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traditional data-processing or statistical application software

o Machine learning => Subfield of computer science, application
of artificial intelligence (Al), provides systems the ability to
automatically learn from experience

o Unsupervised and supervised learning

o Applications: Healthcare, bioinformatics, robotics, data
security, financial market analysis, translation
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 Second most common cancer vign )
* Caused by human papillomavirus (HPV)
* Left untreated, cervical cancer developed

* Lead to life-threatening but potentially
curable

Microarray Gene Expression Profiling = To interpret and
analyze the genes expression state in complementary
DNA prepared from mRNA in which the hybridization is
taking place on the array

é'h Malaysia Statistics Conference MICROARRAY




Classification and detection of cervical cancer among large
community has been challenging task

Cervical cancer is detected by PAP Smear test which has
limited sensitivity to detect the early development of cervical
cancerous cell

But by using gene expression profiling data, it has a better
sensitivity to detect the early development of cervical cancer

Hence, predictive model is important
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* To extract the important features from cervical cancer
gene expression profiling data

* To classify groups or clusters of similar genes using
unsupervised machine learning (ML)

* To develop predictive models for cervical cancer by using
supervised machine learning (ML)
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Dataset: Gynecologic Oncology Group Tissue Bank (PA, USA) &
Kaggle database website

Dataset containing gene expression profiling data in order to detect
whether they are pre-cancerous or cancerous cervical cells

Data is extracted to get the important features

Unsupervised ML: hierarchical clustering & principal components
analysis (PCA)

Supervised ML: support vector machine (SVM) & Random Forest (RF)
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Dataset Description:

v'Gene expression profiling data

v Tumor and matched normal samples

v'Raw read counts from the sequencing of microRNA
v'58 samples data with 714 features

v'Row: microRNA features
v'Column: 29 Normal (N), 29 Tumor (T)

R statistical computing environment
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Data [Normal (N): 29, Tumor (T): 29

let-7a 1962

3671
let-7a* 3 12 30 IE 6 2 0 199 10 173 30 105 s a1 7 738 1051 478 568 643 175 187 3B 76
let-7b 975 2790 4912 24286 1759 508 33 6162 1455 18110 8862 12481 21641 8320 915 43582 33730 40209 0226 5576R 31744 71032 5436 6932
let-7b* 15 18 27 119 11 3 0 116 17 233 40 180 288 63 12 468 478 3% 470 686 129 673 65 83
let-7c 828 1251 2973 @413 T3 339 23002 476 3294 5929 1816 3178 513 303 4670 2203 30% 5182 4537 37 5675 1411 3477
let-7ct 0 0 0 1 0 0 0 3 0 3 0 0 3 0 0 20 2 6 1 18 f 1 1 5
let-7d i1 98 364 18390 188 47 1 19 204 1425 507 621 1078 1447 35 3154 2124 1634 5535 2000 12669 4374 380 385
let-7d* 3 24 g 4 g 2 0 33 18 i1 19 a3 187 36 20 287 22 42 294 264 73 250 40 51
let-7e 169 151 788 sa01 308 11 9 1812 204 2943 1089 3255 5768 1318 85 11765 6011 9984 21923 13716 4659 14414 972 1498
let-Te 0 1 1 7 1 0 0 14 1 4 9 10 2 3 1 63 83 38 42 B4 g 13 5 5
let-7f 569 192 3487 14486 1134 353 1 42352 1148  &014 5765 5662 634 2699 402 23502 24312 17660 37513 12618 19134 28917 3860 423
let-7f-1* 1 1 1 18 i 0 0 45 1 35 11 25 31 11 4 amn 302 a7 205 147 39 167 8 27
let-7f-2* 0 1 2 3 1 0 0 7 0 4 ] 7 3 2 0 24 41 16 17 20 g 47 2 1
let-7g 47 173 1922 4062 493 124 i 145 41 2086 1704 2392 1285 832 57 4097 6926 5677 B095 3468 5823 7199 1323 610
let-7g* 0 0 2 4 1 0 0 2 0 2 2 2 [ 1 0 18 19 14 5 9 0 34 3 1
let-7i 41 304 912 @7 M7 89 7 B39 36 1651 2953 3507 4983 1923 201 5654 5481 8877  1leed 3662 3855 5080 602 738
let-7i* 1 f 4 18 i 2 0 15 4 3 7 92 74 22 1 5 101 94 110 54 E] 66 7 21

RNA

miR-1 151 1 352 383 127 36 0 409 15 674 1046 1583 1713 199 1224 4493 7318 3482 11508 1345 255 3989 194 M7
miR-100 233 169 886 351 54 12 45 17 429 3 304 537 819 k] 969 1337 122 902 1695 5285 2893 364 268
miR-100* 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 2 2 0 0 2 7 0 0

MICro

miR-101 159 270 8| 807 162 76 13 3% 147 383 586 1462 317 522 17 573 2641 1622 1733 1120 1110 2397 547 137

Features of Sequencing of

miR-101* 3 9 5] 2% 7 11 0 [ 3 7 4 37 3 12 0 32 78 35 e} 59 14 105 10 15 o
i | 3

Showing 1 to 23 of 714 entries
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Data Pre-processing

- Unreliable and redundant of data and noise
present in dataset

Normalization

Data Scali of Data
Data Cleaning aHa Sl
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Hierarchical Clustering (Heatmap)
- Implemented to create the hierarchical
- By measuring the similarities between features of the

gene expression profiles

Principle Component Analysis (PCA)

- Reduce the dimensionality
- Collapse the hundreds of features into a smaller set of

principal components
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supervised Machine Learning (SUM and RF)
- SupportVector Machine (SVM)

- Maximize the accuracy of the predictions while avoiding
over-fit to the sample data

- Random Forest (RF)

- Ensemble learning method that operate by constructing a
multitude of decision trees at training time and outputting
the class that is the mode of the classes (classification)

- Training and testing the sample data (70% train, 30% test)
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Predicted class

P N
True False
P | Positives Negatives
(TP) (FN)
Actual
Class
False True
N | Positives Negatives
(FP) (TN)
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Hierarchical Clustering
(Heatmap)

v Heatmap is a graphical
representation of the gene
expression profiles data of
cervical that illustrated as
colors range in a map

By calculating the pairwise
distance between all of the
data

Orange: Low level, White:
High level
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Principle Component Analysis (PCA)

v Scree plot is a histogram that shows
eigenvalues of each principal components
Elbow (PC)
v Determine number of PC needed to
summaries the dataset
v’ Based on scree plot, value of variances
decreases dramatically after the first
principal components (elbow)
v' Hence, only one PC is sufficient to
summarize the dataset

Varanoas

' ' '
Principie Component 1 Principie Compaonent 2 Principie Component 3
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Normal

(0)
Tumor (1)

Normal

(0)
10

0

Accuracy @ 0.9412

0 1
No Information Rate 0.5882
P-value [Acc > NIR] : 0.001559
Tumor (I
umo ( ) Kappa : 0.8759
Mchnemar 's Test P-value : 1.000000

sensitivity : 1.0000

| specificity : 0.8571
Neg Pred value 1.0000
Prevalence : 0.5882
6 Detection Rate : 0.53882

Detection Prevalence : 0.6471
Balanced accuracy : 0.9286

"Positive” Class : O
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87.5% 94.12%
0.75 0.8759
0.8750 1.0000

0.8750 0.8571

éth Malaysia Statistics Conference



_ Variables Mean Variables  Mean Decrease
Top 10 - Variable Importance Importance  Decrease Importance  Gini (MDG)
Accuracy
(MDA)
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o Random Forests (RF) machine learning algorithms can be successfully used for
predicting cervical cancer based on the gene expression profiling data with the

microarray dataset

o Model’s accuracy obtained is 94.12% which may be acceptable in many
applications

o MicroRNA-205 as a novel biomarker for cervical cancer patients
o Big data & machine learning algorithms could be useful in bioinformatics or any
other fields
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