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BACKGROUND:
A diagnostic biomarker involving a simple blood test represents a significant advance in the
management of multiple sclerosis (MS). gMS-Classifier Dx (gMS®Dx blood test) differentiates
relapsing remitting MS (RRMS) patients from other neurological disease patients with a
specificity of ~90-100% and a sensitivity of 25-35%.1-3

Other inflammatory demyelinating diseases (OIDD) are a noteworthy category of neurological
diseases that belong to the differential diagnosis of RRMS.4 The present study demonstrates
the ability of gMS-Classifier Dx to differentiate RRMS patients from OIDD patients.

OBJECTIVES:
• To demonstrate the ability of the gMS-Classifier Dx, based on anti- GAGA4 IgM antibody
detection, to differentiate newly diagnosed RRMS patients from patients with other
inflammatory demyelinating diseases within one year from diagnosis.

• To assess additional anti-alpha-glucose IgM antibodies (anti-GAGA2, anti-GAGA3, anti-
GAGA6, anti-GlcNAc and anti-P63) for differentiating RRMS patients from other inflammatory
demyelinating disease patients.

METHODS:
Design and Study Population

Design Cross-sectional, retrospective analysis of serum biomarkers and clinical diagnosis.

Sera and Clinical Data Source The non-profit organization Accelerated Cure Project (ACP),
USA, University of Glostrup, Denmark, Neurological Institute, "C. Mondino" Italy, University
of Ulm, Germany and University of Heidelberg, Germany.

Eligibility Criteria for Diagnostic Analysis 1. RRMS or OIDD diagnosis, 2. Age 18 to 50 years
and 3. Blood was collected during first year of diagnosis (Figure 1). Table 1 shows demographic
data.

Immunoassay Patient sera with masked identity were screened by the gMS®Dx test (anti-
GAGA4 and total IgM antibodies), and anti-GAGA2, anti-GAGA3, anti-GAGA6, anti-GlcNAc
and anti-P63 (Glycominds, Lod, Israel).

RESULTS:
Differential Ability of gMS-Classifier Dx  RRMS patients have higher serum levels of gMS-
Classifier Dx (p-value=0.0025) than other inflammatory demyelinating disease patients.
The cutoff of the gMS Blood Test was validated at 55 EU (p-value=0.009) (Figure 2).

Figure 1. Patient flow diagram for eligibility for gMS-Classifier Dx study. Patients not
included in this study were tested for other phenotypic and genotypic associations.

Figure 2. Box plots of gMS-Classifier Dx unit distribution showing median values and 25% / 75% quartiles.
Outliers are smaller or larger than the upper quartile plus 1.5 times the interquartile range (square markers).
RRMS patients had a higher serum level of the gMS-Classifier Dx biomarker than other inflammatory
demyelinating disease (OIDD) patients. Dotted line is cutoff for positive gMS Dx Blood Test, Specificity was
84% Sensitivity was 28% and  p-value=0.009, Fisher exact.

                          Table 1: Patient Demographics

Diagnosis N Age yrs. Female (%)
Mean (SD)

RRMS 72 35.7 (8.1) 71.0

OIDD 124 35.5 (8.4) 64.5

ON 81 34.5 (8.2) 64.2

TM 19 36.5 (9.2) 84.2

ADEM 15 36.7 (8.6) 33.3

NMO 7 43.3 (3.9) 71.4

GBS 2 27.0 (12.7) 100.0
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Figure 3. Receiver Operating Characteristic (ROC) Decision Plot. The positive likelihood ratio  LR(+) (green
dots) and the LR(-)  (blue dots) are plotted against the gMS-Classifier Dx units. Dashed line is cutoff for
positive test, shaded area is equivocal range. Patients positive for gMS-Classifier Dx have a LR(+) of 2.6 and
Above for being an RRMS patient. The LR(+) increases with increased biomarker levels.

Performance of Other IgM Biomarkers  Anti-GAGA2, Anti-GAGA3, Anti-GAGA6, Anti-GlcNAc
and Anti-P63 were also able to discern RRMS patients from OIDD patients (Figure 4).

Figure 4. Receiver Operating Characteristic (ROC) curves of a. Anti-GAGA3, Anti-GAGA4 and Anti-P62
and b. Anti-GAGA2, Anti-GAGA6 and Anti-GlcNAc for differentiating RRMS patients from other inflammatory
disease patients (OIDD).  All antibodies significantly differentiated RRMS from OIDD patients (p-value<0.05).
Anti-GAGA3, Anti-GAGA4 and Anti-GAGA6 had similar high “Rule In” characteristics.
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Implication of Positive gMS Dx Blood Test
What is a likelihood ratio? The likelihood ratio incorporates both the sensitivity and specificity
of the test and provides a direct estimate of how much a test result will change the odds
of having a disease. The likelihood ratio for a positive result (LR+) tells you how much the
odds of the disease increases when a test is positive. The likelihood ratio for a negative
result (LR-) tells you how much the odds of the disease decreases when a test is negative.
Likelihood ratio combines information about
•  The prevalence of the disease
•  Characteristics of the patient pool
•  Information about a particular patient

The positive likelihood ratio (LR+) indicates how much the probability of having RRMS
increases if a patient is positive for the test (Figure 3).

If a patient has a Pre-test probability of 1 to 1 (50%) of having RRMS:

1. At 60 Units the LR (+) is 2.6 leading to a Post-test probability of 2.6 to 1 (72%) of having RRMS.
2. At 70 Units the LR (+) is 4.1 leading to a Post-test probability of 4.1 to 1 (80%) of having RRMS.
3. At > 80 Units the LR (+) is 5.6 leading to a Post-test probability of 5.6 to 1 (85%) of having RRMS.

CONCLUSIONS:
gMS® Dx blood test can differentiate Newly Diagnosed RRMS Patients from Newly Diagnosed
Other Inflammatory Disease Patients within one year from diagnosis

gMS® Dx blood test cut-off values were validated at 55 units with equivocal zone at 50-60 units.

Other IgM anti-alpha glucose antibodies significantly differentiate RRMS patients from OIDD
patients.

The limitations of this study, retrospective cross-sectional study; established diagnosis at serum
procurement; sample source from various groups, warrants further studies.

Combined Biomarker Performance Biomarkers with high “Rule In” characteristics, Anti-
GAGA3, Anti-GAGA4 and Anti-GAGA6 were combined into one Classifier. Diagnostic
performance was slightly better than the gMS-Classifier Dx test (Table 2).

Table 2: Combination of Anti-GAGA3, Anti-GAGA4 and Anti-P63 Biomarkers for
Differentiating RRMS from Other Inflammatory Demyelinating Disease Patients

Number Sensitivity Specificity LR+ 95%CI LR- 95%CI
of Positive % %
Antibodies

≥ 1 30.6 91.8 3.7 2.6 - 5.3 0.76 0.4 - 1.4

≥ 2 22.2 96.0 5.4 3.5 - 8.4 0.81 0.3 - 1.9

=3 12.5 99.2 15.3 8.3 - 28.1 0.88 0.1 - 6.2
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