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ABSTRACT

Objective: To evaluate the efficacy of rituximab (R) when added to high-dose methotrexate (HD-
MTX) in patients with newly diagnosed immunocompetent primary CNS lymphomas (PCNSLs).

Methods: Immunocompetent adults with newly diagnosed PCNSL treated at The Johns Hopkins
Hospital between 1995 and 2012 were investigated. From 1995 to 2008, patients received
HD-MTX monotherapy (8 g/m2 initially every 2 weeks and after complete response [CR] monthly
to complete 12 months of therapy). From 2008 to 2012, patients received the same HD-MTX
with rituximab (375 mg/m2) with each HD-MTX treatment. CR rates and median overall and
progression-free survival were analyzed for each patient cohort in this single-institution, retro-
spective study.

Results: A total of 81 patients were identified: 54 received HD-MTX (median age 66 years) while
27 received HD-MTX/R (median age 65 years). CR rates were 36% in the HD-MTX cohort and
73% in the HD-MTX/R cohort (p 5 0.0145). Median progression-free survival was 4.5 months
in the HD-MTX cohort and 26.7 months in the HD-MTX/R cohort (p 5 0.003). Median overall
survival was 16.3 months in the HD-MTX cohort and has not yet been reached in the HD-MTX/R
cohort (p 5 0.01).

Conclusions: The addition of rituximab to HD-MTX appears to improve CR rates as well as overall
and progression-free survival in patients with newly diagnosed PCNSL. Comparisons of long-term
survival in the 2 cohorts await further maturation of the data.

Classification of evidence: This study provides Class III evidence that in immunocompetent
patients with PCNSL, HD-MTX plus rituximab compared with HD-MTX alone improves CR and
overall survival rates. Neurology® 2014;83:235–239

GLOSSARY
CI 5 confidence interval; CR 5 complete response; ECOG 5 Eastern Cooperative Oncology Group; HD-MTX 5 high-dose
methotrexate; NABTT5 New Approaches to Brain Tumor Therapy; OS 5 overall survival; PCNSL5 primary CNS lymphoma;
PFS 5 progression-free survival; R 5 rituximab.

Primary CNS lymphomas (PCNSLs) account for 2% to 3% of primary brain cancers. Although
these tumors are rare, there is the potential for cure and therefore efforts have been made to iden-
tify the optimal treatment strategy for PCNSLs.1–11 High-dose methotrexate (HD-MTX) is the
backbone of most modern chemotherapy regimens. Various MTX-based regimens (with or
without radiation therapy) have been assessed with overall similar results of relatively high
response rates, but long-term control rates have been limited. Until 2008, patients with newly
diagnosed PCNSL at Johns Hopkins were treated with HD-MTX as outlined in the New
Approaches to Brain Tumor Therapy (NABTT) Study.1

Given that the vast majority of PCNSLs are CD20-expressing B-cell lymphomas and that
rituximab, a CD20-targeted monoclonal antibody, has demonstrated significant improvement
in overall survival (OS) in virtually all systemic B-cell lymphomas, it is hypothesized that ritux-
imab may improve the response rate and long-term control of PCNSLs. Despite concerns that
this large monoclonal antibody would not be able to cross the blood-brain barrier, preliminary
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data suggest that rituximab may have activity
in PCNSLs.11–13 Based on these observations,
rituximab (given with every cycle of HD-
MTX) was added to the institutional standard
protocol for patients with newly diagnosed
PCNSL at Johns Hopkins.

This retrospective review was undertaken to
assess whether the addition of rituximab to the
HD-MTX regimen described by the NABTT
CNS Consortium improves complete response
(CR) rates, progression-free survival (PFS), or
OS in patients with newly diagnosed PCNSL.

METHODS Study objectives. The primary objective of this

institutional review board–approved, single-institution, retrospective

study was to determine whether the addition of rituximab to

HD-MTX (HD-MTX/R) improves the CR rate compared with

HD-MTX alone in immunocompetent adult patients with newly

diagnosed PCNSL (level of evidence: Class III).

Secondary objectives were to examine potential differences in

OS and PFS in these 2 patient populations (level of evidence:

Class III).

Patient population. Immunocompetent patients with newly

diagnosed and previously untreated PCNSL aged 18 years or older

were identified using the Sidney Kimmel Comprehensive Cancer

Center registry. HIV-positive patients or patients receiving

immunosuppressive therapy at the time of diagnosis (with the

exception of steroids) were excluded. All patients who received at

least one treatment with HD-MTX (8 mg/m2 with dose

adjustments based on estimated creatinine clearance) at The

Johns Hopkins Hospital between 1995 and 2012 were included

in the analysis.

Study measures. In our institutional practice, MRI scans are ob-

tained every 2 cycles of treatment and used as the primary means for

assessing partial response or CR. The MRI protocol consisted of

standard sagittal and axial T1-weighted, axial T2-weighted, fluid-

attenuated inversion recovery, diffusion-weighted imaging, and

sagittal and axial postcontrast T1-weighted images. For this

study, all available imaging data were rereviewed centrally in a

nonblinded manner by one radiologist (D.B.) using previously

published PCNSL response criteria.14 Patients’ responses were

considered evaluable for CR if they had a baseline contrast MRI

and if sufficient imaging data were available to determine when a

CR was achieved or when the time of progression could be defined.

All patients included in this study had survival information

available from medical records and/or publically available vital

statistics and could be evaluated for OS. Progression was defined

as evidence of progression on imaging, based on clinical progres-

sion as documented in clinician notes, or death from disease pro-

gression. Patients without information to determine time of

progression (such as patients who were lost to follow-up) were

censored at the time last known to be alive and progression-free.

Performance status was determined retrospectively based on

information available in patient charts. Because of the retrospec-

tive nature of this data collection, not all patients had a perfor-

mance status documented at baseline. To be able to separately

analyze data from patients who, based on their performance

status, would have met common clinical trial enrollment criteria,

patients were grouped into Eastern Cooperative Oncology Group

(ECOG) scores 0–2 (typical criterion for enrollment in clinical

trials) and ECOG scores $2 (poor performance status). A more

detailed separation among the better performance status groups,

ECOG scores 0, 1, and 2, was not possible based on available data

in the patient charts.

Treatment regimen. Cohort 1 (HD-MTX, 1995–2008) pa-

tients were treated according to the NABTT procotol.1 Cohort

2 (HD-MTX/R, 2008–2012) patients were treated with HD-

MTX 8 g/m2 (day 1) and rituximab 375 mg/m2 (day 3) every

14 days until CR, progression or intolerable toxicities, or inability

to receive HD-MTX. After CR, 2 more cycles were given every

14 days, followed by monthly treatments of HD-MTX/R for the

total duration of 1 year. Each treatment cycle was standardized

and required an inpatient admission. Patients received IV

hydration and oral or IV sodium bicarbonate for urine

alkalinization. Once alkalinization was achieved (urine pH

$7.5), patients received premedication with an antiemetic and

infusion of MTX at 8 g/m2 over 4 hours. The creatinine clearance

was initially measured. Our practice changed in later years and

from then on the calculated creatinine clearance was used.15 The

dose was adjusted, if needed, based on the creatinine clearance or

toxicity. The dose was reduced by the percentage reduction of the

creatinine clearance below 100 (e.g., a creatinine clearance of

75 mL/min resulted in a dose reduction of 25%). During and

after infusion of MTX, IV hydration and urine alkalinization

were continued. MTX levels were obtained at 24 and 48 hours

postinfusion and until the MTX level was#0.20 mM. Rituximab

375 mg/m2 was administered on day 3 of treatment. The initial

infusion was done over 60 minutes for the first cycle, and it was

reduced to a 30-minute infusion during subsequent doses if no

infusion reaction was observed.

Statistical analysis. Patient baseline characteristics were sum-

marized using descriptive statistics. The proportion of patients

with CR was assumed to follow an independent binomial distri-

bution. Chi-square test statistics were used for proportional

comparison. OS time was calculated from the time initial

treatment started until death from any cause, or censored if the

subject was alive at the time of last follow-up. PFS time was

calculated from the time initial treatment started until the date

the disease progressed, or censored if the patient had no

progressive disease at the time of last follow-up. Survival

probability was estimated using the Kaplan-Meier method.16

The confidence interval (CI) of median survival time was

Table Demographics

HD-MTX/R
(n 5 27)

HD-MTX
(n 5 54)

Median age at
diagnosis, y (range)

65 (44–85) 66 (32–79)

Age distribution, n (%)

30–45 y 1 (4) 7 (13)

46–55 y 4 (15) 8 (15)

56–65 y 8 (29) 14 (26)

66–75 y 11 (41) 17 (31)

Older than 75 y 3 (11) 8 (15)

Sex, % male 56 50

ECOG scores 0–2, % 67 65

Abbreviations: ECOG 5 Eastern Cooperative Oncology
Group; HD-MTX 5 high-dose methotrexate; R 5 rituximab.
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constructed by the method of Brookmeyer and Crowley.17

Differences in survival or PFS between treatments or between

tumor response groups were evaluated with the log-rank test.

All p values are reported as 2-sided, and all analyses were

conducted using SAS software (version 9.2; SAS Institute,

Cary, NC).

Standard protocol approvals, registrations, and patient
consents. This retrospective study was approved by the institu-

tional review board at Johns Hopkins University. Consent from

patients was not required and was waived.

RESULTS A total of 81 patients with newly diag-
nosed PCNSL who received at least one dose of

HD-MTX (8 g/m2) at Johns Hopkins between 1995
and 2012 were identified for this retrospective analysis.
Fifty-four patients received treatment with MTX
monotherapy (HD-MTX) and 27 patients received
HD-MTX/R. Of these, there were sufficient data to
evaluate the responses of 50 patients (93%) in the HD-
MTX cohort and 24 patients (89%) in the HD-MTX/
R cohort. The median follow-up time was 16.2
months (range, 0.6–176.2 months) in the HD-MTX
group and 18.1 months (0.9–70.3 months) in the
combination therapy group. The 7 patients who
could not be evaluated for response had insufficient
imaging data or available medical records (e.g.,
patients who initiated their treatment at The Johns
Hopkins Hospital and who continued it elsewhere).
These patients could, however, be included in the
survival analysis. The 2 cohorts showed a similar
distribution of age, performance status, and sex (table).

CR was identified in 36% of patients in the HD-
MTX monotherapy cohort and in 73% of patients
who received HD-MTX/R (p 5 0.0145). Overall
complete and partial responses were 60% and 89%,
respectively. The median number of cycles to CR was
5 (range, 2–15) in the HD-MTX monotherapy
cohort and 5 (range, 2–21) in the combination
cohort.

Median OS (all 81 patients were included in the
analysis) was 16.3 months (95% CI: 7.4–31.1
months) in the HD-MTX monotherapy cohort and
it has not yet been reached in the HD-MTX/R cohort
(p 5 0.01; figure 1A). Median PFS was 4.5 months
(95% CI: 2.9–13.6 months) in the HD-MTX mono-
therapy cohort compared with 26.7 months in the
combination therapy cohort (95% CI: 20.9 months
to not reached) (p 5 0.003; figure 1B).

To compare our results with data from previously
published studies, we also performed subgroup data
analysis of patients with an ECOG performance sta-
tus of #2 (because it had been used as an eligibility
criterion in prior clinical trials). Including only these
better performance status patients, the median OS for
patients treated with HD-MTX alone was 28.6
months (95% CI: 7.4–50.6 months), and it has not
yet been reached in the combination therapy group.
Median PFS in these patients was 5.2 months (95%
CI: 3–22.2 months) in the monotherapy cohort and
26.7 months in the combination cohort (p5 0.016).

We then assessed median OS and PFS in all
patients who had achieved a CR (both groups com-
bined) compared with those who did not achieve a
CR. In patients who did achieve a CR, median OS
was 80.4 months vs only 5.8 months (95% CI:
3.3–9 months) in patients who did not achieve a
CR (p , 0.0001; figure 2A). Median PFS was 50.9
months (95% CI: 24.5–136.4 months) vs 3 months
(95% CI: 1.9–3.5 months), respectively (p, 0.0001;

Figure 1 Overall and progression-free survival in patients with PCNSL treated
with HD-MTX with or without rituximab

Overall (A) and progression-free (B) survival of patients with newly diagnosed PCNSL treated
with HD-MTX/R vs HD-MTX between 1995 and 2012. The shorter follow-up of the combi-
nation arm is explained by the later introduction of rituximab, which was added to the
HD-MTX regimen starting in 2008. HD-MTX 5 high-dose methotrexate; PCNSL 5 primary
CNS lymphoma; R 5 rituximab.
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figure 2B). This illustrates that virtually the only pa-
tients able to achieve long PFS and OS are those who
achieved a CR (figure 2).

None of the 27 patients who received rituximab in
addition to MTX during their initial therapy discon-
tinued the rituximab treatment, indicating that the
addition of rituximab was feasible and well tolerated.
Toxicity data that may have been related to rituximab
was not collected prospectively.

DISCUSSION Two distinct treatment regimens for
patients with newly diagnosed PCNSL were admin-
istered at The Sidney Kimmel Comprehensive Can-
cer Center at Johns Hopkins between 1995 and

2012: HD-MTX with or without rituximab. This
retrospective comparison of outcomes demonstrates
significantly improved CR rates and improved PFS
in the MTX/R group compared with the MTX
monotherapy group. Although there is limited
follow-up in the patients receiving MTX and
rituximab, it appears that there is also likely to be
an improvement in OS in this population when
compared with HD-MTX alone. It is important to
note that the prognostic factors of age and
performance status in these 2 cohorts were similar
(table).

Our study has intrinsic limitations given that it is a
retrospective, single-institution analysis. These
include suboptimal matching of the 2 patient cohorts
because patients were not prospectively assigned to
the different treatment arms using prognostic factors
for randomization and the fact that the radiology
review was done in a nonblinded manner. In addi-
tion, rituximab was added more recently and long-
term survival data cannot yet be compared. It is of
note that CR rate and survival in the HD-MTX
monotherapy group of this study are lower than that
reported in the literature.1 The difference is likely
explained by selection bias of patients in published
prospective studies compared with our analysis.
Whereas fixed eligibility criteria were used in prospec-
tive studies, our retrospective analysis included all
patients who had received at least one cycle of treat-
ment (HD-MTX or HD-MTX/R with intention to
treat) irrespective of their baseline performance status,
which is a known prognostic factor in PCNSL.5,18 In
other words, our study included patients who would
not have been eligible for participation in prospective
trials that are using common eligibility criteria.

Despite these limitations, our data indicate that
the addition of rituximab to MTX appears to be ben-
eficial to patients. The risk of adding rituximab to
MTX-containing regimens is minimal, because side
effects of rituximab are rather mild, and infusion-
related reactions can be managed clinically.11,19

Our findings are in agreement with other pub-
lished studies that have attempted to demonstrate
improved outcomes when rituximab is added to
another regimen. Birnbaum et al.13 reported a CR
rate of 100% in 17 patients treated with their stan-
dard regimen of MTX/ifosfamide plus rituximab vs
68.4% in 19 patients treated with MTX/ifosfamide
alone. A phase II study of HD-MTX plus rituximab,
administered biweekly for 4 to 6 cycles for induction
and after response up to 4 cycles every 4 weeks for
maintenance, showed a CR of 60% in 26 of 40 pa-
tients and a favorable toxicity profile.11

No data exist regarding the optimal duration of
rituximab therapy. Our retrospective data suggest
that patients on the HD-MTX/R arm have disease

Figure 2 Survival of patients with CR vs others

Overall (A) and progression-free (B) survival of patients treated with HD-MTX or HD-MTX/R
(both groups combined) who did achieve a CR vs those who did not. CR5 complete response;
HD-MTX 5 high-dose methotrexate; R 5 rituximab.
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progression later than patients on the HD-MTX
monotherapy arm. This raises the question of
whether continued rituximab beyond the 12 months
of treatment used routinely at Johns Hopkins may
lead to further improvement in PFS and possibly
OS. Another question that has not been answered is
how much, if any, blood-brain barrier disruption is
required for the rituximab to reach the CD20-
positive lymphoma cells. Clinical research in PCNSL
is challenging because these are rare neoplasms and
OS in patients treated with HD-MTX–based regi-
mens is comparatively long. In addition, there are
significant differences in MTX-based regimens that
are used among different institutions.20

Our findings suggest that there is a significant
improvement in patient outcomes when rituximab
is added to HD-MTX–based regimens in patients
with PCNSLs. These findings should be confirmed
in a prospective, randomized, controlled trial. How-
ever, in absence of higher level evidence, the addition
of rituximab to HD-MTX–based regimens is reason-
able to consider given its documented survival benefit
in virtually all other lymphomas, its tolerability, and
growing evidence of antitumoral activity in PCNSLs.
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