
[1] Makshakov G, Nazarov V, Kochetova O, Surkova E, Lapin S, Evdoshenko E (2015) 
Diagnostic and Prognostic Value of the Cerebrospinal Fluid Concentration of 
Immunoglobulin Free Light Chains in Clinically Isolated Syndrome with Conversion to 
Multiple Sclerosis. PLoS ONE 10(11): e0143375. doi:10.1371/journal.pone.0143375

[2] Mayo Foundation for Medical Education and Research. (2022, January 7). 
Multiple sclerosis. Mayo Clinic. Retrieved August 5, 2022, from 
https://www.mayoclinic.org/diseases-conditions/multiple-sclerosis/symptoms-cause
s/syc-20350269 

[3] Winger, R. C., & Zamvil, S. S. (2016, July 12). Antibodies in multiple sclerosis 
oligoclonal bands Target Debris. Proceedings of the National Academy of Sciences of 
the United States of America. Retrieved August 5, 2022, from 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4948325/#:~:text=IgG%20oligoclo
nal%20bands%20(OCB)%20are,hallmark%20that%20supports%20MS%20diagnosis.

Diagnosing Multiple Sclerosis Through Machine 
Learning CSF Molecular Biomarker Analysis

Allison Wang1, Brooke Weller2, Charline Chen3, Manasvini Kothari4, Nithya Vuppalapati5 
1Mission San Jose High School, Fremont, CA; 2 California Connections Academy SoCal, Irvine, CA; 3Irvine High School, Irvine, CA; 4 Los Altos High School, Los Altos, 

CA;  5Advanced Math and Science Academy Charter School, Marlborough, MA

Results

1. Gathered data catalogued by the 
Laboratory of Autoimmune Diagnostics
○ Dataset of biomarker 

concentrations(obtained from 
lumbar punctures)

2. Merged both CIS-MS and CIS-nonMS 
patient data
○ Discarded rows with null data values 

and added  column representing 
patient diagnosis (0 for non-MS, 1 
for MS).

○ Dataset parameters: 
■ Patient’s OCB status
■ Patient’s gender
■ Patient’s age when symptoms first 

manifested
■ Concentration of Kappa and 

Lambda Free Light Chains (k-FCL 
& λ-FLC)

3. Sklearn and Pandas used to clean data 
and input into modeling algorithms
○  Logistic Regression, Random Forest 

Classifier, kNN, Bayes Naive model, 
and the Linear SVM model

4. Outputted accuracy percentage  of each 
model and confusion matrix for 
predictions

Figure 1. ROC plot of binary classification algorithms

Receiver Operating Characteristics (ROC) Plot: probability curve in which 
true positive rates and false positive rates are plotted against each other
- True Positive: given the MS data, the algorithm correctly classifies the individual 

as an MS patient
- False Positive: given the MS data, the algorithm incorrectly classifies the 

individual as an MS patient
- Area Under the Curve (AUC or AUROC): evaluation metric for model’s 

performance
- ↑ AUC score = ↑ performance in classification

The Algorithms (ranked by accuracy): Random Forest - a collection of 
decision trees;  kNN - classifying data based on the labels of nearby data points; 
Naive Bayes - utilizing Bayes Theorem; Logistic Regression - using the sigmoid 
function to return the probability of a label; SVC - classifying the data based on the 
position of data in relation to a separating border; Random prediction - random 
predictions that have a 50% chance of predicting correctly
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Analysis
● Random Forest Classifier determined 

to be best binary classification algorithm 
for MS patient  numerical data
○ Possibility of overfitting, considering 

implementation of only one dataset

Applications
● Enhance research on the proper diagnosis 

of Multiple Sclerosis
○ Understanding molecular biomarkers 

helps with early and specific diagnosis.
■ Physicians won’t need to wait for 

more clinical attacks to further 
analyze and diagnose patients

● fMRI scans are too broad
○ Multiple MRI scans needed to detect 

damage over space and time in the brain
○ Lumbar punctures are more reliable in 

terms of specificity
● Treatment for MS is very expensive 

○ Reduction of human error through 
machine learning

Limitations & Improvements
● Program compares multiple biomarkers 

from the same source; integrate multiple 
clinical datasets

● Focuses mainly on CSF analysis from 
lumbar punctures
○ Crucial test for MS, but other data 

required to confirm diagnosis
● For a more accurate classifier 

○ Analysis of a combination of image and 
numerical data– MRI scans, Optic 
Nerve Evaluation Tests, ect. 

Figure 2: Random Forest Classifier 
decision tree

Figure 3. CSF molecular biomarker ranking

*The p-value represents the statistical significance of results from the model. The 
lower the p-value, the more significant the results. In this case, the p-value confirmed 
accuracy in differentiation between MS and non-MS patients.

Figure 3. Example of output 
confusion matrix of singular 
Random Forest Classifier run

MS Trust Myeloma Crowd

Multiple sclerosis (MS): disorder in 
which the immune system attacks central 
nervous system(CNS), disrupting travel of 
neural signals and causing inflammation, 
neurodegeneration, and demyelination

○ Symptoms: numbness, vision 
impairment, pain, depression/anxiety

○ Types:

Current Diagnosing: largely 
undependable due to overlapping disease 
symptoms

Objective: Compounds within 
cerebrospinal fluid (CSF) are prominent 
biomarkers of MS; identification could 
resolve deficit in MS diagnosing

■ Focus on molecular biomarker 
analysis to conduct binary 
classification

■ Determine biomarker correlating 
most to disease diagnosis


