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Abstract

Objective—To describe the development of progressive multifocal leukoencephalopathy (PML)
in patients with rheumatoid arthritis (RA) treated with rituximab.

Design—Case study.

Setting—Clinical care for patients with rheumatologic diseases. Most were referred to academic
centers for care after diagnosis (Washington University, St Louis, Missouri; Karolinska Insitute,
Stockholm, Sweden; and Royal Melbourne Hospital, Melbourne, Australia) while one was cared
for in a neurology practice in Dallas, Texas, with consultation by an academic neurovirologist
from the University of Colorado in Denver.

Patients—Four patients developing PML in the setting of rituximab therapy for RA.
Intervention—Rituximab therapy.

Main Outcome Measures—Clinical and pathological observations.
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Results—Four patients from an estimated population of 129 000 exposed to rituximab therapy
for RA are reported in whom PML developed after administration of this drug. All were women
older than 50 years, commonly with Sjogren syndrome and a history of treatment for joint disease
ranging from 3 to 14 years. One case had no prior biologic and minimal immunosuppressive
therapy. Progressive multifocal leukoencephalopathy presented as a progressive neurological
disorder, with diagnosis confirmed by detection of JC virus DNA in the cerebrospinal fluid or
brain biopsy specimen. Two patients died in less than 1 year from PML diagnosis, while 2 remain
alive after treatment withdrawal. Magnetic resonance scans and tissue evaluation confirmed the
frequent development of inflammatory PML during the course of the disease.

Conclusion—These cases suggest an increased risk, about 1 case per 25 000 individuals, of
PML in patients with RA being treated with rituximab. Inflammatory PML may occur in this
setting even while CD20 counts remain low.

Progressive multifocal leukoencephalopathy (PML) is a serious demyelinating infection of
the brain caused by the JC virus.1:2 Serosurveys suggest that primary infection usually
occurs during childhood, with more than 50% of adults typically being seropositive.3
Following primary infection, the virus becomes latent in kidney epithelial cells, lymphoid
tissues, bone marrow, and potentially the brain. Periodic reactivation is common and cross-
sectional studies have found JC virus DNA in the urine of about 25% of healthy individuals
and more rarely in the blood (<1%).% In immunocompromised individuals, reactivation can
result in the development of PML. A dramatic increase in the prevalence of PML was
associated with human immunodeficiency virus (HIV) infection, and AIDS remains the
disease with the highest associated risk of PML.? Prior to the HIV pandemic, PML had most
commonly been associated with hematologic malignancies, organ transplant, and,
occasionally, inflammatory diseases.®

More recently, renewed focus on PML has occurred as an unanticipated complication of
natalizumab treatment for multiple sclerosis and inflammatory bowel disease.’~11 Since
PML had never been previously associated with multiple sclerosis, it was immediately clear
that this monoclonal antibody developed to block a-4 integrin in some way substantially
augmented the risk for PML. While the mechanism remains unknown, the emergence of
PML cases with several other monoclonal antibody therapies, most notably efalizumab used
for the treatment of chronic plaque psoriasis, heightened attention to these medications with
regard to PML.12

Rituximab, a chimeric monoclonal anti-CD20, is one of the most widely used monoclonal
antibody drugs.13 It is widely used in the treatment of lymphoproliferative diseases such as
chronic lymphocytic leukemia and CD20* non-Hodgkins lymphoma. A recent report found
57 cases of PML associated with rituximab use in HIV-negative patients. Unlike the
situation with multiple sclerosis or psoriasis, many of the underlying diseases for which
rituximab therapy was used had previously been associated with PML, with more than 90%
of cases with complicating lymphoproliferative conditions.14 Determining any increased risk
of PML attributable to rituximab is confounded by the uncertainties about the number of
exposed patients, the use by most patients of multiple immunosuppressive drugs, and the
lack of reliable incidence data for PML in lymphoproliferative and rheumatological diseases
in the absence of rituximab therapy. A Food and Drug Administration alert concerning 2
cases of PML associated with rituximab use in systemic lupus erythematosus drew further
attention to this problem

(http:/lwww.fda.gov/Drugs/DrugSafety/PostmarketDrugSafety-
InformationforPatientsandProviders/ucm126519.htm). Reviews by Calabrese and
Molloy>-17 have focused on PML risk in rheumatic disease, finding a somewnhat higher risk
in systemic lupus erythematosus than other settings such as rheumatoid arthritis (RA).
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Until very recently, treatment of RA with rituximab had not been associated with
development of PML. However, recently, a patient with RA who had been treated with
rituximab and developed PML was reported.18 In this previously reported case, attribution
of risk for PML was complicated by a history of malignancy that had been treated with
chemotherapy and irradiation a short time before PML onset. Herein, we report the clinical
and pathological results from 4 additional cases of PML that developed in the context of
treatment for RA using rituximab. Our results suggest that exposure to rituximab leads to an
increased risk of PML.

Patients presented with clinical signs of possible PML that were further worked up at each
of the contributing institutions. Each of the cases was reported to Genentech, the company
that markets rituximab. Clinical data were compiled with the assistance of treating
physicians.

Table 1 provides a summary of demographics of the 4 new cases of rituximab-associated
PML in HIV-negative patients with underlying RA that we have collected, as well as the
previously reported information from the original case.!® In each, symptomatic PML was
confirmed by either biopsy or cerebral spinal fluid detection of JC virus subsequent to
treatment with rituximab. All of the patients were women, with the median age of patients
being 67 years (range, 51-73 years). All patients had been diagnosed with moderate to
severe RA with disease duration of at least 3 years. Currently, rituximab is not considered a
first line of therapy for patients with RA, so treatment with this drug was started in each
patient only after failure of other interventions, including methotrexate, other biologics, or
corticosteroids. In each case, the rituximab was administered at the recommended dose for
refractory RA of two 1000-mg infusions at a 2-week interval for each course. Two patients
received only 1 course. The maximal number of courses was 5 (case 4), where the final dose
was given between clinical presentation and diagnosis or PML. All patients were negative
for HIV. Two may have had enhanced risk due to cancer, 1 having breast cancer treated with
surgery and chemotherapy, while another (previously reported’8) developed superficial
squamous cell carcinoma of the oropharynx with chemotherapy and irradiation after
rituximab therapy and before development of PML. Lymphopenia was reported in 4 of 5
cases, but comprehensive testing of immune competence was not routinely available.

The clinical, laboratory, and radiological findings of PML for each case are summarized in
Table 2. Onset of symptoms in 3 cases occurred 5 to 7 months subsequent to the last
rituximab infusion. Case 3 differed substantially with onset of disease 16 months following
the infusion, but this patient had prolonged-duration CD19 suppression that only began to
normalize after PML onset, when a clear immune reconstitution inflammatory syndrome
(IRIS) was well documented on magnetic resonance (MR) scans. The other delayed
presentation was the previously published case where the onset of disease occurred during
immune recovery from chemotherapy 18 months following the rituximab exposure.
Presenting symptoms consistent with documented MR lesions were typical of PML, with a
variety of presentations including dysesthetic symptoms, ataxia, dysphasia, cognitive
decline, and focal dystonic tremor and segmental myoclonus. With the exception of case 2,
brain MR scans had characteristic T2 hyperintensities without contrast enhancement (Figure
1). The lesion in case 2 was poorly visible early, but a posterior fossa lesion consistent with
the clinical presentation of progressive ataxia evolved after rituximab withdrawal in the
presence of stable multifocal lesions more consistent with unrelated preexisting vascular
disease. In case 1, MR scans with pathologic correlation show the utility of diffusion-
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weighted imaging, which is bright at the active front of the lesion (Figure 2). This diffusion-
weighted imaging finding was seen in case 1 at presentation and was thought to represent
ischemic disease in this elderly woman with stroke history. Her scans illustrate the reported
presentation of PML with diffusion-weighted imaging bright lesions that may be confused
with stroke.19:20 The development of edema and contrast enhancement typical of
inflammatory PML was also seen repeatedly, typical of evolution of inflammatory PML in
this setting. Figure 3 demonstrates serial MR scan images of case 4’s developing and
resolving IRIS after plasma exchange (PLEX) initiated following brain biopsy diagnosis of
PML. In this patient, a rituximab dose had been given after onset of symptoms later
attributed to PML, so PLEX was tried since this drug has a long half-life. The abrupt
augmentation of lesions on MR imaging between the September 2009 and November 2009
scans is consistent with development of inflammation in the lesions following PLEX.
Survival in this case is also consistent with an effective inflammatory control of PML after
withdrawal of immunosuppression.

Diagnosis of PML was confirmed based on clinical presentation with progressive
neurological deficits in all cases, laboratory study results including cerebrospinal fluid
(CSF) JC viral levels or a positive brain biopsy specimen (case 4), and MR imaging lesions
suspicious for PML. JC virus DNA was frequently not detected in the CSF at initial
presentation and was found only after repeated lumbar punctures as the disease progressed.
In fact, in case 4, results of CSF studies were repeatedly negative, making a brain biopsy
necessary to confirm PML. The previously published case (case 5) also required a brain
biopsy but CSF JC viral copy levels were never reported. With progression of the disease, an
increase in the number and/or size of MR imaging lesions occurred over time in all cases.
Three cases developed MR gadolinium enhancement typical of IRIS, suggesting that this is
often a complication of rituximab-associated PML. In all cases where CSF JC viral levels
were detected, the loads declined over time, consistent with the experience from those with
HIV-associated PML who survive.21.22 The outcome of this complication underscores the
serious nature of this disease, with 60% dying while surviving patients typically have
significant impairment. Three of the 5 cases had brain tissue examined, either post mortem
or at biopsy. In 2 of the 3, notable inflammatory PML was documented.
Immunohistochemical examination of brain tissue revealed the presence of many
lymphocytes. In case 1, some CD20™ cells could be found in the postmortem brain, while no
CD20™ cells were identified in the lesion from a diagnostic biopsy specimen from case 4 at
an earlier time in the course of the PML. In all 3 cases, JC virus was confirmed in brain
tissue (Figures 2, 4, and 5).

COMMENT

We document 4 additional cases of rituximab-associated PML occurring in the setting of
underlying RA, extending the information available from the prior single published case
report.18 Given the rarity of RA-associated PML, these cases support the hypothesis that
rituximab increases the risk of PML in this setting. Rheumatoid arthritis has not been
commonly associated with PML, although patients living with it commonly take other
immunosuppressive drugs that have been associated with this condition.23 Calabrese and
Molloy25-17 used the Nationwide Inpatient Sample data to document that the rate of PML in
patients with RA is 0.4 per 100 000 discharges, compared with 0.2 for the general
population (excluding acknowledged high-risk conditions of HIV, malignancy, and organ
transplant) while another incidence study found no cases of RA-associated PML.23 With 5
described cases of rituximab-associated PML in patients with RA and an estimated 129 000
exposed (A. Kelman, MD, Genentech, Inc, written communication, May 20, 2010),
incidence is probably at least 1 in 25 000 exposed patients, especially given that not all
involved patients may have been accurately diagnosed or reported. While this evidence
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suggests that risk is increased, it is less than the apparent risk of PML with natalizumab
treatment, which is about 1 in 1000 patients exposed for more than 24 months,10:11 or for
efalizumab, where risk may have been as high as 1 in 400 exposed patients.24

Risk of PML associated with rituximab has been particularly difficult to characterize. While
many cases of PML are reported,14 in most cases they have occurred in individuals with a
well-known concomitant risk of PML. This factor, as well as the absence of a clear
denominator for exposure, and probable missed cases of PML have made it challenging
even for interested professionals collecting all available data to decide if any increased risk
exists. To our knowledge, the present series of cases is the most decisive evidence available,
documenting a growing number of cases in a setting where PML was very rare, including 1
case (case 1) where there were minimal other significant risks outside the recent exposure to
rituximab.

This case series is instructive in an additional way, since PML in this setting differs from
that seen in the case of malignancy or untreated HIV by the common occurrence of PML
with IRIS. This factor is critical for clinicians, since it impacts diagnosis and management.
Detection of JC virus DNA in CSF was insensitive for PML diagnosis early in the disease
onset. This may reflect low copy numbers, a phenomenon recently reported in natalizumab-
associated PML cases.11:25 If PML presents during IRIS, CSF viral loads are likely to be
low or undetectable, making a brain biopsy necessary to confirm the diagnosis. If
inflammatory changes are under way, the lesions may transform, accounting for the
appearance of gadolinium enhancement, which is atypical for PML in other settings. This
inflammatory component may exacerbate neurological signs and symptoms and cause a
further decline in the patient’s status. Immune reconstitution inflammatory syndrome
associated with PML can be a life-threatening complication requiring therapy such as
corticosteroids to optimize survival and best functional outcomes.

The mechanism of increased risk of PML in association with rituximab remains unknown.
The immune deficiency experience in AIDS, where the greatest risk for PML occurs, is
typified by cellular immune deficiency with progressive loss of CD4 lymphocytes but with
relative preservation of humoral immunity. Given the routine presence of antibody to JC
virus when PML develops, and the important association of JC virus—specific CD8 cells to
the prognosis for survival from PML, the humoral immune system has generally been
thought to be of secondary importance in this disorder.26:27 Lymphopenia was chronic in
75% of our cases, providing a prolonged setting in which JC virus may have spread and
transformed to enhance neurovirulence. Therapy that targets CD20 cells and the humoral
immune system was thought theoretically to carry less risk for PML. Our cases suggest that
optimal control of JC virus requires both intact B and T cells. An alternative possibility may
be that B-cell precursors, believed to be a site of infection in the marrow, may be critical to
activation and spread of the virus with subsequent risk of PML. Depletion and reconstitution
of CD20 cells occurring during rituximab therapy may enhance the spread of virus from
marrow to the brain. It is interesting that our cases appear to occur during immune
reconstitution following rituximab therapy, rather than when CD20 cells are at their nadir.

It is now apparent that a modest increase in the risk of PML should be considered with the
use of rituximab, and potentially other agents that target CD20 cells. Given the benefit that
this drug provides many patients, it reinforces the need to find means of detecting those at
increased risk for this complication and ways to prevent its occurrence. In the case of
natalizumab treatment, it has been suggested that patients who are JC virus sero-negative
prior to therapy are likely at reduced risk of developing PML, and a similar situation is
likely to occur in the setting of rituximab treatment. Progressive multifocal
leukoencephalopathy is presumed to result from reactivation of latent JC virus rather than
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from primary exposure. The presence of antibodies is indicative of past exposure to virus
and probably identifies a higher-risk population. Conversely, the absence of antibodies
likely indicates that primary infection with JC virus has not occurred and that risk of
reactivation is therefore theoretically nonexistent.3:27

In the absence of prevention, early diagnosis of PML should be enhanced by clinical
vigilance; education of practitioners, patients, and their families; and appropriate diagnostic
efforts. Early discontinuation of therapy may allow for earlier immune reconstitution and
improved outcomes. Effective direct antiviral treatment for the JC virus has not been
demonstrated. An urgent need exists to find active drugs for treating PML. This includes
both cytosine arabinoside?8 and cidofovir,2% which are still occasionally tried in spite of
significant evidence that they are not effective. Mefloguine hydrochloride was used in
several of our cases and has in vitro activity against this virus. However, a recent clinical
trial was stopped for lack of demonstrable efficacy.39 Similarly, clinicians continue to
prescribe mirtazapine on a theoretical basis related to its potential efficacy in blocking
serotonin receptors used for viral entry, despite absence for documented clinical efficacy.3!

Assuming that rituximab contributes to PML in these cases, reversal of the drug’s effect
would be appropriate. Plasma exchange has become a standard practice with natalizumab-
associated PML.32 Rituximab is given infrequently in RA since CD20 counts remain
depressed for 6 to 9 months after each treatment. While rituximab may remain detectable in
plasma for 2 to 3 months, PLEX is unlikely to speed immune recovery after this period.
However, if PML is discovered shortly after an infusion of rituximab, PLEX could be
considered in this setting, as was performed in case 4 in our series. The apparent brisk
increase in inflammatory changes of lesions following PLEX in this case and survival of the
patient suggest the possibility this intervention may have been of benefit.

Immune reconstitution inflammatory syndrome, which occurred in our cases, provides an
additional potential therapeutic avenue. While controlled trials are not available, the most
commonly used treatment for inflammatory PML has been high-dose corticosteroid pulses,
often 1 g of intravenous methylprednisolone daily for 5 days, which is repeated if symptoms
respond and then recur. Steroid infusions have been reported to stop neurological decline in
the setting of IRIS and initiate recovery, without evidence of increased risk.33 Physicians
should be aware that this may be required even when the CD20 count suggests ongoing
immune compromise on the basis of the prior rituximab therapy. The present cases support
the possibility that with early diagnosis and careful management, patients may survive this
complication, some with modest deficits. Until more experience is acquired, it is reasonable
to encourage support and therapy for these patients, since the dire prognosis of PML
acquired when associated with advanced malignancy or AIDS may be exaggerated when
considering this disease in other settings. Indeed, current experience with natalizumab
suggests survival of as many as 70% to 80% of patients with PML with concentrated efforts
for early detection and reversal of immunosuppression (medinfo.biogenidec.com).11

Physicians considering the use of rituximab treatment of rheumatic diseases including RA
should be aware that there is a potential, albeit modest risk of developing PML. Because of
the morbidity and mortality of PML, however, it is important to consider this in the choice
of treatments and to inform patients that this possibility must be considered with therapy
including rituximab. In patients treated with rituximab, aggressive evaluation of new and
progressing neurological deficits is very important to allow early diagnosis. No further
rituximab should be used if a suspicious neurological symptom or sign appears until the
diagnosis is successfully excluded.
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Figure 1.

Magnetic resonance imaging of progressive multifocal leukoencephalopathy lesions from
cases 1to 4. A, Case 1 T2 fluid-attenuated inversion recovery (FLAIR) brain image
demonstrating predominant left parietal lesion (arrow) in the setting of many presumed
vascular lesions that had been seen on a previous scan a year prior to onset of progressive
multifocal leukoencephalopathy symptoms and signs. B, T2 FLAIR image from case 2, who
developed a right cerebellar lesion (arrow) radiating into the brainstem that was not visible
at the onset of disease but was seen here at 8 months after clinical concerns began. C, Case 3
presented with left frontal white matter disease seen on this T2 magnetic resonance image
(arrows). D, T2 FLAIR image from case 4. The patient presented with a small left posterior
parietal subcortical white matter lesion (arrow) that subsequently progressed markedly (see
Figure 3).
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Figure2.

Magnetic resonance characteristics of a progressive multifocal leukoencephalopathy lesion.
A-D, Apparent diffusion coefficient (ADC) (A) and diffusion-weighted (B) imaging with
the pathologic correlates at post mortem (C and D). Note the inverse relationship of the
gliotic lesion where ADC is bright (arrowhead) (A) contrasted with the necrotic core bright
on the diffusion-weighted image (arrowhead) (B) and seen at the arrowhead in part C. The
active rim of the lesion where viral replication is inducing cytotoxic edema and swelling of
oligodendrocytes is highlighted in the ADC image (A). Whole-mount image immunostained
for CD68, a marker of macrophages, shows the necrotic core lesion (arrowhead) and the rim
of gliosis (arrow) (C) (original magnification x1). CD68 microscopic image shows many
macrophages from the rim of active disease (D) (original magnification x40).

Arch Neurol. Author manuscript; available in PMC 2012 September 01.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Clifford et al.

Page 11

May 2009 August 2009 September 2009 November 2009 February 2010 May 2010 August 2010

o U T Ao\ Ao\

bUUubbU

Upb ) @& @

U & & @ & &)
Figure 3.

Evolution of progressive multifocal leukoencephalopathy in the setting of rituximab therapy.
The earliest lesion on fluid-attenuated inversion recovery images is seen in the May 2009
series, with slow evolution particularly in the right occipital lesion over the months from
initial symptoms until diagnosis in September 2009 at the time of a brain biopsy. Plasma
exchange was performed prior to the November 2009 series and the marked inflammatory
response that followed then waned in this surviving patient. Typical of progressive
multifocal leukoencephalopathy immune reconstitution inflammatory syndrome, the
magnetic resonance images show marked expansion with perilesional edema that then
resolved over months following immune control of progressive multifocal
leukoencephalopathy. These same lesions demonstrated gadolinium contrast enhancement
(not shown).

Arch Neurol. Author manuscript; available in PMC 2012 September 01.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Clifford et al.

Figure4.

Pathology of rituximab-associated progressive multifocal leukoencephalopathy. A, Case 1
demonstrating a large demyelinated and focally necrotic white matter lesion at autopsy,
especially prominent at the arrow. B, Hematoxylineosin-stained section of the brain from
case 1 showing marked perivascular inflammation consistent with immune reconstitution
inflammatory syndrome in progressive multifocal leukoencephalopathy. The inset is a CD3
immunostain demonstrating the presence of T lymphocytes in both perivascular and
parenchymal regions (original magnification x100; inset, x200). C, Histological analysis
from the brain biopsy in case 4 demonstrating viral inclusions (arrows) and gliotic changes,
with some perivascular inflammation (lower right inset), and the immunohistochemical
detection of JC virus (upper right inset) (original magnification x400; upper right inset,
x200; lower right inset, x100). D, Electron micrograph from the brain biopsy specimen of
case 4 demonstrating classic intranuclear papova viral particles, consistent with JC virus
(original magnification x 100 000).
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Figureb5.

Immunohistochemical staining performed at autopsy of case 1. A, CD3 immunostain marks
T cells, here demonstrating increased overall numbers as well as focal clumping around
neurons (arrowhead), an atypical feature of progressive multifocal leukoencephalopathy that
is more reminiscent of the neuronophagia encountered in cases of viral encephalitis (original
magnification x400). B, CD20 immunostain demonstrates B cells present in small numbers
in the brain of the rituximab-treated patient (arrow) (original magnification x200). C, CD68
immunostain shows numerous macrophages within an area of active demyelination (arrow)
(original magnification x200). D, JC virus immunohistochemical stain identifies numerous
infected oligodendrocytes in the postmortem brain (arrow), even though rapidly declining
JC viral loads were found in the blood prior to patient death (original magnification x400).

Arch Neurol. Author manuscript; available in PMC 2012 September 01.



Page 14

Clifford et al.

'T00°0 Aq Ajdiinw i_\moax 0} JuUn09 91A00ydwA| LBAUOD 0] :10198) UOISIBAUOD |S

‘Adelayy uoneipet ‘ 14X ‘e Apoqnue

awoupuAs uaibigls ‘gss ‘oY Apogiue awoipuAs ualbgls ‘vSS ‘sisaioydolids|a uigloid wniss ‘d3ds {10108} plojewnays ‘4y ‘sniyue projewnays ‘v ‘Ayredojeydasusoyna] [eaosinnw aaissaiboid “JINd

'3]0e[1BAR JOU ‘YN ‘80USISBION[OUNWIWI ‘-] ‘SNIIA Adusiolyspounwiwi uewiny ‘AlH “YNQ papuens-ajgnop ‘wYNasp ‘Apognue spndad pare

ININD 911942 40D Apognue Jeajonunue ‘YNY :SUOIeIAIGAY

paddols qewixnii
Jaye ym/Buwl 0z ‘erexanoyaw
‘auinboiojyaAxoipAy ‘suosiupaid
{0B|OPO}a {RWIXNSd ‘gqewIXIju]

q/0z> unod
+61AD Mo 211y (D pue 22)
Juawaldwod moj {1 YX/1INd 810484
pue | 4X Jaye Adelayiowayd Jold

(00Z < N) 28
un02 82 :(00% < N) 86€ UN0d ¥AD

002 XuAreydolo ay} 0 ewiould.Ied
1189 snowrenbs Ale

annebaN

+8SS ', VSS ‘papioads op:T
191 VNV |, VY ‘awolpuAs uaibols

WeIIX0[aW ‘auizejeseyns
‘p1ob ‘apiwounyys|
‘auinbolojyaAxolpAy
‘edunfeue
‘qewnuwijepe ‘idsdssuelg

UBWIBa) dYeXalI0ylaW
1U81IN2U02 A g 1883 1B
1oy eluadoydwA| o1u01yD

VN

00S

3UON

annebaN

aniebau salpoqnue
J3Ylo 144 1,ddD

SP10J21S021110 [I0
9S0P-MO] ‘91eX3.10UIBIN

eluadoydwA| ‘14X

VN

009

AK1abins
/18X ‘9002 Jooued 1seaig

anlebaN

qw

/N 0€6 43413 4D w/NI

9Z ‘19n3] 4 ‘2SI VSS
'_VSS ‘002:T 4811 141

VNV ‘awolpuAs uaibols

(800z das ‘swoidwiAs Jo
19su0 Jaye paddois) asn A 0T<
alexaljoylsw ‘qewnwifepe
'5002-2002 1dsousuelq

sWyean
91eX3J30UI8W JUBLINOUOD
‘e1uadoydwA| o1uo1yd

€9 UN0d 8@D ‘0Z> ‘N0
6TAD ‘6TT UN0d ¥AJ ‘€TC
unod a1kooydwA| ainjosqy

A € 1sed Jano 009-00T

3UON
annebaN

0p:T ‘4o
VNQsp :.asepixosadosAyy
49SS 1, VSS [0v9:T '18M
VNV :.dDD-hue qw/ni 802
‘|an8] 4 ‘awolpuAs uaibgls

600¢ g4 qewixniu
‘(2002 1d) p/Bw gz 01 paladey
(9002 120) p/Bwi 0T ‘auosiupad
16002 BNy 01 800Z JeIN ‘arefins
auInbolojydAxoIpAy ‘6002
BNy 01 9002 AON ‘3piioun|yaT]

JUETEENE I TER

0 unod 0zAd Ty

Tt

BN

annebaN

JewJou
-d3dS :_dDD !_4Y ‘awoupuhs
uaibigls ‘proiAyiodAH

saidesayy
a1bojoiq Buipnjaul
Adelay vy Joud

s10)oe} Bunngliuod
S{SL TN 8191ssod

I

Jo sisouBelp e ajiyoid
91Ad0ydwA| auljeseg
T7/9unod a1400ydwiA|
aInjosqe auljaseg
Aiois1y Aoueubifeiy

snyels AIH

siayew 2160j0Jas pue
sasouBelp a160j0reWNaYY

vl 0T< € 0 € A ‘uonenp vy

41s 4129 4129 /el /el xas/A ‘aby

(grurewyas|4 Wold) § v € z 1 BRUR Ed
ased

NIH-PA Author Manuscript

TN PaIRIDoSS\-QeLuIXnilyY YUAA Slusied JO sainjesH [ealioisiH pue olydelBowsaq

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Arch Neurol. Author manuscript; available in PMC 2012 September 01.



Page 15

Clifford et al.

siso116 ‘sabeydoloew
‘s|199 ewiseld/g/1 yum sabueyd

Asoyewwreppui :sisoubeip 1e Asdoig

M Ul Y1eap 01 passaibold

1UBWIEaI] PI0J8IS OU UMM SY8aM Ul
Yreap 03 uoissaiboid pides ‘uswioads
Asdoiq uo sabueyd Alorewwelyu|

VN

(pauonuaw
1SEAUO0D 0U) SUOIS3| aJaydsiway
o se ||am se ‘alaydsiway

7 U1 UOISURIX3 ‘S393M Ul UoIssaiBoid

ENIN

VN

Jueulwopaid

[eIu0.4 ¥ 'SUOIS3] N [e04RINIA

sainyesy [e2160joIsIy TINd
1e21dA1 ‘paniAins Juaired
‘Junod 8a < Ao ‘sisoubelp
1€ S|189 0ZAD ou pey Asdoig

swoydwAs [earbojoinau
10 uolissalboid oYM aAllY

ow QT Jaye panoiduwi
1SBAU0D pue ssew ‘padojansp
108448 ssew ‘sisouBelp Jaye
oW Z JUBWdUBYUS ISELIU0D
pue Juswabiejus paAjoA]

(sisoufelp
Asdoiq) 4S9 u1 pe3oslep 10N

oW G Je JUBWsdUBYUD
po “wuswabie|us ‘suolss)
1endiooo pue [eialied maN

abueyoxa ewse|d
‘auidezepniw ‘auinboyyaN

sisoubelp 1oy
Asdoiq ureiq ‘parosiep 10N

uolsa| asuajulodAy
T1/asusiuniadAy z1 [rews
‘uoisa| snJAD jenuadaid

(wedazeuo|d

Yum Juawanosdwi
ELTOSRINAERIIERET]
pue wnipos ayeoldjen

VN

pairedwi
A1aaniuboo (s ‘yosads panosdwil
‘Bunyjem paurebal ‘panoiduw]

S1¥1 Burinp abuel fewiou Buiyoeoidde
SJUN0J TAD ‘JUBWIBIUBYUD
153U09 Padojanap ‘Ueds PauasIoNn

(pa1oa1ap
10U) PaUSSIOM UBIS B[IYM pauljoad

SuoIs3| Je|9ga.1ad
MaU ‘JusWwadueyus ps) dojanap ‘suoisa)
J0 uoisuedxa 0T0Z g8 01 600Z AON

010z uer auojosiupaid pue
‘auinbopgaw ‘p/Buw og ‘surdezenin

6002
AON VYNQ SMIA Or TJwysaidod 082
1600z das pa1osiep 10U YNQ SMUIA O

(600z das)
UOISa| Jajrew alym S1jeIuosy sniAb

VN

swodwAs
1S41) WOy ow TT yresp
031 Aujigesip anissaiboud
‘sBuipuly Je|jagalad
Jwiglsulelq ‘uoissalboid

ENIN

789 01 paulpeq

6002 e\ uoissaiboid
Jayuny ‘(uoisnyul ise| Jeye
oW ) JUsWdIUBYUS OU
‘800z 2a@ ajounpad/suod
ur uoIss| ¥1v14/2L MaN

piemuo
800z 28 auinboyew p
/Bw g 01 dn ‘auidezenin

Aioisiy Ag swoldwAs Jaye
ow ¥ HIN e sa1dod 8eT6
‘pa1o8Isp WYNQ SNIA O

Aydouye
'suoIss| d1v14/zL wbug
WM areround sjdnnin

Jeynasentsad
‘urelsounwiuwil uo
WNQ SNJIA O Juepunge
NG Alorewwrepjul

UYieap
0} uoissalboud ‘swseds

IMQ 14N :¢S8Inz1as
/swseds ‘14N uo
1senu09 po Buidojansg

“Jwyse1dod
6G8T 01 pauljosp uayl
‘000 L{ 01 paseaiou]

JUBWIaoURYUD
1SBIU0D 91e| ‘SHoam
19A0 JaQuINU pue 8zIs
u1 Buiseasoul suoisa

auinboyyaN

ale] oW T paloalep
‘Ajenun ajqeloalepun

19sU0 1e WbLIg
IMQ ‘1UaWadueyud ou
'suoisa| INM a1dnIniN

sainyeay [e2160]0ISIH

3W0JIN0/a3sIN0D

S1dl 40 duspIng

UoNN|OAS PEO] [EJIA D 4SO

uonN|ons 4N
pasn Adesay L
auljaseq “Jw

/s31dod ‘peo) [ediA Or 4SD

aulleseq 18 [HIN

e

0} aAIsuodsalun) snuojd0AwW eiseydsAp
(eruownaud ‘uonuinujew  [ejuswfes 01 PaAjoAs ‘Jows.) S|[e} yum “unuy pue ‘6| [eIXere ‘eisay1sesAp
J0 Buimas ut) yem o1 Ajiqeu) 21U0ISAP puey-y [ed10D eIseydsAp ‘auljoap sanubod ‘we Ul eixeleiway ybry puey-y [ea04 uBis/woldwAs Bunuasaid
(1A d 40 18SUO pue A1aA0dal
uay} ‘18oued 1oy Adelsyiowsyd usyl ow ‘}9su0 TIAId 01 uoIsnyul
‘ow 2 0} AJ8A081 JUN0d 0ZAD) 8T (81942 7 Jo pig JaYe) § 9T L g QBWIXNIL WO [BAISIU]
(gruuewyosp|4 woid) § 14 € r4 T a.njesd

NIH-PA Author Manuscript

¢?olqel

NIH-PA Author Manuscript

TN PalRIooSSy-gewiXniiy Jo sainjea

NIH-PA Author Manuscript

available in PMC 2012 September 01.

Arch Neurol. Author manuscript



Page 16

Clifford et al.

“Jalrew aMyYM ‘N ybL 'Y ‘Ayredoreydaousoyna) [eaosnw sAlssalBold ‘N ‘UIeSH JO SaINIIsU| [euoneN ‘HIN ‘a]ge|reAe Jou ‘vN :Buibew aoueuosal onsubew ‘1IN
‘19| ‘7 ‘owolpuAs AlojewwRUl UOIINIIISUOIAL duNWWI ‘S| ‘wniuljoped ‘po) ‘A1an0dal UOISIaAUL pajenuane-pIngs ‘Y114 ‘Buibewr payybiam-uoisnyip ‘IAMQA ‘pIngs [eu1dsoiqalad ‘4SD :SuoieIAsIgqqyY

sisAJeue 21d02S0491W U038
pue [ediwayd0Isiy yum
SNJIA JO UOITRAISUOWSP YHM

ureiq ayp
u1uasald s|192 02AD
‘Juepunge s||82 8aD

‘asuodsal Alojewiwepjul

(gruuewyosp|4 woid) § 4

T 3Injeao

e

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Arch Neurol. Author manuscript; available in PMC 2012 September 01.



