 1.7
Combination 10
chemotherapy
MTX dose 0.03 0.455 | 0.239-0.865 0.016
3.5 g/m? 9.05
8 g/m? 17.7

Abbreviations: HR, hazard ratio; 95% Cl, 95% confidence interval; ECOG,
Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; CSF, cere-
brospinal fluid.

involvement, number of lesions, use of MTX monotherapy,
and use of multi-agent therapy, and a difference in patients’ age
was noted. Patients who received HD-MTX (8 g/m?) were
younger than those who received the lower dosages.
Furthermore, we compared patients younger than 65 years
who received methotrexate doses at 8g/m? and 3.5g/m”. The
median PFS was 7.0 months in the HD-MTX at 3.5 g/m*

group compared with 17.7 months in the HD-MTX at 8 g/
m? group (p=0.02; Figure 1C). The median OS in the HD-
MTX 3.5 g/m?® group was 42.8 months, and it has not yet been
reached in the MTX dose 8 g/m? group (p=0.43; Figure 1D).

Among the 30 patients who received methotrexate mono-
therapy, there were 7 patients (36.84%) with intracranial
lesions >3 in the HD-MTX 8g/m? group, and only 1 patient
(9.09%) in the HD-MTX 3.5g/m” group. A relatively small
number of patients and different distributions of the two
groups, no comparison of the effects of different doses for
patients with single-agent chemotherapy:.

We then assessed the median OS and PFS in all
patients who achieved a CR or PR after 3 cycles of
chemotherapy compared with those who did not achieve
a CR or PR. In patients who did achieve a CR, the median
PFS was 19.8 months compared with only 4 months in
patients who did not achieve CR (p<0.0001; Figure 2A),
median OS was 42.8 months vs 25.6 months respectively
(p =0.06; Figure 2B). The median PFS for patients with an
OR was 19.2 months compared with only 2.75 months for
those who did not achieve a CR or PR (p<0.0001;
Figure 2C), median OS was 42.5 months vs 25.6 months
respectively (p =0.02; Figure 2D). These results indicate
that essentially only the patients who achieved a CR could
gain a longer PFS.

Toxicity

In the HD-MTX 8 g/m” group, 5 patients experienced
grade 3 hepatotoxicities or grade 1-2 nephrotoxicities.
Hepatotoxicities were more common in patients with
chronic liver diseases, including viral hepatitis, alcoholic
liver toxicity, and non-alcoholic fatty liver disease. Grade
3-4 hematological toxicities (anemia, neutropenia, and
thrombocytopenia) were not frequent with any MTX
dose. Overall, there were no significant differences in
treatment toxicities between the patients who received
HD-MTX at 8 g/m® vs 3.5 g/m” (Table 5). All treatment-
related toxicities were manageable without severe events,
and there were no treatment-associated deaths in either

group.

Discussion

PCNSL is a rare extra-nodal subtype of non-Hodgkin’s
lymphoma, and most cases are of DLBCL histology with
an aggressive presentation.'” Its incidence has been stea-
dily increasing during the last two decades.'®'? The treat-
ment of PCNSL has evolved over the years from radiation
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Figure 2 Survival of patients with CR vs others. Progression-free (A) and overall (B) survival of patients who did achieve a CR vs those who did not; progression-free (C)

and overall (D) survival of patients who did achieve an OR vs those who did not.
Abbreviations: CR, complete response; OR, overall response.

alone to multi-agent chemotherapy.”’*' With concerns
over the long-term neurotoxicity of radiation,”* oncolo-
gists have moved away from WBRT as consolidation in
first-line therapy.>**

Given the rarity of PCNSL and the paucity of Phase III
randomized clinical trials for potential treatments, no consen-
sus exists on the optimal frontline regimens, chemotherapeutic

agents in addition to HD-MTX, or consolidation therapy with

Table 5 Main Adverse Effects Between the Two Groups

WBRT versus high-dose chemotherapy and autologous stem
cell transplant (ASCT). HD-MTX has been proven to reach
a therapeutic concentration in the brain and is now considered
the first-line treatment of PCNSL,"® and doses of MTX in the

% are frequently used.'''** The current

range of 3-8 g/m
National Comprehensive Cancer Network (NCCN) guidelines
recommend doses of MTX of 3.5 g/m? or higher for PCNSL."”
However, the optimal dose of MTX for PCNSL remains
uncertain. A previous prospective analysis of 357 patients
suggested that MTX >3 g/m? improved survival in PCNSL
patients.”® A study that recruited 25 patients showed that the
cases receiving MTX dose at 8 g/m” and got CR and OR rates
of 52 and 74%, respectively, median PFS and OS times of 12.8
and 22.8 months, and modest toxicity.27 However, there are
also controversial conclusions in clinical investigations, espe-
cially in different populations.*®*°

In this study, we compared the dosage for patients who
received HD-MTX at 8 g/m” vs.3.5 g/m?, the CR rates were
68.29% vs 43.75% (p= 0.03), and the median PFS times were
17.7 months vs 9.05 months (p=0.03). Our results indicate that
a higher cumulative dose of HD-MTX can improve the CR rate
and PFS. The 2 cohorts showed a similar distribution of clinical
characteristics, except for patients’ age. Younger patients were
more frequently observed in the higher MTX dose group.
However, age itself is one of the most important prognostic

Toxicity, n (%) MTX 3.5g/m? (n=32) | MTX 8g/m? (n=41)
Neutropenia
Gl-2 3(9.38) 4(9.76)
G3+4 1(3.13) 2(4.88)
Thrombocytopenia
Gl-2 2(6.25) 1(2.44)
G3+4 0 1(2.44)
Anemia
G2 2(6.25) 1(2.44)
G3+4 0 0
Febrile neutropenia G3 1(3.13) 0
Hepatotoxicity G3 5(15.63) 5(12.19)
Nephrotoxicity
Gl-2 7(21.88) 5(12.19)
G3 1(3.13) 0
6 I 20 https:
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factors in patients with PCNSL. We thus further evaluated the
dose of MTX (8 g/m? vs 3.5 g/m?) in patients younger than 65
years. Median PFS was 17.7 months vs 7.0 months (p=0.02).
Notably, better therapeutic effects were still achieved in the
higher dose group. A recent study showed that higher dose
intensity of MTX was a major contributor to favorable out-
comes for PCNSL patients.*® Our result was in line with
previous work identifying MTX dose as a factor associated
with survival.

Our results did not show a benefit in OS for patients
receiving HD-MTX (8 g/m?) chemotherapy. However, it
was thought to be relatively less reliable for assessing the
therapeutic effect of different MTX doses than the response
rate and PFS, because these patients had received different
salvage therapeutic schemes, such as cytarabine, lenalido-
mide, temozolomide, and WBRT after disease progression.

Our results highlighted that most PCNSL patients were
able to tolerate initial HD-MTX treatments. Adverse events
associated with HD-MTX at a dose of 8 g/m? were modest and
tolerable in the present study, although some cases of grade 3—4
hematological toxicities, hepatotoxicity, and febrile neutrope-
nia were reported. All toxicities were manageable, and no
treatment-related deaths occurred. Perhaps, for patients who
are younger and have no impairment of organ function, a HD-
MTX dose of 8 g/m* may be an effective and safe choice for
the first-line treatment of PCNSL.

Potential limitations in this study should be acknowl-
edged. Selection bias is inevitable in retrospective cohort
designs. Compared with previous years, patients have
received higher doses of MTX (8 g/m?) in recent years, and
the total number of chemotherapy cycles have increased from
8 to 12. Thus, future randomized, well-controlled, multi-

center, prospective studies are needed to confirm our findings.

Conclusions

In conclusion, this study compared the outcomes among
patients with newly diagnosed PCNSLs treated with different
doses of HD-MTX suggested that higher MTX doses poten-
tially improve the overall response and PFS. Given findings of
favorable efficacy and toxicity ratio presented in this study, an
HD-MTX dose of 8 g/m? is recommended as the first-line
treatment for PCNSL patients younger than 65 years old.
Further evidence from a prospective randomized trial is

needed to confirm this recommendation.
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