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Abstract
Objective
We investigated the predictive value of the enzyme-linked immunospot technique (ELISPOT)
in identifying patients with relapsing-remitting multiple sclerosis (RRMS) who will respond to
treatment with glatiramer acetate (GA) or interferon-β (IFN-β), based on the brain-reactive
B-cell activity of peripheral blood cells.

Methods
In this retrospective, cross-sectional, real-world multicenter study, we identified patients with
RRMS in the NeuroTransData MS registry and stratified them based on their documented
treatment response (relapse-free in the first 12 months of treatment) to GA or IFN-β. The GA
group comprised 73 patients who responded to GA and 35 nonresponders. The IFN-β group
comprised 62 responders to IFN-β and 37 nonresponders. Patients with previous or current
therapy affecting B-cell activity were excluded. We polyclonally stimulated mononuclear cells
from peripheral blood samples (collected after participant selection) and investigated brain-
reactive B-cell activity after incubation on brain tissue lysate-coated ELISPOT plates. Validity
metrics of the ELISPOT testing results were calculated (Python 3.6.8) in relation to the clinical
responsiveness in the 2 treatment groups.

Results
The ELISPOT B-cell activity assay showed a sensitivity of 0.74, a specificity of 0.76, a positive
predictive value of 0.78, a negative predictive value of 0.28, and a diagnostic OR of 8.99 in
predicting clinical response to GA vs IFN-β therapy in patients with RRMS.

Conclusion
Measurement of brain-reactive B-cell activity by ELISPOT provides clinically meaningful
predictive probabilities of individual patients’ treatment response to GA or IFN-β. The assay
has the potential to improve the selection of optimal first-line treatment for individual patients
with RRMS.

Classification of Evidence
This study provides Class II evidence that in patients with RRMS, the brain reactivity of their
peripheral-blood B cells predicts clinical response to GA and IFN-β.
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In most patients, multiple sclerosis (MS) initially presents
with a relapsing-remitting MS (RRMS) course, characterized
by an autoreactive T- and B-cell response against CNS mye-
lin.1 Therapy aims to achieve long-lasting stability without
evidence of disease activity.2 However, the choice of first-line
disease-modifying therapy (DMT) is by trial and error, rather
than personalized, data-driven, benefit-risk assessment.3

The myelin basic protein analog glatiramer acetate (GA)4–7

and the immune modulator interferon-β (IFN-β) are among
the DMTs most commonly administered at the time of di-
agnosis. In animal studies, GA competed with myelin antigens
for presentation to T cells and induced a beneficial shift in the
effector T-cell profile8; this remains to be demonstrated in
patients. GA is also thought to remodel the B-cell compartment
composition and influences B-cell cytokine and immunoglob-
ulin (Ig) secretion, restoring dysregulated B-cell function.9

IFN-β appears to increase expression of anti-inflammatory
molecules, while downregulating proinflammatory cytokines.
IFN-β may also reduce trafficking of inflammatory cells across
the blood-brain barrier and increase neuronal survival and re-
pair.10 No direct effect of IFN-β on B cells has been reported.

To support personalized treatment decisions in RRMS, we de-
veloped a blood-based enzyme-linked immunospot technique
(ELISPOT) assay of brain-reactive B-cell activity.11,12 A positive
test predicted treatment response to GA; absence of B-cell ac-
tivity indicated IFN-β responsiveness.13 As the initial trial in-
volved a small patient cohort at a single site, we undertook this
multicenter study to validate use of the assay to predict
response/nonresponse toGA and IFN-β in patients withRRMS.

Methods
This was a retrospective, real-world, multicenter study of cross-
sectional data from patients with RRMS. Using data collected
from German outpatients with RRMS, we investigated clinical
outcomes with GA and IFN-β therapy administered for up to
12 months in relation to the brain-reactive B-cell activity of
patients’ peripheral blood cells.

Primary Research Question
Does the ELISPOT assay for brain reactivity of peripheral
blood B cells provide a valid method for prediction of the
clinical response of a patient with RRMS to GA or IFN-β?
This study provides class II evidence for the validity of this
method.

Data Source
The study used pseudonymized and pooled clinical data from
patients with RRMS in the German NeuroTransData (NTD)
MS registry database (for more details, see appendix e-1, links.
lww.com/NXI/A450).

Standard Protocol Approvals, Registrations,
and Patient Consents
The data acquisition and management protocol was approved
by the ethics committees of the Bavarian and North Rhine
Medical Boards (Bayerische Landesärztekammer, June 14,
2012; Ärztekammer Nordrhein, April 25, 2017). Informed
consent was obtained from all patients. The study protocol
was approved by the ethics committee of the Carl Gustav
Carus University Hospital, Dresden, Germany (approval
number EK 523122016).

Study Population
We identified 4 groups of adult patients with RRMS retro-
spectively (index therapy initiated 2001–2018) in the NTD
MS registry: (1) patients who responded to GA treatment
(Copaxone; TEVA, Ulm, Germany) (GA responders); (2)
patients who did not respond to GA treatment (GA nonre-
sponders); (3) patients who responded to IFN-β treatment
(IFN-β1a: Avonex [Biogen, Munich, Germany], Rebif
[Merck, Darmstadt, Germany]; IFN-β1b: Betaferon [Bayer,
Leverkusen, Germany], Extavia [Novartis, Nuremberg, Ger-
many]) (IFN-β responders); and (4) patients who did not
respond to IFN-β treatment (IFN-β nonresponders). Patients
were stratified as responders if they were relapse free in the
first 12 months of treatment and as nonresponders if treat-
ment was discontinued by their treating physician due to lack
of efficacy, defined as any of relapse activity; clinically
meaningful Expanded Disability Status Scale (EDSS) pro-
gression; worsening MRI findings; or progression of clinical
disability not associated with relapse. Patients were included if
they had received or were receiving GA or IFN-β and had
regular follow-up visits documented for ≥12 months after
index therapy initiation. Patients receiving previous or current
treatment affecting B-cell function (anti-CD20 antibodies
[e.g., rituximab and ocrelizumab], alemtuzumab, fingolimod,
and daclizumab) were excluded.

ELISPOT Testing
ELISPOT testing was used to determine the presence in pa-
tients’ blood of B cells producing IgG reactive against human
brain tissue. After patients were identified in the database,
peripheral venous blood samples were collected in lithium-

Glossary
ARR = annualized relapse rate; Bcl-2 = B-cell lymphoma 2; CDP = confirmed disability progression; EDSS = Expanded
Disability Status Scale; ELISPOT = enzyme-linked immunospot technique; FBS = fetal bovine serum;GA = glatiramer acetate;
IFN-β = interferon-β; Ig = immunoglobulin; JNK = c-Jun N-terminal kinase; NTD = NeuroTransData; PBMC = peripheral
blood mononuclear cell; PBS = phosphate-buffered saline; ROC = receiver operating characteristic; RPMI = Roswell Park
Memorial Institute; RRMS = relapsing-remitting MS.
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heparinized tubes and diluted (1:1) in Dulbecco’s phosphate-
buffered saline (PBS) (Sigma, Schnelldorf, Germany), stored
overnight at room temperature, and shipped to the testing
laboratory at the Institute of Anatomy and Cell Biology, Frie-
drich-Alexander-Universität Erlangen-Nürnberg, Germany.

Peripheral blood mononuclear cells (PBMCs) were isolated
by Biocoll (1.077 g/mL; Merck Millipore, Darmstadt, Ger-
many) density-gradient centrifugation.

For polyclonal stimulation of B cells, we cultured PBMCs for
96 hours at 37°C and 7% CO2 at a density of 3 × 10

6 cells/mL
in Roswell Park Memorial Institute (RPMI)-1640 medium
containing L-glutamine (Merck Millipore), 10% fetal bovine
serum (FBS; Life Technologies, Darmstadt, Germany), 100
IU/mL penicillin and 0.1 mg/mL streptomycin (Sigma), 15
ng/mL interleukin-2 (PeproTech, Hamburg, Germany),
2.5 μg/mL of the synthetic Toll-like receptor 7/8 agonist
R-848 (Enzo Life Sciences, Farmingdale, NY), and 1 μM
β-mercaptoethanol (Sigma). ELISPOT plates (Merck Milli-
pore) were coated overnight at 4°C with 30 μg/mL human
brain whole-tissue lysate (Novus Biologicals, Littleton, CO),
10% FBS as negative control, or 10 μg/mLmouse anti-human
kappa IgG1 (SouthernBiotech, Birmingham, AL) as positive
control. Plates were washed with PBS and nonspecific binding
sites blocked with 10% FBS for 2 hours at room temperature.
Stimulated cells were plated in triplicate at a density of 1 × 106

cells/well and incubated for 26 hours at 37°C and 7% CO2 in
RPMI-1640 supplemented with 10% FBS, 100 IU/mL peni-
cillin, and 0.1 mg/mL streptomycin. Plates were washed with
PBS containing 0.025% (v/v) Tween-20 and then incubated
with the biotinylated anti-human IgG monoclonal antibody
MT78/145 (Mabtech, Nacka Strand, Sweden). Spots were
developed using alkaline phosphatase-conjugated streptavidin
and Vector Blue substrate (Vector Laboratories, Burlingame,
CA), and the number of spots counted on an ImmunoSpot
Series 6 Analyzer (Cellular Technology Limited, Shaker
Heights, OH). Samples were considered to be positive when
the mean spot number was >4.5.11

Statistical Analysis
Descriptive statistics were calculated for demographic and
clinical characteristics of each patient group. Annualized
relapse rate (ARR) was calculated for patients individually.
We estimated time to relapse and time to 3-month EDSS-
confirmed disability progression (CDP) using Kaplan-Meier
curves for each patient stratum. Statistical analyses used the
pandas (pandas.pydata.org/pandas-docs/stable/reference/
api/pandas.DataFrame.describe.html) and lifelines (life-
lines.readthedocs.io/en/latest/) data and survival analysis
tools written in the Python programming language (ver-
sion 3.6.8).

For analysis of predictive test performance and test validity,
the following statistical parameters were calculated for patient
groups receiving GA or IFN-β, and for both groups together,
based on the proportions of patients in each group being

correctly identified—or not—as responders or nonre-
sponders: positive and negative predictive values, sensitivity,
specificity, false-positive and false-negative rates, true-positive
and true-negative rates, negative and positive likelihood ratios,
and the diagnostic OR. CIs for sensitivity, specificity, and
accuracy were calculated with the exact Clopper-Pearson
method; those for likelihood ratios used the Log method;
those for predictive values used standard logit intervals. Val-
idity metrics were calculated using Python 3.6.8 (Python
Software Foundation, Available at python.org).

Data Availability
The data underlying the findings of this study are available to
qualified investigators on reasonable request.

Results
Patient Characteristics
In total, 207 patients with RRMS (140 female and 67 male)
were identified from the NTDMS database as having received
either GA (n = 108) or IFN-β (n = 99) as index therapy.
Overall, 135 patients (65.2%) responded to index therapy,
either GA (73/108 patients, 67.6%) or IFN-β (62/99 pa-
tients, 62.6%). The demographics and clinical characteristics
of the cohorts were similar at the start of therapy (table 1).

As defined by the inclusion criteria, responders had no relapses
on index therapy within the first 12 months after treatment
initiation (table 1). Patients responding to either treatment
showed a small improvement in mean EDSS total score within
12 months. In contrast, the mean EDSS total score remained
unchanged in patients failing to respond to GA within 12
months and deteriorated slightly in patients not responding to
IFN-β. Time-to-relapse analysis demonstrated a clearly favor-
able course in the patient strata responding to either GA or
IFN-β for up to 4 years (figure 1A). In the analysis of time to
3-month EDSS CDP, patients in the GA and IFN-β responder
groups experienced considerably less frequent EDSS worsen-
ing than those in the nonresponder groups, not only during the
first 12 months but also long term (figure 1B).

In GA nonresponders, the reason for treatment failure leading to
discontinuation of GA within the first 12 months was docu-
mented by the treating physicians as relapse activity 34% (12 of
35 patients), new MRI activity 23% (8 patients), worsening of
clinical disability 37% (13 patients), and disease progression not
associated with relapse 6% (2 patients). In IFN-β nonresponders,
the proportions of patients were 35% (13 of 37 patients), 22% (8
patients), 35% (13 patients), and 8% (3 patients), respectively.

ELISPOT Testing and Predictive Capabilities
ELISPOT results were positive in 54 GA responders and 27
IFN-β nonresponders (73.6% of this combined population)
and negative in 28 GA nonresponders and 46 IFN-β re-
sponders (76.3% of this combined population) (figure e-1,
links.lww.com/NXI/A452, shows representative ELISPOT
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wells illustrating the 4 different responder types). The hy-
pothesis of the study expected positive evidence of B-cell
activity in GA responders and IFN-β nonresponders and no
evidence of brain-related B-cell activity in GA nonresponders
and IFN-β responders. The strong performance of the ELI-
SPOT test as classifier for responder/nonresponder is dem-
onstrated in the receiver operating characteristic (ROC)
curves (figure 2), which show the true-positive vs false-
positive rate of the prediction for a threshold mean spot
number of 4.5. The accuracy can be derived from the area
under the ROC as 0.72 for prediction of GA responders, 0.67
for IFN-β responders, and 0.70 for the overall prediction,
which reflects the study hypothesis.

ELISPOT Validity
The validity of the ELISPOT test as a predictor of individual
treatment response to GA or IFN-β was robust (table 2), with
low false-positive and false-negative rates (0.20–0.26 and
0.26–0.27, respectively), sensitivity of 0.73–0.74, specificity of

0.74–0.80, high positive likelihood ratios (2.86–3.70), and
low negative likelihood ratios (0.33–0.36). The diagnostic OR
was highest for potential GA responders (11.37); however,
the diagnostic OR was also high for IFN-β responders (7.76)
and for both groups together (8.99). These advantageous
metrics are reflected in the clinical course of the patients
where the selected treatment corresponded with the hy-
pothesized brain-specific B-cell activity. Patients treated with
GA who had positive B-cell activity and patients treated with
IFN-β who had negative B-cell activity experienced less re-
lapse activity (figure 3A) and less 3-month CDP (figure 3B)
than patients for whom treatment selection and ELISPOT
results did not match the hypothesis. These differences in
clinical outcome were sustained for more than 5 years.

Discussion
Information regarding group-level responses to treatment
obtained from randomized controlled trials in patients with

Table 1 Patient Baseline Characteristics at Initiation of Index TreatmentWith Disease-Modifying Drugs (GA or IFN-β) and
Clinical Course on Treatment, Stratified by Response to Treatment

Characteristic
GA responder
(n = 73)

GA nonresponder
(n = 35)

IFN-β responder
(n = 62)

IFN-β nonresponder
(n = 37)

Female sex, n (%) 53 (72.6) 23 (65.7) 38 (61.3) 26 (70.3)

Age, mean (SD), y 37.7 (10.1) 36.9 (8.9) 36.6 (9.2) 37.9 (13.5)

Time from first symptom to index date, mean
(SD), y

6.3 (8.6)a 7.6 (7.4) 5.0 (6.7) 4.6 (5.8)

Time from diagnosis of MS to index date, mean
(SD), y

5.1 (6.8) 5.1 (5.9) 3.0 (5.4) 3.2 (5.0)

ARR 12 mo before index date, mean (SD) 0.6 (0.6) 0.6 (0.6) 0.9 (0.7) 0.9 (1.3)

Number of DMTs before index DMT, mean (SD) 0.7 (1.1) 0.7 (1.0) 0.2 (0.5) 0.7 (1.3)

Duration of index therapy, mean (SD), mo 63.6 (42) 65.7 (48.4) 69.7 (36.0) 34.9 (24.1)

ARR within the first 12 mo on index therapy,
mean (SD)

0 (0) 0.5 (1.0) 0 (0) 0.6 (1.0)

EDSS, median (range)

At index date 2 (0–6)b 2 (0–4)c 2 (0–4)d 2 (0–6)e

6 mo after index date 1.5 (0–5.5)f 1.2 (0–4.5)g 1 (0–4.5)h 1.8 (0–6)i

12 mo after index date 1 (0–5.5)j 1.5 (0–4.5)k 1 (0–4)l 2 (0–6)m

Abbreviations: ARR = annualized relapse rate; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; GA = glatiramer acetate; IFN-β =
interferon-β.
Index date: date of initiation of index treatment; responder: freedom from relapse activity within the first 12months of GA or IFN-β treatment; nonresponder:
treatment failure on GA or IFN-β therapy (see text).
a n = 72.
b n = 58.
c n = 24.
d n = 53.
e n = 28.
f n = 50.
g n = 20.
h n = 44.
i n = 26.
j n = 52.
k n = 19.
l n = 50.
m n = 20.
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RRMS has limited usefulness for personalized treatment de-
cisions in daily practice.14 Currently, there is no alternative to
the trial-and-error paradigm of treatment allocation,3 whereby
the individual patient undergoes several therapy switches,
with selection based on patients’ and doctors’ preferences,

and the patient’s life situation, until a suitable treatment is
found. Likewise, in the later course of MS, if treatments fail to
control disease activity, switching paradigms are dominated
by risk considerations rather than comparative-effectiveness
data. With expanding options to treat RRMS15–18 and

Figure 1 Time to (A) Relapse and (B) 3-Month EDSS CDP for Patients Defined by Treatment Response

Kaplan-Meier curves for patient strata
defined by treatment response: re-
sponders defined by freedom from re-
lapse within first 12 months of
treatment with GA or IFN-β; nonre-
sponders/failure defined as treatment
failure on GA or IFN-β therapy (see
text). Patient numbers indicate the
number of patients within 3 months
before and after the time indicated.
CDP = confirmed disability progression;
EDSS = Expanded Disability Status
Scale; GA = glatiramer acetate; IFN-β =
interferon-β.
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growing awareness of the benefits of early effective treatment,
there is increasing demand for data-driven, validated, per-
sonalized treatment-decision algorithms to enable an effective
and economic allocation of the most suitable drug for an
individual patient—which inmany cases is an injectable DMT
such as GA or IFN-β—at the earliest possible time point after
RRMS diagnosis.

The hypothesis underlying development of the ELISPOT
assay described in this study is that in subsets of patients

RRMS develops via different auto-immunologic mechanisms,
some predominantly involving T cell–mediated pathways,
whereas in others, it is predominantly B-cell driven. The re-
actions to therapy of different RRMS patient subsets are
therefore likely to differ. Although there is evidence that GA
affects the autoreactive T-cell response by competing with
various myelin antigens for presentation to T cells and thus
changes the frequency of presentation, cytokine secretion
pattern, and effector function of GA-specific CD4+ and CD8+

T cells,8 there are several lines of evidence showing that GA

Figure 2 Receiver Operating Characteristic Curves for Enzyme-Linked Immunospot Technique Test Results in (A) GA-
Treated Patients, (B) IFN-β–Treated Patients, and (C) Combined for GA- and IFN-β–Treated Patients

The tables are the confusionmatrices for a positive-outcome threshold of 4.5 spots. The study expected positive evidence of brain-related B-cell activity in GA
responders and IFN-β nonresponders, and no evidence of B-cell activity in GA nonresponders or IFN-β responders. Responder: freedom from relapse activity
within the first 12 months of GA or IFN-β treatment; nonresponder: treatment failure on GA or IFN-β therapy (see text). GA = glatiramer acetate; IFN-β =
interferon-β; ROC = receiver operating characteristic curve.
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also has a direct effect on B cells. For example, a study in
patients with MS showed that GA therapy remodeled the
composition of the B-cell compartment and influenced B-cell
cytokine secretion and Ig production.9 In an in vitro study, GA
improved B cell–dependent control of T cells’ immune re-
sponses and was shown to switch the memory B cells known to
contribute to the T cell–dependent inflammatory response into
B regulatory cells.19 More recently, Häusler et al.20 showed that
GA treatment changed the B-cell phenotype in patients with
MS. In addition, in the experimental autoimmune encephalo-
myelitis model, they demonstrated that GA altered the path-
ogenic B-cell–T-cell interaction.20 In contrast, IFN-β has been
shown to suppress inflammatory responses in patients withMS
by controlling the secretion of pro- and anti-inflammatory cy-
tokines, suppressing T-cell activation, inducing differentiation
of neural stem cells to oligodendrocytes, and preventing mi-
gration of activated immune cells through the blood-brain
barrier, while no direct effect on B cells has been demonstrated
for IFN-β.10 It therefore seemed reasonable to investigate the
possibility that individual patients likely to respond toGA could
be identified by the involvement of pathogenic B-cell activity in
their disease.

Biomarker studies typically use ELISAs, which are cost-efficient,
easy to handle, and hence popular when developing high-
throughput tests. Although ELISAs are well suited to detecting
antibodies against linear epitopes, such as peptide antigens, anti-
bodies that are pathogenic in vivo are generally directed against
conformational epitopes. Although protein ELISAs seem desirable,
synthesis of the protein in its in vivo conformation and molecular
structure is technically highly challenging and cost-intensive. ELI-
SPOT has been used to guide clinical practice in other therapeutic
areas, such as in the diagnosis of active tuberculosis.21,22

The ELISPOT technique used in this study is highly effective in
detecting immune responses at the single-cell level, providing

sensitivity superior to that of ELISAs and other immune-
monitoring approaches.23 In combination with polyclonal
stimulation, our assay provides information for an individual
patient on the memory B-cell pool, which may be recruited at
any given time to participate in disease reactivation.12 We have
previously demonstrated that the presence of brain-specific
B cells in blood asmeasured by ELISPOT is indicative of anMS
diagnosis11 and is associated with a higher risk of relapse12 and a
positive treatment response to GA13 (see appendix e-2, links.
lww.com/NXI/A451, for further information). Whereas our
earlier studies were single center with small patient cohorts,
here we present data from a multicenter trial and provide proof
of the feasibility of the logistics to perform the ELISPOT test
on samples from patients nationally.

The protocol definitions for response and nonresponse en-
abled discrimination of the clinical course between strata re-
garding relapse activity and 3-month CDP (figure 1).
Although the definition of responder was constrained to
freedom from relapse within the first 12 months of treatment,
analyses of time to relapse and time to 3-month CDP dem-
onstrate a striking difference between responding and non-
responding patients over >5 years. Analysis of the validity of
ELISPOT testing to predict individual treatment response is
based on these clearly different clinical courses.

Our data suggest that ELISPOT-based measurements of
brain-reactive B cells in the blood of patients with RRMS may
distinguish between GA and IFN-β responders. Individual
treatment response to either GA or IFN-β was predicted
correctly in approximately 3 of 4 patients, with values for
sensitivity and specificity between 0.73 and 0.80. In parallel,
positive predictive values for all strata and negative predictive
values for patients receiving IFN-β were high. Negative pre-
dictive values for GA and for GA and IFN-β together were
lower.

Table 2 Validity Metrics for Predictive Performance Characteristics of Enzyme-Linked Immunospot Technique Testing

GA IFN-β GA and IFN-β

Positive predictive value 0.89 (0.66–1.16) 0.63 (0.41–0.91) 0.78 (0.62–0.97)

Negative predictive value 0.40 (0.24–0.63) 0.82 (0.60–1.09) 0.28 (0.19–0.40)

Sensitivity 0.74 (0.62–0.84) 0.73 (0.56–0.86) 0.74 (0.64–0.82)

Specificity 0.80 (0.63–0.92) 0.74 (0.62–0.84) 0.76 (0.67–0.84)

False-positive rate 0.20 (0.08–0.41) 0.26 (0.15–0.42) 0.24 (0.15–0.36)

False-negative rate 0.26 (0.16–0.41) 0.27 (0.13–0.50) 0.26 (0.18–0.38)

Positive likelihood ratio 3.70 (1.88–7.27) 2.86 (1.78–4.50) 3.11 (2.14–4.51)

Negative likelihood ratio 0.33 (0.21–0.50) 0.36 (0.21–0.63) 0.35 (0.25–0.48)

Diagnostic OR 11.37 (4.27–30.27) 7.76 (3.09–19.52) 8.99 (4.78–16.90)

Abbreviations: GA = glatiramer acetate; IFN-β = interferon-β.
Data are values and 95% CIs.
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The positive likelihood ratios of between 2.86 and 3.70 un-
derline the predictive strength of the ELISPOT assay, whereas
the negative likelihood ratios of between 0.33 and 0.36 in-
dicate only a small decrease in the probability that the test
result predicts the clinical course.

Based on the diagnostic OR, defined as the ratio of the odds of
a true-positive test result relative to the odds of a false-positive
result, this study shows the highest effectiveness of ELISPOT
testing is for potential GA responders (diagnostic OR 11.37),
with high values also for IFN-β responders (7.76), and both

Figure 3 Time to (A) Relapse and (B) 3-Month EDSS CDP for Patients Defined by ELISPOT Result

Kaplan-Meier curves for patient strata
defined by positive or negative ELI-
SPOT results indicating presence or
absence of in vivo brain-specific B-cell
activity in patients on GA or IFN-β
therapy. Patient numbers indicate the
number of patients within 3 months
before and after the time indicated. It
was hypothesized that positive B-cell
activity in patients treated with GA and
negative B-cell activity in patients trea-
ted with IFN-β would be associated
with better clinical outcome. CDP =
confirmed disability progression; EDSS
= Expanded Disability Status Scale;
ELISPOT = enzyme-linked immunospot
technique; GA = glatiramer acetate;
IFN-β = interferon-β.
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groups together (8.99). These metrics reflect the robust val-
idity of ELISPOT testing to predict responsiveness to GA or
IFN-β in patients with RRMS. This discriminative ability is
mirrored in the different clinical courses of the 4 patient strata,
which demonstrate better clinical outcomes—sustained for
>5 years—in patients whose selected treatment corresponded
with the hypothesized brain-specific B-cell activity.

The anti-CNS reactivity of B cells from patients with MS was
confirmed in a recent study combining ELISPOT and planar
protein arrays.24 Culture supernatants of polyclonally stimu-
lated B cells from a subset of patients with MS identified by
ELISPOT as having reactivity to human brain lysate were
tested against a broad spectrum of myelin antigens using
protein/peptide arrays. Compared with ELISPOT-negative
patients and controls, ELISPOT-positive patients with MS
demonstrated broader reactivity to the myelin proteins.

Heterogeneous profiles of antibody responses to the myelin
proteins were seen in the patients with MS who demonstrated
reactivity, but the profiles remained stable for each patient over
time. In a separate study, testing of B cells found to be brain
reactive by ELISPOT did not demonstrate reactivity to small-
intestine lysate, confirming the tissue specificity of the response
(S. Kuerten, oral communication, September 30, 2020).

Another potential approach to identifying patients’ response
to GA therapy has recently been published.25 This study
suggested increased expression of the signaling molecules
c-Jun N-terminal kinase (JNK)1 p54 and JNK2 p54 and a
decrease in the downstream expression of phosphorylated
B-cell lymphoma 2 (Bcl-2) during MS relapse to be in-
dicative of failure to respond to GA therapy. However, the
study population comprised only 15 patients with RRMS
and no other DMT reference group. Thus, the change in
expression profiles for JNK and phosphorylated Bcl-2 may
have been reflective of disease reactivation in general and
could be associated with treatment failure of any DMT.

The detection of neurofilament levels in serum and CSF—
which may be indicative of CNS tissue damage—is extensively
discussed.26,27 In patients with MS, blood neurofilament con-
centrations are associated with clinical and MRI-related mea-
sures of disease activity26,27 and could thus be an easily accessible
biomarker of disease evolution and treatment response. How-
ever, it is unclear which technical standard is required tomeasure
neurofilament levels most reliably, and the single-molecule array
technique is expensive due to high investment costs. Also,
changes in neurofilament concentrations have only been shown
at the patient-cohort level; the predictive value of their mea-
surement in individual patients remains to be demonstrated.
Pharmacogenetic studies of patient responses to GA and IFN-β
have shown inconsistent results.28–30 Given the complexity of
the disease and the probability that multiple mechanisms of
action underlie the effects of these drugs, it is likely that a
comparative, multiallele approach would be needed, requiring
extensive validation in clinical trials.31

The current study corroborates the strength of the brain-
specific B-cell ELISPOT for prediction of clinical response to
GA and IFN-β in individual patients with MS. This study was
based on previously captured clinical data in association with a
randomly timed cross-sectional blood sample for ELISPOT;
thus, further research is required to develop the test as a cer-
tified biomarker for use in clinical practice. As the test results
confirm treatment decisions in the majority of patients, this
could provide a rationale to consider a switch from first-line
therapies, based on test results in nonresponsive patients. A
prospective longitudinal trial has yet to be conducted as ulti-
mate confirmation of the clinical utility of the B-cell ELISPOT
to inform treatment decisions between GA and IFN-β on di-
agnosis of MS. Eventually, given the recent success of anti-
CD20 antibodies inMS, ELISPOT testingmay also be valuable
for detecting responsive patients and monitoring the success of
B cell–active drugs. We are currently investigating the potential
use of B-cell ELISPOT for prediction of clinical responsiveness
to anti-CD20 and anti-CD52 antibody treatments.

Although the use of real-world data has advantages over
clinical-trial data, in terms of being more representative of pa-
tient populations and physician decisions, real-world studies
can be subject to a range of limitations including low internal
validity, lack of quality control in data collection, and the po-
tential for bias, which limits the interpretation of outcomes. In
this study, the key limitations associated with the retrospective
use of real-world data were the lack of rigor in data collection
(compared with a clinical trial) and the potential for bias arising
from including only cases that had sufficient documentation to
meet the definition of relapse. The accuracy of the test may be
further improved by taking key variables into account; such an
analysis is planned in a larger sample.

Pathophysiologically, detection of brain-specific B cells in a pro-
portion of patients with RRMS indicates the existence of MS
subtypes based on B-cell activity. This is consistent with neuro-
pathologic studies that have identified the presence of antibody
and complement depositions in demyelinating brain lesions32 and
of meningeal B-cell aggregates in a subset of patients withMS.33,34
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