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(57) ABSTRACT

Progressive multifocal leukoencephalopathy (PML) has been
identified in patients taking natalizumab (NMAB) for the
treatment of multiple sclerosis (MS). This patent application
provides a novel method of patient screening and monitoring
intended to decrease the risk of PML and other opportunistic
central nervous system (CNS) diseases in patients undergo-
ing MS therapy with NMAB, and proposes a novel method of
screening and monitoring intended to decrease the risk of
opportunistic disease processes of the CNS during the treat-
ment of other medical disorders with NMAB.
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1
METHOD OF RISK MANAGEMENT FOR
PATIENTS UNDERGOING NATALIZUMAB
TREATMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the national stage application of Inter-
national Application No. PCT/US2006/006723, filed Feb. 24,
2006, which claims priority to and the benefit of U.S. Provi-
sional Patent Application Ser. No. 60/658,225, filed Mar. 3,
2005.

BACKGROUND OF THE INVENTION

Natalizumab (NMAB) is a humanized antibody that binds
to surface-expressed integrins on all leukocytes except neu-
trophils, and inhibits adhesion molecules on these leukocytes
from binding to their counter-receptors. In so doing, NMAB
disrupts the transmigration of these leukocytes across endot-
helial tissue and into inflamed parenchymal tissue. NMAB
additionally inhibits recruitment and inflammatory activity of
activated immune cells. Although the exact mechanism of
action of NMAB is unclear, it is thought that at least part of the
therapeutic benefit of NMAB in the treatment of MS is due to
NMARB?’s ability to decrease the number of activated inflam-
matory cells, including T-lymphocytes, across the blood-
brain barrier (BBB), thus decreasing the degree of inflamma-
tion within the CNS.

MS is considered to be a chronic inflammatory disease of
the CNS, which is often due to myelin sheath and axonal CNS
damage secondary to an autoimmune inflammatory process
that usually includes a T-cell response. A more virus or toxin
related demyelination has also been identified as a primary
disorder within oligodendrocytes. In double blind, multi-cen-
ter, placebo controlled trials, a therapeutic benefit of NMAB
has been observed in patients with MS; and this is, at least in
part, attributed to decreasing the extent of T-lymphocyte entry
across the BBB and into the CNS, and therefore decreasing
pathologic inflammatory disease within the CNS.

Unfortunately, in 2005 it was observed that three patients
who had been treated with NMAB were diagnosed with Pro-
gressive Multi-focal Leukoencephalopathy (PML), a rare and
often fatal disease of the brain that has been observed histori-
cally in immunosuppressed patients. While it is not defini-
tively clear at the time of this application whether or not the
diagnosed PML was caused by treatment with NMAB or
simply associated with same, the inventors’ understanding of
the etiology of PML leads them to believe that the former is
more likely. PML is progressive (over time it continues to
encroach more and more brain tissue), multi-focal (occurs in
more than one location within the brain), and is a disease of
the white matter of the brain (leukoencephalopathy). Like
MS, PML causes demyelination and can result in severe and
often fatal neurological injury. The etiology of PML is under-
stood to originate from a virus, the JC Virus, which can infect
and kill oligodendrocytes, which are specialized neural cells
that produce the myelin essential for proper neuronal func-
tion.

While still rare, the resurgence of PML during the past two
decades was in part due to the compromised T-cell mediated
immunity associated with patients with AIDS. In short, treat-
ment with NMAB results in a CNS immunosuppression of
sorts, akin (at least form the point of view of the CNS) to the
more ubiquitous T-cell immunosuppression observed in
patients with AIDS. It has also been observed that there is an
association between JC Virus-specific cytotoxic T lympho-
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cytes (CTL) and the early control of PML. That is, the more
JC Virus-specific CTL, the more favorable outcome in
patients with PML.

Although far from universal, prolonged PML survival after
Highly Active Antiretroviral Therapy (HAART) (against the
AIDS virus) has been reported and prolonged survival has
been observed with JC Viral clearance from the CSF.

DESCRIPTION OF THE INVENTION

The invention relates in part to an appreciation that should
PML or another opportunistic CNS disease occur as a result
of CNS immunosuppression secondary to NMAB therapy,
then the sooner NMAB therapy is discontinued, the more
likely a patient will minimize CNS damage due to a CNS
opportunistic disease, and the more likely that that same
patient will recover. Because MS can be such a devastating
disease, because treatment options for MS (and other medical
disorders that may potentially benefit from NMAB therapy)
are relatively limited, because NMAB has shown significant
clinical benefit to MS patients in proper clinical studies, and
because all medications carry risk and are assessed by their
risk to benefit ratio, it may not be necessary to permanently
remove NMARB as a therapeutic option for patients. Rather, it
may be possible to create a means of managing the risk
associated with NMAB, and in particular to produce a method
of screening and monitoring patients undergoing NMAB
therapy to minimize the risk of opportunistic CNS disease
that may occur secondary to CNS immunosuppression.

The invention provides methods to address not only the risk
of PML in patients treated with NMAB, but to also address
other opportunistic diseases of the CNS that may result from
a compromised CNS T-cell immune response due to treat-
ment with NMAB. Diseases of the CNS that may occur as a
result of CNS T-cell mediated immunosuppression include
but are not limited to PML (secondary to the JC Virus),
cytomegalovirus (CMV) infection, foxoplasmosis, crypto-
coccosis, tuberculosis (TB) and primary CNS lymphoma
(PCL) which is almost always due to Epstein-Barr Virus
(EBV).

PREFERRED MODES OF PRACTICING THE
INVENTION

Prior To Beginning Treatment With NMAB A Baseline
Screening Evaluation Should Be Undertaken

Prior to beginning treatment with NMAB and prior to CSF
assessment, a patient should first be required to have an MRI
brain imaging study, which will also serve as a baseline study
with which to compare future MRI brain images.

Prior to the initiation of NMAB therapy, cerebrospinal
fluid (CSF) from the intended patient should be tested by
polymerase chain reaction (PCR) (or other diagnostic assay if
it is more sensitive) to detect the presence of one or more of
CMV, ICVirus, Toxoplasma gondii, EBV, Cryptococcus neo-
formans, and TB.

Prior to beginning treatment with NMAB, a patient should
also be required to have an ophthalmologic examination to
establish and document a baseline retinal status and to rule out
the presence of ocular CMV (the optic nerve is a component
of the CNS and may be observed in part by a simple ocular
examination).

The presence ofa positive CSF PCR (or other more specific
diagnostic test) for CMV, EBV, TB, IC Virus, Toxoplasma
gondii, or Cryptococcus neoformans; or a diagnosis of CMV
retinitis on ophthalmologic examination, should immediately
disqualify a patient from treatment with NMAB.
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Interval Monitoring In A Patient Undergoing Treatment With
NMAB

Because it is not clear whether PML is due to an infection
with a latent JC Virus, or a JC Virus acquired by exposure after
CNS immunosuppression due to NMAB or AIDS, and
because likewise is the case for CMV, TB, EBV, Toxoplasma
Gondii, and Cryptococcus neoformans; it will be desirable to
perform interval evaluations (and if necessary, interventions)
of patients undergoing treatment with NMAB to reduce the
risk of opportunistic disease resulting from CNS immuno-
suppression.

Interval Monitoring for patients undergoing NMAB treat-

ment can be divided into two categories:

1) No Clinical Disease Progression: In this instance, a
patient’s history and physical exam demonstrate no pro-
gression of a patient’s MS or other medical disorder, and
no signs or symptoms of a potential opportunistic infec-
tion. As such, the Baseline Screening Evaluation should
be performed on an annual basis and the patient’s MS or
other medical disorder should be treated according to
standard treatment guidelines for the particular medical
disorder. In this case, Interval Monitoring takes place on
a regular annual basis.

2) Clinical Disease Progression: In this instance, when a
patient’s history and/or physical exam indicate a pro-
gression of the underlying medical disorder such as MS,
or symptoms and/or signs of a potential opportunistic
disease process; an additional screening process (the
Progression Screening Process) is undertaken immedi-
ately upon identifying the progression to rule outa CNS
opportunistic disease process. This screening process
incorporates the same group of studies indicated for the
Baseline Screening Evaluation. Again, it is important to
perform the MRI brain imaging studies prior to perform-
ing CSF studies as toxoplasmosis can create a mass
effect that might make a lumbar puncture contraindi-
cated. While the inventors are not aware of an identified
case of toxoplasmosis in a patient undergoing NMAB
treatment, toxoplasmosis is a well-known and treatable
opportunistic infection of the CNS in immunocompro-
mised patients. Should greater numbers of patients
undertake NMARB therapy, this opportunistic infection
may arise. Thus, this precaution of prioritizing brain
MRI evaluation before CSF examination is reasonable.

If MRI, CSF, or ophthalmologic examination of the Pro-
gression Screening Process uncovers an opportunistic
CNS disease process, then NMAB therapy should be
immediately discontinued and proper assessment and
treatment of the identified opportunistic disease process
should be undertaken.

It MRI, CSF, and ophthalmologic examination of the Pro-
gression Screening Process uncover no opportunistic
disease, then a patient may continue NMAB therapy. In
this case, within two weeks of the Progression Screening
Process, a second lumbar puncture is performed to
evaluate the CSF a second time (the Post-Progression
Second Screen). Once again, the CSF is tested by PCR
(or by another more sensitive assay if it is available) for
one or more of CMV, JC Virus, EBV, TB, Toxoplasmo-
sis, and Cryptococcus. The reason for the Post-Progres-
sion Second (CSF) Screen within two weeks of the Pro-
gression (CSF) Screen is the result of the imperfect
sensitivity of PCR analysis. As examples, one diagnostic
CSF PCR study for the JC Virus was 76% sensitive;
another was 92% sensitive. Once a diagnostic study has
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a sensitivity of 99%, that particular CSF study can be
eliminated from the Post-Progression Second (CSF)
Screen.

If both the Progression Screening Process and the Post-
Progression Second Screen provide no indication of an
opportunistic disease process within the CNS, then the
ongoing treatment of the patient with MS (or other medi-
cal disorder) continues according to standard treatment
guidelines for the particular medical disorder.

Subsequently, if a patient’s history and physical exam then
indicate no progression of the underlying medical dis-
order such as MS, nor symptoms nor signs of a potential
opportunistic disease process, then a Baseline Screening
Evaluation should be repeated one year after the last
negative Post-Progression Second Screen.

However, if subsequently a patient’s history and/or physi-
cal exam indicate a positive progression of the underly-
ing medical disorder such as MS, and/or signs or symp-
toms of a potential opportunistic CNS disease process,
then the time for the next Progression Screening Process
should be at a minimum of two to three months follow-
ing the last negative Post-Progression Second Screen.

This Interval Monitoring continues for as long as a patient
is treated with NMAB.

To emphasize, the proposed method of screening and
monitoring patients undergoing NMAB treatment for MS and
other medical disorders, is intended to minimize, but will not
eliminate, the risk of opportunistic CNS disease that may
occur as a result of impaired CNS T-cell immunity due to
NMARB therapy.

We claim:

1. A method of reducing the risk of developing progressive
multifocal leukoencephalopathy (PML) associated with
administration of natalizumab to a patient comprising:

before initiating or continuing natalizumab treatment,
obtaining a specimen of cerebrospinal fluid (CSF) from
the patient;

testing the specimen for an indication of JC virus;

withholding natalizumab treatment if JC virus is detected;
or

initiating or continuing with natalizumab treatment in the
absence of an indication of JC virus.

2. The method of claim 1 in which natalizumab treatment is

initiated or continues and further comprising the steps of:
after a predetermined time, obtaining a subsequent speci-
men of cerebrospinal fluid from the patient;

testing for the presence of an indication of JC virus in the
subsequent specimen,

interrupting the natalizumab treatment if JC virus is
detected in the subsequent specimen; or

continuing natalizumab treatment if JC virus is not
detected.

3. The method of claim 2, further comprising repeating the
steps at regular periodic intervals during the course of natali-
zumab treatment.

4. The method of claim 3, further comprising the step of
repeating the method upon the appearance of a sign or symp-
tom of PML.

5. The method of claim 4, wherein the method is repeated
at least twice following the appearance of a sign or symptom
of PML.

6. The method of claim 1, wherein the testing comprises
Polymerase Chain Reaction (PCR).

7. The method of claim 1, wherein the patient had not
previously received natalizumab treatment.

8. The method of claim 1, wherein the patient was previ-
ously receiving natalizumab treatment.
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9. The method of claim 1, further comprising the step of
preliminarily, and before the step of testing for indication of
the JC virus, evaluating a magnetic resonance imaging (MRI)
scan of the patient for evidence of PML.

10. The method of claim 9, further comprising the step of
repeating the evaluation of a subsequent MRI scan of the
patient before obtaining and screening a subsequent cere-
brospinal fluid specimen for the presence of an indication of
JC virus.

11. The method of claim 1, further comprising the steps of:

screening the patient for PML by obtaining a magnetic

resonance imaging (MRI) scan of the brain,
determining the presence of PML by reference to the MRI
image;

withholding natalizumab treatment if the presence PML is

detected in the MRI image; or

continuing natalizumab treatment in the absence of an

indication of PML in the MRI image and absence of an
indication of JC virus in the CSF.

12. The method of claim 11 wherein the natalizumab treat-
ment is continued and further comprising the steps of:

after a predetermined time, obtaining a subsequent MRI

scan image to screen for PML;
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determining the presence or absence of PML by reference

to the subsequent MRI image;

withholding natalizumab treatment if PML is detected

from the subsequent MRI image; or

continuing natalizumab treatment in the absence of an

indication of PML in the subsequent MRI image and
absence of an indication of JC virus in the CSF.
13. The method of claim 12 wherein the MRI scans of the
patient are obtained and evaluated for an indication of PML at
regular, periodic intervals during the course of natalizumab
treatment.
14. The method of claim 11 wherein natalizumab treatment
is continued, the method further comprising the steps of:
obtaining and evaluating an MRI scan image of the patient
at any time during the course of natalizumab treatment
upon the appearance of signs or symptoms of PML;

withholding natalizumab treatment if PML is detected
from the MRI image; or

continuing natalizumab treatment in the absence of an

indication of PML in the MRI image and absence of an
indication of JC virus in the CSF.



