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Abstract

Background: Primary central nervous system lymphoma (PCNSL) is a rare and aggressive
primary brain tumor. While high dose methotrexate (HDMTX) regimens remain standard of

care, it remains unclear if optimization of HDMTX doses and the addition of rituximab provide
clinical benefit. Over the last 30 years, standard care given at Memorial Sloan Kettering Cancer
Center (MSKCC) has evolved, allowing the comparison of patients receiving different numbers of
HDMTX doses and those treated with and without rituximab. The purpose of this study was to
describe outcomes based on treatment pattern changes.

Methods: This single-center, retrospective, IRB-approved study at MSKCC included patients
with immunocompetent PCNSL, age =18 years and diagnosed between 1/1983-12/2017. Overall
survival (OS) was modeled from date of last HDMTX for analyses associating HDMTX and

OS. Multivariable Cox regression models estimated hazard ratios (HR) and corresponding 95%
confidence intervals (Cl).

Results: There were 546 patients identified with newly diagnosed PCNSL. Median overall
survival (mOS) of the entire population was 4.7 years (95% CI: 3.8-5.7 years); 3.3 years (95%
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Cl: 2.7-3.9 years) in patients diagnosed prior to 2006 and 8.1 years (95% Cl: 6.6-11.1 years) in
patients diagnosed 2006 onwards. Patients receiving =6 doses of HDMTX had improved survival
compared to those receiving <6 doses of HDMTX (mOS: 7.8 vs. 4.3 years; P=0.001). Patients
receiving induction rituximab had improved OS compared to those who did not receive rituximab
(mQOS: 10.5 vs. 3.2 years; P<0.0001). Patients receiving =6 doses of HDMTX and rituximab

had greatest mOS at 13 years, with a 70% reduction in death (HR =0.30; 95% CI: 0.19-0.47)
adjusting for treatment era, sex, and recursive partitioning analysis (RPA) classes comprising age
and karnofsky performance score (KPS).

Conclusions: OS for PCNSL has improved significantly over the last few decades. Patients
seem to benefit with =6 doses of HDMTX and the addition of rituximab, an effect independent of
treatment era, age, and KPS.
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Primary central nervous system lymphoma (PCNSL); methotrexate; rituximab; standard of care;
survival

Introduction

Primary central nervous system lymphoma (PCNSL) is a rare and aggressive primary brain
tumor that is solely confined to the brain, eyes, and cerebrospinal fluid (CSL) and has no
systemic involvement. PCNSL compromises only 2% of all primary central nervous system
tumors and has an annual incidence rate of 7 cases per 1,000,000 people in the United
States, with a rising incidence particularly in the elderly population (1). Based on SEER
population data, 5-year overall survival (OS) of immunocompetent individuals is 30.1%
[2004-2006], improved from 19.1% [1992-1994] (2).

Over the last several decades, clinical outcomes have improved due to the standard use

of high dose methotrexate (HDMTX) containing treatment regimens. HDMTX is given at
sufficiently high doses necessary to penetrate the blood brain barrier (BBB) and is the

most active single agent that has been identified for treatment of PCNSL. However, while
HDMTX based chemotherapy is the backbone of most PCNSL targeted regimens, it remains
unclear if the number of HDMTX doses or the addition of rituximab, a monoclonal chimeric
antibody targeting CD20 positive B-lymphocytes, has an impact on clinical outcomes.

While rituximab has been shown to improve survival in patients with systemic non-Hodgkin
lymphoma, its role in PCNSL and its ability to cross the BBB is less characterized and
widely debated. Single arm prospective studies in the relapsed setting as well as many
retrospective studies have suggested that rituximab may have some benefit and activity in
PCNSL (3-10). However, the randomized prospective HOVON 105/ALLG NHL 24 trial

did not detect a difference in event free survival between patients receiving a HDMTX
regimen (HDMTX, carmustine, teniposide, oral prednisone) given with or without rituximab
followed by consolidation therapy with high dose cytarabine with or without whole brain
radiotherapy (11).
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In the last 30 years, the standard treatments for PCNSL at Memorial Sloan Kettering

Cancer Center (MKSCC) have evolved. HDMT X-containing chemotherapy regimen (mainly
HDMTX dosed at 3.5 g/m2, vincristine, and procarbazine) has been predominantly used

as mainstay treatment. Around 2006, rituximab was added to this regimen more routinely.
Moreover, the number of HDMTX doses administered has increased in recent years. The
purpose of this retrospective analysis of a large newly diagnosed PCNSL patient population
was to investigate if shifts in standard treatment practices were associated with improvement
in clinical outcomes. We present this article in accordance with the STROBE reporting
checklist (available at https://aol.amegroups.com/article/view/10.21037/aol-22-19/rc).

The study was conducted in accordance with the Declaration of Helsinki (as revised in
2013). This single-center retrospective IRB approved study at MSKCC (No. 16-1398)
included patients with immunocompetent PCNSL, age >18 years and diagnosed between
January 1, 1983 and December 31, 2017. Patients were identified through a departmental
database and electronic medical record. Individual consent for this retrospective analysis was
waived.

A historic cohort, which was previously reported (12) included patients diagnosed prior

to 2006. Patient diagnosed between 2006-2017 served as a contemporary cohort. The
contemporary cohort captures a shift in standard treatment for newly diagnosed PCNSL
with the addition of rituximab to methotrexate-base chemotherapy and an increase in
methotrexate doses from 5 to 8. In both cohorts, standard doses of HDMTX given in

our institution remained 3.5 g/m2. Recursive partitioning analysis (RPA) was used to
identify previously established and validated prognostic classes (12). The three RPA classes
included: class 1 (patients <50 years), class 2 [patients =50; Karnofsky performance score
(KPS) =70] and class 3 (patients =50; KPS <70).

The primary objective was to describe OS based on common prognostic markers such as
MSKCC prognostic score class (RPA I-111) comprising age and KPS, treatment era, use of
rituximab, and number of HDMTX doses.

OS was calculated from the date of diagnosis to death or last follow-up using Kaplan-Meier
methodology to visually investigate the effect of treatment era and RPA class on OS.

When examining effect of HDMTX on OS in the patients with known HDMTX dosing,

OS was calculated from date of last HDMTX dose until death or last follow-up. This

was to eliminate the time bias introduced whereby patients who received more doses of
HDMTX by definition lived longer to receive the doses. Univariable and multivariable
analysis for prognostic factors were analyzed using Cox proportional hazards regression.
Multivariable models were adjusted for known or suspected variables associated with OS
including treatment, treatment era, sex, and RPA classes. HDMTX and Rituximab were
modeled together because there was both a quantitative and qualitative interaction of the
two treatments on survival. In a post hoc analysis, multivariable analysis was performed
associating prognostic factors with progression-free survival (PFS). PFS was calculated from
date of last HDMTX dose until progression, death, or last follow-up, whichever occurred
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first. Progressions and deaths were considered events and all others were censored. PFS was
largely unavailable for the historic cohort. All tests were two-sided with an alpha level of
statistical significance set at <0.05.

Statistical analysis

Results

All analyses were performed in R v4.1.3 (The R Foundation for Statistical Computing)

and SAS v9.4 (The SAS Institute, Cary, NC, USA). Due to the retrospective nature of this
cohort most of the imaging was not available for confirmation of radiographic response and
therefore response to first-line therapy was not included in the analysis.

Patient characteristics

Five hundred and forty-six patients with newly diagnosed PCNSL were identified from
January 1, 1983 and December 31, 2017. Baseline characteristics are listed in Table 1.
Median age at diagnosis was 62 (range, 19 to 90), median KPS at diagnosis was 70 (range,
10 to 100), and 282 (52%) were men. A majority of patients (295, 54%) were classified as
RPA class 2.

Patients diagnosed before 2006 (historic control) had a median age of 60 (range, 19-89),
median KPS of 70 (range, 10-100) and 52% men compared to patients diagnosed 2006
onward with a median age of 64.5 (range, 21-90), median KPS of 80 (range, 30-100) and
52% men. In both cohorts most patients were classified as RPA class 2.

Initial treatment

Outcomes

In total, 472 patients (86.4%) received HDMTX. The number of HDMTX doses was
known in 460: 284 (60.2%) received 1-5 doses (5 doses: 189, 40%) and 176 (37.3%)
received 6 or more doses (6 doses: 24, 5.1%, 7 doses: 74, 15.7%, 8+ doses: 78, 16.5%).
Based FDA approval and date of diagnosis, 63/546 (11%) patients most likely did not
receive granulocyte colony stimulating factor (g-CSF) and 205/546 (38%) did not receive
leucovorin. Rituximab was given to 231 (42.3%) patients. Three hundred and ten (56.8%)
patients were treated prior to 2006 (historic cohort) and 236 (43.2%) were treated 2006

and afterwards (contemporary cohort). Use of methotrexate chemotherapy was high in both
groups (77.1% in the historic and 98.7% in the contemporary cohort) but rituximab use and
total methotrexate doses differed. In the historic cohort, only 10% received rituximab and
most patients (81.6%) received 1-5 doses of methotrexate. In contrast, 84.8% of patients in
the contemporary cohort received rituximab and most patients (61.8%) received =6 doses of
methotrexate.

Of the 472 patients receiving HDMTX, only those with known number of HDMTX doses
(460 patients) were included for outcomes analyses relating to MTX treatment, as seen in
Figure 1. The median OS of the entire population was 4.7 years [95% confidence interval
(CI): 3.8-5.7 years]; 3.3 years (95% Cl: 2.7-3.9 years) in the historic and 8.1 years (95% CI:
6.6—-11.1 years) in the contemporary cohort (Figure 2A). The median follow-up for survivors
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was 2.2 years; 2.5 years for survivors in the historic cohort and 1.8 years for survivors in

the contemporary cohort. Five-year OS for the entire study population was 50%; 40.3%
(95% CI: 35.1-46.2%) for the historic cohort and 61.8% (95% CI: 55.0-69.5%) for the
contemporary cohort (Figure 2A). The median OS in the contemporary cohort was improved
in all RPA classes in comparison to patients in the historic cohort. (RPA I: not yet reached
vs. 9.2 years; RPA 11: 7.6 years vs. 3.5. years; RPA 111 2.8 years vs. 1.0 year). For the
historic cohort compared to the contemporary cohort, 5-year OS improved from 62.8% to
91.0% in RPA |, 42.0% to 63.0% in RPAII, and 16.3% to 36.9% in RPA IlI (Figure 2B).

Both the number of HDMTX doses and use of rituximab were associated with improved
clinical outcome (Figure 3A-3C). Patients receiving rituximab had improved OS compared
with those who did not. Median overall survival (mQOS) for patients receiving rituximab
was years compared to 3.2 years in patients who did not receive rituximab (Figure 3A).

The median OS from the last HDMTX dose was 7.8 years in patients receiving 6 or more
doses of HDMTX compared to 4.3 years in those receiving less than 6 doses of HDMTX
[hazard ratios (HR) =0.63; 95% CI: 0.47-0.83, P=0.001] (Figure 3B). Additionally, there
was improved clinical outcome with increased number of HDMTX doses in combination
with rituximab use. In patients receiving rituximab, those treated with =6 doses of HDMTX
had a longer median OS compared to patients receiving <6 doses of HDMTX (13.0 vs. 9.4
years, P=0.001). In contrast, patients not receiving rituximab had a longer median survival of
3.55 years if treated with <6 doses of HDMTX, compared to 1.61 years (P=0.005) in those
receiving =6 doses (Figure 3C). This was confirmed on multivariable analysis adjusted for
treatment era, sex, and RPA classes (Table 2) where =6 doses of HDMTX in combination
with rituximab was associated with better survival (HR =0.30, 95% CI: 0.19-0.47) in
contrast to an increased risk of death (HR =1.56, 95% CI: 1.05-2.33) in those treated

with =6 doses of HDMTX without rituximab. In a post-hoc analysis associating treatment
and PFS in a multivariable model, receiving =6 doses of HDMTX and rituximab was also
associated with the best PFS (HR =0.24, 95% CI: 0.15-0.38) whereas receiving =6 doses of
HDMTX without rituximab did not affect PFS (HR =0.94, 95% CI: 51-1.74). Multivariable
analysis also showed improved survival in patients receiving =5 doses of HDMTX and
rituximab (HR =0.21, 95% CI: 0.13-0.32, P<0.0001) (Figure S1). Of note, there was no
significant difference in clinical outcome in patients receiving <5 HDMTX doses with or
without rituximab (Figure S1).

The use of consolidation regimens has changed over time (Table 1). In the historic

cohort, whole brain radiation (WBRT) with or without cytarabine was mainly used,
whereas in the contemporary group, radiation became obsolete and most patients

received cytarabine chemotherapy. High-dose chemotherapy (using thiotepa/busulfan/
cyclophosphamide conditioning) with autologous stem cell rescue (ASCT) was nearly ten
times more frequently used in the contemporary group (20.3% versus 2.3%). Due to the
higher number of patients receiving ASCT in the contemporary cohort and the potential for
ASCT associated bias toward better clinical outcomes, we compared the association of MTX
doses and use of rituximab in those not receiving ASCT. Multivariable analysis (Table 3)
still demonstrated that =6 doses of HDMTX in combination with rituximab was associated
with better survival (HR =0.28, 95% CI: 0.17-0.45) in contrast to an increased risk of
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death (HR =1.50, 95% CI: 1.00-2.24) in those treated with =6 doses of HDMTX without
rituximab.

Discussion

Our study suggests that OS for newly diagnosed immunocompetent PCNSL has improved
over the last few decades. This improvement in OS is consistent with observations in
larger population-based studies (1,2). This improvement in OS is largely attributed to the
standardization and optimization of HDMTX regimens for treatment of PCNSL.

The RPA classification system, comprising age and KPS cut points, remains a good
prognostic tool for newly diagnosed PCNSL. There has been an improvement in across

all RPA classes in the contemporary cohort. In particular RPA | patients (<50 years of age

at diagnosis) had notably improved survival rates, with a median OS not yet reached and
5-year OS of 91%. In addition, RPA 11 patients (=50 years and KPS <70) had a more than
twice longer survival (2.8 versus 1.0 year) than the historic cohort, further supporting the use
of HDMT X-based chemotherapy in frail and elderly patients.

The number of HDMTX doses as well as the use of rituximab seem to have impacted
survival rates. HDMTX and Rituximab improved clinical outcomes even after the
adjustment for treatment era, suggesting that changes observed are likely due to the
modification of HDMTX and Rituximab treatment regimens rather than changes in patient
care over time. Additionally, patients who received or more doses of HDMTX had
significantly improved survival when also treated with rituximab. This was also true for
PFS.

Interestingly, a higher number of HDMTX doses in patients that did not receive rituximab
was associated with a poorer clinical outcome. This might be explained by the use of
HDMTX in the pre-rituximab era in the historic patient cohort. These patients routinely
received 5 doses of HDMTX and for those not achieving a near complete or complete
response, additional doses of HDMTX were delivered. Due to this practice pattern, patients
receiving >5 HDMTX doses consisted mainly of refractory patients that are at high risk
of progression and early death accounting for the poorer outcome in patients receiving a
higher number of HDMTX doses but no rituximab. However, it is important to note that
this association was accompanied by a wide CI reflecting the small sample size in this
subgroup. Additionally, another consideration includes the variability of this population
receiving consolidation treatment that may have affected the finding.

In the HOVON 105/ALLG NHL 24 trial (11), the role of rituximab as a component of initial
therapy was questioned as there was no significant difference in event free survival when
given with the HDMTX based chemotherapy regimen or withheld. Of note, patients in this
study received 4 doses of HDMTX. Interestingly, like the HOVON 105/ALG NHL 24 trial,
we also did not see a difference in clinical outcome with or without rituximab in those
patients receiving <5 doses of HDMTX. In contrast, long-term follow-up of the IELSG32
study (13) showed an improved 7-year OS of 56% in those patients randomized to receive
rituximab as part of the MATRIx regimen, versus those in non-rituximab containing arms
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(37% HD-MT X-thiotepa-cytarabine; 21% HD-MTX-cytarabine) supporting a benefit from
the addition of rituximab.

There are several limitations to our study that should be taken into consideration. The
retrospective nature of this study, limited access to imaging studies to confirm response

to first line therapy, the use and efficacy of salvage regimen as well as the single center
experience may limit the applicability of these results to a broader population base. On

the other hand, HDMTX doses differed minimally. Supportive care was routinely and
consistently used since the FDA approval of G-CSF in 1991 and leucovorin in 2002. Sample
size and event size in the subgroup receiving ASCT precluded further analyses in this group.
Additionally, given the retrospective nature of this study, we cannot exclude inherent patient
selection bias. Finally, this study reports the impact of initial HDMTX induction treatment
on survival outcomes and did not fully evaluate the impact of consolidation regimens. While
a subgroup analysis was performed in patients not receiving ASCT, given considerable
present biases, this study cannot assess if differences in consolidation regimens may have
affected survival outcomes (14).

Conclusions

In summary, OS for newly diagnosed PCNSL has improved significantly over the last few
decades regardless of age, KPS, and RPA class. Patients seem to benefit with the addition
of rituximab and when treated with 6 or more doses of HDMTX, an effect independent of
treatment era, age, and KPS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1/1/83-12/31/17
N=546

Diagnosed prior to 2006
(Historic cohort)
n=310
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Diagnosed 2006 onward
(Contemporary cohort)
n=236

Received HDMTX
n=239

Had a known number of
HDMTX doses
n=227

Figure 1.

Received HDMTX
n=233

Had a known number of
HDMTX doses
n=233

Flow diagram to illustrate patient section for HDMTX outcomes analysis. PCNSL, primary
central nervous system lymphoma; HDMTX, high dose methotrexate.
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Figure 3.

Survival outcome based on rituximab use and number of high dose methotrexate doses (<6
or 6+): Kaplan Meier survival analysis with or without rituximab (A), stratified by number
of HDMTX doses (<6 or 6+) (B), and stratified by number of HDMTX does (<6 or 6+) as
well as rituximab use (C). PCNSL, primary central nervous system lymphoma; HDMTX,
high dose methotrexate.
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