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Objective: The increased risk of progressive multifocal leukoencephalopathy (PML) with natalizumab treatment is
associated with the presence of anti–JC virus (JCV) antibodies. We analyzed whether anti-JCV antibody levels, meas-
ured as index, may further define PML risk in seropositive patients.
Methods: The association between serum or plasma anti-JCV antibody levels and PML risk was examined in anti-JCV
antibody–positive multiple sclerosis (MS) patients from natalizumab clinical studies and postmarketing sources. For
PML and non-PML patients, the probabilities of having an index below and above a range of anti-JCV antibody index
thresholds were calculated using all available data and applied to the PML risk stratification algorithm. Longitudinal
stability of anti-JCV antibody index was also evaluated.
Results: Anti-JCV antibody index data were available for serum/plasma samples collected >6 months prior to PML
diagnosis from 71 natalizumab-treated PML patients and 2,522 non-PML anti-JCV antibody–positive patients. In
patients with no prior immunosuppressant use, anti-JCV antibody index distribution was significantly higher in PML
patients than in non-PML patients (p<0.0001). Among patients who were anti-JCV antibody negative at baseline in
the AFFIRM and STRATIFY-1 trials, 97% remained consistently negative or below an index threshold of 1.5 over 18
months. Retrospective analyses of pre-PML samples collected longitudinally from PML patients displayed sustained
higher anti-JCV antibody index over time.
Interpretation: Anti-JCV antibody levels in serum/plasma, measured as index, may differentiate PML risk in anti-JCV
antibody–positive MS patients with no prior immunosuppressant use. Continued evaluation of anti-JCV antibody
index and PML risk is warranted.
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Natalizumab is a highly efficacious therapy for

patients with relapsing multiple sclerosis (MS)

based on significant reductions in annualized relapse rate

and the risk of sustained disability progression in a 2-

year phase 3 study1 and in 4- to 5-year open-label obser-

vational studies.2,3 Natalizumab treatment is associated

with an increased risk of progressive multifocal leukoen-

cephalopathy (PML), and understanding this risk is nec-

essary for informed benefit–risk evaluation and treatment

decisions.

The presence of anti–JC virus (JCV) antibodies in

serum or plasma is a risk factor for PML development,

and in anti-JCV antibody–positive patients, the use of

immunosuppressants prior to natalizumab treatment and

extended duration of natalizumab treatment (especially

beyond 2 years) increase PML risk.4 Detection of anti-
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JCV antibodies using a 2-step enzyme-linked immuno-

sorbent assay (ELISA) has been proven to reliably

stratify the risk of PML. Using this assay, anti-JCV anti-

bodies were detected in 232 of 234 natalizumab-treated

patients (99%) who had a blood sample available for

anti-JCV antibody analysis >6 months prior to PML

diagnosis (data as of August 5, 2014).5 The reported

prevalence of anti-JCV antibodies using the 2-step

ELISA ranges from approximately 50% to 70% in

natalizumab-treated MS patients.6–10 The risk of PML

in anti-JCV antibody–negative patients is 1 per 10,000

patients, as demonstrated by data from postmarketing

sources as well as from a large prospective study,

STRATIFY-2.5,6 A small proportion of patients demon-

strate fluctuating anti-JCV antibody status over time,

and the risk of PML in these patients is unclear.11,12

The overall incidence of PML in anti-JCV antibody–

positive patients with no prior immunosuppressant use

remains <1 per 1,000 patients during the first 2 years

of natalizumab treatment.4,5

A recent exploratory analysis of anti-JCV antibody

data from natalizumab-treated MS patients showed

higher anti-JCV antibody levels in 9 patients who devel-

oped PML compared with non-PML anti-JCV antibody–

positive patients.10 Higher antibody levels to other polyo-

maviruses, BK virus (BKV) and Merkel cell virus

(MCV), in patients with increased viral burden also have

been observed.13–15 We therefore performed an extensive

retrospective analysis to determine whether anti-JCV anti-

body levels may further define PML risk in anti-JCV

antibody–positive patients. Data from this analysis have

been presented at 2013 meetings of the Consortium of

Multiple Sclerosis Centers–Americas Committee for

Treatment and Research in Multiple Sclerosis and the

European Neurological Society.16,17

Patients and Methods

Anti-JCV antibody serological status and index were determined

by the 2-step second-generation anti-JCV antibody assay

(STRATIFY JCV DxSelect; Focus Diagnostics, Cypress, CA).18

Focus Diagnostics has received 510(k) clearance from the Cen-

ters for Diagnostics and Radiological Health for this device.

The device label18 includes detailed information on the test

procedure and index results reporting methodology, analytical

validation parameters, test reproducibility, and clinical agree-

ment as evaluated between 3 testing sites, including Focus

Diagnostics and 2 external testing sites. The anti-JCV antibody

assay is currently performed in 3 laboratories: Focus Diagnostics

(Cypress, CA), Unilabs (Copenhagen, Denmark), and Cirion

Central Laboratory (Laval, Canada). The second-generation

assay has improved sensitivity to detect anti-JCV antibodies

compared with the first-generation STRATIFY JCV assay (limit

of detection 5 60ng/ml and 350ng/ml, respectively) and was

shown by Focus Diagnostics to have positive agreement of

>97% and a negative agreement of >90% when compared

with the first-generation assay.18 The improved sensitivity and

reproducibility of the second-generation assay was enabled by

lyophilization and stabilization of the well-characterized JC

virus like particle (VLP) to microwell strips and by optimizing

the coating concentration, surface chemistry, and conjugate

dilution.12 Quality control samples used in the test include the

cutoff calibrator (CO), positive control (PC), and negative con-

trol (NC). The CO is used to calculate sample index values,

and the PC and NC are used to evaluate assay performance

and inter-test variability over time. The CO and PC controls

are prepared from pooled sera collected from anti-JCV anti-

body–positive healthy human volunteers, and the NC is pre-

pared from pooled sera with undetectable level of anti-JCV

antibodies as determined in the test. The CO has been formu-

lated to give the optimum differentiation between negative and

positive specimens. Each new lot of quality control samples is

rigorously qualified using predefined acceptance criteria to

closely match (within 10%) the mean optical density (OD) val-

ues of the new lot to that of the previous lot. The following

acceptance criteria are defined for the CO, PC, and NC in the

STRATIFY JCV Dx SELECT device label (PI.EL1950 rev. C;

date written: January 18, 2013; Focus Diagnostics). Acceptance

criterion for the CO is based on OD values, the primary assay

data output. Inter- and intra-assay performance is confirmed

using index-based acceptance criteria for the PC and NC sam-

ples on the plate (OD of PC or NC divided by OD of CO on

the same plate). The index value for the patient sample is

derived in a manner similar to that for the PC and NC by nor-

malizing the OD value of the patient sample to the OD

derived for the CO on the same plate. Although the absorbance

value may vary between runs and between laboratories, the

mean value for the CO must be within 0.600 to 1.700 absorb-

ance OD units. At least 3 of the 4 replicates of the CO ODs

must be within 0.100 absorbance OD units from the mean

value. One replicate may be excluded; if a replicate is excluded,

the mean OD must be recalculated using the 3 acceptable val-

ues. The PC index value must be between 0.90 and 1.70

absorbance OD units, and the inhibition by PC in the inhibi-

tion test must be >70%. The NC index value must be <0.20

absorbance OD units.

Briefly, patient serum or plasma and quality control sam-

ples are diluted 1:101 and added to JC VLP precoated micro-

wells and incubated. Patient samples and 2 dilutions each of

the quality control samples are tested in duplicate. The plates

are then washed, and antihuman immunoglobulin (H1L) con-

jugated with horseradish peroxidase is added to plates and incu-

bated. After a subsequent wash, the tetramethylbenzidine

substrate solution is added for color development. The reaction

is stopped with sulfuric acid solution, and OD is measured at

450 nm using a plate reader. Index is calculated by dividing the

OD value for the samples by the OD of the CO to normalize

results across plates. An index >0.40 denotes anti-JCV antibody

positivity, index <0.20 denotes anti-JCV antibody negativity,

and index �0.20 but �0.40 denotes indeterminate response
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requiring further evaluation in the confirmation test. In the

confirmation test, 1 aliquot of patient sample diluted 1:101 is

preinhibited with JC VLP in solution. Then the preinhibited

patient sample and the noninhibited aliquot of patient sample

are tested in the anti-JCV antibody test following the procedure

described above. Results from the confirmation test are reported

as percentage inhibition, calculated as 100 3 (1 2 [mean

OD450 preinhibited sample/mean OD450 noninhibited sam-

ple]). Samples in the confirmation test are scored positive when

the index is �0.20 but �0.40 and the inhibition is >45%.12,18

Unlike antibody titer values, which are obtained by serial sam-

ple dilution to determine the greatest dilution that gives a posi-

tive result, index is calculated by testing patient samples at a

single dilution. However, the proportionality between the index

and anti-JCV antibody titers derived from serial sample dilution

has been experimentally demonstrated for index �3.0 (unpub-

lished data).12

Anti-JCV antibody index (titer equivalent) was also eval-

uated in 100 normal healthy volunteers (samples diluted

1:101). The mean index (with 95% confidence interval [CI]) in

this population was found to be 1.332 (1.111–1.553) absorb-

ance OD units. The median index value in the healthy volun-

teers was 1.039 absorbance OD units, with a 25th percentile

index value of 0.246 and 75th percentile index value of 2.397.

Samples
Anti-JCV antibody index data were collected from anti-JCV

antibody–positive MS patients who did not develop PML from

3 natalizumab clinical studies, AFFIRM (n 5 359),1

STRATIFY-1 (n 5 680),7 and STRATIFY-2 (n 5 1,483)6; the

total number of samples was 5,834. Because PML is an uncom-

mon adverse event in natalizumab-treated patients, PML patient

samples were obtained from clinical studies and postmarketing

sources (n 5 71 as of September 2012); only pre-PML samples

available >6 months prior to PML diagnosis were included

(total number of samples 5 316, collected at a median duration

of 4 years prior to PML diagnosis). Patients enrolled in clinical

studies provided informed consent for participation. For all

other patients, data were collected through standard pharmaco-

vigilance practices.

Association between Anti-JCV Antibody Index
and PML
The association of index and PML risk was initially explored

using a test set of samples and then confirmed using a verifica-

tion set.

The test data set consisted of 1,039 non-PML anti-JCV

antibody–positive MS patients from AFFIRM and STRATIFY-1

and 45 MS patients who developed PML from clinical studies

(excluding STRATIFY-2) and postmarketing sources. Because

only 9 of the 45 PML cases came from the AFFIRM and

STRATIFY-1 populations (STRATA PML patients previously

in AFFIRM [n 5 7] 1 STRATIFY-1 [n 5 2]), the PML cases in

the test set could have arisen from a population not captured in

the clinical studies. Thus, we verified the results in a population

giving rise to PML and non-PML patients—STRATIFY-2, in

which patients either were receiving natalizumab or were inter-

ested in or considering natalizumab treatment. The verification

data set consisted of 1,483 non-PML anti-JCV antibody–posi-

tive MS patients (baseline samples) and 26 MS patients who

developed PML from STRATIFY-2. Integrated analyses of the

combined data sets were performed on 2,522 non-PML anti-

JCV antibody–positive MS patients and 71 MS patients who

developed PML. For cross-sectional analyses, the lowest index

was used for patients with >1 available index sample; p values

were calculated using a Wilcoxon rank sum test. The median

exposure to natalizumab at the time when the lowest index was

obtained in the non-PML population was 19 infusions for the

test data set, 23 infusions for the verification data set, and 21

infusions for the combined data set. Association analyses also

were performed on each data set to assess the potential relation-

ships between anti-JCV antibody index and other PML risk fac-

tors (prior immunosuppressant use and natalizumab treatment

duration �24 vs >24 months).

Distribution of PML and Non-PML Anti-JCV
Antibody–Positive Patients across Different
Index Thresholds
Due to the serious nature of PML, the analysis of PML risk in

reference to index thresholds focused primarily on clinical crite-

ria (aiming to keep the false-negative rate �10%) rather than

on the traditional statistical measures of sensitivity and specific-

ity. Because physicians and patients have their own personal

appreciation of risk tolerance and make conscious risk/benefit

decisions based on various factors, the selection of 1 optimal

index threshold was considered not as clinically useful. Thus,

data from all anti-JCV antibody–positive patients from the test

and verification sets were stratified over a range of index thresh-

olds from 0.7 to 1.5 into lower-index (at or below threshold)

and higher-index (above threshold) cohorts. The predicted

probabilities to have an anti-JCV antibody index below and

above the thresholds for PML and non-PML patients were cal-

culated using all available longitudinal samples. A repeated-

measures analysis was used with predicted probabilities, odds

ratios, and p values estimated from generalized estimating equa-

tions with a logit link. An exchangeable correlation structure

was assumed. A Bonferroni correction was applied to p values

and CIs to correct for multiplicity of analyses with 5

thresholds.

Calculation of PML Risk Estimates across a
Range of Index Thresholds
The predicted probabilities of having an anti-JCV antibody

index below and above the thresholds for PML and non-PML

patients were then applied to the numerators and denominators

of anti-JCV antibody–positive patients in the PML risk stratifi-

cation algorithm (based on data as of September 2012, with

285 confirmed PML cases).5 Ninety-nine percent CIs were cal-

culated using the bootstrap percentile method with 2,000 boot-

strap samples. A cluster bootstrap was used for sampling PML

and non-PML patients with replacement. The predicted proba-

bilities were calculated for each bootstrap sample.
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Assessment of Longitudinal Stability of Anti-
JCV Antibody Status and Index
Longitudinal analyses of index were performed on samples col-

lected every 6 months from AFFIRM and STRATIFY-1 over a

period of 18 months.1,11 The stability of index values was

assessed over time in patients who maintained or changed serosta-

tus from anti-JCV antibody negative at baseline to positive at sub-

sequent time points using the following categories: (1) consistently

lower, with all positive samples consistently at or below index

threshold; (2) higher at any point, with 1 or more samples above

index threshold; and (3) consistently higher, with 2 or more con-

secutive samples above index threshold. Longitudinal stability of

index was also examined in natalizumab-treated patients who

developed PML and had 2 or more pre-PML samples.

Results

Association between Anti-JCV Antibody Index
and PML
The initial exploratory analysis of the association between

index and PML risk using the test data set showed that

the distribution of anti-JCV antibody index was signifi-

cantly higher in pre-PML samples from natalizumab-

treated patients who developed PML than in samples

from non-PML anti-JCV antibody–positive patients

(median 5 2.4 vs 1.4; p< 0.0001; Fig 1A). Subsequent

analysis using the verification data set confirmed the

association between index and PML, with a significantly

higher index distribution for pre-PML samples from

PML patients than for samples from non-PML patients

(median 5 2.3 vs 1.9; p 5 0.0199; see Fig 1B). In cross-

sectional analysis of the combined PML and non-PML

population for both data sets, there was no association

detected between index and natalizumab treatment dura-

tion or prior immunosuppressant use (Fig 2).

Effect of Prior Immunosuppressant Use on
Association between Index and PML Risk
Further analysis of the test data set identified a different

relationship between index and PML for patients based

on prior immunosuppressant use (Fig 3A). In patients

with no prior immunosuppressant use, the index distri-

bution was significantly higher for PML patients than for

non-PML patients (median 5 2.4 vs 1.4; p< 0.0001). In

contrast, index distribution was similar for non-PML and

PML patients with prior immunosuppressant use

(median 5 1.6 for both groups; p 5 0.82). A similar rela-

tionship was observed for the verification data set (see

Fig 3B) and the combined data set (interaction

p 5 0.0158; Fig 4A). Thus, subsequent analyses of index

and PML risk were limited to patients with no immuno-

suppressant use prior to natalizumab treatment. Scatter-

plot representation of anti-JCV antibody index data for

the combined data sets of patients with no prior immu-

nosuppressant treatment highlights the significantly

higher index distribution for pre-PML samples of PML

patients compared with non-PML patients, with only 1

of 51 PML cases having index< 0.9 and 6 of 51 PML

cases having index< 1.5 (see Fig 4B). Results remained

consistent after removing 239 patients from the non-

PML group who were not treated with natalizumab at

the time of sampling (n 5 2,003; p< 0.0001).

Anti-JCV Antibody Index Threshold and PML
Risk
The estimated proportions of anti-JCV antibody–positive

non-PML and PML patients with no prior

FIGURE 1: Anti–JC virus (JCV) antibody index in non–pro-
gressive multifocal leukoencephalopathy (PML) and PML
patients. (A) Test data set includes lowest index for 1,039
non-PML patients who tested anti-JCV antibody–positive
and 45 PML patients with pre-PML samples >6 months prior
to PML diagnosis, as of September 2012. (B) Verification
data set includes samples from 1,483 non-PML patients who
tested anti-JCV antibody–positive at baseline of STRATIFY-2
and pre-PML samples (>6 months prior to PML diagnosis)
from 26 patients who developed PML in STRATIFY-2. For
the non-PML group in the verification data set, optical den-
sities >3.0 used to calculate anti-JCV antibody index were
reported as 3.0 by the testing laboratory. The lowest index
value was used for patients who had multiple samples avail-
able. Box 5 interquartile range; thick black horizontal line-
5 median; horizontal bars 5 range; x 5 mean.
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immunosuppressant use having an anti-JCV antibody

index at or below thresholds ranging from 0.7 to 1.5 are

shown in Table 1 for the combined data sets. Across the

range of index thresholds, results were statistically signifi-

cant, with odds ratios ranging from approximately 7 to

45.

Using the predicted probabilities from the com-

bined data sets, PML risk estimates were generated for

anti-JCV antibody index thresholds of 0.9 to 1.5 (Table 2).

For anti-JCV antibody–positive patients with no prior

immunosuppressant use and an anti-JCV antibody index

at or below thresholds of 0.9 to 1.5, the risk of PML

was approximately 0.1 per 1,000 patients during the first

2 years of natalizumab treatment, and it ranged from 0.3

to 1.3 per 1,000 patients from month 25 to 48 and

from month 49 to 72. For patients with no prior immu-

nosuppressant use and an anti-JCV antibody index> 1.5,

the risk of PML was approximately 1 per 1,000 patients

during the first 2 years of natalizumab treatment, and

ranged from 8.1 to 8.5 per 1,000 patients from month

25 to 48 and from month 49 to 72.

FIGURE 2: Association between (A) natalizumab treatment
duration or (B) prior immunosuppressant (IS) use and index
in the combined non–progressive multifocal leukoencephal-
opathy (PML) and PML population for the test and verifica-
tion data sets. The test data set includes the combined
population of 1,039 non-PML patients who tested anti–JC
virus (JCV) antibody–positive and 45 PML patients with
samples available >6 months prior to PML diagnosis, as of
September 2012. The verification data set includes the com-
bined population of 1,483 non-PML patients who tested
anti-JCV antibody–positive and 26 PML patients with sam-
ples available >6 months prior to PML diagnosis, as of Sep-
tember 2012. The lowest index value was used for patients
who had multiple samples available. Box 5 interquartile
range; thick black horizontal line 5 median; horizontal
bars 5 range; x 5 mean.

FIGURE 3: Anti–JC virus (JCV) antibody index in non–pro-
gressive multifocal leukoencephalopathy (PML) and PML
patients by prior immunosuppressant (IS) use for the (A)
test and (B) verification data sets. The test data set includes
993 non-PML patients who tested anti-JCV antibody–posi-
tive and 44 PML patients (with samples available >6 months
prior to PML diagnosis) who had information available on
prior IS use, as of September 2012. The verification data set
includes 1,425 non-PML patients who tested anti-JCV anti-
body–positive and 26 PML patients (with samples available
>6 months prior to PML diagnosis) who had information
available on prior IS use, as of September 2012. The lowest
index value was used for patients who had multiple samples
available. Box 5 interquartile range; thick black horizontal
line 5 median; horizontal bars 5 range; x 5 mean.
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Longitudinal Assessment of Index Stability
Longitudinal data were available every 6 months over a

period of 18 months for 553 anti-JCV antibody–negative

patients at baseline who had no prior immunosuppres-

sant use from the AFFIRM and STRATIFY-1 studies. Of

these 553 patients, the majority (87%; 479 of 553)

remained negative at all subsequent testing over 18

months (Table 3). Of the 74 patients (13%) who

changed serostatus from negative to positive at 1 or more

time points over 18 months, 29 (39%) reverted back to

negative at least once during the 18 months; 69% (51 of

74) remained consistently below the anti-JCV antibody

index threshold of 0.9, and 74% (55 of 74) remained

below 1.5. Thus, 96% (530 of 553) to 97% (534 of

553) of patients with an anti-JCV antibody–negative

result at baseline remained either negative or consistently

below anti-JCV antibody index thresholds of 0.9 to 1.5

over 18 months (see Table 3).

Twenty-five natalizumab-treated MS patients with

no prior immunosuppressant use who developed PML

had at least 2 pre-PML samples. For 24 of these patients

(96%), all samples had an anti-JCV antibody index-

> 0.9, and for 21 of 25 patients (84%), all samples had

an anti-JCV antibody index> 1.5 (Fig 5). In 1 patient, 3

of 4 available samples had an anti-JCV antibody index-

� 0.9, 2 of which were collected within 12 months of

PML diagnosis.

Discussion

The current analysis has extended our prior observations

to show that in anti-JCV antibody–positive natalizumab-

treated patients, higher levels of serum or plasma anti-

JCV antibodies, as measured by anti-JCV antibody index,

are associated with higher PML risk. Persistently higher

antibody levels have previously been shown in subjects

with increased viral burden to other viruses. Higher anti-

BKV VP1 antibody levels have been reported in individ-

uals with higher BKV replication and in those with virus

reactivation from latency.13,19 Similarly, an association

between MC polyomavirus load and capsid-specific

MCV antibody titers in MC carcinoma patients, between

Epstein–Barr virus load and antiviral capsid or anti-

ZEBRA immunoglobulin G titer in Hodgkin lymphoma

patients, and between anti–viral capsid antigen titers and

viral load in human immunodeficiency virus–infected

subjects has been demonstrated.14,15,20–22 Furthermore,

increased viral replication has been linked to the frequent

emergence of polyomavirus variants with rearrangement

of the archetype noncoding control region,23–26 and

human leukocyte antigen genotypes and host genetics

have been implicated along with immune modulation in

the resultant increase in viral burden.27,28

Our results suggest that it is possible for MS

patients who test anti-JCV antibody–positive and have

no prior immunosuppressant use to be further delineated

into lower and higher PML risk groups based on serum

or plasma anti-JCV antibody levels, as measured by

index. Interestingly, in our study, difference in median

index level was observed between non-PML patients in

the test (AFFIRM and STRATIFY-1) and verification

(STRATIFY-2) cohorts (see Fig 1). It is possible that dif-

ferences in median age, gender, duration of natalizumab

treatment at study entry, and/or other geographic factors

and disease characteristics may have contributed to this

finding. Regardless, the association of higher index with

FIGURE 4: Anti–JC virus (JCV) antibody index in anti-JCV
antibody–positive non–progressive multifocal leukoence-
phalopathy (PML) and PML patients with or without prior
immunosuppressant (IS) use. (A) Results based on combined
test and verification data sets including 2,522 non-PML and
71 PML patients, stratified based on prior IS use. Interaction
p value tests difference in association between anti-JCV
antibody index and PML risk by prior IS use. (B) Results
based on data for 2,242 non-PML and 51 PML patients who
had no prior IS use and who tested anti-JCV antibody–posi-
tive as of September 2012; 104 non-PML patients and 1
PML patient were missing prior IS use information and were
excluded from analyses. Optical densities >3.0 used to cal-
culate anti-JCV antibody index for the non-PML group in
the verification data set were reported as 3.0 by the testing
laboratory. The lowest index value was used for patients
who had multiple samples available. Horizontal line 5
median; horizontal dashed lines 5 index at 0.9, 1.1, 1.3, and
1.5. CI 5 confidence interval.
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higher PML risk was observed in both patient cohorts.

Patients with no prior immunosuppressant use who were

anti-JCV antibody–positive with index of from �0.9 to

�1.5 in the first 24 months of natalizumab treatment

had an estimated PML risk of 0.1 per 1,000 patients,

whereas those with index> 1.5 had an estimated PML

risk of 1.0 per 1,000 patients. The PML risk of 0.1 per

1,000 patients in the lower-index group is similar to that

for anti-JCV antibody–negative patients and is approxi-

mately 6-fold lower than the level generated by the exist-

ing PML risk stratification algorithm using September

2012 data for the anti-JCV antibody–positive group with

no prior immunosuppressant use in the first 24 months

of natalizumab treatment (0.6 per 1,000).5 The estimated

PML risk over 25 to 48 months of natalizumab exposure

was 17-fold lower for patients with index� 0.9 (0.3 vs

5.2 per 1,000) and 4-fold lower for patients with index-

� 1.5 (1.2 vs 5.2 per 1,000) compared with all anti-JCV

antibody–positive patients.5 The estimated PML risk for

patients with 49 to 72 months of natalizumab exposure

was 13-fold lower for patients with index � 0.9 (0.4 vs

5.4 per 1,000) and 4-fold lower for patients with index-

� 1.5 (1.3 vs 5.4 per 1,000) compared with all anti-JCV

antibody–positive patients.5 For patients with an anti-

TABLE 1. Estimated Proportions of Anti-JCV Antibody–Positive Non-PML and PML Patients with No Prior
Immunosuppressant Use by Index Thresholds

Anti-JCV
Antibody Index

% Non-PML
Below

99% CI % PML
Below

99% CI OR 99% CI pa

�0.7 21.1 19.0–23.3 0.6 0–7.0 45.6 3.5–589.6 <0.001

�0.9 28.2 25.9–30.6 1.7 0.1–18.6 22.9 1.7–305.4 0.009

�1.1 33.6 31.2–36.2 4.4 1.0–17.7 11.1 2.4–52.4 <0.001

�1.3 37.9 35.4–40.5 7.5 2.2–22.5 7.5 2.1–26.8 <0.001

�1.5 42.9 40.4–45.6 10.1 3.5–26.1 6.7 2.1–21.1 <0.001

Data for patients with no prior immunosuppressant use from the combined test and validation data sets; n 5 2,242 for non-PML
anti-JCV antibody–positive patients and n 5 51 for PML patients with available anti-JCV antibody index data >6 months prior to
PML diagnosis. A total of 5,547 samples were analyzed by repeated measures, with predicted probabilities, odds ratios, and p val-
ues estimated from generalized estimating equations with a logit link. An exchangeable correlation structure was assumed.
aBonferroni adjusted.
CI 5 confidence interval; JCV 5 JC virus; OR5 odds ratio; PML 5 progressive multifocal leukoencephalopathy.

TABLE 2. PML Risk Estimates by Index Threshold in Anti-JCV Antibody–Positive Patients with No Prior IS Use

Anti-JCV Antibody Index PML Risk Estimates per 1,000 Anti-JCV Antibody–Positive Patients by
Natalizumab Treatment Duration, No Prior IS Use

1–24 Months (99% CI) 25–48 Months (99% CI) 49–72 Months (99% CI)

�0.9 0.1 (0–0.15) 0.3 (0–1.28) 0.4 (0–1.25)

�1.1 0.1 (0–0.23) 0.7 (0–1.85) 0.7 (0–1.98)

�1.3 0.1 (0–0.28) 1.0 (0–2.38) 1.2 (0–2.56)

�1.5 0.1 (0–0.30) 1.2 (0.20–2.61) 1.3 (0.24–2.78)

>1.5 1.0 (0.84–1.07) 8.1 (7.06–8.98) 8.5 (7.41–9.46)

No indexa 0.6 (0.42–0.88) 5.2 (4.28–6.19) 5.4 (4.03–7.14)

PML risk estimates across anti-JCV antibody index thresholds were calculated based on the PML risk stratification algorithm
(from September 2012) and predicted probabilities shown in Table 1 for the anti-JCV antibody–positive population at or below
respective index thresholds from 0.9 to 1.5. For index thresholds at or below 0.7, PML patient numbers were insufficient to allow
for calculation of risk estimates.
aBased on existing PML risk stratification algorithm using September 2012 data for the anti-JCV antibody positive group with no
prior IS use.
CI 5 confidence interval; IS 5 immunosuppressant; JCV 5 JC virus; PML 5 progressive multifocal leukoencephalopathy.
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JCV antibody index> 1.5 with no prior immunosuppres-

sant use, the relative risk of PML increased from 0.6 to

1.0 per 1,000 patients over 1 to 24 months of natalizu-

mab exposure and from 5.2 to 8.1 per 1,000 patients

over 25 to 48 months of exposure compared with the

current PML risk stratification algorithm as of September

2012.5 As previously described, selection of 1 optimal

cutpoint would not provide flexibility in clinical practice

based on individual risk tolerance; thus, various index

thresholds were used in Tables 1, 2, and 3.

Analysis of longitudinal data from 2 clinical studies

demonstrated that approximately 96% of baseline anti-

JCV antibody–negative patients maintained a negative

serostatus or remained consistently below the anti-JCV

antibody index threshold of 0.9 and thereby at poten-

tially lower risk of PML over at least 18 months. Higher

rates of serostatus change have been reported especially

in cases where patients initially tested negative with the

first-generation anti-JCV antibody assay and were then

retested with the second-generation assay.29,30 The PML

risk in patients who change serological status may differ

based on anti-JCV antibody index. In addition, 2 recent

studies31,32 have shown that JCV DNA is detectable in

blood compartments of natalizumab-treated MS patients

TABLE 3. Anti-JCV Antibody Index over 18 Months for Patients Who Were Anti-JCV Antibody Negative at
Baseline

Index Threshold

0.9 1.2 1.5

�1 positive test consistently below index threshold, % 9.2 9.4 9.9

Consistently lower risk,a % 95.8 96.0 96.6

Higher at any point (�1 sample above index threshold), % 4.2 4.0 3.4

Consistently higher (�2 consecutive samples above index threshold), % 2.2 2.0 1.6

Consistently negative test 5 86.6%.
Includes longitudinal samples collected every 6 months from 553 anti-JCV antibody–negative patients at baseline who had no
prior immunosuppressant use and were followed for a period of 18 months in AFFIRM and STRATIFY-1.
aConsistently negative test 1�1 positive test consistently below index threshold.
JCV 5 JC virus.

FIGURE 5: Longitudinal pre–progressive multifocal leukoencephalopathy (PML) samples generally demonstrate consistently
high anti–JC virus (JCV) antibody index over time: examples of individual cases. Longitudinal scatter JC plot data are given
from 7 individual case examples (A–G) out of 25 PML patients with no prior immunosuppressant use who had at least 2 pre-
PML samples available >6 months prior to PML diagnosis.
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who test negative for anti-JCV antibodies in serum.

These data may suggest that the presence of anti-JCV

antibodies is not a direct surrogate marker for JCV expo-

sure but rather a marker of increased viral burden in an

individual due to either an ongoing infection or periodic

reactivation of the virus from latency. Our data collected

from pre-PML samples shows the presence of anti-JCV

antibodies in 232 of 234 natalizumab-treated patients

who had a blood sample available prior to PML diagno-

sis.5 Therefore, the presence of anti-JCV antibodies in

serum or plasma has been confirmed to be relevant for

PML risk stratification, whereas the presence of detecta-

ble JCV DNA in blood in the absence of detectable anti-

JCV antibodies has yet to be shown useful for PML risk

stratification.

Longitudinal analysis of samples from PML

patients with no prior immunosuppressant use also

showed that 96% (24 of 25) maintained an anti-JCV

antibody index> 0.9 at all available time points and

often over several months prior to PML development.

These results may indicate that patients who consistently

have higher levels of anti-JCV antibodies in blood are at

higher risk of PML than patients who are intermittently

positive.

Although several publications have commented on

the possibility of rising anti-JCV antibody titers being

predictive of PML, there are few clinical data to support

this hypothesis. In the Warnke et al publication,33 mod-

est increases in the level of anti-JCV antibodies were

shown in 5 PML patients, but only at the time of clinical

diagnosis of PML. In our analyses to date, natalizumab-

treated PML patients with samples available at least 3 to

6 months prior to clinical diagnosis of PML have typi-

cally shown consistently higher anti-JCV antibody levels.

The study published by Trampe et al10 demonstrated

higher anti-JCV antibody levels (normalized OD) in

PML compared with non-PML patients, similar to our

findings; however, the dynamic range of the signal in the

first-generation assay used in that study was not sufficient

to delineate lower and higher PML risk based on anti-

JCV antibody levels.12,34 All calculations of PML risk

estimates herein were therefore done using the anti-JCV

antibody index output of the second-generation anti-JCV

antibody assay.12

Our analysis is based on a hypothesis that continues

to evolve and has some limitations. The total number of

PML cases included in the analyses (n 5 71) was rela-

tively small, and additional cases may influence the

results. Current data in patients with prior immunosup-

pressant use do not show an association between higher

index and PML risk. The underlying biological explana-

tion for this effect is unknown. The authors postulate

that a potential effect on the immune system and there-

fore on antibody production may impact the ability of

MS patients treated with immunosuppressants to mount

an effective antibody response to JCV. However, this dif-

ference was not observed at the level of seropositivity to

JCV but rather only in the level of antibodies. Moreover,

prior immunosuppressant use in the natalizumab popula-

tion is decreasing over time.

Efforts are ongoing to collect serum or plasma sam-

ples from natalizumab-treated patients through Biogen

Idec–sponsored clinical studies as well as through collab-

orations with treating neurologists to further strengthen

the observation regarding the association of higher index

with PML risk and the effect of immunosuppressants.

Recent analysis of additional samples from natalizumab-

treated PML and non-PML patients supports the findings

outlined in this paper, and will be a subject of future

publication.

Future analytical directions may include exploring

the value of a longitudinal, continuous model to further

improve PML risk estimation over time for an individual

patient. This may allow for increased precision in PML

risk estimates and for modeling the possible association

between different risk factors over time. Efforts from sev-

eral other investigators have also been focused on identi-

fying markers to better predict PML risk on an

individual-patient basis.35,36

In conclusion, anti-JCV antibody index appears to

differentiate PML risk in natalizumab-treated anti-JCV

antibody–positive MS patients with no prior immuno-

suppressant use, with higher anti-JCV antibody index

patients having an increased risk of PML compared with

lower anti-JCV antibody index patients. Most patients

who changed serological status from anti-JCV antibody

negative to positive over 18 months maintained a lower

index. The stability of PML risk estimates over time

based on anti-JCV antibody index continues to be eval-

uated to confirm these results.
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