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Rituximab therapy for CNS lymphomas:. targeting the
leptomeningeal compartment
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Most lymphomas that involve the central
nervous system are B-cell neoplasms that
express the cell surface molecule CD20.
After intravenous administration, ritux-
imab can be reproducibly measured in
the cerebrospinal fluid (CSF) in patients
with primary central nervous system lym-
phoma; however, the CSF levels of ritux-
imab are approximately 0.1% of serum
levels associated with therapeutic activ-

ity in patients with systemic non-Hodgkin
lymphoma. Because lymphomatous men-
ingitis is a frequent complication of non-
Hodgkin lymphoma, we have conducted
an analysis of the safety and pharmacoki-
netics of direct intrathecal administration
of rituximab using cynomolgus monkeys.
No significant acute or delayed toxicity,
neurologic or otherwise, was detected.
Pharmacokinetic analysis suggests that

drug clearance from the CSF is biphasic,
with a terminal half-life of 4.96 hours. A
phase 1 study to investigate the safety and
pharmacokinetics of intrathecal rituximab in
patients with recurrent lymphomatous men-
ingitis will be implemented based on these
findings. (Blood. 2003;101:466-468)
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Introduction

Centra nervous system (CNS) involvement is associated with an
adverse outcome in patients with non-Hodgkin lymphoma (NHL).!
Most NHL sthat involve the CNS are B-cell neoplasmsthat express
CD20.2 Dissemination within the leptomeninges represents a
common pathway of progression in systemic NHL and primary
CNS lymphoma and usually heralds neurologic deterioration and a
fatal outcome.®

Rituximab monoclond antibody therapy isan effective treatment for
B-cdl NHL.*” To dae, preclinical and clinica practice involving
rituximab has been limited to intravenous adminigtration. This agent
binds specifically to the antigen CD20, which isexpressed on morethan
90% of B-cell NHL and primary CNS lymphoma but is not expressed
by normal neurons or gliain the brain.

A number of preclinical models have demonstrated that thera-
peutic antibodies administered into the cerebrospinal fluid (CSF)
are ableto concentrate in and eradicate tumorswithin the craniospi-
nal axis with minimal toxicity.2® The primate model of drug
delivery into the CSF represents avalid experimental model for the
prediction of CSF drug pharmacokinetics in humans.’13 This is
the first preclinical analysis of the safety and pharmacokinetics of
rituximab administration within the craniospinal axis.

Study design

All experimental procedures have been reviewed and approved by the
Committee on Human Research and by the Committee on Animal
Research, University of California, San Francisco.

Four female cynomolgus monkeys, aged 16 to 18 years, weighing 3to 5
kg, were obtained from Biosurg (Winters, CA). A total of 7 experiments
were performed with one monkey in each experiment. Data are reported
from the 4 experiments that involved suboccipital administration of
rituximab. Three experiments used an Ommaya reservoir (Integra Neuro-
Care, Plainsboro, NJ) in theright lateral ventricle. Although intra-Ommaya
administration of rituximab resulted in high CSF concentrations, the size of
the reservoir adversely affected normal CSF flow; therefore, these experi-
ments did not provide data suitable for pharmacokinetic analysis. Two of
the reported experiments used the same monkey, and the other 2 experi-
ments used separate animals.

Animals were fasted overnight before anesthesia for rituximab intrathe-
cal administration and CSF and serum collections. Animals were anesthe-
tized with intramuscular midazolam plus ketamine and then intubated and
maintained under anesthesia with isoflurane. Intravenous vancomycin and
atropine were administered. Continuous intravenous fluid was provided
during anesthesia. No intubation was required for cisternal puncture for
CSF and serum collections on days subsequent to rituximab intrathecal
administration.

Suboccipital administration of antibody was performed as described
after an equivaent volume of CSF was removed.!? Rituximab (10 mg/mL)
was administered as asingle dose over 1 minutein atotal volume of 0.2 to
0.5mL, yielding 2 to 5 mg. CSF samples (less than 0.5 mL) were obtained
by repeat suboccipital puncture and analyzed for chemistry, cell count, and
rituximab concentration.

Pharmacokinetics

Rituximab concentrations were determined by enzyme-linked immunosor-
bent assay (ELISA). Compartmental pharmacokinetic analysis of rituximab
concentrations in the CSF was performed by fitting a biexponential
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Table 1. CSF levels in patients with CNS lymphoma who were treated
intravenously with rituximab plus high-dose methotrexate or Ara-C

Patient no. Week Serum rituximab CSF rituximab
1 4 345.7 pg/mL 0.44 pg/mL
2 8 — 0.6 pg/mL
3 1 355.4 pg/mL 0.48 pg/mL
4% 1 273.8 pg/mL LTRt

Patients received rituximab at 375 mg/m? intravenously weekly for 8 treatments.
Rituximab levels were determined in serum and atraumatic CSF specimens collected
simultaneously at the completion of the rituximab infusion.

— indicates not available.

*Patient no. 4 had malignant CSF cytology but no contrast-enhancing lesions on
MRI.

1The assay result was less than the reportable limit.

equation representing a 2-compartment biologic model to the CSF concen-
trations. A nonlinear regression software was used for this purpose
(WinNonlin-Pro version 3.0, Pharsight, Mountain View, CA).

Evaluation of toxicity

CSF cell count, differential, total protein, and glucose were measured at
baseline, 48 hours, and at 1 week. Animas were closely monitored
immediately following drug administration and daily for up to 8 months
after treatment. Neuropathologic analysis was performed on each animal.
Good laboratory practices were maintained.

Results and discussion

After intravenous administration in patients with CNS lymphoma,
rituximab is reproducibly detected in the CSF at concentrations that

A o B .-

Riturimal congentration {gmL) nesmed
= Eimg dose !

RITUXIMAB: TARGETING LEPTOMENINGEAL COMPARTMENT 467

are at most 0.1% that of matched serum!# (Table 1). It is probable
that the blood-brain barrier limits the potential efficacy of intrave-
nous rituximab in the prophylaxis or treatment of CNS lymphoma
or lymphomatous meningitis.

To improve the therapeutic index of rituximab in CNS lym-
phoma, it is critical that higher concentrations of this antibody be
delivered into the intracranial compartment. For this reason there
has been significant interest in intrathecal administration of ritux-
imab in the treatment of patients with lymphomatous meningitis.

The observed CSF and serum profiles of rituximab concentrations
after intratheca injection (Figure 1; Table 2) are consistent with the
existence of a gpace within the CSF-brain compartment that is separate
from the central space following intratheca administration. This is
supported both by the fit of a 2-compartment mode to the CSF
concentration data and by the nonparale profiles of rituximab in CSF
and in serum, which indicate that thereisadelayed transfer of rituximab
from the CSF to the serum. This delay may indicate a distinct
digtribution space within the CSF prior to distribution to the systemic
circulation. A rapid direct transfer from asingle space within the CSF to
serumwould haveresulted in parald rituximab profilesinthe 2 biologic
fluids. It is possible that following intrathecal administration rituximab
distributes within the extracellular space of brain parenchyma and then
undergoesatransfer from the CSF through the arachnoid granulaions or
the Virchow-Robin spaces into the blood. A capacity-limited saturable
transfer process from the CSF to the blood may aso explain this
observation.

A 2-compartment model was fit to data from one full CSF
profile (Figure 1B) and to the mean CSF profile across al 4
experiments (Figure 1C).

Figure 1. Pharmacokinetic and histopathologic analysis of intrathecal rituximab infusion. (A) CSF and serum profiles in cynomolgus monkeys injected with 3 to 5 mg
rituximab via 1-minute intrathecal infusion. Observed CSF and serum concentrations were normalized to a 5-mg dose. Experiment numbers are shown in parentheses.
Measured CSF concentrations of rituximab were maximal within 2 hours of intrathecal administration and ranged from 460 to 1550 pg/mL. CSF concentrations were
approaching minimal detectable levels between 24 to 70 hours after administration in those animals with later collection time points. (B) Fit of 2-compartment intravenous
infusion model to CSF concentrations from experiment no. 4 (1 monkey). Observed concentrations were normalized to a dose of 5 mg prior to fitting a 2-compartment model.
(C) Fit of 2-compartment intravenous infusion model to CSF mean concentrations averaged across all experiments. Observed concentrations were normalized to a dose of 5
mg and then averaged across all experiments prior to fitting a 2-compartment model. (D) Gross and histologic analyses using hematoxylin and eosin and Luxol fast blue stains
were performed between 1 and 8 months after either 1 or 2 intrathecal rituximab administrations. There was no evidence of neuronal loss, demyelination, ventriculitis,
ependymitis, or vasculitis that was attributable to rituximab administration. (Di) No evidence of demyelination of white matter tracts (Luxol fast blue stain). (Dii) No evidence of
neuronal loss in C1A cells of hippocampus (hematoxylin and eosin stain). Original magnifications X 200.
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Table 2. Compartmental pharmacokinetic analysis of rituximab
CSF concentrations in cynomolgus monkeys

Parameter estimates from
mean concentration profile
across all experiments

Parameter estimates for
experiment no. 4

Parameter (1 monkey)* (nos. 4-7)*
AUC, pg X h/mL 4630 (455) 3130 (492)
Cmax, pg/mLt 2250 (503) 2250 (1120)
Clearance, mL/h 1.08 (0.106) 1.60 (0.251)
V1, mL 2.09 (0.493) 1.96 (1.09)
Vss, mL 4.41 (0.641) 6.82 (1.88)
Initial half-life, h 0.879 (0.216) 0.414 (0.209)
Terminal half-life, h 5.65 (0.367) 4.96 (0.344)
MRT, h 4.08 (0.403) 4.28 (0.634)

Concentrations were normalized to a dose of 5 mg. A 2-compartment model was
fit to the data using WinNonlin software (Pharsight). For this regression, the
Nelder-Mead convergence routine was used and each concentration was assigned a
weighting factor inversely proportional to the square of the model-predicted concen-
tration (1/Y?).16 The corresponding plots of dose-normalized and model-predicted
concentrations are shown in Figure 1B-C.

AUC indicates area under the curve; V1, initial distribution volume; Vss, volume
of distribution at steady state; and MRT, mean residence time.

*Standard error of the parameter estimate from the nonlinear regression fit of the
compartmental model to the data.

tMaximum concentration predicted by the model assuming bolus administration.

Based upon the mean CSF profile, half-lives for the initial
distribution/elimination and terminal elimination phase were 0.414
hours and 4.96 hours, respectively. Predicted maximal CSF concen-
tration (Crax at time zero) was 2250 pg/mL. The CSF distribution
volume for rituximab was estimated to be 6.82 mL at distribution
equilibrium (Vss, Table 2). It was not possible to compute
pharmacokinetic (PK) parameters for serum concentrations, be-
cause rituximab levels were generaly still plateaued at the end of
the sampling period.

Intrathecal rituximab administration was well tolerated in
cynomolgus monkeys. There was no clinical evidence of neurotox-
icity after 7 intrathecal administrations in a total of 4 animals (3
animals received intrathecal rituximab twice) (Figure 1D).
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The administration of rituximab into the CSF in patients with
lymphomatous meningitis may provide an opportunity to deduce
its mechanism of action. Blockade of CD20 may €licit B-cell lysis
by severa mechanisms, including induction of apoptosis and
complement-mediated or antibody-mediated cellular cytotoxicity.
Under normal conditions and in the presence of intracranial tumors,
CSF levels of complement proteins C3 and C4 are approximately
100- to 200-fold lower than serum levels.!> We were unable to
detect complement activation or C3 antigen in the CSF of
cynomolgus monkeys before and after the addition of rituximab.

The emergence of monoclonal antibody therapy in the treatment
of leptomeningeal cancer may provide a potentially important
addition to the limited armamentarium currently available for this
devastating problem. Our pharmacokinetic data suggest that the
intrathecal administration of a monoclonal antibody results in an
initial high concentration before distribution into the CSF-brain
compartment. There was no evidence for CNS toxicity in this
study. Thisis the first analysis of the safety and pharmacokinetics
of intrathecal administration of an FDA-approved monoclonal
antibody targeted to treat cancer. These data may constitute a basis
for the evaluation of other emerging antibodies that target tumors
that commonly exhibit leptomeningeal involvement. We are cur-
rently using this information to initiate the first of these investiga-
tions: a phase 1 study of intrathecal rituximab in the treatment of
recurrent lymphomatous meningitis.
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