Should Intra-cerebrospinal Fluid
Prophylaxis Be Part of Initial Therapy
for Patients With Non-Hodgkin Lymphoma:
What We Know, and How We Can Find Out More

Central nervous system (CNS) involvement is a serious complication of non-Hodgkin lymphoma
(NHL), with an extremely poor outcome. In most cases, relapse in the CNS manifests as leptomen-
ingeal disease. The relatively short interval between the initial diagnosis of NHL and CNS involve-
ment implies that seeding of the cerebrospinal fluid occurs early in the natural history of the disease
and suggests a role for CNS prophylaxis during initial treatment. However, CNS prophylaxis in patients
with aggressive NHL remains controversial because of the relatively low incidence of CNS recurrence
(5%-7%) in these patients and lack of consensus on the best therapies and protocols. Risk factors for
CNS relapse in patients with aggressive NHL have been identified and may help define a subpopulation
of patients for whom CNS prophylaxis is justified. Because of variation in current practice and a paucity
of high-quality evidence, well-designed and controlled trials are needed to assess the benefits of
prophylactic treatment in such a population. This article reviews the current role of CNS prophylaxis
in patients with NHL and discusses issues in the conception, design, and execution of a clinical trial to
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elucidate the role of CNS prophylaxis in patients with aggressive NHL.
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( :entral nervous system (CNS) relapse is a highly

morbid and generally fatal complication of non-

Hodgkin lymphoma (NHL),!-% with a median
survival after CNS disease diagnosis of 2.4 to 4.4
months.3-8 CNS involvement can occur at any time
during the clinical course of NHL, and for 50% of
patients, the CNS is the site of first relapse following
complete remission.>*-11 The median time from diag-
nosis to detection of CNS disease is less than 1 year,
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suggesting that seeding of the cerebrospinal fluid (CSF)
occurs early in the course of the disease and that the
CSF acts as a sanctuary for surviving tumor cells.?7:812
Further support for this hypothesis is provided by the
frequent presence of malignant cells in the CSF at the
time of initial diagnosis both in primary CNS lymphoma
(PCNSL)*3 and in neural NHL.29:14

The frequency of CNS recurrence varies according to
the aggressiveness of the lymphoma, being uncommon in
indolent lymphomas and frequent in very aggressive lym-
phomas such as Burkitt lymphoma and lymphoblastic
lymphoma (Table 1).147-911.15-20 In recognition of this
variability in the frequency of CNS relapse, CNS prophy-
laxis is not administered in patients with indolent NHL,
but it is almost always included as part of the primary
treatment of lymphoblastic lymphoma and Burkitt lym-
phoma, where it has been shown to reduce relapse rates
and improve survival.2'-?> Comparable therapeutic bene-
fits have not been conclusively demonstrated in patients
with other aggressive NHL subtypes such as diffuse large
B-cell lymphoma (DLBCL).210-26-28 Few published studies
are available to guide the management of patients with
NHL with regard to CNS prophylaxis, and most of the
existing data are limited by their retrospective nature. In
addition, the results of these studies are conflicting and
difficult to interpret because of wide variations among

Seminars in Oncology, Vol 36, No 4, Suppl 2, August 2009, pp S25-534 $25


mailto:Ulrich.Herrlinger@ukb.uni-bonn.de
mailto:Ulrich.Herrlinger@ukb.uni-bonn.de

526

U. Herrlinger et al

Table 1. Frequency of Central Nervous System
Involvement in Non-Hodgkin Lymphoma Sub-

types

Frequency of
Lymphomatous
NHL Subtype Meningitis (%)
Indolent lymphoma?:1516 0-<5
DLBCL'"4.7.811,1517,18 ~5.7
Lymphoblastic and Burkitt 30-50
lymphoma?®:19.20

Abbreviations: NHL, non-Hodgkin lymphoma; DLBCL, diffuse
large B-cell lymphoma.

study populations and different prophylactic regimens
(Table 2).3-811.1229-31 Furthermore, some practitioners
consider the overall frequency of CNS relapse in
patients with aggressive NHL to be too low (approx-
imately 5%-7% for DLBCL) to justify including a po-
tentially toxic CNS prophylactic regimen as part of
therapy for all patients.

Although patient and disease characteristics have
been identified that define high-risk subpopulations
that may warrant CNS prophylaxis, there is little agree-

ment and large practice variability with regard to the
composition and application of prophylactic regi-
mens.3>5-7:3233 For example, a survey conducted among
clinicians in the United Kingdom who treat NHL (N =
158) revealed little consensus regarding which risk
factors needed to be present to warrant CNS prophy-
laxis.3? The most common reasons for initiating pro-
phylaxis in this survey were involvement of paranasal
sinuses (88%), testes (85%), orbital cavities (78%), or
bone marrow (65%); stage IV disease (34%); high Inter-
national Prognostic Index (IPI) score (21%); involve-
ment of more than one extranodal site (16%); and high
lactate dehydrogenase (LDH) (10%).3? The majority of
respondents (90%) who did use prophylaxis employed
intrathecal therapy; only 4% used prophylactic sys-
temic chemotherapy.3? Similar variations in treatment
practice were evident in a survey of Canadian physi-
cians (N = 77) that evaluated CNS surveillance, pro-
phylaxis, and treatment of adult patients with NHL.3?
CNS prophylaxis was most commonly used in patients
with NHL involving the testes (45%) or epidural space
(41%).%3 A higher proportion of tertiary care physicians
initiated prophylactic treatment when there was testic-
ular (53%) or epidural (50%) involvement compared
with community oncologists (32% and 26%, respec-
tively).3 Intrathecal therapy with methotrexate (MTX)
or MTX in combination with cytarabine was used by

Table 2. Central Nervous System Relapses in Patients With Aggressive Non-Hodgkin Lymphoma (ex-
cluding lymphoblastic lymphoma and Burkitt lymphoma)

CNS Relapse
First Author, Year N Systemic Therapy CNS Prophylaxis Rate (%)

van Besien, 19983 605 CHOP-like None 4.5
Bos, 1998 193  CHOP None 5.0
Zinzani, 19994 175  MACOP-B None 5.2
Feugier, 20048 399 CHOP v CHOP-R None 5.0
Haioun, 20006 974  ACVBP IT + HD MTX 1.6
Hollender, 20027 1220  CHOP-like 12 mg IT MTX (n = 141) 4.2
Tilly, 2003%° 635  ACVBP + GELA Cons or IT + HD MTX v none 2.8 vs 8.3

HDT/PBSCT v CHOP
Boehme, 2007° 1693  CHOP-like Systemic etoposide 2.2
Bjorkholm, 20083° 444  CNOP 12 mg IT MTX 6.5
Bernstein, 20082 899 ProMACE-CytaBOM WBRT or 12 mg IT MTX + 2.8

and m-BACOD IT Ara-C 30 mg

(n =121)

Pfreundschuh, 20083 1217  CHOP-14 R v CHOP-14 15 mg IT MTX 4.8

Abbreviations: CNS, central nervous system; NHL, non-Hodgkin lymphoma; CHOP, regimen consisting of cyclophosphamide, doxoru-
bicin, vincristine, and prednisone; MACOP-B, regimen consisting of bleomycin, cyclophosphamide, doxorubicin, leucovorin, metho-
trexate, prednisone, and vincristine; ACVBP, regimen consisting of doxorubicin, cyclophosphamide, vindesine, bleomycin, and
prednisone; IT, intrathecal; MTX, methotrexate; GELA, Adult Lymphomas Study Group; Cons, consolidation; HDT/PBSCT, high-dose
chemotherapy with peripheral blood stem cell transplant; HD, high-dose; CNOP, regimen consisting of cyclophosphamide, mitox-
antrone, prednisone, and vincristine; ProMACE-CytaBOM, regimen consisting of cyclophosphamide, doxorubicin, etoposide, cytara-
bine, bleomycin, vincristine, prednisone, and methotrexate; m-BACOD, regimen consisting of methotrexate, bleomycin, doxorubicin,
cyclophosphamide, vincristine, and dexamethasone; WBRT, whole-brain radiotherapy.
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almost three quarters (74%) of physicians.>® Systemic
prophylaxis was used by 20% of physicians but always
in combination with intrathecal prophylaxis. Clearly,
evidence-based data from randomized, controlled trials
are needed to clarify the role of CNS prophylaxis in
patients with aggressive NHL.

THE IMPACT OF INTRA-CSF THERAPY
IN PATIENTS WITH AGGRESSIVE NHL

PCNSL

PCNSL represents a special case of DLBCL with a
neural origin, a very aggressive course, and almost
universal CNS recurrence after treatment.34-3¢ CNS re-
lapse often manifests as lymphomatous meningitis (LM)
or LM in association with parenchymal involve-
ment.!337 The exact frequency of LM in PCNSL remains
controversial. Estimates vary according to the diagnos-
tic strategy used, ranging from 8% when assessed by
magnetic resonance imaging (MRD3’ to 18% when as-
sessed by lumbar puncture CSF cytology!? to 78% when
assessed by ventricular CSF cytology.’® There is cur-
rently no universally accepted approach to therapy or
consensus on CSF prophylaxis.3539

Cranial irradiation combined with chemotherapy re-
sults in improved survival and extended time to recur-
rence compared with radiotherapy alone, but radiation
carries a substantial risk of long-term neurotoxicity,
especially in patients older than 60 years of age.10-46

Motivated by a desire to avoid the delayed toxic effects
of radiation, several investigators have studied the bene-
fits of chemotherapy alone.3#47-50 Because systemically
administered high-dose MTX (1-8 g/m? crosses the
blood-brain barrier (BBB) and achieves therapeutic con-
centrations in the CSF,3! systemic chemotherapy with
high-dose MTX as a single agent or in combination with
other active agents (eg, corticosteroids, cytarabine, thio-
tepa, vincristine, cyclophosphamide, temozolomide, rit-
uximab) has become the basis of PCNSL therapy.>?

McAllister et al“® reported that among 74 patients
with PCNSL treated with high-dose, MTX-based (2.5
g/m?) BBB-disruption- enhanced chemotherapy, 65%
(n = 48) achieved a complete response, and the me-
dian survival time was 40.7 months. No cognitive de-
cline occurred in patients who continued to experi-
ence a complete response after 1 year of therapy.?®
However, the role of systemic chemotherapy alone in
PCNSL is still unclear. A prospective trial in which 37
patients with PCNSL received high-dose MTX (8 g/m?)
was terminated due to a low complete response rate
(30%).% The overall median survival in this study was
25 months.>° Other investigators have reported com-
plete response rates of 52% and 65% with similar treat-
ment.3*% Conversely, a study that combined both sys-
temic and intra-CSF treatment reported a 79% complete
response achieved in 14 immunocompetent patients

with PCNSL.%7 Patients were treated with a combina-
tion of high-dose MTX (8.4 g/m?), thiotepa, vincristine,
and dexamethasone and intrathecal cytarabine (15-50
mg) and MTX (12 mg).

The multicenter Bonn Protocol, the largest prospec-
tive study to date in patients with PCNSL, was designed
to assess whether targeting the CSF during initial ther-
apy for PCNSL with an intensified chemotherapy-only
regimen would result in durable tumor response while
avoiding neurotoxicity.>*>5 Frequent administration of
low-dose intraventricular chemotherapy (concentra-
tion X time approach) via Ommaya reservoir, which
produces a more uniform and constant drug concen-
tration in the CSF, was employed.5° Patients with newly
diagnosed PCNSL (N = 65) were enrolled in a pilot
phase II, open-label study.>*>5 High-dose MTX- (5 g/m?)
and cytarabine- (3 g/m?) based systemic therapy, also
including vincristine (2 mg), ifosfamide (800 mg/m?),
and dexamethasone (10 mg/m?), was combined with
intraventricular MTX (3 mg), cytarabine (30 mg), and
prednisolone (2.5 mg) (Table 3).>> The median age of
patients was 62 years (range, 27-75), and their median
Karnofsky performance score (KPS) was 70 (range,
20-90). Follow-up was 0 to 87 months (median, 26
months). Median event-free survival (EFS), the primary
study end point, was 21 months, and overall survival
was 50 months. The overall response rate was 71%,
with 61% of patients achieving a complete response
and 10% achieving a partial response.>®> Nineteen per-
cent of patients progressed during therapy, and 8% of
patients died of treatment-related causes.

As in other trials, a markedly better clinical outcome
was observed in younger patients (=60 years of age,
n = 30). Kaplan-Meier estimates for median overall
survival, progression-free survival, and EFS have not yet
been reached for these patients.>> The overall response
rate in the younger population was 86%, with complete
responses and partial responses achieved in 76% and
10% of patients, respectively. Disease progression dur-
ing treatment occurred in 7% of patients, and early
death occurred in 7%. Older patients (>60 years of age,
n = 35) had a median EFS of only 15 months and a
median overall survival of 34 months. The 5-year sur-
vival was 75% in patients =60 years of age and 19% in
those >60 years of age.>> Results from this study sug-
gest that a chemotherapy-only regimen based on high-
dose and intra-CSF MTX and cytarabine is effective in
younger patients with PCNSL and frequently results in
long-term remission and even cure in some patients.
These data compare favorably with the best results
reported in combined chemotherapy and radiotherapy
trials®3%#> and other poly-chemotherapy trials.47-48

No chemotherapy-related neurotoxicity was ob-
served in patients at follow-up, and systemic toxicity
was mainly hematologic (ie, leukopenia and thrombo-
cytopenia). Infection of the Ommaya reservoir oc-



528

U. Herrlinger et al

Table 3. Bonn Chemotherapy Protocol for Primary Central Nervous System Lymphoma

Day
Chemotherapy 1 2 3 4 5 6 7
Cycle A
Systemic:
Methotrexate IV (5 g/m?) +
Vincristine IV (2 mg) +
Ifosfamide IV (800 mg/m?) + + + +
Dexamethasone PO (10 mg/m?) + + + +
Intraventricular:
Prednisolone ICV (2.5 mg) + + + +
Methotrexate ICV (3 mg) + + o +
Ara-C ICV (30 mg) +
Cycle B
Systemic:
Methotrexate IV (5 g/m?) +
Vincristine IV (2 mg) +
Cyclophosphamide IV (200 mg/m?) + o + +
Dexamethasone PO (10 mg/m?) + + + +
Intraventricular:
Prednisolone ICV (2.5 mg) + + + +
Methotrexate ICV (3 mg) + + o +
Ara-C ICV (30 mg) +
Cycle C
Systemic:
Ara-C IV (3 g/m?) + +
Vindesine IV (5 mg) +
Dexamethasone PO (20 mg/m?) + + + + +
Intraventricular:
Prednisolone ICV (2.5 mg) + + + +
Methotrexate ICV (3 mg) + + + +

Ara-C ICV (30 mg)

+

NOTE. Treatment consisted of six chemotherapy cycles separated by intervals of 2 weeks between each cycle. Cycle A was given on days
1-5 and 64-68, cycle B was given on days 2-26 and 85-89, and cycle C was given on days 43-49 and 106-112. The protocol was
modified in the multicenter phase 2 study: no ICV therapy was given on day 1 of cycles A and B, and systemic methotrexate was

reduced to 3 g/m? in patients older than 64 years of age.

Abbreviations: CNS, central nervous system; Ara-C, cytarabine; ICV, intracerebroventricular; 1V, intravenous; PO, orally.
Reprinted with permission.>* Copyright © 2003 American Society of Clinical Oncology. All rights reserved.

curred in 19% of patients,> a rate higher than has been
reported in other series.¥47.57.58 Although infection
was managed, it resulted in treatment interruption or
delay.>> The investigators postulated that the numerous
intraventricular injections required by the protocol,
therapy-induced myelosuppression, and the immuno-
compromised status of some patients may have con-
tributed to the high infection rate.>> In light of this, and
because other studies suggested that intrathecal MTX
did not improve survival in patients with PCNSL receiv-
ing systemic high-dose MTX,>*% the investigators de-
cided to omit intraventricular treatment in subsequent
cohorts of patients (modified Bonn protocol).®!

Fifty patients were enrolled in the modified Bonn
protocol study, of whom 35 were evaluable for re-

sponse.®! The median follow-up was 9 months (range,
1-26 months). Response rates were comparable to
those obtained in the original Bonn protocol; however,
omitting intraventricular therapy resulted in a signifi-
cantly shorter median progression-free survival than
that in the original protocol.°'%2 Assessment of KPS,
LDH levels, and CSF protein at diagnosis® indicated
that study populations were balanced with regard to
these prognostic factors.’2 The results from these
two trials strongly suggest a benefit from including
intra-CSF therapy in the initial treatment of PCNSL and
support the assumption that targeting the CSF is nec-
essary to achieve sustained remission. These data also
suggest that, when active therapy is completed, the
CSF may act as a reservoir for surviving tumor cells that
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may repopulate the CNS or extraneural loci and lead to
relapse.

While the examples provided by the PCNSL studies
suggest an important role for intra-CSF prophylaxis in
patients with NHL, they do not provide indisputable
evidence of its benefit. Trials specifically designed to
elucidate the role of CNS prophylaxis in patients with
NHL are needed.

LIMITATIONS AND
CONSIDERATIONS FOR A CNS
PROPHYLAXIS TRIAL IN PATIENTS WITH NHL

Key considerations in the design and execution of a
CNS prophylaxis trial include the factors used to select
patients at high risk of CNS relapse, the choice of
prophylactic regimen, and the overall risks and benefits
of prophylaxis in patients with NHL.

Risk Factors Determine Patient Population

Because of the relatively low incidence of CNS in-
volvement in patients with NHL, “enriching” the trial
population with patients at higher risk for developing
CNS involvement is necessary to prevent overtreating
the population not at risk. The two most important
independent predictors of CNS disease, identified by
multivariate regression analysis of large series of pa-
tients with NHL, are the presence of more than one
extranodal site (relative risk [RR], 2.9-5.5] and ele-
vated LDH [RR, 2.1-7.0]) (Table 4).3>-7 van Besien and
colleagues? identified a group of patients for whom the
cumulative risk of CNS relapse was 20%. Hollender and
colleagues’ retrospectively identified three additional
independent risk factors that conferred a higher risk of
CNS disease among 1,220 patients: young age (<60
years) [RR, 2.8], serum albumin <3.5 g/L [RR, 2.5],
and retroperitoneal lymph node involvement [RR,
1.9].7 Increasing the number of risk factors consid-
erably increased the chance of CNS relapse. Patients
with four or five risk factors represented 12% of the
patients with NHL in this study and 54% of those
with relapse (Table 5).7

These studies indicate that it is possible to select
patients with NHL and a high risk of developing CNS
disease— high enough, perhaps, to justify inclusion in a
CNS prophylaxis trial. However, the higher the likeli-
hood of developing the disease in a population, the
smaller the fraction of the population one is left with,
resulting in study design issues of sample size and
generalizability (Table 5).7

Availability of Effective Therapies

The therapeutic benefit of CNS prophylaxis has
been clearly demonstrated in the very aggressive NHLs
(lymphoblastic lymphoma and Burkitt lymphoma).?!-25
However, most studies assessing the therapeutic value

Table 4. Relative Risk of Central Nervous System Relapse Associated With Prognostic Factors Identified in Multivariate Analyses

Retroperitoneal

First Author,

Lymphadenopathy

Albumin <3.5 g/L

IPI Age <60 Years

>1 Extranodal Site
RR, 5.5; 95% ClI,

Increased LDH
RR, 7.0; 95% ClI,

Year
van Besien, 19983

2.1-14.9; P = .0005

2.0-38.0;
P =.0008

RR, 5.0; P= .05

RR, 7.0;
P =.002

RR, 3.0; P=.05

Haioun, 2000¢

RR, 2.9; 95% Cl,

RR, 3.7; 95% Cl,

Boehme, 2007>

1.5-5.9; P=.002
RR, 3.0; 95% Cl,

1.8-7.5; P <.001
RR, 2.1; 95% Cl,

RR, 2.5; 95% ClI, RR, 1.9; 95% Cl,

RR, 2.8; 95% ClI,

Hollender, 20027

1.3-4.6; P = .005 1.0-3.5; P=.037

1.5-5.4; P=.002

1.7-5.4
Abbreviations: Cl, confidence interval; CNS, central nervous system; LDH, lactate dehydrogenase; IPI, International Prognostic Index; RR, relative risk.

*LDH =450 U/l v <450 U/I.

1.0-4.4*; P = .049
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Table 5. Probability of Central Nervous System
Relapse According to the Number of Risk Fac-
tors Present

Probability of CNS

No. of Risk % of Recurrence Within

Factors  Population 5 Years, % (95% CI)
0 13.3 1.9 (0-4.6)
1 30.5 2.0 (0.4-3.6)
2 26.7 2.8 (0.5-5.2)
3 17.3 6.2(1.9-10.5)
4 9.8 25.3(14.8-35.8)
5 2.5 32.7 (11.6-53.8)

Abbreviations: CNS, central nervous system; Cl, confidence
interval.

Adapted with permission.” © 2002 European Society for Med-
ical Oncology.

of CNS prophylaxis in NHL are retrospective in nature,
and the results are conflicting.

In their retrospective analysis of 1,693 patients with
aggressive lymphoma, Boehme and colleagues® re-
ported a 2.2% frequency of CNS relapse. Of note, CNS
prophylaxis was administered to fewer than 5% of
patients.> In another retrospective analysis of 68 pa-
tients with aggressive NHL in complete remission fol-
lowing systemic chemotherapy, significantly fewer
patients who received prophylactic treatment with in-
tra-CSF MTX and hydrocortisone experienced CNS re-
lapse compared with patients who did not receive
prophylactic treatment (0% v 15%; P = .03).% The
absence of prophylaxis was identified by multivariate
regression analysis as a significant factor for CNS re-
lapse (P = .01; RR, 0.00000006). Overall 5-year survival
rates were 80% in the group that received prophylaxis,
compared with 58% for those who did not (P = .05).64
A retrospective analysis by Haioun and colleagues®
showed a low (1.6%) rate of isolated CNS relapse
among 974 patients with aggressive NHL in complete
remission following treatment with systemic chemo-
therapy (ACVBP regimen [doxorubicin, cyclophospha-
mide, vindesine, bleomycin, prednisone]) combined
with intra-CSF and systemic high-dose MTX. In a pro-
spective, randomized study, older patients (61-69
years of age) with high-risk aggressive NHL were
treated with an ACVBP regimen that included CNS
prophylaxis with intra-CSF MTX and two courses of
systemic high-dose MTX (n = 323) or standard CHOP
(cyclophosphamide, doxorubicin, vincristine, prednisone)
(n = 312).? Nine patients exhibited CNS progression
in the ACVBP group, compared with 26 patients in the
CHOP group [RR, 2.99; P = .002].%° At 5 years, EFS and
overall survival rates were significantly higher for those
who received prophylaxis (39% and 46%) compared

with those who did not (29% [P = .005] and 38% [P =
.036], respectively).?? In contrast, a 20-year follow-up
analysis of CNS relapse in patients with aggressive NHL
retrospectively compared high-risk patients (those
with large cells in their pretreatment bone marrow
biopsy) who received prophylactic intra-CSF MTX and
cytarabine on an m-BACOD regimen (methotrexate,
bleomycin, doxorubicin, cyclophosphamide, vincris-
tine, dexamethasone) or prophylactic cranial irradi-
ation on a ProMACE (prednisone, methotrexate,
doxorubicin, cyclophosphamide, etoposide)-CytaBOM
(cytarabine, bleomycin, vincristine, prednisone) regi-
men with patients on regimens that did not incorporate
CNS prophylaxis.!? This analysis found that patients
who had received any form of CNS prophylaxis did not
experience a significantly lower rate of CNS relapse
than patients who received no prophylaxis (2.8% v
3.6%, respectively; P = .74),'? but overall CNS relapse
rates were low in this trial compared with other stud-
ies, and one of the CNS prophylaxis regimens (cranial
irradiation) was not sufficient to sterilize the entire CSF
space.

The use of systemic and/or intra-CSF MTX provides
CNS prophylaxis that is safe, feasible, and possibly
effective. Other intra-CSF therapies useful in the treat-
ment, and perhaps in the prevention, of LM include
cytarabine, liposomal cytarabine, thiotepa, and ritux-
imab.®> Because CNS relapse is often meningeal,>7”8
further discussion of a trial investigating CNS prophy-
laxis will focus on leptomeningeal metastases in NHL.

Choice of Therapy and Randomization

Conventional intra-CSF therapy for the treatment of
LM consists of MTX, cytarabine, liposomal cytarabine,
or thiotepa administered by lumbar puncture or via an
Ommaya reservoir. However, since MTX, cytarabine,
and thiotepa have short half-lives within the CSF (MTX,
4.5-8 hours; cytarabine, 3.4 hours, thiotepa, 3-5 min-
utes),*®-% frequent administration is needed to maintain
cytotoxic drug concentrations in the CSF. Numerous in-
tralumbar injections may substantially compromise pa-
tients’ well-being and may not be appropriate in the
context of prophylaxis.

Liposomal cytarabine, a lipid-encapsulated chemo-
therapeutic agent, produces sustained cytotoxic con-
centrations of free cytarabine in both the ventricular
and lumbar CSF (>14 days in most patients), decreas-
ing the need for repeated injections.”® Clinical trials
have demonstrated that the resulting prolonged tumor
exposure to cytotoxic levels of free cytarabine im-
proves response in patients with leptomeningeal dis-
ease.”® In a randomized, controlled trial, patients with
LM were randomized to receive liposomal cytarabine
50 mg once every 2 weeks (n = 14) or unencapsulated
cytarabine 50 mg twice a week (n = 14) for 1 month of
induction therapy.’® Responders received an additional
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3 months of consolidation therapy followed by 4
months of maintenance therapy. Response to treat-
ment was defined as CSF cytology conversion from
positive to negative at all previously positive sites, and
neurological stabilization. The response rate in patients
treated with liposomal cytarabine was significantly
higher compared with that in patients treated with
unencapsulated cytarabine (71% v 15%, respectively;
P = .006).® These results indicate that liposomal cyt-
arabine may be another viable agent for investigation in
a CNS prophylaxis trial.

Randomization in an LM prophylaxis trial remains
complicated. A logical randomization would be between
liposomal cytarabine— or another intra-CSF agent such
as cytarabine or thiotepa—and no CSF treatment. The
ethical basis to support a “no treatment” arm includes
the wide variation in current practice together with the
potential morbidity of treatment and the lack of ran-
domized controlled trial data, providing true clinical
equipoise. Since there is some, albeit disputable, evi-
dence that prophylaxis is effective, some might argue
that the only ethical randomization would be between
liposomal cytarabine and another CSF-active regimen
(eg, high-dose intravenous MTX, intra-CSF MTX, or
cytarabine). Because of sample size constraints, only a
non-inferiority randomized trial could be considered,
the ethics of which would rest on the expectation that
liposomal cytarabine might be more tolerable (fewer
administrations) and possibly more effective. The most
practical type of study, in terms of study size, would be
a phase II model: a randomized phase II or single-arm
trial with pre-planned historical comparisons, or a sin-
gle-arm mini-max design.

Assumptions in Determining Benefits and Risks

Even with an enriched trial population based on
high-risk characteristics, placing a patient with no CNS
disease on potentially toxic chemotherapy remains an

important consideration. The benefit-to-risk ratio in the
setting of a clinical trial (toxicity v efficacy) must there-
fore be considered. One strategy for quantifying this
trade-off is to compare the number of patients needed
to treat (NNT) to prevent one case of CNS relapse with
the number needed to harm (NNH)—the number of
patients required to receive treatment in order to result
in one treatment-related adverse event. On the basis of
available studies, we estimated the NNT and NNH for a
potential CNS prophylaxis trial in patients with DLBCL
using the following assumptions:

e The efficacy of prophylaxis will at least equal that
observed in studies of treatment of actual lepto-
meningeal disease.

e The toxicity of prophylaxis will not be worse than
in patients who are treated for overt leptomenin-
geal disease.

e Only grade 3 and 4 toxicities are considered.

The range of NNT and NNH calculated using these
assumptions fell within the range usually considered
acceptable in other disease models (Table 6).

Based on these considerations, we propose a study
in patients with DLBCL with increased LDH and more
than one extranodal site, or patients with DLBCL and
disease at specific anatomic sites that convey a high risk
of CNS relapse (eg testicular or ocular lymphoma and
patients with large cell involvement of bone marrow).
Patients with known brain or CSF metastases at diag-
nosis would be excluded. Eligible patients would be
randomized to an R-CHOP-like regimen (rituximab, cyclo-
phosphamide, vincristine, doxorubicin, prednisone) with
or without intra-CSF liposomal cytarabine. Since most
CNS relapses occur within 1 year of diagnosis, the
2-year CNS relapse rate would constitute a scientifically
sound and logistically practical primary end point. EFS,
site of disease recurrence, time to neurologic progres-
sion, and overall survival could be assessed as second-

Table 6. Potential Risk and Benefit of Central Nervous System Chemoprophylaxis in Non-Hodgkin

Lymphoma
% of Population in Whom Odds Ratio
LM Develops No. Needed to Treat No. Needed to Harm (95% CI)
100 1.4 3.5 —
50 3.0 3.6 5.2 (1.1-25.4)
30 4.6 3.6 4.7 (1.3-16.5)
25 5.7 3.6 4.2 (1.3-14.2)
20 7.0 3.5 4.0(1.3-11.9)
15 9.2 3.5 4.0 (1.3-12.6)
10 13.6 3.5 3.9(1.4-11.0)
6 24.0 3.5 3.5(1.4-8.5)

Abbreviations: LM, lymphomatous meningitis; Cl, confidence interval.
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ary efficacy outcomes. Alternatively, patients matching
these high-risk profiles could be randomized using a
phase II “pick the winner” model, to one of the two
treatment arms described above, both of which would
then be compared independently to a prespecified his-
torical control arm. Table 5 in Smith and Glantz’s article
elsewhere in this supplement provides sample size
estimates for various response assumptions, and o and
power choices for these two randomized trial models,
and for a single-arm phase II model with an historical
comparison.

CONCLUSION

CNS relapse, including leptomeningeal metastasis, is
a generally fatal complication of NHL. Despite the rel-
atively low frequency of relapse, the devastating effects
of LM can justify treating patients at high risk of relapse
prophylactically. Because CSF invasion appears to be
an early event in patients with DLBCL, and because
untreated CSF lymphoma may provide a reservoir of
malignant cells that can reseed tumor both throughout
the CNS and systemically, targeting the CSF may con-
stitute an important part of the primary treatment reg-
imen for patients with aggressive NHL. A number of
studies have provided evidence suggesting that prophy-
laxis is beneficial in these patients, but due to their
retrospective nature as well as variations in protocols,
target patients, and therapies used, incontrovertible
proof remains elusive. The availability of multiple
agents that are effective in treating LM should encour-
age investigators to study the efficacy of these agents in
prophylaxis in well-designed and well-controlled clini-
cal trials.

REFERENCES

1. Bashir RM, Bierman PJ, Vose JM, Weisenburger DD, Ar-
mitage JO. Central nervous system involvement in pa-
tients with diffuse aggressive non-Hodgkin’s lymphoma.
Am J Clin Oncol. 1991;14:478-82.

2. Bollen EL, Brouwer RE, Hamers S, Hermans J, Kluin M,
Sankatsing SU, et al. Central nervous system relapse in
non-Hodgkin lymphoma: a single-center study of 532
patients. Arch Neurol. 1997;54:854-9.

3. van Besien K, Ha CS, Murphy S, McLaughlin P, Rodriguez
A, Amin K, et al. Risk factors, treatment, and outcome of
central nervous system recurrence in adults with inter-
mediate-grade and immunoblastic lymphoma. Blood. 1998;
91:1178-84.

4. Zinzani PL, Magagnoli M, Frezza G, Prologo G, Gherlin-
zoni F, Bendandi M, et al. Isolated central nervous system
relapse in aggressive non-Hodgkin’s lymphoma: the Bo-
logna experience. Leuk Lymphoma. 1999;32:571-6.

5. Boehme V, Zeynalova S, Kloess M, Loeffler M, Kaiser U,
Pfreundschuh M, et al. Incidence and risk factors of central
nervous system recurrence in aggressive lymphoma—a
survey of 1693 patients treated in protocols of the Ger-
man High-Grade Non-Hodgkin’s Lymphoma Study Group
(DSHNHL). Ann Oncol. 2007;18:149-57.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Haioun C, Besson C, Lepage E, Thieblemont C, Simon D,
Rose C, et al. Incidence and risk factors of central ner-
vous system relapse in histologically aggressive non-
Hodgkin’s lymphoma uniformly treated and receiving
intrathecal central nervous system prophylaxis: a GELA
study on 974 patients. Groupe d’Etudes des Lymphomes
de 'Adulte. Ann Oncol. 2000;11:685-90.

Hollender A, Kvaloy S, Nome O, Skovlund E, Lote K,
Holte H. Central nervous system involvement following
diagnosis of non-Hodgkin’s lymphoma: a risk model. Ann
Oncol. 2002;13:1099-107.

Feugier P, Virion JM, Tilly H, Haioun C, Marit G, Macro
M, et al. Incidence and risk factors for central nervous
system occurrence in elderly patients with diffuse large-
B-cell lymphoma: influence of rituximab. Ann Oncol.
2004;15:129-33.

Herman TS, Hammond N, Jones SE, Butler JJ, Byrne GE
Jr, McKelvey EM. Involvement of the central nervous
system by non-Hodgkin’s lymphoma: the Southwest On-
cology Group experience. Cancer. 1979;43:390-7.
Recht L, Straus DJ, Cirrincione C, Thaler HT, Posner JB.
Central nervous system metastases from non-Hodgkin’s
lymphoma: treatment and prophylaxis. Am J Med. 1988;
84:425-35.

Bos GM, van Putten WL, van der Holt B, van den Bent M,
Verdonck LF, Hagenbeek A. For which patients with
aggressive non-Hodgkin’s lymphoma is prophylaxis for
central nervous system disease mandatory? Dutch
HOVON Group. Ann Oncol. 1998;9:191-4.

Bernstein SH, Unger JM, LeBlanc M, Friedberg J, Miller
TP, Fisher RI. Natural history of CNS relapse in patients
with aggressive non-Hodgkin’s lymphoma: a 20-year fol-
low-up analysis of SWOG 8516 —Southwest Oncology
Group. J Clin Oncol. 2009;27:114-9.

Fischer L, Jahnke K, Martus P, Weller M, Thiel E, Korfel
A. The diagnostic value of cerebrospinal fluid pleocytosis
and protein in the detection of lymphomatous meningi-
tis in primary central nervous system lymphomas.
Haematologica. 2006;91:429-30.

Hegde U, Filie, A, Little RF, Janik JE, Grant N, Steinberg
SM, et al. High incidence of occult leptomeningeal dis-
ease detected by flow cytometry in newly diagnosed
aggressive B-cell lymphomas at risk for central nervous
system involvement: the role of flow cytometry versus
cytology. Blood. 2005;105:496-502.

Keldsen N, Michalski W, Bentzen SM, Hansen KB,
Thorling K. Risk factors for central nervous system in-
volvement in non-Hodgkinslymphoma—a multivariate
analysis. Acta Oncol. 1996;35:703-8.

Liang RH, Woo EK, Yu YL, Todd D, Chan TK, Ho FC, et al.
Central nervous system involvement in non-Hodgkin’s
lymphoma. Eur J Cancer Clin Oncol. 1989;25:703-10.
Hill QA, Owen RG. CNS prophylaxis in lymphoma: who
to target and what therapy to use. Blood Rev. 2006;20:
319-32.

Tomita N, Kodama F, Sakai R, Koharasawa H, Hattori M,
Taguchi J, et al. Predictive factors for central nervous
system involvement in non-Hodgkin’s lymphoma: signif-
icance of very high serum LDH concentrations. Leuk
Lymphoma. 2000;38:335-43.

Freund M, Ostendorf P, Gartner VH, Waller HD. CNS



Intra-CSF prophylaxis and NHL

S33

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

manifestations in non-Hodgkin lymphomas (NHL). Klin
Wochenschr. 1983;61:903-9.

Levitt 1J, Dawson DM, Rosenthal DS, Moloney WC. CNS
involvement in the non-Hodgkin’s lymphomas. Cancer.
1980;45:545-52.

Bernstein JI, Coleman CN, Strickler JG, Dorfman RF,
Rosenberg SA. Combined modality therapy for adults
with small noncleaved cell lymphoma (Burkitt’s and non-
Burkitt’s types). J Clin Oncol. 1986;4:847-58.

Blum KA, Lozanski G, Byrd JC. Adult Burkitt leukemia
and lymphoma. Blood. 2004;104:3009-20.

Rizzieri DA, Johnson JL, Niedzwiecki D, Lee EJ, Vardi-
man JW, Powell BL, et al. Intensive chemotherapy with
and without cranial radiation for Burkitt leukemia and
lymphoma: final results of Cancer and Leukemia Group B
Study 9251. Cancer. 2004;100:1438-48.

Haddy TB, Adde MA, Magrath IT. CNS involvement in
small noncleaved-cell lymphoma: is CNS disease per se a
poor prognostic sign? J Clin Oncol. 1991;9:1973-82.
Kujawski LA, Longo WL, Williams EC, Turman NJ, Brandt
N, Mosher DF, et al. A 5-drug regimen maximizing the
dose of cyclophosphamide is effective therapy for adult
Burkitt or Burkitt-like lymphomas. Cancer Invest. 2007;
25:87-93.

Litam JP, Cabanillas F, Smith TL, Bodey GP, Freireich EJ.
Central nervous system relapse in malignant lymphomas:
risk factors and implications for prophylaxis. Blood.
1979;54:1249-57.

Johnson GJ, Oken MM, Anderson JR, O’Connell MJ, Glick
JH. Central nervous system relapse in unfavourable-his-
tology non-Hodgkin’s lymphoma: is prophylaxis indi-
cated? Lancet. 1984;2:685-7.

Ersboll J, Schultz HB, Thomsen BL, Keiding N, Nissen NI.
Meningeal involvement in non-Hodgkin’s lymphoma:
symptoms, incidence, risk factors and treatment. Scand J
Haematol. 1985;35:487-96.

Tilly H, Lepage E, Coiffier B, Blanc M, Herbrecht R, Bosly
A, et al. Intensive conventional chemotherapy (ACVBP
regimen) compared with standard CHOP for poor-prog-
nosis aggressive non-Hodgkin lymphoma. Blood. 2003;
102:4284-9.

Bjorkholm M, Hagberg H, Holte H, Kvaloy S, Teerenhovi
L, Anderson H, et al. Central nervous system occurrence
in elderly patients with aggressive lymphoma and a long-
term follow-up. Ann Oncol. 2007;18:1085-9.
Pfreundschuh M, Schubert J, Ziepert M, Schmits R, Mo-
hren M, Lengfelder E, et al. German High-Grade Non-
Hodgkin Lymphoma Study Group (DSHNHL). Six versus
eight cycles of bi-weekly CHOP-14 with or without rit-
uximab in elderly patients with aggressive CD20" B-cell
lymphomas: a randomized controlled trial (RICOVER-
60). Lancet Oncol. 2008;9:105-16.

Cheung CW, Burton C, Smith P, Linch DC, Hoskin PJ,
Ardeshna KM. Central nervous system chemoprophy-
laxis in non-Hodgkin lymphoma: current practice in the
UK. Br ] Haematol. 2005;131:193-200.

Buckstein R, Lim W, Franssen E, Imrie KL. CNS prophy-
laxis and treatment in non-Hodgkin’s lymphoma: varia-
tion in practice and lessons from the literature. Leuk
Lymphoma. 2003;44:955-62.

Batchelor T, Carson K, O’Neill A, Grossman SA, Alavi J,
New P, et al. Treatment of primary CNS lymphoma with

35.

30.

37.

38.

39.

40.

41.

42.

43.

44.

45.

406.

47.

48.

methotrexate and deferred radiotherapy: a report of
NABTT 96-07. J Clin Oncol. 2003;21:1044-9.

Fine HA. Primary central nervous system lymphoma:
time to ask the question. J Clin Oncol. 2002;20:4615-7.
Larocca LM, Capello D, Rinelli A, Nori S, Antinori A,
Gloghini A, et al. The molecular and phenotypic profile
of primary central nervous system lymphoma identifies
distinct categories of the disease and is consistent with
histogenetic derivation from germinal center-related B
cells. Blood. 1998;92:1011-9.

Kuker W, Nagele T, Korfel A, Heckl S, Thiel E, Bamberg
M, et al. Primary central nervous system lymphomas
(PCNSL): MRI features at presentation in 100 patients.
J Neurooncol. 2005;72:169-77.

Fisher R, Glantz MJ, Blummenthal D, Batten J, Van Horn
A, Chalmers L, et al. Phase II trial of high-dose intrave-
nous methotrexate (MTX) and rituximab with or with-
out intraventricular DepoCyt in patients with newly di-
agnosed primary central nervous system lymphoma
(PCNSL) [abstract TA-16]. Neurooncol. 2006;8:441.
Herrlinger U, Korfel A, Hebart H, Schlegel U, Plasswilm
L, Illerhaus G, et al. Meeting report: primary central
nervous system lymphoma: standards of care and future
perspectives. Onkologie. 2005;28:109-11.

DeAngelis LM, Yahalom J, Thaler HT, Kher U. Combined
modality therapy for primary CNS lymphoma. J Clin
Oncol. 1992;10:635-43.

Hiraga S, Arita N, Ohnishi T, Kohmura E, Yamamoto K,
Oku Y, et al. Rapid infusion of high-dose methotrexate
resulting in enhanced penetration into cerebrospinal fluid
and intensified tumor response in primary central nervous
system lymphomas. J] Neurosurg. 1999;91:221-30.

O’Brien P, Roos D, Pratt G, Liew K, Barton M, Poulsen M,
et al. Phase II multicenter study of brief single-agent
methotrexate followed by irradiation in primary CNS
lymphoma. J Clin Oncol. 2000;18:519-26.

Abrey LE, Yahalom J, DeAngelis LM. Treatment for pri-
mary CNS lymphoma: the next step. J Clin Oncol. 2000;
18:3144-50.

Ferreri AJ, Reni M, Dell’Oro S, Ciceri F, Bernardi M,
Camba L, et al. Combined treatment with high-dose
methotrexate, vincristine and procarbazine, without in-
trathecal chemotherapy, followed by consolidation ra-
diotherapy for primary central nervous system lym-
phoma in immunocompetent patients. Oncology. 2001;
60:134-40.

DeAngelis LM, Seiferheld W, Schold SC, Fisher B, Schultz
CJ. Combination chemotherapy and radiotherapy for pri-
mary central nervous system lymphoma: Radiation Ther-
apy Oncology Group study 93-10. J Clin Oncol. 2002;20:
4643-8.

Nelson DF. Radiotherapy in the treatment of primary
central nervous system lymphoma (PCNSL). J] Neuroon-
col. 1999;43:241-7.

Sandor V, Stark-Vancs V, Pearson D, Nussenblat R, Whit-
cup SM, Brouwers P, et al. Phase II trial of chemotherapy
alone for primary CNS and intraocular lymphoma. J Clin
Oncol. 1998;16:3000-6.

McAllister LD, Doolittle ND, Guastadisegni PE, Kraemer
DF, Lacy CA, Crossen JR, et al. Cognitive outcomes and
long-term follow-up results after enhanced chemotherapy



S34

U. Herrlinger et al

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

delivery for primary central nervous system lymphoma.
Neurosurgery. 2000;46:51-60.

Herrlinger U, Schabet M, Brugger W, Kortmann RD,
Kuker W, Deckert M, et al. German Cancer Society
Neuro-Oncology Working Group NOA-03 multicenter
trial of single-agent high-dose methotrexate for primary
central nervous system lymphoma. Ann Neurol. 2002;51:
247-52.

Herrlinger U, Kuker W, Uhl M, Blaicher HP, Karnath HO,
Kanz L, et al. NOA-03 trial of high-dose methotrexate in
primary central nervous system lymphoma: final report.
Ann Neurol. 2005;57:843-7.

Glantz MJ, Cole BF, Recht L, Akerley W, Mills P, Saris S,
et al. High-dose intravenous methotrexate for patients
with nonleukemic leptomeningeal cancer: is intrathe-
cal chemotherapy necessary? J Clin Oncol. 19998;16:
1561-7.

Omuro AM, Abrey LE. Chemotherapy for primary central
nervous system lymphoma. Neurosurg Focus. 2006;21:
E12.

Guha-Thakurta N, Damek D, Pollack C, Hochberg FH.
Intravenous methotrexate as initial treatment for pri-
mary central nervous system lymphoma: response to
therapy and quality of life of patients. J] Neurooncol.
1999;43:259-68.

Schlegel U, Pels H, Glasmacher A, Kleinschmidt R,
Schmidt-Wolf I, Helmstaedter C, et al. Combined sys-
temic and intraventricular chemotherapy in primary CNS
lymphoma: a pilot study. J Neurol Neurosurg Psychiatry.
2001;71:118-22.

Pels H, Schmidt-Wolf IG, Glasmacher A, Schulz H, Engert
A, Diehl V, et al. Primary central nervous system lym-
phoma: results of a pilot and phase II study of systemic
and intraventricular chemotherapy with deferred radio-
therapy. J Clin Oncol. 2003;21:4489-95.

Bleyer WA, Poplack DG, Simon RM. “Concentration X
time” methotrexate via a subcutaneous reservoir: a less
toxic regimen for intraventricular chemotherapy of cen-
tral nervous system neoplasms. Blood. 1978;51:835-42.
Obbens EA, Leavens ME, Beal JW, Lee YY. Ommaya
reservoirs in 387 cancer patients: a 15-year experience.
Neurology. 1985;35:1274-8.

Perrin RG, Lishner M, Guha A, Curtis J, Feld R, Messner
H. Experience with Ommaya reservoir in 120 consecu-
tive patients with meningeal malignancy. Can J Neurol
Sci. 1990;17:190-2.

59.

60.

61.

62.

63.

64.

65.
66.

67.

68.

69.

70.

Ferreri AJ, Reni M, Pasini F, Calderoni A, Tirelli U, Pivnik
A, et al. A multicenter study of treatment of primary CNS
lymphoma. Neurology. 2002;58:1513-20.

Khan RB, Shi W, Thaler HT, DeAngelis LM, Abrey LE. Is
intrathecal methotrexate necessary in the treatment of
primary CNS lymphoma? J Neurooncol. 2002;58:175-8.
Pels H, Jurgens H, Glasmacher A, Schulz H, Vogt-Schaden
M, Lamprecht M, et al. Modified “Bonn protocol” with-
out intraventricular chemotherapy in the treatment of
primary CNS lymphoma: preliminary results [abstract
024]. Neurooncol. 2006;8:293-372.

Juergens A, Pels H, Schlegel U, Schmidt-Wolf IGH, Glas-
macher A, Schulz H, et al. Primary central nervous sys-
tem lymphoma: results of a pilot phase II study of sys-
temic and intraventricular chemotherapy with deferred
radiotherapy—final report [abstract O95]. J Neurol.
20006;253 Suppl 2:11/23.

Ferreri AJ, Reni M. Establishing a prognostic score for
primary CNS lymphomas. Int J Radiat Oncol Biol Phys.
2005;61:303-4.

Tomita N, Kodama F, Kanamori H, Motomura S, Ishigat-
subo Y. Prophylactic intrathecal methotrexate and hy-
drocortisone reduces central nervous system recurrence
and improves survival in aggressive non-Hodgkin lym-
phoma. Cancer. 2002;95:576-80.

Chamberlain MC. Neoplastic meningitis. Neurologist.
2006;12:179-87.

Gleissner B, Chamberlain MC. Neoplastic meningitis.
Lancet Neurol. 2006;5:443-52.

Bleyer WA. Intrathecal depot cytarabine therapy: a wel-
come addition to a limited armamentarium. Clin Cancer
Res. 1999;5:3349-51.

Zimm S, Collins JM, Miser J, Chatterji D, Poplack DG.
Cytosine arabinoside cerebrospinal fluid kinetics. Clin
Pharmacol Ther. 1984;35:826-30.

Phuphanich S, Maria B, Braeckman R, Chamberlain M. A
pharmacokinetic study of intra-CSF administered encap-
sulated cytarabine (DepoCyt) for the treatment of neo-
plastic meningitis in patients with leukemia, lymphoma,
or solid tumors as part of a phase III study. J] Neurooncol.
2007;81:201-8.

Glantz MJ, LaFollette S, Jaeckle KA, Shapiro W, Swinnen
L, Rozental JR, et al. Randomized trial of a slow-release
versus a standard formulation of cytarabine for the intra-
thecal treatment of lymphomatous meningitis. J Clin
Oncol. 1999;17:3110-6.



	Should Intra-cerebrospinal Fluid Prophylaxis Be Part of Initial Therapy for Patients With Non-Hodgkin Lymphoma: What We Know, and How We Can Find Out More
	THE IMPACT OF INTRA-CSF THERAPY IN PATIENTS WITH AGGRESSIVE NHL
	PCNSL

	LIMITATIONS AND CONSIDERATIONS FOR A CNS PROPHYLAXIS TRIAL IN PATIENTS WITH NHL
	Risk Factors Determine Patient Population
	Availability of Effective Therapies
	Choice of Therapy and Randomization
	Assumptions in Determining Benefits and Risks

	CONCLUSION
	REFERENCES


