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Improving T cell expansion through mechanobiology
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Understanding variability in disease: biomarkers

Patient 
No Age IgVH 

PD-1 
(%) Rai Sex IL-2 

Max 
Doublings 

D2 59 MUT 35.20 3 M 10.75 3.28 

D44 81  74.88 1 M  6.20 

D46 71  33.04 4 F 30.79 2.00 

D47 71 MUT 56.59 4 F 11.26  
D48 56 UNMUT 45.59 1 M 14.62  
D54 63 UNMUT 26.03 4 F 110.09 5.39 

D55 88 UNMUT 48.36 3 M 42.61 3.56 

D57 84 MUT 37.38 4 M 14.79 4.46 

D58 52 UNMUT 36.56 3 F 46.33 4.50 

D59 45 MUT 8.29 3 F   
D62 42 UNMUT 43.50 4 M 36.74 4.02 

D65 69 UNMUT 39.67 2 M 3.79  
D66 52 MUT 24.70 0 F 62.33 6.09 

D68 83 MUT 12.85 3 M 90.53 6.30 

D69 48  30.87 2 M  5.63 

D74 59  21.19 1 F 66.98 5.88 

D75 76 UNMUT 32.09 0 F 27.11 1.20 

D76 57 MUT 29.35 2 F 14.48 3.48 

D77 47 MUT 8.89 0 M 110.81 6.20 

D78 69 MUT 30.07 1 F 25.91 3.34 

H3       5.45 

H4 34  19.00  F 283.4 4.98 

H6 49  20.18  F 119.69 5.76 

H8       5.42 

H9 49  50.70  M 65.63 5.91 
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Understanding variability in disease: measures of cell function
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Patient 
No Age IgVH 

PD-1 
(%) Rai Sex 

Pattern 
Alignment (%) IL-2 

Max 
Doublings Group 

D2 59 MUT 35.20 4 M 75 10.75 3.28 2 

D44 81 UNMUT* 74.88 1 M 75* 11.26* 6.20 2 

D46 71 MUT* 33.04 4 F 84 30.79 2.00 2 

D47 71 MUT 56.59 4 F 60 11.26  2 

D48 56 UNMUT 45.59 1 M 71 14.62  2 

D54 63 UNMUT 26.03 4 F 45 110.09 5.39 1 

D55 88 UNMUT 48.36 3 M 74 42.61 3.56 2 

D57 84 MUT 37.38 4 M 80 14.79 4.46 2 

D58 52 UNMUT 36.56 3 F 49 46.33 4.50 3 

D59 45 MUT 8.29 3 F 13 110.81*  1 

D62 42 UNMUT 43.50 4 M 79 36.74 4.02 2 

D65 69 UNMUT 39.67 2 M 32 3.79  3 

D66 52 MUT 24.70 0 F 57 62.33 6.09 1 

D68 83 MUT 12.85 3 M 76 90.53 6.30 1 

D69 48 MUT* 30.87 2 M 79 46.33* 5.63 2 

D74 59 MUT* 21.19 1 F 58 66.98 5.88 1 

D75 76 UNMUT 32.09 0 F 28 27.11 1.20 3 

D76 57 MUT 29.35 2 F 17 14.48 3.48 3 

D77 47 MUT 8.89 0 M 52 110.81 6.20 1 

D78 69 MUT 30.07 1 F 21 25.91 3.34 3 

H3        5.45  

H4 34  19.00  F 94 283.4 4.98  

H6 49  20.18  F 85 119.69 5.76  

H8        5.42  

H9 49  50.70  M 86 65.63 5.91  

 



Dealing with multiple variables. Principal Component Analysis



PCA of expansion data
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Patient 
No Age IgVH 

PD-1 
(%) Rai Sex 

Pattern 
Alignment (%) IL-2 

Max 
Doublings Group 

D2 59 MUT 35.20 4 M 75 10.75 3.28 2 

D44 81 UNMUT* 74.88 1 M 75* 11.26* 6.20 2 

D46 71 MUT* 33.04 4 F 84 30.79 2.00 2 

D47 71 MUT 56.59 4 F 60 11.26  2 

D48 56 UNMUT 45.59 1 M 71 14.62  2 

D54 63 UNMUT 26.03 4 F 45 110.09 5.39 1 

D55 88 UNMUT 48.36 3 M 74 42.61 3.56 2 

D57 84 MUT 37.38 4 M 80 14.79 4.46 2 

D58 52 UNMUT 36.56 3 F 49 46.33 4.50 3 

D59 45 MUT 8.29 3 F 13 110.81*  1 

D62 42 UNMUT 43.50 4 M 79 36.74 4.02 2 

D65 69 UNMUT 39.67 2 M 32 3.79  3 

D66 52 MUT 24.70 0 F 57 62.33 6.09 1 

D68 83 MUT 12.85 3 M 76 90.53 6.30 1 

D69 48 MUT* 30.87 2 M 79 46.33* 5.63 2 

D74 59 MUT* 21.19 1 F 58 66.98 5.88 1 

D75 76 UNMUT 32.09 0 F 28 27.11 1.20 3 

D76 57 MUT 29.35 2 F 17 14.48 3.48 3 

D77 47 MUT 8.89 0 M 52 110.81 6.20 1 

D78 69 MUT 30.07 1 F 21 25.91 3.34 3 

H3        5.45  

H4 34  19.00  F 94 283.4 4.98  

H6 49  20.18  F 85 119.69 5.76  
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Finding patterns: k-means clustering



Finding patterns: k-means clustering



Finding patterns: k-means clustering



PCA of expansion data
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PCA of expansion data
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CLLHealthy



50 m
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A

Random ForestMulti-Feature 
Decision Tree

Single-Feature (Area) 
Decision Tree

0.710.700.50Accuracy

0.830.690.51AUC

0.790.790.43Sensitivity

0.600.580.60Specificity
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Feature Extractor Classifier

0: Healthy

1: CLL



Bootstrapping confidence intervals on the mean

⚫ “What Teachers Should Know About the Bootstrap:”

https://arxiv.org/pdf/1411.5279.pdf

https://arxiv.org/pdf/1411.5279.pdf


Ideal

⚫ Draw samples from the population

⚫ Compute statistic from sample, 

|making a sampling distribution

Bootstrapping

⚫ Draw samples from an estimate 

of the population

⚫ Compute statistic of interest from 

each sample

⚫ Distribution of statistics is the 

bootstrap distribution

Bootstrapping



Permutation Test



Permutation Test

⚫ Pool all 20 observations, pick 10 as Basic, 10 as Extended, 

without replacement

⚫ Generate a permutation distribution around a statistic

⚫ Difference in means

⚫ Compute this statistic for a given pick.

⚫ Repeat pick many times to generate distribution

⚫ Compare observed to simulated distribution

P < 0.005



Case for resampling

See page 37 of “What teachers…” 

⚫ Verizon is to provide repairs 

for CLEC (competitors) as 

quickly as for ILEC (theirs).

⚫ If CLEC > ILEC, this would 

bring penalties.

⚫ Criteria for penalties was 1% 

significance level.
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