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Abstract

Background: Higher serum levels of at least one of a panel of four a-glucose IgM antibodies (gMS-Classifierl) in
clinically isolated syndrome (CIS) patients are associated with imminent early relapse within 2 years.

Objective: The objective of this study was to determine the prognostic value of gMS-Classifier| in a large study cohort
of CIS patients.

Methods: The BEtaseron® in Newly Emerging multiple sclerosis For Initial Treatment (BENEFIT) 5-year study was
designed to evaluate the impact of early versus delayed interferon-p-I1b (IFNp-1b; Betaseron®) treatment in patients
with a first event suggestive of multiple sclerosis (MS). Patients (n = 258, 61% of total) with a minimum of 2 ml baseline
serum were eligible for the biomarker study. gMS-Classifier| antibodies’ panel (anti-GAGA?2, anti-GAGA3, anti-GAGA4
and anti-GAGAG®) levels were measured blinded to clinical data. Subjects were classified as either ‘positive’ or ‘negative’
according to a classification rule.

Results: gMS-Classifier | was not predictive for the time to clinically definite MS or time to MS according to the revised
McDonald’s criteria, but did significantly predict an increased risk for confirmed disability progression (log-rank test:
p=0.012).

Conclusions: We could not confirm previous results that gMS-Classifier| can predict early conversion to MS in CIS.
However, raised titres of these antibodies may predict early disability progression in this patient population.

Keywords
antibody, biomarker, clinically definite multiple sclerosis, clinically isolated syndrome, Expanded Disability Status Scale,
multiple sclerosis, prognosis

Date recieved: Ist June 201 |; revised: 14th September 201 I; 14th November 201 |;accepted: 15th November 201 |

'Multiple Sclerosis Research Clinic,The Ottawa Hospital — General
Campus, Ottawa, Ontario, Canada.

2Bayer Pharma AG, Berlin, Germany.

3University Hospital, Basel, Switzerland.

“Department of Neurology, Vrije Universiteit Medical Center,
Amsterdam, The Netherlands.

SNeurological Department, Clinique Neurologique, Rennes, France.
¢Department of Neurology, Heinrich-Heine-Universitit,
Disseldorf, Germany.

’Department of Neuroinflammation, Institute of Neurology, University
College London, London, UK.

8Unit of Clinical Neuroimmunology, Hospitals Vall d’Hebron,
Barcelona, Spain.

9Glycominds Ltd, Modi’in, Israel.

"%University Hospital of Bonn, Germany.

“These authors contributed equally to this work.

Corresponding author:

Professor Mark Freedman, Professor of Medicine (Neurology),
Director, Multiple Sclerosis Research Clinic, The Ottawa Hospital -
General Campus, 501 Smyth Road, Ottawa, Ontario, Canada KIH 8L6.
Email: mfreedman@toh.on.ca



Freedman et al.

967

Introduction

Multiple sclerosis (MS) is an inflammatory demyelinating
disease of the central nervous system (CNS) with a highly
active and unpredictable disease course. Clinically, it
ranges from a benign course with little disability, to a ful-
minant, disabling disease. Initially, most MS patients enter
a course with relapses and remissions, but some progress in
the absence of attacks (primary progressive disease).
Several purported biomarkers predict the course of MS,
with clinical,!* immunologic® and radiologic®® candidates
identified. To date, only baseline brain MRI is somewhat
predictive, with its greatest value being at the first presenta-
tion of clinically isolated syndrome (CIS).!"1° However, the
variance in terms of MRI disease is so great that precise
lesion measurement offers less value in predicting progno-
sis. Overall, an early MRI can predict with high certainty
whether a patient will develop MS, but cannot accurately
determine when this will occur or whether progression to
disability is imminent.

With many different options for early MS treatment
now available, there is an important medical need for a
biomarker that, with some degree of certainty, provides
information regarding the early disease course. Early
promising candidate markers were antibodies to CNS
antigens measured in serum or cerebrospinal fluid (CSF),
such as those against myelin oligodendrocyte glycopro-
tein or myelin basic protein,!! but results are inconsist-
ent.!213  Subsequently, significantly higher levels of
immunoglobulin M (IgM) anti-Glc(al,4)Glc(a) antibodies
(anti-GAGA4 antibodies) were found in relapsing—remit-
ting MS (RRMS) patients when normalized for total IgM,
than in patients with other neurologic diseases (OND).!*
This was confirmed by another study in 739 MS patients,
65 with OND and 100 healthy controls.!> More recently,
higher levels of at least one of a panel of anti-GAGA IgM
antibodies (GAGAZ2, 3, 4, and 6), gMS-Classifierl, were
more frequently observed in patients experiencing their
first neurologic event and who were more likely to have a
more rapid first relapse, which would establish the diag-
nosis of RRMS within 48 months (clinically definite MS
[CDMS]), thus potentially serving as both a diagnostic
and more importantly early prognostic marker for disease
activity.!6

The primary aim of this study was to confirm the hypoth-
esis that positive gMS-Classifier]l could predict an earlier
conversion to CDMS in a larger population of prospec-
tively followed CIS patients, using data from the BEtaseron®
in Newly Emerging Multiple Sclerosis For Initial Treatment
(BENEFIT) trial. Secondary aims were to evaluate whether
these antibodies are associated with an increased risk of
progression to MS diagnosis based on McDonald criteria
(2005)!7 and increased risk of confirmed Expanded
Disability Status Scale (EDSS) progression along with
some of the MRI measures of disease activity.

Materials and methods
Study population

The BENEFIT study was designed to evaluate the impact
of early versus delayed interferon-p-1b (IFNB-1b;
Betaseron®, Bayer Pharma AG, Berlin, Germany) treat-
ment in patients with a first event suggestive of MS, in the
initial placebo-controlled phase patients with a minimum of
two clinically silent MRI lesions and, thus, were rand-
omized to either IFNf-1b 250 pg (n = 292) or placebo (n =
176) subcutaneously every other day for 2 years, or until
diagnosis of CDMS. All patients were then eligible to enter
a prospectively planned, follow-up phase with open-label
IFNB-1b for a maximum of 5 years after randomization.
Study details have been published elsewhere.!®

Blood sample analysis

Analyses were performed using baseline samples from
BENEFIT obtained shortly before treatment initiation and
up to 60 days after onset of the first MS event. Samples
were shipped within 3 days of being drawn, under ambient
conditions, then maintained at —20°C at the central labora-
tory until further analysis. A first-thaw process after the ini-
tial freeze was completed for this study.

Measurement of anti-glycan IgM antibody
levels and total IgM with glycan assay

Anti-glycan IgM antibodies measurements were only per-
formed in patients with a minimum of 2 ml serum available
at baseline representing a subcohort of 61% (286 patients)
from the whole study. Baseline samples were analysed
blindly. Levels of gMS-Classifierl were determined in
IgG-depleted samples by immunoassay (gMS®Pro EDSS
test, Glycominds, Modi’in, Israel). In order to prevent [gM
precipitation, samples were allowed to reach room temper-
ature, then incubated at 37°C for 2 hours and mixed. IgM
antibody measurement is stable under these conditions
together with minimal freeze—thawing (two maximum).
Micro-well plates with GAGA2, GAGA3, GAGA4 and
GAGAG antigens were prepared as described previously,!®
anti-GAGA2, anti-GAGA3, anti-GAGA4 and anti-GAGAG6
IgM assays were performed as described previously for
GAGA4.5 Briefly, serum samples were diluted 1:1200,
dispensed into the wells with GAGA antigens in duplicate,
incubated for 180 min at 4°C, then washed with buffer.
Bound antibodies were labelled with horseradish peroxi-
dase-conjugated goat anti-human IgM type-specific anti-
body, washed and 3, 3’, 5, 5’-tetramethylbenzidine added
for detection. After 30 min, the enzymatic reaction was
stopped with 1% sulfuric acid solution, and optical density
(OD) read at 450 nm (Victor 1420 plate reader; Wallac,
Turku, Finland). Each plate included a five-point calibra-
tion curve and a blank. Results were reported in arbitrary
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units (U). The average OD of blank samples was subtracted
from that of the patient samples before calculating the U.

Statistical analysis

Subjects were classified as either gMS-Classifierl “positive’
or ‘negative’ according to an adaptation of the classification
rule described previously (see Supplementary Figure 1) that
distinguished patients predicted to have a relapse within 2
years after their first event suggestive of MS.!° In the study
in which the gMS-Classifierl algorithm was constructed,'®
the antibody levels were measured as relative fluorescence
units using an immunofluorescence assay, and in the present
study the antibody levels were reported using enzyme
immunoassay units. Although the absolute values of the pre-
vious study’s cut-offs could not be applied directly to the
present study, the method for determining the cut-off values
was the same in both studies (details can be found in
Supplementary Figure 1). The correlation between total
IgM levels and gMS-Classifier] antibodies was explored by
Spearman’s correlation coefficient.

Performance characteristics such as the accuracy, sensi-
tivity, specificity, positive and negative predictive value of
this classifier (abbreviated as gMS-Classifier] within this
manuscript) for the prediction of an early CDMS diagnosis
(<month 24) were calculated. In BENEFIT, as in the previ-
ous study, !¢ a diagnosis of CDMS was based on the occur-
rence of a second clinical event (i.e. first relapse).

In addition, the impact of gMS-Classifier] on secondary
objectives were evaluated in an analysis with respect to
other key clinical and MRI variables in BENEFIT based on
the data obtained up to year 5. Time to CDMS, McDonald
MS and confirmed disability progression (defined as a 1.0-
point increase on the EDSS confirmed over a minimum
6-month period) were tested by log-rank tests and Cox pro-
portional hazards regression adjusted for age, sex, monofo-
cal versus multifocal disease onset, steroid use at first
event, presence of at least 1 gadolinium-enhanced lesion
and >9 hyperintense T2 lesions at first event, total serum
IgM (analysis for time to confirmed disability progression
was performed with and without an additional adjustment
for baseline EDSS). Annualized relapse rates were ana-
lysed with a generalized Poisson model, MRI variables
(change from screen to month 60) by non-parametric analy-
sis of covariance.

All analyses were performed in the total cohort with
available gMS-Classifier] data. Subgroup analyses on the
classification of early CDMS by gMS-Classifierl and the
impact of the classifier on time-to-event outcomes were
performed in patients randomized to IFNB-1b using the
integrated data of the double-blind and the follow-up study
as well as in patients randomized to placebo using data of
the placebo-controlled period only. Considering that
patients entered the follow-up study when reaching CDMS
(or after 2 years if no CDMS was diagnosed), the placebo

subgroup was not analysed for time to confirmed EDSS
progression, since patients developed disability progres-
sion only occasionally before that time point. P-values
from secondary and subgroup analyses were not corrected
for multiple comparisons. Therefore, they should be inter-
preted in an exploratory fashion.

Results
Patient characteristics

Of 286 samples with available gMS-Classifier] measure-
ments at the BENEFIT baseline visit, 109 patients were
randomized to placebo and 177 to IFNB-1b treatment.
Regarding key screening and baseline characteristics, the
overall BENEFIT study population and the investigated
subcohort were similar (Table 1). A total of 255 patients of
the 286 gave informed consent for the follow-up phase with
open-label IFNB-1b (95 initial placebo/160 initial IFN(-1b)
and were observed for up to 5 years.

Descriptive statistics for the anti-glycan IgM antibody
measurements in the baseline serum samples are shown in
the supplementary data.

Spearman’s correlation coefficient for the gMS-Classi-
fierl antibodies with the total IgM level were 0.39 for anti-
GAGA2, 0.50 for anti-GAGA3, 0.38 for anti-GAGA4 and
0.57 for anti-GAGA®.

gMS-Classifier| performance characteristics
for the primary outcome, CDMS prognosis

For the evaluation of gMS-Classifierl, a patient was
defined as having an early CDMS diagnosis (<month 24),
if CDMS was diagnosed up to day 692, and as not having
an early CDMS diagnosis if the patient was still observed
on day 692 but CDMS was not diagnosed. Seventeen
patients who discontinued the study before day 692 without
having a CDMS diagnosis were censored; therefore, 269
patients remained for evaluation of the classifier with
respect to predicting early MS.

Based on estimated means and standard deviations for
the antibody measurements, the following classification
rule was derived: a patient was classified as ‘positive’ for
gMS-Classifierl, if anti-GAGA2 >148.8 EIA units, anti-
GAGA3 >164.6 EIA units, anti-GAGA4 >133.6 EIA units
or anti-GAGA6 >168.1 EIA units (see Supplementary
Table 1 and Supplementary Figure 1). Of 269 patients
available for classifier evaluation, 50 were ‘positive’. Of 89
patients with a CDMS diagnosis up to month 24, 19 were
correctly predicted as ‘positive’ (Table 2 shows the 2 x 2
table based on this classification).

From these data, gMS-Classifier] showed an estimated
sensitivity of 21.4% (95% confidence interval [CI]: 12.8—
29.9%) when a high specificity of >80% (point estimate:
82.8%; 95% CI: 77.3-88.3%) was required for the
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Figure |. Kaplan—Meier curves for gMS-Classifier | positive versus negative patients with respect to (A) time to clinically definite
multiple sclerosis, (B) time to McDonald MS and (C) time to confirmed Expanded Disability Status Scale (EDSS) progression.
*Log-rank test p-value for comparison of gMS-Classifier | groups with respect to time-to-event variables. Analyses performed using sera set A.

prediction of early CDMS (accuracy: 62.5%, 56.7-68.2%;
positive predictive value: 38.0%, 95% CI 24.6-51.5%).
These test performance characteristics were very similar in
the subgroups initially randomized to IFNB-1b or during

the placebo period (data not shown). These data show that
gMS-Classifier] has no significant predictive value regard-
ing the prognosis of CDMS (Figure 1A) for up to 5 years
after CIS.
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Table I. Screening and baseline characteristics of the overall cohort of BENEFIT and the subcohort investigated in this study.

Overall BENEFIT study
population (n = 468)

Investigated subcohort of
BENEFIT (n = 286)

Gender (female), % (n)

Mean/median age at study start,

standard deviation

min—max

Patients with steroid use at time of the first event, % (n)
Monofocal onset, % (n)
Gadolinium-enhanced lesions, % (n)
Mean/median number of T2-lesions
standard deviation

min—max

Randomized treatment, % initial IFNf-1b (n)

70.7% (331) 73% (209)

30.7/30 31.2/31
7.4 7.4

1845 1845
70.9% (332) 73.8% (211)

52.6% (246)
42.7% (198/464)

53.8% (154)
42.3% (120)

28.3/17.0 30.5/19.0
30.6 30.8

2-194 2-194
62.4% (292) 61.9% (177)

BENEFIT, BEtaseron® in Newly Emerging multiple sclerosis For Initial Treatment; IFNB- b, interferonf3- 1 b.

Table 2. Classification table for gMS-Classifier| and the CDMS
status after 24 months.

Observed gMS-Classifier| Early CDMS (£24 Sum
months) diagnosed
Yes No
Positive, i.e. early CDMS 19 31 50
Negative, i.e. no early CDMS 70 149 219
Sum 89 180 269

CDMS, clinically definite multiple sclerosis.

Secondary aims: analysis of the impact of the
gMS-Classifier| on other disease outcomes

Table 3 shows the results of the analyses of the secondary
time-to-event variables over the observation period of up to
5 years (286 patients with antibody data of which 54 were
positive for gMS-Classifierl were used for these
analyses).

These data show that gMS-Classifier] has no significant
predictive value regarding the conversion to McDonald
(2005) MS (Figure 1B) for up to 5 years after CIS. These
results were similar for the analyses in the subgroup of
patients initially randomized to IFNf-1b or during the pla-
cebo period (data not shown). However, the risk of having
a confirmed EDSS progression for patients classified as
‘positive’ was about twice the risk for patients classified as
‘negative’ (hazard ratio = 2.05 [95% CI: 1.2-3.5], p =
0.009). A lower increase in risk for confirmed EDSS pro-
gression that did not reach the level of statistical signifi-
cance that was observed in the Cox model if baseline EDSS
was considered as an additional covariate (1.63 [95% CI:
0.95-2.8], p = 0.07). At year 5, according to the Kaplan—
Meier estimates, 23.3% of CIS patients classified as nega-
tive for gMS-Classifier]l developed confirmed EDSS
progression versus 41.8% classified as positive (Figure 1C).

If analyses were restricted to patients initially randomized
to IFN-1b statistical significance was lost although there
was still a higher risk for gMS-Classifier] positive patients
to experience confirmed EDSS progression (Kaplan—-Meier
estimates at year 5 in gMS-Classifier] negative versus pos-
itive patients: 21% versus 34%, log-rank test: p = 0.16).

Additional findings

Based on the data obtained up to year 5, the annualized
relapse rates in both classifier groups were comparable (p =
0.13). With respect to MRI, no difference between the clas-
sification groups was observed for change in T2 hyperin-
tense lesion volume (p = 0.31), change in T1 hypointense
lesion volume (p = 0.20) and percentage change in brain
volume (p = 0.75).

Discussion

The BENEFIT study afforded a prospectively collected
database of patients followed up to 5 years after presenting
with their first event of MS to test the potential prognostic
value of a putative serum biomarker taken at baseline.
Although a smaller retrospective study suggested that
gMS-Classifier] based on measuring a panel of four anti-
glycan IgM antibodies might predict an early (<24 months)
relapse signifying CDMS, we did not find any evidence
supporting this classifier. In the previous hypothesis-gener-
ating study,'¢ the same classifier predicted early relapse
with a sensitivity of 38% at a specificity of 88% (n = 100;
y>-test for early relapse activity versus positive gMS-
Classifierl findings: p = 0.01, positive predictive value of
gMS-Classifierl: 81%). In our study of 286 patients fol-
lowed for up to 5 years after the first event suggestive of
MS, sensitivity of this gMS-Classifier! to predict a diagno-
sis of clinically definite MS within 2 years dropped to
21.3% at a specificity of 82.8%, yielding a much lower
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positive predictive value of 38.0%. Moreover, there was no
statistically significant increase in the risk for CDMS over
the observation period in patients positive for gMS-Classi-
fierl. This result was the same in patients initially rand-
omized to placebo or IFNB-1b for up to 2 years. One
possible explanation for the difference in behaviour of the
classifier could be that in the previous study,'® all patients
had MS (i.e. experienced events satisfying the diagnostic
criteria for MS) and the median time to CDMS was 20
months. In the present study, MS diagnosis occurred in less
than 50% of the cohort, and the cohort did not reach median
time to CDMS with only 46.9% having a second relapse
even after 60 months. Furthermore, whereas patients in the
previous study were recruited from only two centres in
Western Europe and Canada, our study recruited patients
from 98 sites in Europe and Canada. Therefore, the study
population of the previous trial was more homogeneous
and enriched for clinical disease activity, possibly improv-
ing the chance of detecting prognostic effects of the inves-
tigated biomarker. Nevertheless, the negative result of our
study does not support the use of the evaluated gMS-Clas-
sifierl for predicting early relapse activity in patients with
a first event suggestive of MS. This negative result was also
corroborated by the lack of any effect of gMS-Classifierl
on MRI outcomes. Therefore, apart from the clinical pres-
entation at the time of the first event, the presence of oligo-
clonal bands, and the distribution and number of CNS
lesions on MRI are still the best predictors of future clinical
and MRI activity in patients with early MS.6-8:20.21
Relapses, MRI activity and disease progression are the
three most evaluated outcomes in MS. It is still unclear how
these outcomes are related; new MRI activity often corre-
lates with relapse rates, but neither correlates well with dis-
ease progression. Indeed, it is uncertain whether MRI
activity or relapses even affect disease progression, once
disease progression is evident.222* It was, therefore, inter-
esting that we observed a significant prognostic value of
the evaluated gMS-Classifier] for the accumulation of clin-
ical disability. We found that patients positive for one of
four anti-glycan IgM antibodies had nearly twice the risk of
progressing in the 5 years of this study. An increase in the

risk for confirmed EDSS progression was even seen in
gMS-Classifier]l positive patients treated with IFNB-1b
from the first event (i.e. the early treatment cohort),
although this was no longer statistically significant possi-
bly due to the lower number of patients contributing to this
analysis (177 instead of 286).

Most EDSS progression in early MS is due to relapse-
related residual deficit.?> Some attacks are mild with easily
reversible deficits, while others are more serious and leave
residual deficits. A classifier predicting faster disability
progression in RRMS patients may therefore indicate more
serious attacks.?>2¢ Since IFNf-1b has a known treatment
effect at reducing both relapses and progression,'8:2427 this
study cohort would have experienced fewer relapses and
progressions than an untreated study population, which
would impact the classifier by increasing the number of
false negatives in serum collected prior to treatment (i.e.
the classifier might have had a better performance only the
treatment served to prevent the events that were predicted
to occur) and it is unlikely that any current cohort of early
MS patients are left untreated. When baseline EDSS was
used as a covariant (Table 3), the classifier lost its signifi-
cance for predicting early progression, probably because
baseline EDSS itself is predictive for early disease progres-
sion,?® a finding underlining the need to confirm our explor-
atory results on EDSS progression in an independent study.

Any biomarker that predicts early disease progression
could be perceived as more useful to the clinician than one
indicating a high risk for relapse. If our findings on EDSS
progression can be confirmed, gMS-Classifier]l may be
used to differentiate between patients who will have rela-
tively severe residual deficits from attacks to those with
reversible deficits. All current first-line, disease-modifying
medications reduce the risk for subsequent attacks and
lower MRI activity, and have shown benefit in patients at
CIS, 729531 g0 it is unlikely that CIS patients would not be
treated with one of these agents, obviating the need for a
baseline biomarker predicting early relapse. Conversely,
much discussion revolves around the potential use of
‘induction’ versus ‘escalation’ treatment for certain patients,
especially those deemed to be at very high risk for early and

Table 3. Results for comparison of the gMS-Classifier | groups with respect to time-to-event variables.

Time-to-event outcome

Log-rank test

Cox proportional hazard regression?

p-value Hazard ratio 95% ClI p-value
Time to CDMS 0.4925 1.26 0.82-1.94 0.2951
Time to McDonald MS 0.4552 1.10 0.80-1.51 0.5768
Time to confirmed EDSS progression 0.0l 2.05 1.20-3.51 0.009
Time to confirmed EDSS progression (adjusted®) 1.63 0.95-2.80 0.07

aWith adjustment for baseline covariates: age, sex, onset of disease (multifocal versus monofocal), steroid use at the first event, treatment, presence of
gadolinium-enhanced lesions (no versus at least one lesion) and number of hyperintense T2 lesions (<9 versus >9) and total IgM (in mg/ml).

5With additional adjustment for baseline EDSS score.

Cl, confidence interval; CDMS, clinically definite multiple sclerosis; EDSS, Expanded Disability Status Scale; MS, multiple sclerosis.
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imminent disease progression.3? We now have several very
effective agents that control disease activity (e.g. natali-
zumab) but they also carry higher toxicity risks. It is diffi-
cult to predict who will be more likely to do poorly and
progress, although some early prognostic markers have
helped.?33* The availability of a biomarker that can accu-
rately predict who might be at high risk of early disease
progression, in addition to the known clinical prognostic
markers, could help steer the choice of therapy towards a
more aggressive course of treatment.

The identification of prognostic markers for disability
progression in MS is notoriously difficult, since fixed dis-
ability evolves slowly over time in most patients, necessi-
tating very long observation periods to detect relevant
changes. In this respect, it is a strength of the present study
that an observational period of 5 years was available in a
substantial number of patients. However, even over this
observation time, progression of clinical disability was a
rare event given a CIS cohort treated with IFNB-1b from
the first event or up to 2 years at the latest after disease
onset.!® Not all patients present for therapy at this early
stage. Some already have a diagnosis of MS or CDMS (at
least two distinct clinical attacks), whereas others may have
done well initially on first-line treatments, but disease
breakthrough warrants a change in treatment. It is therefore
very important that the utility of a classifier such as anti-
glycan IgM antibody measurement be confirmed in other
studies examining different stages of MS as well as testing
its ability to change over time in response to treatment and
for monitoring disease activity to predict breakthrough.
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