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We conducted a prospective Phase II study of high-dose
methotrexate (HD-MTX) and rituximab with deferred
whole brain radiotherapy in patients with newly diag-
nosed B-cell primary central nervous system lymphoma
with a primary objective of evaluating progression-free
survival (PFS). Forty patients (25 men; 15 women),
ages 18–93 years (median 61.5), were treated. All
patients received biweekly HD-MTX/rituximab (8 g/
m2/dose; 375 mg/m2/dose) for 4–6 cycles (induction)
and following best radiographic response, with every 4
weeks HD-MTX (8 g/m2/dose) for 4 cycles (mainten-
ance). Neurological and neuroradiographic evaluation
were performed every 4 weeks during induction
therapy and every 8 weeks during maintenance
therapy. All patients were evaluable. A total of 303
cycles of HD-MTX (median 8 cycles; range 4–10) was
administered. HD-MTX/rituximab-related toxicity
included 16 grade 3 adverse events in 13 patients
(32.5%). Following induction, 8 patients (20%) demon-
strated progressive disease and discontinued therapy; 32
patients (80%) demonstrated a partial (8/40; 20%) or
complete (24/40; 60%) radiographic response. At the
conclusion of maintenance therapy (6–10 months of
total therapy), 28 patients (70%) demonstrated either
a partial (1/28) or complete (27/28) response. Overall,
survival of these 28 patients ranged from 11 to 80
months (median 33.5). Survival in the entire cohort
ranged from 6 to 80 months with an estimated median
of 29 months. Overall, PFS ranged from 2 to 80
months (median 21.0). HD-MTX/rituximab and
deferred radiotherapy demonstrated similar or better

efficacy similar to other HD-MTX-only regimens and
reduced time on therapy on average to 6 months.

Keywords: deferred whole brain irradiation, high-dose
methotrexate, primary CNS lymphoma, rituximab,
up-front therapy.

P
rimary central nervous system lymphomas
(PCNSLs) are uncommon primary brain tumors
and represent 1–2% of all brain tumors.1–26

PCNSLs occur in both immunocompetent and immuno-
compromized patients, especially in patients following
organ transplantation and in patients with acquired
immune deficiency syndrome.1,5 The clinical presen-
tation of patients with PCNSL is a reflection of the
tumor topography within the central nervous system
and is most commonly 1 of several cerebral syndromes,
for example, raised intracranial pressure, stroke, or ence-
phalopathy.1–26 Notwithstanding initial response to
therapy, the majority21,27,28 of patients with PCNSL
recur.21,27,28

Still controversial is the most appropriate initial treat-
ment of newly diagnosed PCNSL. The majority of oncolo-
gists advocate a chemotherapy platform utilizing
high-dose methotrexate (HD-MTX) with or without
whole brain radiotherapy (WBI).1–26 This report is a pro-
spective Phase II trial utilizing the combination of
HD-MTX and rituximab with deferred WBI in 40 immu-
nocompetent adults with newly diagnosed B-cell PCNSL.
Rituximab, a humanized anti-CD20 monoclonal anti-
body, is effective in a variety of B-cell lymphomas and
may enter the brain in the context of a newly diagnosed
B-cell PCNSL with associated blood–brain barrier disrup-
tion. This background provides the rationale for using
HD-MTX and rituximab for newly diagnosed PCNSL.

Patients and Methods

The prospective Phase II study was performed at the
University of Southern California, Norris Cancer
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Center, Los Angeles, California and the University of
Florida, H Lee Moffitt Cancer Center and Research
Institute, Tampa, Florida. The trial commenced in
January 2000 and closed in July 2007. The study was
conducted without industry support; approval and
funding for off-label use of rituximab was obtained
from the patient’s insurance carrier. Patients were
apprised of the non-standard of care treatment and
agreed to rituximab treatment after disclosure of poten-
tial risks and benefits. Approval of the protocol and
informed consent by the university human investigation
committee was obtained. Signed informed consent was
obtained from each subject.

Objectives and Endpoints

The primary objective was to determine the efficacy of
HD-MTX/rituximab-only in the treatment of newly
diagnosed adults with PCNSL. The primary endpoint
was median progression-free survival (PFS). Secondary
endpoints included overall survival (OS), time to pro-
gression, and response. Toxicity was evaluated in all eli-
gible patients receiving at least 1 cycle of HD-MTX/
rituximab.

Eligibility

Patients were required to have a histologically proven
B-cell PCNSL that was newly diagnosed and previously
untreated. Patients were required to have radiographi-
cally measurable intracranial disease wherein the
tumor was bi-dimensionally measurable (at least
1 cm � 1 cm) by cranial contrast-enhanced magnetic
resonance imaging (MRI). Pregnant or lactating
women were not permitted to participate. Patients of
child bearing potential were required to implement ade-
quate contraceptive measures during participation in
this study. Patients must have had a Karnofsky perform-
ance status greater than or equal to 50 and a life expect-
ancy greater than 3 months.

Adequate hematologic, renal, and hepatic functions
were required and were defined by the following: absol-
ute granulocyte count .1500 per dL or white blood cell
count .4000 per dL, platelet count .100 000 per dL,
total bilirubin level ,1.8 mg/dL, transaminase level
,4 times the upper limit of normal, and creatinine con-
centration ,1.8 mg/dL (or creatinine clearance greater
than or equal to 30 mL/minute).

All patients were aware of the neoplastic nature of
their disease and willingly agreed to participate after
being informed of the procedures to be used, experimen-
tal nature of the therapy, alternatives, potential benefits,
side effects, risk, and discomforts. Patients with acquired
immunodeficiency syndrome or postorgan transplant
were not eligible. No serious concurrent medical ill-
nesses or active infection could be present that would
jeopardize the ability of the patient to receive
HD-MTX/rituximab therapy. Patients could not have
an active concomitant malignancy except skin cancer

(squamous cell or basal cell). Patients were required to
be 18 years of age or older.

Drug Schedule

HD-MTX was administered to all patients at 1 of 2 dose
levels based on an estimated creatinine clearance (8 g/m2

if the estimated creatinine clearance .60 mL/minute or
4 g/m2 if creatinine clearance ,60 mL/minute).
HD-MTX was administered intravenously over 6 hours
on a single day every other week. Concurrent dexametha-
sone was permitted for control of neurologic signs and
symptoms. HD-MTX was administered with ondanse-
tron premedication and following prechemotherapy
hydration. All patients received a similar HD-MTX treat-
ment protocol, including aggressive hydration (sterile
water þ 150 mEq NaHCO/L þ 20 mEq KCl/L admi-
nistered at 150 mL/hour) to maintain urine output
�100 mL/hour and urinary pH . 7 before adminis-
tration of HD-MTX and throughout the elimination
phase until serum methotrexate levels decreased to
�0.1 mM/L. Serum methotrexate levels were obtained
every 24 hours following initiation of HD-MTX.

HD-MTX was administered at 8 g/m2/dose intrave-
nously over 6 hours every 2 weeks during induction
(a minimum of 4 cycles) and every 4 weeks during main-
tenance. Before each cycle of HD-MTX, calculated crea-
tinine clearance was determined using a contemporary
serum creatinine. For patients with calculated creatinine
clearance ,60 mL/minute, the dose of HD-MTX was
decreased by 50%.

In addition, all patients received oral folinic acid
(10 mg/m2) every 6 hours beginning 18 hours after com-
pletion of the HD-MTX infusion. The dose of folinic
acid was altered as a function of serum methotrexate
levels obtained at 24, 48, and 72 hours after the begin-
ning of the HD-MTX infusion. Serum creatinine levels
were obtained simultaneously with serum methotrexate
levels. Additionally, serum creatinine and methotrexate
levels were obtained .72 hours after each dose of the
HD-MTX, at the physician’s discretion. Intravenous
hydration and folinic acid was discontinued and patients
were discharged to home once serum methotrexate levels
reached �0.1 mM/L. All patients were given instruc-
tions to maintain oral hydration .1.5 L/m2/24 hours
for 3 consecutive days upon discharge. As well, all
patients were given discharge folinic acid (leucovorin
calcium 25 mg per os every 6 hours for 2 days).

Patients received 375 mg/m2 of rituximab (Rituxan,
Biogen-Idec Corporation) intravenously every other
week alternating with HD-MTX. Rituximab was admi-
nistered as an outpatient infusion treatment without pre-
medication or hydration.

An induction cycle of therapy was operationally
defined as 14 days, during which HD-MTX was admi-
nistered on Day 1 and rituximab was administered
once between Days 7 and 10. Treatment cycles with
HD-MTX/rituximab were repeated every 14 days
from Day 1 provided that all hematologic toxicity
from the previous cycle had resolved to grade 2 or less,
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and all nonhematologic toxicity had recovered to either
grade 1 or less. If recovery had not occurred by Day 14,
the subsequent cycle of HD-MTX was delayed until
these criteria were met. All toxicities due to
HD-MTX/rituximab therapy were rated according to
the NCI Common Toxicity Criteria (version 3.0).

No HD-MTX or rituximab dose escalations were
permitted. Dose reduction for HD-MTX toxicity was
by 50% in patients with grade �4 toxicity. Patients
having grade �3 toxicity of any type after 1 dose
reduction discontinued HD-MTX.

Method of Evaluation

Laboratory tests (complete blood counts, complete
metabolic panel, and calculated creatinine clearance)
were obtained weekly, neurologic examination was per-
formed every 2 weeks, and contrast-enhanced cranial
MR was performed after every 2 cycles of HD-MTX/
rituximab until best response and thereafter every 8
weeks. Neuroradiographic response criteria as defined
by Macdonald et al.29 were used.

In patients with a partial response (PR) after 4 cycles of
HD-MTX/rituximab, 2 additional cycles of HD-MTX/
rituximab were administered, following which patients
were assessed again as described. Following induction
HD-MTX/rituximab (4–6 cycles), patients were
treated with 4 cycles of monthly HD-MTX. Patients
with stable disease or progressive disease (PD) after 4
cycles of HD-MTX/rituximab were removed from the
study and were offered alternative therapy.

PFS and OSwere definedas the time fromthe first dayof
treatment with HD-MTX until progression (PFS) or death
(OS). Patients were removed from the study if there was
PD, development of unacceptable toxicity, patient
refusal, or noncompliance with protocol requirements.

Experimental Design and Statistical
Methods

The primary objective was to determine whether
HD-MTX/rituximab and deferred radiotherapy could
significantly delay progression in patients with newly
diagnosed B-cell PCNSL. Historical values were
obtained from analysis of the RTOG whole brain radio-
therapy trial of patients with newly diagnosed PCNSL,
in which the 12-month PFS was 31%.19 The hypotheses
tested were H0: P � P0 vs H1: P � P1, where P is the
probability of remaining alive and progression free at
12 months, with a Type I error a � 0.05 and a Type II
error b � 0.20. For PCNSL, P0 was set at .30 and P1
at .50, looking for an improvement of 0.20. The
current study was designed to accrue 40 PCNSL
patients.34,35 For PCNSL patients, success was defined
as observing more than 20 of 40 patients alive and pro-
gression free at 12 months (yielding a ¼ 0.03 and b ¼

0.21). The median survival, time to progression, and
the associated 95% confidence intervals were computed.

Kaplan–Meier plots were constructed to display the esti-
mated probabilities of OS and time to progression.

Results

Study Population

Forty patients (25 men; 15 women), ages 18–93 years
(median 61.5), with newly diagnosed B-cell PCNSL (orig-
inal pathology reviewed and confirmed in all cases by the
participating institutions) were treated with HD-MTX/
rituximab (Table 1). Histopathology was determined by
stereotactic biopsy in 29 patients, resective surgery in 9,
cerebrospinal fluid (CSF) flow cytometry in 1, and vitrect-
omy in 1 patient. Notwithstanding resective surgery in 9
patients, residual disease was measurable (median tumor
volume 18 cubic centimeters) in all patients.

Patients presented at the time of tumor diagnosis with
the following signs and symptoms: altered mental status
(n ¼ 19), increased intracranial pressure as manifested
by increasing headache (n ¼ 12), progressive hemipar-
esis (n ¼ 12), new onset seizures (n ¼ 9), new onset
headaches (n ¼ 9), and visual acuity deterioration (n ¼
2). Patient performance status using the Karnofsky
scale ranged from 50–100 (median 80) at the time of
diagnosis and initiation of HD-MTX/rituximab
therapy. Tumor locations are delineated in Tables 1
and 2. Pathology (reviewed by a panel of 2 neuropathol-
ogists) showed all tumors to be B-cell lymphomas by
WHO criteria (in 38 patients with evaluable tissue,
diffuse large B-cell histology).

Treatment is shown in Tables 1 and 2. All patients
were treated with HD-MTX/rituximab following tissue
diagnosis and clinical staging (serum HIV titer, CSF
flow cytometry and cytology, slit lamp examination of
the vitreal cavity, neuraxis MRI, CT of the chest,
abdomen and pelvis, and body FDG-PET).30 No
patient was HIV positive and body CT and FDG-PET
were negative in all patients. Seven patients (17.5%)
had positive CSF flow cytometry of whom CSF cytology
was positive in 4 (10%). No patient had a positive CSF
cytology and negative CSF flow cytometry. CSF contami-
nation by PCNSL was considered present if either flow
cytometry or cytology were positive. A single patient
(2.5%) had a positive slit lamp examination and under-
went vitrectomy demonstrating a B-cell lymphoma.

All patients were treated with HD-MTX/rituximab,
and no patient discontinued therapy for noncompliance
or unacceptable toxicity. HD-MTX/rituximab began
with a median time to initiation following tissue diagno-
sis of 1 week with a range of 3 days to 3 weeks. A total of
303 cycles of HD-MTX were administered (induction
and maintenance). A minimum of 4 cycles of HD-MTX
was administered to each patient with a median of 8
cycles (range 4–10). HD-MTX was administered at the
prescribed dose in all but 4 patients (2 at onset with a
creatinine clearance less than 60 mL/minute and 2
during treatment due to renal toxicity). During induc-
tion, patients received in alternate weeks, rituximab. A
total of 184 cycles of rituximab were administered
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Table 1. PCNSL: adjuvant therapy with high-dose methotrexate and rituximab

Patient Gender/
age (y)

Tumor location Surgery KPS Adjuvant therapy:
HD-MTX 1 rituximab;
cycles (best response)

Maintenance
therapy:

HD-MTX;
cycles (best
response)

Progression-free
survival (mo)

Salvage therapy Survival
(mo)

Therapy Cycles/response/
duration (mo)

1 F/93 R parietal Bx 70 4 (CR) 4 (SD) 18 HD-MTX 6/CR/5 23

2 F/50 L temporal STR 70 4 (CR) 4 (SD) 56þ 56þ

3 F/72 R parietal Bx 100 4 (PD) 2 TMZ 6/PR/8 10

4 F/18 Corpus callosum Bx 50 6 (PR) 4 (CR) 62þ 62þ

5 M/52 Corpus callosum Bx 100 6 (PR) 4 (CR) 60þ 60þ

6 F/79 Corpus callosum Bx 80 4 (CR) 4 (SD) 10 12

7 F/72 R basal ganglia Bx 70 4 (CR) 2 (PD) 6 TMZ 1/PD/1 8

8 M/48 Corpus callosum Bx 90 4 (PD) 2 PCV 4/CR/38þ 38þ

9 F/56 R frontal STR 90 6 (PR) 4 (SD) 24 TMZ WBI 4/SD/6 36 Gy/PR/8 40

10 F/65 R frontal; L frontal Bx 90 4 (PD) 2 PCV 4/PR/18 22

11 M/58 R parietal; R midbrain Bx 50 4 (CR) 4 (SD) 76þ 76þ

12 F/53 L caudate Bx 90 4 (CR) 4 (SD) 68þ 68þ

13 M/50 R frontal; Corpus callosum Bx 90 4 (PD) 2 PCV WBI 1/PD/2 36 Gy/PR/12 18

14 M/43 Corpus callosum Bx 80 6 (PR) 4 (CR) 80þ 80þ

15 M/44 L frontal Bx 100 4 (PD) 2 PCV WBI 5/PR/10 36 Gy/PR/8 25

16 M/51 L frontal STR 100 6 (PR) 4 (CR) 78þ 78þ

17 M/82 R frontal Bx 90 6 (PR) 4 (CR) 14 PCV 4/PR/10 28

18 M/57 R orbital; L frontal Vitrectomy 90 4 (CR) Orbital RT 4 (SD) 56þ 56þ

19 M/76 L frontal Bx/VPS 70 4 (CR) 4 (SD) 21 24

20 M/44 Hypothalamus Bx 100 4 (CR) 4 (SD) 47þ 47þ

21 M/85 R frontal STR 70 4 (CR) 2 (PD) 4 TMZ 2/PD/2 9

22 F/64 R frontal STR 90 4 (PD) 2 WBI 36 Gy/PR/4 8

23 F/63 R parietal STR 80 6 (PR) 4 (CR) 24 TMZ WBI 2/PD/2 36 Gy/PR/6 34

24 F/74 L parietal; Corpus callosum Bx 90 4 (CR) 4 (SD) 36 38

25 F/80 L temporal; Corpus callosum Bx 60 4 (PD) 2 WBI 36 Gy/PR/6 9

26 M/52 R occipital; L frontal Bx 70 4 (CR) 4 (SD) 39þ 39þ

27 M/82 Bi-temporal Bx 90 4 (CR) 4 (SD) 29 31

28 M/80 R frontal STR 80 4 (CR) 4 (SD) 30 33

29 M/81 Subarachnoid CSF 70 4 (CR) 4 (SD) 7 WBI 36 Gy/PR/3 11

Continued
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(median 4; range 4–6). No other anti-lymphoma agents
aside from dexamethasone were utilized during the
study. Oral dexamethasone was used concurrently in all
patients and was increased in 8 patients with clinical
disease progression and lack of response to HD-MTX/
rituximab. An additional 6 patients with disease pro-
gression required re-initiation of dexamethasone
therapy. The dexamethasone dose was decreased in 32
patients with a neuroradiographic response and as
patient clinical status permitted.

Eighteen patients (45%) received an alternative che-
motherapy (temozolomide 9; PCV 5) following pro-
gression or failure to respond to HD-MTX/rituximab
(Tables 1 and 2). One patient was retreated with
HD-MTX. Nine patients received radiotherapy, 1 at
treatment onset (orbital radiation) and 8 as salvage
therapy for disease progression (in all, whole brain
irradiation given as a total dose of 36 Gy in 20 fractions).

Toxicity

Toxicity was recorded for all grades for all patients by
type using the NCI common toxicity criteria (version
3.0). Table 3 lists all grade 2–5 toxicity observed with
each figure representing the sum of the highest grade of
toxicity attained, per toxicity, per cycle for all patients.
A total of 303 treatment cycles of HD-MTX (184 in con-
junction with rituximab) were administered of which
there were 16 grade 3 adverse events (AEs) in 13 patients
(32.5%) and 2 grade 4 AEs. There were no grade 5 AEs,
treatment-related transfusions, episodes of febrile neutro-
penia, or treatment-related deaths. Two patients devel-
oped the HD-MTX-related acute renal failure (1 during
first cycle of HD-MTX and the other during cycle #3 of
HD-MTX) requiring treatment with b-carboxypeptidase
according to NCI guidelines.31 Both patients made an
uneventful recovery and were retreated (following a
median delay of 24 days for recovery of creatinine clear-
ance) with HD-MTX (initially at 50% dose reduction
and subsequent doses at 8 g/m2) without difficulty.

Response

All patients were assessable for response and survival
(Tables 1 and 2). Following induction with 4–6 cycles
of HD-MTX/rituximab, 8 patients (20%) demonstrated
PD and discontinued therapy. Thirty-two patients (80%)
demonstrated a partial (8/40; 20%) or complete (24/40;
60%) radiographic response to HD-MTX/rituximab
induction. Six of the 8 patients (75%) with a PR to induc-
tion HD-MTX/rituximab converted to a complete
response with maintenance HD-MTX. Four patients
(10%) progressed during maintenance HD-MTX. At
the conclusion of induction and maintenance HD-MTX
(6–8 months of total therapy), 28 patients (70%) demon-
strated either a partial (1/28) or complete (27/28)
response. The OS of these 28 patients ranged from 11
to 80 months (median 33.5). At the conclusion
of HD-MTX/rituximab, the Karnofsky performance
status ranged from 50 to 90 with a median of 80 in theT
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entire study group. The PFS following HD-MTX/rituxi-
mab treatment ranged from 2 to 80 months (Fig. 1), with
an estimated median of 21.0 (95% CI: 13.83, 28.17)
months. Patients who failed to respond (8 patients),

progressed while on maintenance (4 patients), or after
HD-MTX/rituximab (6 patients) were offered alterna-
tive (temozolomide 9 patients, PCV 5; whole brain
irradiation 8, re-challenge with HD-MTX 1; 1 salvage
therapy 13 patients, 2 therapies 5) or supportive
therapy. Response to alternative therapy included 2
patients (11%) with a complete response and 12 patients
(67%) with a PR. PFS to salvage therapy ranged from 1 to
38 months with a median of 6 months. One patient of the
18 that received salvage therapy remains alive and disease
free. Survival in the entire cohort ranged from 6 to 80
months with an estimated median of 29.0 (95% CI:
19.72, 38.28) months (Fig. 1). The probability of disease-
free survival in patients less than 50 years was 86% (6/7),
in patients 50–59 years 33% (4/12), in patients 60–69
years 25% (1/4), and in patients greater than 70 years
0% (0/17). All but 15 patients have died, and all deaths
were directly attributable to the effects of the progressive
intracranial tumor. In the 15 surviving patients, all
treated with HD-MTX/rituximab and no WBI, no cogni-
tive decline was documented. However, formal neuro-
psychological testing was not prospectively performed.

Discussion

Still controversial is the preferred treatment of newly
diagnosed adults with PCNSL.1–26 In large part, this

Table 3. High-dose methotrexate/rituximab: toxicity

Toxicity Grade
2

Grade
3

Grade
4

Grade
5

Total

Anemia 1 2 0 0 3

Fatigue 6 1 0 0 7

Hepatic 2 1 0 0 3

Hyperglycemia 6 2 0 0 8

Neutropenia
without fever

1 4 0 0 5

Nausea 2 0 0 0 2

Renal 13 4 2 0 19

Thrombophlebitis 0 2 0 0 2

Totals 31 16 2 0 49

Fig. 1. Progression free and overall survival for patients with newly

diagnosed primary CNS lymphoma treated with high-dose

methotrexate and rituximab.

Table 2. Characteristics of study patients

Variables Number
patients

Percent

Total patients 40 100

Age

�50 33 82.5

�70 17 42.5

Median (range) 61.5 (18–93)

Sex

Male 25 62.5

Female 15 37.5

Location of tumor

Frontal 18 45

Temporal 3 7.5

Parietal 9 22.5

Corpus callosum 9 22.5

Deep gray nuclei 5 12.5

Occipital 2 5

Cerebellum 3 7.5

Brainstem 1 2.5

Subarachnoid/ventricular 2 5

Multilobar 12 30

Extent of initial surgery

Subtotal resection 9 22.5

Biopsy 29 72.5

Vitrectomy 1 2.5

Response to up-front chemotherapy

Complete response 24 60

Partial response 8 20

Progressive disease 8 20

Progression-free survival to up-front chemotherapy

Median (range) 21 mo 2–78 mo

Salvage therapy at recurrence

Temozolomide 9 22.5

Procarbazine, CCNU,
Vincristine

5 12.5

HD-MTX 1 2.5

Whole brain irradiation 8 20

Response to salvage therapy

Complete response 2 9

Partial response 12 67

Progressive disease 4 22

Progression-free survival to salvage therapy

Median (range) 6 mo (1 to 38þ mo)

Overall survival

Median (range) 29 mo (6 to 80þ mo)

Alive and disease free 20 50

�50 y of age 7/9 78

.50 y of age 8/31 26

.60 y of age 0/20 0
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controversy reflects the paucity of multi-institution trials
and the relative failure of adjuvant WBI without che-
motherapy as initial treatment of PCNSL (median survi-
val 11.6 months, as demonstrated in the multicenter
RTOG 8315 trial).19,25 In addition, the late neurotoxic
consequences of WBI (cognitive impairment), particu-
larly in patients .60 years of age, the majority of patients
with PCNSL have dampened enthusiasm for up-front
treatment of PCNSL with radiotherapy.1,4,5,10,13,15,16,22

Consequently and increasingly, PCNSL is treated with
deferred radiotherapy and primary chemotherapy.
Seminal studies by Hochberg and later by DeAngelis,
Abrey, and Batchelor have provided the basis for
inclusion of HD-MTX in most treatment regimens of
PCNSL.1,4,6,7,14 However, the dose of methotrexate has
varied from 3.5 to 8 g/m2 reflecting in part institutional
philosophies of whether to use single agent or multiagent
chemotherapy treatment regimens. Additionally, the
response to single-agent HD-MTX has varied widely.
Batchelor reported a combined complete response
(52%) and PR (22%) rate to single-agent HD-MTX in
the NABTT 96-07 trial (a total of 25 patients) of 74%
with a median PFS of 12.8 months and OS of 32
months.4,13 In contrast, Herrlinger for the German
Cancer Society (NOA-3 trial) using a similar regimen
of single agent HD-MTX in 37 patients reported a
combined complete response and PR rate of 29.7%
and a median PFS of 13.7 months.15 How to reconcile
these similar studies is difficult and may in part reflect
the difference in the duration of induction therapy (8 vs
6 biweekly cycles of HD-MTX). The current study,
similar to the German trial, utilized a shorter induction
(4–6 cycles of HD-MTX/rituximab) and yet demon-
strated an 80% response rate (60% complete response)
and 21-month median PFS. Twelve- and 24-month sur-
vival curve probabilities are 80% and 60%, respect-
ively, for the present study vs 55% and nearing 40%
in the NABTT 96-07 trial.4,13 This improvement in
both response rate and PFS likely reflects the addition
of rituximab to HD-MTX. Therefore, an advantage
of the present trial appears to be an improvement in
PFS (the main study objective) relative to other
HD-MTX regimens only.

NABTT is currently conducting a single agent trial of
rituximab in patients with recurrent PCNSL and has
reported in an abstract a 30% response rate. Also not
clear from the limited literature is the duration of main-
tenance therapy with HD-MTX. The NABTT protocol
utilized 11 cycles of monthly HD-MTX (following 2
further cycles of biweekly HD-MTX after achieving a
complete response) as contrasted with the present
study which utilized 4 cycles of monthly HD-MTX.
Therefore, the current regimen permits a shortening of
the total duration of treatment relative to the NABTT
HD-MTX regimen (6 vs. 14 months). Increasingly in
oncology there is an emphasis on shorter duration of
adjuvant therapy as recently demonstrated for systemic
lymphoma and lung cancer. In addition, the current

regimen of HD-MTX/rituximab appears to shorten
the interval during induction to best response from 6
(as determined in the NABTT trial) to 4 cycles (as in
the present study).

At present, there remains lack of agreement on
whether single-agent HD-MTX is as efficacious as
multiagent regimens including dose dense
chemotherapy and peripheral stem cell transplan-
tation.1,2,4–6,8–10,12,13,15–17,20–22,24 In addition, there
has been renewed interest in utilizing WBI, though at
reduced and response-based dose, as part of up-front
therapy, either intercalated with chemotherapy as in
the DeAngelis regimen or as consolidation in the
Italian regimen.8–11

Equally important in the management of patients with
PCNSL is the use of salvage therapy at the time of tumor
recurrence.32–37 The value of re-challenge with
HD-MTX has been demonstrated in patients with an
initial response to HD-MTX and in whom a long disease-
free interval (6 to 12þmonths) is achieved. Additionally,
other chemotherapies for example PCV, temozolomide,
topotecan, and dose dense chemotherapy and peripheral
stem cell transplantation have been used successfully as
salvage therapy with primarily palliative intent. Finally,
the value of WBI in patients with recurrent PCNSL and
previously treated with primary up-front chemotherapy
has been demonstrated. Most of these modalities were
used in the present study and in aggregate resulted in a
median PFS of 6 months. Clearly needed are more effec-
tive and durable salvage therapies for recurrent or refrac-
tory PCNSL. Perhaps increasing the use of high-dose
chemotherapy and peripheral stem cell transplantation
following a complete response with salvage therapy, as
is used for recurrent systemic non-Hodgkin’s lymphoma,
would provide improved outcome in patients with recur-
rent PCNSL.

In conclusion, there is no standard therapy for newly
diagnosed patients with PCNSL and consequently there
is a need to treat patients on clinical trials. Importantly,
multicenter trials are needed to better define adjuvant
treatment. In young patients, treatment is with curative
intent, whereas in older patients, treatment is palliative
and designed to minimize neurotoxicity. The combined
use of HD-MTX and rituximab as used in this study
may obviate early WBI permitting radiotherapy to be
deferred until PCNSL progression or eliminated
altogether in patients with a durable and likely curative
response to first-line therapy. Importantly, the present
regimen of HD-MTX/rituximab recapitulates the best
objective response seen in other HD-MTX-only regi-
mens, accelerates the time to complete response,
improves PFS (the main study outcome measure) com-
pared with HD-MTX-only regimens and permits
reduction in total time on therapy.
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