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Abstract: For treatment of moderate-to-severe active Crohn’s disease, clinicians generally rely on immuno-

suppressants (including azathioprine and 6-mercaptopurine), corticosteroids, and antibodies against tumor 

necrosis factor a. However, a significant proportion of patients do not respond to these therapies, lose response 

over time, or are intolerant to these therapies. In such cases, one of the only remaining pharmacologic treatment 

options is natalizumab, an a4 integrin–targeted antibody. Unfortunately, 3 cases of progressive multifocal 

leukoencephalopathy (PML) were reported in natalizumab-treated patients in 2005, shortly after natalizumab’s 

approval by the US Food and Drug Administration (FDA). Natalizumab was subsequently withdrawn from the 

market but was then reintroduced in 2006 under close supervision by the FDA. Careful review of postmarketing 

data revealed 3 major risk factors for the development of natalizumab-associated PML, the most significant of 

which is prior exposure to the JC virus (JCV). To help identify patients who may be at higher risk for developing 

natalizumab-associated PML, a JCV antibody assay was developed that can detect anti-JCV antibodies in patients’ 

blood. Clinicians can now consider a patient’s anti-JCV antibody status together with the other major risk factors 

for natalizumab-associated PML—duration of natalizumab therapy and prior immunosuppressant use—to more 

accurately gauge the risks and benefits of natalizumab therapy in a particular patient.
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risk of PML often outweighed any potential benefit associated with its use 
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Introduction
Gary R. Lichtenstein, MD

Treatment of moderatetosevere Crohn’s disease 
has evolved dramatically in recent decades. 
Previously, patients had to rely upon surgical 

resection and treatment with immunosuppression and 
immunomodulatory agents to maintain short, inadequate 
remissions; now, treatment with anti–tumor necrosis 
factor α (antiTNFα) agents allows patients to experi
ence durable remission. Despite the efficacy and benefit 
associated with antiTNFα agents, however, a significant 
proportion of patients either lose response or are intol
erant to this therapy. For these patients, novel biologic 
therapies targeting unique molecules represent a much 
needed treatment alternative.

Natalizumab for the Treatment of Crohn’s 
Disease

Natalizumab is a humanized, monoclonal antibody 
directed against the α4 integrin, a cell adhesion molecule 
involved in the attachment and passage of cells through 
cell layers. The first large, published trials of natalizumab 
in patients with Crohn’s disease were the ENACT1 
and ENACT2 studies, which were designed to assess 
the efficacy and safety of natalizumab for induction and 
maintenance of remission, respectively.1 Both studies 
were randomized, doubleblind, placebocontrolled trials 
that were conducted at 142 centers between December 
2001 and March 2004. Patients with moderatetosevere 
active Crohn’s disease were enrolled. Concurrent therapy 
was permitted (including 5aminosalicylate, prednisolone 
or equivalent, budesonide, azathioprine, 6mercaptopu
rine, methotrexate, and antibiotics), but exposure to an  
antiTNFα agent in the 3 months prior to study enroll
ment was not allowed. 

A total of 905 patients were randomized 4:1 to receive 
induction therapy with either 300 mg natalizumab or 
placebo at Weeks 0, 4, and 8; these patients were followed 
through Week 12. Patients in ENACT1 who showed 
a response to natalizumab induction therapy at both  
Week 10 and Week 12 (defined as a reduction in the  
Crohn’s disease activity index score ≥70 points from 
Week 0) were then eligible for natalizumab maintenance 
therapy in ENACT2. Patients in ENACT2 were re
randomized 1:1 to maintenance therapy with either 
300 mg natalizumab or placebo every 4 weeks through 

Week 56; these patients were followed through Week 60. 
Natalizumabtreated patients and placebotreated patients 
experienced similar rates of response (56% vs 49%, 
respectively; P=.05) and remission (37% vs 30%, respec
tively; P=.12) at Week 10 of induction therapy. How
ever, patients who continued to receive natalizumab as 
maintenance therapy in ENACT2 achieved significantly 
higher rates of response (61% for natalizumab vs 28% for 
placebo; P<.001) and remission (44% for natalizumab vs 
26% for placebo; P=.003) through Week 36.

Another trial of natalizumab, ENCORE, was a 
global, multicenter, randomized, doubleblind, placebo
controlled, parallelgroup study conducted at 114 centers 
between March 2004 and March 2005.2 This study 
was designed to further test the efficacy of natalizumab 
induction therapy in 509 Crohn’s disease patients with 
moderatetosevere active disease and active inflammation 
(defined as a Creactive protein [CRP] level >2.87 mg/L). 
Patients were randomized 1:1 to receive either 300 mg 
natalizumab or placebo at Weeks 0, 4, and 8. A significant 
improvement in the rate of response with natalizumab 
versus placebo was detectable as early as Week 4 (51% vs 
37%; P=.001). Nearly half (48%) of natalizumabtreated 
patients achieved a response at Week 8 that was sustained 
through Week 12, compared to only 32% of patients 
treated with placebo (P<.001). Similarly, remission at 
Week 8 that was sustained through Week 12 occurred in 
26% of natalizumabtreated patients compared to 16% of 
placebotreated patients (P=.002). Remission rates were 
also significantly higher with natalizumab than placebo at 
Weeks 4, 8, and 12 (P≤.009 for all comparisons).

Natalizumab was initially approved in the United 
States in December 2004 with a primary indication for 
relapsing multiple sclerosis. In February 2005, 2 cases 
of progressive multifocal leukoencephalopathy (PML) 
were reported among natalizumabtreated patients with 
multiple sclerosis. Soon thereafter, PML was also reported 
in a natalizumabtreated patient with Crohn’s disease. As 
a result of these 3 cases of PML, natalizumab was volun
tarily withdrawn from the market in 2005. In 2006, how
ever, natalizumab was reintroduced to the market, under 
close scrutiny by the US Food and Drug Administration 
(FDA), in response to patient desire. As part of this rein
troduction, a comprehensive risk management plan was 
developed; termed the TOUCH (Tysabri Outreach: Uni
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fied Commitment to Health) Prescribing Program, this 
plan ensures that only prescribers and patients enrolled in 
TOUCH can prescribe and receive natalizumab, respec
tively, and only certain pharmacies and infusion sites can 
dispense and infuse natalizumab, respectively. In addition, 
TYGRIS (Tysabri Global Observation Program in Safety) 
is a voluntary, observational, cohort study that was devel
oped to investigate the longterm safety of natalizumab in 
the clinical practice setting.

Natalizumab-Associated Progressive 
Multifocal Leukoencephalopathy

PML is an extremely rare disorder resulting from an 
opportunistic brain infection with JC virus (JCV). Asso
ciated with various immunocompromised states, PML 
came to clinical prominence during the AIDS era, when 
the frequency of its occurrence increased 12fold over the 
previous decade.3 The epidemiology of PML now appears 
to be changing again, with PML being increasingly 
documented among natalizumabtreated patients with 
autoimmune diseases.

Interestingly, PML appears to be slightly different 
when it is associated with natalizumab than when it occurs 
in AIDS patients.3 The most frequent initial clinical presen
tations of natalizumabassociated PML include cognitive 
disorders (48%), motor abnormalities (37%), language dis
turbances (31%), and visual defects (26%). Comparatively, 
the most frequent initial clinical presentations in patients 
with AIDSrelated PML are weakness (42%), speech abnor
malities (40%), cognitive abnormalities (36%), gait abnor
malities (29%), sensory loss (19%), and visual impairment 
(19%). The lesions resulting from natalizumabassociated 
PML also appear to be more often monofocal instead of 
multifocal, and they most commonly appear in the fron
tal lobe. Immune reconstitution inflammatory syndrome 
(IRIS) has also been reported among patients who develop 
natalizumabassociated PML; the defining feature of IRIS is 
a “paradoxical worsening of clinical or radiographic finding 
with recovery of the immune system.”3,4 These findings may 
extend to new or increased neurologic deficits, an increase 
in the number or size of lesions, contrast enhancement of 
the brain lesions, and brain edema.

The gold standard for diagnosis of PML is brain 
biopsy demonstrating the triad of histopathologic find
ings that is a hallmark for this condition: demyelination, 

bizarre astrocytes, and enlarged oligodendrocyte nuclei. 
However, a brain biopsy is not required to diagnose a 
suspected case of PML. Instead, a diagnosis of PML is 
widely accepted if there is demonstration of JCV DNA in 
the cerebrospinal fluid, a compatible clinical presentation, 
magnetic resonance imaging (MRI) findings consistent 
with PML, and no alternative diagnosis.3

Historically, PML was widely considered to be 
almost universally fatal. However, like its clinical presen
tation, the prognosis of natalizumabassociated PML may 
differ from that of AIDSrelated PML. In 1 case series, for 
example, 71% of 35 patients with natalizumabassociated 
PML were alive 6 months after diagnosis.5 In comparison, 
the average mortality rate for AIDSrelated cases of PML 
is 80% within 9 months of disease onset.3 Importantly, a 
negative patient prognosis appears to be highly dependent 
on the presence of widespread disease and longer time to 
diagnosis after the initial appearance of symptoms.
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While the use of natalizumab has been associ
ated with an increased risk for PML, the 
underlying pathogenesis of PML in natali

zumabtreated patients is not yet completely understood.1 
For example, it remains unclear whether PML is an 
offtarget adverse event that occurs more frequently with 
natalizumab or if PML results directly from the drug’s 
action against very late activation antigen 4. One possible 
mechanism suggested that the development of PML in 
natalizumabtreated patients may be due to “contributions 
by JCVinfected B cells as well as by impaired immune 
surveillance by JCVspecific cytotoxic lymphocytes.”2 In 
an earlier paper, Van Assche and colleagues noted that 
inhibition of α4 integrins may prevent the transport to 
the central nervous system of JCVprimed CD4+ helper 
T cells as well as CD8+ cytotoxic T cells, thus leading 
to fulminant JCV replication.3 These authors further 
suggested that natalizumab may weaken the bloodbrain 
barrier by targeting the β1 integrin present on the surface 
of the endothelial cells that comprise this barrier. A weak
ened bloodbrain barrier could then facilitate the infiltra
tion of JCV into the central nervous system.

Risk Factors for Progressive Multifocal 
Leukoencephalopathy in Natalizumab-
Treated Patients

Three factors have been identified that increase the risk 
of PML in natalizumabtreated patients: longer duration 
of natalizumab therapy, especially beyond 2 years; prior 
treatment with an immunosuppressant; and the presence 
of antiJCV antibodies (Table 1).4

The effect of natalizumab exposure on PML risk 
was estimated in a study that evaluated the incidence 
of 193 confirmed cases of PML among 92,200 natal
izumabtreated patients.5,6 PML incidence increased 
with increasing treatment duration, with the highest 
frequency occurring among patients who had received 
more than 2 years of natalizumab therapy (correspond
ing to 25–36 infusions). Specifically, the incidence 
of PML was 0.04 cases per 1,000 patients (95% 
confidence interval [CI], 0.01–0.11) for those with  

1–11 months of natalizumab treatment, 0.56 cases per  
1,000 patients (95% CI, 0.39–0.78) for those with 
13–24 months of natalizumab treatment, and 1.99 cases 
per 1,000 patients (95% CI, 1.59–2.45) for those with 
25–36 months of natalizumab treatment.

Prior treatment with an immunosuppressant also 
appears to confer a heightened risk of PML in natali
zumabtreated patients. Of the 125 cases of PML that 
had been identified among natalizumabtreated patients 
as of December 2011, 38% occurred in patients who 
had received immunosuppressant therapy.6,7 The immu
nosuppressant agent most commonly reported by these 
patients was mitoxantrone, which had been used by 
57% of natalizumabtreated PML patients; patients also 
reported use of cyclophosphamide (19%), methotrexate 
(17%), azathioprine (15%), mycophenolate (9%), and 
other immunosuppressants (13%). The mean dura
tion of prior immunosuppressant use among these 
patients was 30.6 months (range, 0.03–204 months), 
and the mean washout period was 24.7 months (range,  
2–93 months). Importantly, data from the TYGRIS 
global risk management plan showed that 45% of 
patients who developed PML reported prior use of 
immunosuppressive agents; in comparison, prior immu
nosuppressant use was reported by only 20% of the 
overall population of patients in this database.

Because JCV infection is required for the develop
ment of PML, the presence of antiJCV antibodies is a 
key factor in the evaluation of PML risk in natalizumab
treated patients. In 2010, Gorelik and colleagues used 
a 2step approach to assess this risk: They first used an 
enzymelinked immunosorbent assay (ELISA) to develop 
a statistical threshold for the presence of antiJCV anti
bodies in the serum and plasma of natalizumabtreated 
patients with multiple sclerosis, after which they used 
this assay to retrospectively detect antiJCV antibodies in 
archived serum samples from natalizumabtreated patients 
who had developed PML.8 These archived samples had 
been collected 16–180 months prior to PML diagnosis. 

Approximately half (53.6%) of the overall popula
tion of natalizumabtreated patients was found to be 
positive for antiJCV antibodies, but ELISA analysis 

Risk of Progressive Multifocal 
Leukoencephalopathy in Patients  
Treated with Natalizumab
Gary R. Lichtenstein, MD
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Table 1.  Risk Factors for the Development of Progressive Multifocal Leukoencephalopathy (PML) in Patients Treated with Natalizumab

Risk factor Impact on PML risk

Longer duration of natalizumab 
treatment

Incidence of PML according to duration of natalizumab exposure:  
• 1–11 months: 0.04 cases per 1,000 patients (95% CI, 0.01–0.11) 
• 13–24 months: 0.56 cases per 1,000 patients (95% CI, 0.39–0.78) 
• 25–36 months: 1.99 cases per 1,000 patients (95% CI, 1.59–2.45) 

Prior immunosuppressant treatment Immunosuppressants associated with PML include mitoxantrone, cyclophosphamide, 
methotrexate, azathioprine, and mycophenolate.

Presence of antiJCV antibodies Estimated incidence of PML according to antiJCV antibody status:
• Negative for antiJCV antibodies: 0.11 cases per 1,000 patients (95% CI, 0–0.59)
• Positive for antiJCV antibodies: 2.16 cases per 1,000 patients (95% CI, 1.40–3.18)

CI=confidence interval; JCV=JC virus.

Data from Sørensen PS, et al.6

Figure 1.  Algorithm to help guide decisionmaking regarding natalizumab therapy in patients with Crohn’s disease. 

JCV=JC virus; TNFα=tumor necrosis factor α.

Adapted from Sørensen PS, et al.6

Patient has moderate-to-severe
Crohn’s disease

Patient had an inadequate response to (or was unable 
to tolerate) conventional Crohn’s disease therapies 

and anti-TNFα drugs

Determine anti-JCV antibody status

Anti-JCV antibody–negative

Okay to treat with
natalizumab

Year 1

Year 2

Year 3

Use natalizumab
only in select patients

who have no other
treatment options

Okay to continue
natalizumab

Okay to continue
natalizumab

Reconsider natalizumab
therapy

Withhold natalizumab

Withhold natalizumab

Anti-JCV antibody–negative

Anti-JCV antibody–negative

Anti-JCV antibody–positive

Anti-JCV antibody–positive

Anti-JCV antibody–positive
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detected antiJCV antibodies in all cases of PML (100%; 
P<.0001). In a separate study of nearly 6,000 patients 
with multiple sclerosis, the overall prevalence of antiJCV  
antibodies was found to be 55% (95% CI, 54–56), 
which confirms the prevalence reported by Gorelik and 
colleagues.8,9 Importantly, Gorelik and colleagues also 
showed that the rate of antiJCV antibody seroconversion 
is approximately 1–2% per year.8 Using incidence data, 
the estimated incidence of PML in patients who are nega
tive for antiJCV antibodies was found to be 0.11 cases 
per 1,000 patients (95% CI, 0–0.59), which is at least 
20fold lower than the incidence reported for antiJCV 
antibody–positive patients (2.16 cases per 1,000 patients; 
95% CI, 1.40–3.18; P<.0001).6,10

Based on these risk factors, Sørensen and colleagues 
recently suggested a treatment algorithm for risk stratifica
tion of natalizumabtreated patients with multiple sclero
sis; this algorithm can be modified for use in patients with 
Crohn’s disease (Figure 1).6 In this algorithm, patients are 
first stratified according to their antiJCV antibody status. 
Patients who are negative for antiJCV antibodies may 
be prescribed natalizumab; due to the 1–2% incidence 
of seroconversion, these patients should undergo annual 
antiJCV antibody testing while on natalizumab therapy. 
If these patients continue to test negative for antiJCV 
antibodies, then natalizumab may be freely continued. 
However, if a subsequent test result shows evidence of 
seroconversion to antiJCV antibody–positive status, 
then natalizumab treatment should be reconsidered. 

For patients who initially test positive for the pres
ence of antiJCV antibodies, shortterm natalizumab 
treatment may be considered regardless of prior immu
nosuppressant exposure, as the risk of developing PML 
has been shown to be very low during the first 12 months 
of treatment. The risk of PML is escalated with the 
use of prior immunosuppressants in patients who are  
antiJCV antibody–positive; prior use of immunosup
pressants nearly triples the risk of PML compared to those 
with no prior immunosuppressant use. If the patient 
has previously been treated with immunosuppressants, 
natalizumab therapy should be limited to 1–2 years, as the 
risk of PML increases significantly beyond that threshold. 

Occurrence of Progressive Multifocal 
Leukoencephalopathy in Clinical Trials

To date, 3 cases of PML have been reported in clinical 
trials of natalizumab. Two of these cases were reported in 
the SENTINEL trial (N=1,171), a 2year, phase III study 
that evaluated the addition of natalizumab or placebo to 
interferon β1a therapy in patients with relapsing mul
tiple sclerosis.11 The first case of PML in this trial was a 
46yearold female who received 30 doses of natalizumab 

(300 mg every 4 weeks) between April 2002 and  
July 2004 during the randomized portion of this study, 
followed by an additional 7 doses of natalizumab through 
January 2005 as part of the openlabel extension study.12 
This patient first reported new issues with handeye 
coordination and problems with speech in November 
2004; her symptoms progressively worsened over the next 
few months, and she was hospitalized with a significant 
decline in neurologic status on February 12, 2005. Sus
pected PML was confirmed when polymerase chain reac
tion (PCR) testing showed that the patient’s cerebrospinal 
fluid was positive for JCV DNA. The patient died on 
February 24, 2005. 

The second case was a 44yearold male who had 
received 28 infusions of natalizumab (300 mg every 
4 weeks) from October 2002 to December 2004.13 In 
October 2004, an MRI scan revealed a new nonenhanc
ing lesion in the right frontal lobe. During December 
2004, the patient reported difficulties with attention and 
concentration, and he subsequently developed progressive 
left hemiparesis, dysarthria, and cognitive impairment. 
Further MRI scans showed new and extensive abnor
malities. PCR testing of the patient’s cerebrospinal fluid 
in early February 2005 was positive for JCV DNA, and 
the patient’s condition continued to deteriorate despite 
treatment with cidofovir, corticosteroids, and intravenous 
immune globulin. Following 1 month of therapy with 
cytarabine, however, the patient exhibited neurologic 
improvement. By the end of May 2005, following a sec
ond course of cytarabine, the patient was beginning to 
walk and have meaningful conversations, although he still 
had disabling ataxia, cognitive impairment, mild neglect, 
and mild left hemiparesis.

The third case of PML reported in a natalizumab 
clinical trial occurred in ENACT1, a 12week, random
ized, doubleblind, placebocontrolled trial designed to 
evaluate the efficacy and safety of natalizumab as induc
tion therapy for moderatetosevere Crohn’s disease.14 
ENACT1 enrolled a total of 905 patients; those who 
responded to natalizumab during this study were then 
eligible for enrollment in ENACT2, a 48week mainte
nance study. The 1 case of PML in this study occurred in 
a 60yearold male with Crohn’s disease who had received 
3 doses of natalizumab during the ENACT1 study 
(monthly infusions of 300 mg), after which he received 
placebo for 9 months during the ENACT2 trial.3 After 
experiencing a disease relapse, the patient resumed open
label natalizumab therapy in February 2003, receiving a 
total of 5 doses (300 mg every 4 weeks). He had previ
ously received immunosuppressive therapy.

In July 2003, the patient presented to the emer
gency room with severe confusion and disorientation.  
A computed tomography (CT) scan of the brain showed a 
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nonenhancing hypodense lesion in the right frontal lobe; 
MRI scans revealed hyperintense nonenhancing lesions in 
the right frontal lobe, left frontal lobe, and right temporal 
lobe. Surgery was performed, and histologic examination 
of the resected tissue resulted in a diagnosis of grade III 
astrocytoma. The patient continued to deteriorate postop
eratively; despite the initiation of corticosteroid therapy, he 
died in December 2003. A postmortem analysis of archived 
serum samples showed that the patient had been positive for  
JCV DNA in May 2003; by the time he was admitted to  
the hospital in July 2003, JCV DNA levels had increased 
by a factor of 12. A high viral load was also observed in a 
paraffinembedded tissue sample of the patient’s brain 
lesion, which had been taken during surgery and archived.

While these 3 patients are the only cases of PML to have 
occurred in the setting of a clinical trial, additional cases of 
PML have been reported in the postmarketing setting in 
both multiple sclerosis patients and Crohn’s disease patients, 
some of whom were not receiving concomitant immuno
suppressive therapy.4 Using this postmarketing surveillance 
data, the estimated incidence of PML has been calculated 
for natalizumabtreated patients with various risk factors.4 
For antiJCV antibody–positive patients who receive 
natalizumab for up to 24 months, the risk of developing 
PML is relatively low: less than 1 in 1,000 for patients with 
no prior immunosuppressant use or 2 in 1,000 for patients 
who do have a history of immunosuppressant use. For  
antiJCV antibody–positive patients who are treated with 
natalizumab for 25–48 months, the risk of developing 
PML is higher: 4 in 1,000 for patients with no prior immu
nosuppressant use or 11 in 1,000 for patients with prior 
immunosuppressant use.

Discussing Natalizumab Use with Patients

When considering whether to initiate natalizumab therapy 
for a patient with Crohn’s disease, the clinician should first 
consider the FDAapproved indication for this drug, which 
states that natalizumab should only be used in patients who 
had an inadequate response or were unable to tolerate con
ventional Crohn’s disease therapies (including antiTNFα 
agents).4 If the clinician determines that the patient is an 
appropriate candidate for natalizumab therapy, then the 
patient’s antiJCV antibody status should be determined. 
With this information, the clinician can then have a mean
ingful discussion with the patient about whether to initiate 
natalizumab therapy. 

For antiJCV antibody–negative Crohn’s disease 
patients, the clinician should be cognizant that natalizumab 
is very effective for inducing and maintaining remission in 
patients with active moderatetosevere disease.14 Because 
of the very low estimated incidence of PML among anti
JCV antibody–negative individuals, many clinicians feel 

comfortable prescribing natalizumab in this population. 
When considering natalizumab therapy for Crohn’s disease 
patients who are antiJCV antibody–positive, the benefit 
of the drug remains unchanged, but the risk of PML is 
greater. In this case, the clinician should have a meaning
ful discussion with the patient about both the risks and 
possible benefits of natalizumab therapy, as well as other 
treatment options that could be considered. 
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Named after John Cunningham, the patient from 
whom the virus was first isolated in 1971, JCV 
is a nonenveloped DNA genome virus in the 

polyomavirus family.1 Found ubiquitously worldwide, 
this virus is the proven etiologic agent for PML.2 Two 
genetic forms of JCV have been identified: The archetypal 
form is found in the kidney, urine, and sewage, while the 
prototypical form of JCV is associated with PML.3,4 The 
primary differences between these 2 forms of the virus 
center on a particular region of the genome responsible 
for viral transcriptional regulation and DNA replication.2 
Because these genetic differences occur only in noncoding 
regions of the genome, both forms of JCV are recognized 
by antigenic assays.

A number of studies have evaluated the seroprevalence 
of JCV, with estimates in the range of 35–39%—and even 
up to 72%—in healthy adults; however, some of these 
studies acknowledged that their assays had marked cross
reactivity for other viruses in the polyomavirus family.57 
Notably, a 2008 study by Verbeeck and colleagues prospec
tively collected urine, serum, plasma, and buffy coat sam
ples from 331 individuals: 125 patients with Crohn’s dis
ease, 100 patients with other gastrointestinal diseases, and  
106 healthy volunteers.8 All of the Crohn’s disease patients 
had been treated with at least 1 immunomodulator for at 
least 3 months. This study assayed both the seroprevalence 
of JCV (using an ELISA) and JCV DNA viral load (using 
quantitative realtime PCR). 

This study reported an overall JCV seroprevalence 
rate of 65%. While JCV seropositivity was significantly 
higher among Crohn’s disease patients compared to 
healthy volunteers (76% vs 51.9%; P<.001), seroposi
tivity in Crohn’s disease patients was not significantly 
increased compared to patients with other gastrointesti
nal diseases (64.6%; P=.06). When samples were tested 
by realtime PCR, the proportion of subjects who tested 
positive for JCV DNA was significantly higher in the 
group of patients with other gastrointestinal diseases 
(44.0%) compared to either Crohn’s disease patients 
(28.8%; P=.018) or healthy volunteers (25.5%; P=.005). 
Interestingly, the median viral load in urine was higher 
among Crohn’s disease patients (7.36 × 106 copies/mL) 
than in patients with other gastrointestinal diseases  
(1.86 × 106 copies/mL; P=.011) or healthy volunteers 
(2.77 × 105 copies/mL; P=.001). A longitudinal assess

ment of the Crohn’s disease patients showed no major 
differences in JCV viral load over time, with JCV posi
tivity rates of 28.8% at the first time point, 27.2% at  
4–8 Weeks, and 28.8% at 12–16 Weeks.

JC Virus Infection Cycle

One model for JCV infection suggests that the virus is 
commonly transmitted during childhood, at which time 
it establishes a primary viremia.2 Transmission has been 
suggested to occur through either the tonsils or the gastro
intestinal tract. Distribution of JCV throughout the body 
may occur during primary viremia, as latent JCV has been 
identified in a number of tissues, including the kidney, ton
sils, and peripheral blood leukocytes.4,911 Additionally, sev
eral studies have reported detection of JCV in normal brain 
tissue from patients who do not have PML.1217 Research 
suggests that the primary infection is typically subclinical, 
but it remains unknown whether this infection involves 
the archetypal and/or prototypical form of the virus. After 
elimination of the initial infection by the immune system, 
JCV is thought to enter a latent state in the body. Studies 
have shown that JCV DNA can be detected during latency 
using highly sensitive PCR analysis, but viral proteins 
cannot be detected, suggesting that the virus is truly in a 
transcriptionally inactive latent phase. 

As was recently noted by White and colleagues, “no clear, 
generally accepted model for JCV reactivation has emerged.”2 
Currently, there are 2 primary hypotheses: The first focuses 
on the immune cells, suggesting that the latent virus is har
bored within the B lymphocytes of the bone marrow, which 
allows the virus to circulate the body and enter the brain. The 
second hypothesis suggests that the brain is the site for latent 
JCV and that only during immunosuppression does the virus 
begin to replicate. Regardless of which theory (if either) is 
correct, early transcriptional regulatory events are probably 
critical in the reactivation of JCV within the glial cells; these 
events thus represent a potential target for future therapies.18

In addition, Berger and colleagues argue that mul
tiple biological barriers are likely in place to prevent JCV 
reactivation and PML development, given the rarity of 
PML despite the high frequency of JCV infection.19 Under 
conditions of immunosuppression, however—as occurs 
when patients with Crohn’s disease or multiple sclerosis 
are receiving immunosuppressants—JCV reactivation 

JC Virus Infection and the JC Virus Antibody Assay
William J. Sandborn, MD
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may occur through an asyetunidentified mechanism.  
In this immunosuppressed state, the virus is allowed to 
infect the glial cells and replicate, thus resulting in PML.

Anti–JC Virus Antibody Assay

PML first came to clinical prominence during the early years 
of the AIDS era when effective antiretroviral therapy was not 
yet available. As this condition became increasingly recog
nized, PML was also identified as a rare cause of morbidity 
and mortality in patients who were receiving multidrug 
immunosuppression in the setting of cancer chemotherapy 
or organ transplantation. However, because the incidence of 
PML in these patients appeared low—and because the alter
native was often lack of treatment and death—clinicians and 
patients accepted the small risk of PML as the price for using 
these lifesaving immunosuppression regimens. 

As we are now entering an era in which PML occurs 
more frequently (although still rarely) among patients 
receiving biologic therapies, the risk of PML has become 
less tolerable, in part because these patients are less often 
critically ill and/or may have other treatment options. 
Combined with evidence showing that JCV infection is 
required for the development of PML, concern about PML 
provided the rationale for the development of an assay that 
could determine whether a patient had prior JCV exposure.

Unlike other chronic viral infections, such as 
hepatitis, the JCV viral load does not remain sustained 
over time. Thus, use of molecular testing to measure  
JCV DNA levels is likely to result in falsenegative results. 
However, intermittent viral shedding is common in 
patients infected with JCV; this repeated exposure to the 
virus results in immunogenicity. Measuring seropositivity 
through the detection of antiJCV antibodies therefore 
represents a better way to assess for infection, as antibodies 
have a longer halflife and are more likely to be detectable 
in infected patients. One caveat is that seroconversion has 
been reported to occur at a rate of 1–2% annually.20

The antiJCV antibody test determines whether a 
patient has previously been exposed to JCV by detecting 
whether antiJCV antibodies are present in the blood. 
This test is designed as a 2step assay: The first step is 
comprised of an ELISA, and the second step consists of a 
supplemental confirmation test.20,21 For the ELISA, JCV 
viruslike particles (VLPs) are coated on 96well microti
ter plates, after which the patient’s serum or plasma 
sample is added. An incubation step allows any antiJCV 
antibodies present in the sample to recognize and bind to 
the JCV VLPs coated on the plate. After several washes to 
remove nonspecific binding, bound antiJCV antibodies 
are detected using a secondary antibody that is conjugated 
to a colorimetric enzymatic reaction; the intensity of this 
reaction can be measured using a spectrophotometer. 

The measured optical density readout of the sample, 
which is recorded as a normalized value, is directly pro
portional to the amount of antiJCV antibodies present. 
Samples with a normalized value greater than a specified 
upper threshold are reported as positive, while samples 
with a normalized value less than a specified lower 
threshold are reported as negative. Samples with values 
between the upper and lower thresholds are reported as 
indeterminate; these samples require further testing using 
the supplemental confirmation test.

To evaluate this assay, Gorelik and colleagues per
formed antiJCV antibody testing in a group of patients 
with multiple sclerosis.20 Plasma and serum samples were 
obtained from 831 patients enrolled in the STRATA study, 
which was designed to evaluate the safety of natalizumab 
redosing and treatment. Of these patients, 204 were defined 
as having positive reference sera; they also had detectable 
levels of JCV DNA in their urine and therefore were 
definitely infected with JCV. When the ELISA was used 
to test all patient samples, the median normalized value of 
the spectrophotometric readout was significantly higher 
for patients whose urine samples were positive for JCV 
DNA than for patients whose urine samples were negative 
(optical density at 450 nm: 0.895 vs 0.131; P<.0001). No 
patient with a urine sample that was positive for JCV DNA 
showed an ELISA value below 0.10. In contrast, multiple 
patients whose urine samples were negative for JCV DNA 
exhibited ELISA values similar to those observed in patients 
with JCV DNA–positive urine samples. Among the 204 
patients whose urine was positive for JCV DNA, 5 patients 
were identified who had ELISA values between the upper 
and lower threshold values and who did not have a positive 
result on the confirmation assay; thus, the falsenegative 
rate for this test is 2.5%.

More recently, Bozic and colleagues further evaluated 
this assay using patient samples from both the TYGRIS 
global risk management plan and STRATIFY1, an 
ongoing, longitudinal, observational study of multiple 
sclerosis patients who are being treated with natalizumab 
or are considering treatment with natalizumab.22 Among 
1,096 patients from STRATIFY1, the overall JCV 
seropositivity rate was 56.0%. The falsenegative rate 
was 2.7%, similar to that reported by Gorelik and col
leagues.20 Among 1,451 patients from TYGRIS, the 
overall JCV seropositivity rate was 47.6%. The study 
by Bozic and colleagues further noted certain trends in 
seroprevalence, such as a significant increase in seroposi
tivity with increasing age and a lower prevalence of anti
JCV antibodies in females versus males.22 No differences 
in seroprevalence were observed between patients with 
or without natalizumab exposure (P=.9709) or between 
those with or without prior immunosuppressant  
exposure (P=.6632).
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Putting JC Virus Antibody Testing Into  
Clinical Practice
Stephen B. Hanauer, MD

The approval of natalizumab with an indication for 
Crohn’s disease coupled with the antiJCV anti
body assay’s ability to detect prior JCV exposure 

prompted a major change in the treatment of Crohn’s dis
ease patients who had failed antiTNFα therapy. Before 
the antiJCV antibody assay became available, clinicians 
had difficulty convincing patients with Crohn’s disease to 
use natalizumab, as patients were understandably con
cerned about the uncertain risk of developing PML. With 
the availability of the antiJCV antibody assay, however, 
clinicians can now identify patients who are negative for 
antiJCV antibodies and reassure them that they have an 
exceedingly low estimated risk of developing PML. Given 
natalizumab’s efficacy for inducing and maintaining dis
ease remission, this additional information often swings 
the balance in favor of natalizumab therapy. Interestingly, 
before PML was identified as a rare adverse event associ
ated with natalizumab, this drug was actually considered 
to be a safer alternative to antiTNFα therapy.

Prior to the development of the antiJCV antibody 
assay, the primary reason why natalizumab was not 
widely prescribed to treat Crohn’s disease was the risk 
of PML associated with this drug. However, subsequent 
studies have established that the risk of PML is almost 
zero in patients who are negative for antiJCV antibod
ies. Thus, Crohn’s disease patients who are negative for  
antiJCV antibodies are much more likely to elect to 
begin natalizumab therapy once they understand the 
implications of their negative test result.

For Crohn’s disease patients who test positive for 
antiJCV antibodies, 2 trends are observed. If patients had 
been receiving natalizumab therapy, they generally elect 
to discontinue treatment once their antiJCV antibody 
test result comes back positive. Similarly, patients who are 
considering whether to initiate natalizumab therapy usu
ally elect to pursue alternative treatment options if they 
learn they are positive for antiJCV antibodies. However, 
a few antiJCV antibody–positive patients elect to accept 
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the risk of PML; in general, these patients do not have 
a history of extensive immunosuppression therapy, and 
they initiate natalizumab with the knowledge that it will 
be discontinued after 1 year.

Deciding When to Initiate Natalizumab Therapy 

The efficacy of natalizumab therapy for the management 
of Crohn’s disease has now been demonstrated in mul
tiple published clinical reports. In addition to the original 
clinical trials that established natalizumab as an effective 
therapy for Crohn’s disease, a recent systematic review and 
metaanalysis reported that natalizumab was superior to 
placebo for inducing remission in patients with luminal 
Crohn’s disease.13 In 5 randomized controlled clinical 
trials that included a total of 1,771 individuals, 65.4% of 
natalizumabtreated patients and 77.3% of placebotreated 
patients failed to achieve remission. Thus, natalizumab 
treatment was found to reduce the relative risk of not 
achieving remission (0.88; 95% CI, 0.83–0.94; P=.72). 

More recently, Kane and colleagues reported their 
experience using natalizumab in Crohn’s disease patients 
who were treated at Mayo Clinic Rochester between  
April 2008 and September 2010.4 A total of 36 consecu
tive patients who received natalizumab therapy for active 
Crohn’s disease were invited to participate in this study; 
30 patients agreed to participate and were followed pro
spectively. These patients had been previously treated with 
either 1 (23.3%) or 2 (76.7%) antiTNFα therapies. 
Nearly half (46%) of patients who received natalizumab 
achieved a clinical response, as assessed at each monthly 
infusion using the HarveyBradshaw Index. Of the  
7 patients who were receiving corticosteroid therapy, 4 were 
able to taper off corticosteroids. At least 1 adverse event 
was experienced by each of the 30 patients in this study; 
however, none of the 13 patients (43%) who discontinued 
natalizumab therapy did so due to an adverse event. No 
cases of PML occurred in this study. Overall, the authors 
of this report concluded that, when natalizumab is used for 
the treatment of active Crohn’s disease in routine clinical 
practice, it yields efficacy similar to that reported in clinical 
trials, and it has a manageable safety profile.

Before initiating natalizumab therapy in a patient 
with Crohn’s disease, clinicians should first confirm that 
the patient is losing (or has lost) response to both conven
tional therapies and antiTNFα agents. Also, clinicians 
should consider whether alternatives to natalizumab 
might be preferable. Many patients who have lost response 
to biologic therapy have stricturing disease, which makes 
them excellent candidates for surgical resection. In these 
cases, surgery is an important alternative to natalizumab 
therapy, and this option should be considered and dis
cussed with the patient. 

For patients with active disease who have lost 
response to a first or second antiTNFα agent despite 
adequate trough levels of the agent, mounting evidence 
suggests that continuing biologic therapy with yet another  
antiTNFα agent is unlikely to elicit a clinical response. 
Thus, these patients are candidates for natalizumab treat
ment, and they should undergo antiJCV antibody test
ing. In contrast, if a patient with active Crohn’s disease 
has lost response to an antiTNFα agent because of the 
development of antibodies to that agent, the optimal 
strategy is to switch to an alternative antiTNFα drug. 
Currently, 3 antiTNFα agents have been approved by 
the FDA for treatment of Crohn’s disease—infliximab, 
adalimumab, and certolizumab pegol—so clinicians 
have several choices in this drug category. In addition, 
a number of new antiTNFα agents are currently under 
investigation in multiple clinical trials, suggesting that 
new options may become available in the future.

Management of Crohn’s Disease Patients 
According to Anti–JC Virus Antibody Status

Once the patient and the clinician have agreed that 
natalizumab represents the best option for continued 
treatment of the patient’s disease, then the previously 
described ELISA should be used to determine the patient’s 
antiJCV antibody status. For antiJCV antibody–nega
tive patients, natalizumab therapy can be recommended 
with littletono fear for the development of PML, and 
longterm administration of natalizumab is an option. 
Being able to safely continue therapy for many years is 
an especially important consideration for patients with 
Crohn’s disease, as this lifelong disease requires ongoing 
therapy in order for patients to maintain remission. 

Under its current indication, natalizumab should 
not be used in combination with immunosuppressants 
(including 6mercaptopurine, azathioprine, cyclosporine, 
or methotrexate) or antiTNFα agents.5 However, amino
salicylate can be continued during natalizumab therapy. 
If the patient is receiving chronic treatment with oral 
corticosteroids at the time he or she initiates natalizumab, 
then steroid tapering should begin as soon as the patient 
establishes a therapeutic benefit with natalizumab. 
Natalizumab should be discontinued if the patient is unable 
to complete tapering of oral corticosteroids within 6 months 
of initiating natalizumab. However, in clinical practice, this 
guidance may not be an ultimatum; many patients are able 
to markedly reduce their steroid requirements while on 
natalizumab (similar to therapy with antiTNFα biolog
ics), and for these patients, the risk/benefit of continuing 
natalizumab should be taken into consideration. On the 
other hand, discontinuation of natalizumab should be con
sidered if patients require use of “significant” steroid doses or 
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courses of steroids to control their Crohn’s disease in excess 
of 3 months per calendar year. 

In antiJCV antibody–negative Crohn’s disease 
patients who begin natalizumab therapy, antiJCV anti
body status should be reassessed every 6 months.5 This 
strategy will allow the clinician to detect a new JCV infec
tion promptly and also helps to mitigate the small risk that 
a falsenegative result may have occurred during previous 
testing. Because the risk of developing PML becomes rela
tively greater after the first year of natalizumab exposure, 
reassessing the patient’s antiJCV antibody status every  
6 months will allow sufficient time to make decisions 
about withdrawing natalizumab and to identify an alter
native treatment strategy, if necessary.

For antiJCV antibody–positive patients, the risk of 
PML often leads patients to forgo natalizumab therapy; 
unfortunately, lack of effective alternatives often means 
that these patients will continue to experience active 
Crohn’s disease or steroid dependence. Given that 
natalizumab is only indicated for patients who have 
either had an inadequate response to or were unable to 
tolerate conventional therapies and antiTNFα agents, 
patients who are considering natalizumab therapy have 
often exhausted other medical therapies.5 In this situa
tion, the patient’s history should be carefully reviewed to 
make certain that he or she has been optimally treated 
with conventional therapies, including immunomodula
tors; for example, methotrexate may be considered as an 
alternative strategy for a patient who did not respond to 
azathioprine. Additionally, clinicians should learn why 
antiTNFα therapy was discontinued and determine 
whether the patient might benefit from another course 
of antiTNFα therapy, either with the same medication 
or a different agent. Finally, patients who are not suitable 
candidates for natalizumab therapy could consider enroll
ment in an appropriate clinical trial, which might allow 

them access to a new treatment option; indeed, patients 
who are not candidates for natalizumab represent the 
largest population of patients currently entering Crohn’s 
disease clinical trials.

In select cases, an antiJCV antibody–positive 
patient with Crohn’s disease may elect to initiate 
natalizumab therapy. Typically, these patients are faced 
with very difficult circumstances, such as a complete 
lack of any other treatment options and/or extensive 
disease that prevents them from being surgical candi
dates. In these cases, natalizumab may be chosen as a 
temporary treatment option, with the understanding 
that its use will be limited to 1 year. After this period, 
a novel therapeutic alternative may have emerged—
either a newly approved drug or an agent under inves
tigation—or the limited course of natalizumab may 
have improved the patient’s condition enough to make 
surgery a viable option (if the patient was previously 
not a candidate for surgery). 
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Question-and-Answer Forum
G&H If a patient with active Crohn’s disease has 
failed 2 anti-TNfa agents, would you consider 
treatment with a third anti-TNfa agent or would 
you consider starting natalizumab therapy? 

Stephen B. Hanauer, MD  This decision is primarily 
dependent on why the patient failed prior antiTNFα 
therapy. In cases of failure due to the development of 
immunogenicity, switching to an alternative antiTNFα 
agent often results in a favorable response. In contrast, 
if patients failed antiTNFα therapy even in the setting 
of adequate serum trough levels of the drug, then they 
are unlikely to benefit from switching agents. These latter 
patients may be candidates for natalizumab treatment.

Gary R. Lichtenstein, MD  The GAIN study evaluated 
induction therapy with adalimumab in patients with Crohn’s 
disease who had previously been treated with infliximab.1 In 
these patients, adalimumab induction therapy resulted in a 
remission rate of 21% at Week 4, compared to a remission rate 
of only 7% among patients who received placebo (P<.001). 
These results provide a rationale for attempting treatment 
with more than 1 antiTNFα agent in the clinical setting.

William J. Sandborn, MD  Crohn’s disease patients who 
are primary nonresponders to antiTNFα therapy may 
be candidates for natalizumab. A primary nonresponder 
would be defined as a patient who received the initial 
induction regimen but failed to achieve a clinical response. 
Although this group has not been extensively evaluated, 
there is little evidence to suggest that these patients will 
derive benefit from an alternative antiTNFα therapy. 

In contrast, switching to a different antiTNFα agent 
might be beneficial for patients who initially achieved a 
response with an antiTNFα agent but then subsequently 
experienced an attenuation or loss of response (or became 
intolerant to therapy). However, the likelihood of benefit 
is lower in these patients than in patients who are naïve 
to antiTNFα therapy. Thus, clinicians should discuss 
both the likelihood of benefit and the risks of therapy with 
these patients, as switching antiTNFα agents exposes the 
patient to all the risks associated with the antiTNFα agent 
but with a potentially considerable attenuation in benefit.

G&H What criteria should be used to determine 
whether a Crohn’s disease patient has responded 
to natalizumab?

GRL  The basic criteria used to determine response to 
conventional Crohn’s disease therapies can also be useful 

in the setting of natalizumab treatment. For example, 
the ability of the patient to taper off and/or remain off 
of corticosteroid therapy is an important indicator of 
response. Other indicators that suggest an improvement 
in inflammation are reduction in CRP level and lack of 
hyperenhancement on CT enterography.

SBH  The first goal of therapy is symptomatic relief and 
corticosteroid withdrawal, with a primary objective being 
corticosteroidfree clinical remission. An added benefit 
of therapy, over and above symptom control, is mucosal 
healing as assessed by endoscopy.

WJS  Currently, natalizumab can only be administered 
to patients in the context of the TOUCH program. 
As part of TOUCH, patients are required to be reas
sessed at regular intervals (every 3 months at the start 
of natalizumab therapy and every 6 months thereafter) 
to determine if continued use of natalizumab is war
ranted. In my experience, natalizumab is a somewhat 
sloweracting drug compared to other Crohn’s dis
ease therapies. The time to mucosal healing was not 
rigorously assessed in clinical trials of natalizumab; 
however, these studies showed that patients generally 
achieved their maximum benefit after approximately 
3 months or slightly thereafter. I generally will con
tinue natalizumab as long as there is evidence that the 
patient is experiencing some subjective improvement in 
symptoms—such as a reduction in stool frequency or 
abdominal pain—at the 3month followup visit.

G&H Under what circumstances would you start 
or maintain natalizumab therapy in a Crohn’s 
disease patient who is anti-JCV antibody–positive?

WJS  In general, I would not start or continue natalizumab 
in a patient with Crohn’s disease who is positive for anti
JCV antibodies because of their risk for developing PML. 

GRL Natalizumab may be useful for treating patients 
with extensive disease who are not currently candidates 
for surgery. A relatively short course of natalizumab (up to 
1 year) may be sufficient to induce enough of a response 
so that surgery becomes an option for these patients.

SBH  An important point to remember is that, in addi
tion to longer duration of natalizumab treatment, prior 
exposure to immunosuppressive agents is another factor 
that increases the risk of PML in antiJCV antibody–
positive patients. Because nearly 100% of Crohn’s dis
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ease patients who are considering natalizumab therapy 
will have previously tried immunosuppressive therapy, 
this group is already at a heightened risk for the devel
opment of PML. 

G&H how might the development of vedolizumab 
alter considerations of risk and benefit with 
natalizumab?

WJS  Because natalizumab is not selective for the α4β7 
integrin, it acts in both the gut and the brain; specifically, 
it is thought to prevent lymphocyte trafficking to the cen
tral nervous system by targeting the α4β1 integrin, which 
may be part of the mechanism by which natalizumab is 
involved in JCV reactivation and subsequent development 
of PML. In contrast, vedolizumab’s effects appear to be 
more gutspecific, as it is selective for the α4β7 integrin; this 
selectivity suggests that vedolizumab may pose littletono 
increased risk of JCV reactivation and PML.2 Vedolizumab 
is currently under investigation as a possible treatment for 
Crohn’s disease, but it has not yet been approved. Other 
agents that target leukocyte migration and adhesion are 
also in various stages of clinical development as treatments 
for Crohn’s disease, including AJM300, etrolizumab, 
PF00547659, and CCX282B.2

GRL  To date, PML has not been reported in vedolizumab
treated patients. If vedolizumab eventually receives FDA 
approval for treatment of Crohn’s disease, postmarketing 
surveillance will be needed to determine if vedolizumab is 
actually safer than natalizumab in terms of the risk of PML. 
If it is approved and not found to be associated with PML, 
then I believe that vedolizumab will be preferentially selected 
for patients who are antiJCV antibody–positive. For anti
JCV antibody–negative patients, the selection of vedoli
zumab over natalizumab (or vice versa) will depend on the 
availability of further data comparing the 2 agents.

SBH  Even if vedolizumab gains approval for the treat
ment of Crohn’s disease, natalizumab will still play an 
important role in treating this condition. The develop
ment of immunogenicity will always be an issue with bio
logic therapies, which creates a need for multiple agents 
targeting the same class of molecules.
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for a free electronic download of these slides, please direct your browser  
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