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Abstract. Cancer has always been one of the greatest causes of death around
the world since a long time. There have been years of research and development
put into cancer but we are still unable to find an overall cure which can
guarantee the eradication of cancer from the patient. Putting into attention the
number of people affected by cancer, we need to develop better ways of
diagnosis and treatment. In this article we go through Machine Learning and
how it can be very effective in identifying and studying cancer tumors. We have
used very basic steps to create a strong machine learning program which is able
to identify the tumor as malignant or benign. Using Python and it’s open source
libraries makes it possible for almost anyone to use this approach. We have
used KNN classifier and Logistic Regression to make 2 models to compare the
results and determine the more accurate algorithm.
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1 Introduction

Machine learning has been used in cancer research from a long time now. We have
been using artificially intelligent machines since even before the term “artificial
intelligence” was coined. It has aimed at detection and diagnosis of cancer. For some
patients, machine learning can even be used to get the individual personal records and
treatment path.

Cancer, a condition in which a group of cells in body exhibit abnormal growth and
may spread to other parts of the body, is one of the leading causes of mortality. It is a
disease caused by mutations of cells that has occurred in the genes. These cancerous
cells are called malignant cells and contract with benign cells which divide under the
control of the body. When the division of cells leads to a swollen mass or extra tissue
development, it is called a tumor. There are various kinds of cancers, including breast
cancer, lung cancer, leukemia, prostate cancer, lymphoma etc. Most of these are more
common in older ages, due to the damaging and older age of DNA, which increases
the risk of mutations.
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Fig.1. Benign and malignant tumors

Typical cancer treatment includes a surgery to remove the tumor, if possible,
followed by chemotherapy and radiation therapies. Targeted immunotherapy and
hormone therapy is also provided in cases where necessary or beneficial. However,
even if the treatment works, it is very hard to say whether the patient is 100% cancer
free, as recurrence is a big possibility in cancer.

According to WHO, 1 out of every 8 people die of cancer. However, even after
millions of dollars of reasearch we are unable to find a cure for this disease. There are
many reasons behind the same, such as-

1) Methods of studying cancer include the cultures of tumor cells extracted
from the body. These may not provide the most appropriete results, as they
lack the complexity of a real live tumor in the body.

2) Clonal heterogeneity- It is the rise of similar, but not same type of cancer
cells in a single patient. Drugs that may affect one type may not affect the
other type of cancer cell.

3) The suppression of immune system by the tumor.

4) Some malignant cells can adapt and undergo further mutation to merge in
with the normal cells of the body.

5) The delay in diagnosis.

Cancer diagnosis is one of the most important components of the treatment. An
accurate and fast diagnosis method will make it much easier for the patient and
doctors to take a further course of action before the tumor grows in size and becomes
more difficult to treat.

This is where, machine learning can be a solution. It enables computers to learn,
and then perform functions independently without the need of programming them
specifically for each task. Data makes the base and backbone of the machine learning
model. To train our model, we need to provide data to it, so that it learns and is
trained, and can be tested later.

The type and form of tumor can tell a lot about how harmful it is and what are the
chances of it being malignant and benign. With the help of machine learning, we can
train our model to identify the features which can most likely point to malignancy and
otherwise. We can use a pre-existing dataset and train our model to see how
accurately it can work.

There are many algorithms which are suitable for doing this task, but we will be
using KNN classifier and logistic regression.
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Logistic regression is a method for analysis of a dataset in which there are one or
more independent variables that present any outcome. The outcome is measured with
a variable (in which there are only two possible outcomes).

In this method, we follow similar steps as linear regression, and we try to divide
the data by minimising the error. However, we can think of the errors as a penalty
points. We try to shift the division to the point where this penalty points are
minimum.

Probability (1/0)

Madel Output

Fig.2. Logistic regression illustrated

K-nearest neighbors or KNN clustering is another class of algorithms that works

on forming clusters of known points to determine which cluster our called point will
belong.

Fig. 3. Random points and our blue star

In the above image, the blue star is the point which we need to classify or group,
and the red circles and green squares are the clusters and classes where it can go. Now
we will draw a circle around the blue star and see which cluster it seems to neighbor
with more. In KNN, we can determine the number of neighbors we want to use to
form the cluster. Let’s take k=3.

m o X
Fig. 4. Classifying our blue star with nearest neighbors
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2865



International Journal of Pure and Applied Mathematics Special Issue

From the image it is very evident that the blue star belongs to the cluster of red
circles.
This is how KNN clustering works.

2 Review of Literature

2.1 Machine learning applications in cancer prognosis and prediction- By
Konstantina Kourou, Themis P.Exarchos, Konstantinos P.Exarchos, Michalis
V.Karamouzis, Dimitrios I.Fotiadis

The early diagnosis of a cancer type is a necessity in cancer research and treatment,
as it can stimulate the following clinical management of affected individuals. The
necessity of classifying cancer patients into high or low risk groups leads research
teams, to study machine learning methods.. Moreover, the ability of machine learning
to detect features from complicated datasets reveals it’s ability. These ML algorithms
like Artificial Neural Networks , Bayesian Networks, Support Vector Machines and
Decision Trees have been used in cancer research. However, these models need to be
improved and validated in order to be considered fit to be used in usual clinical
practice. The predictive models presented in this paper are based on supervised ML
techniques.

3 Methodology

We will be making a machine learning program that will detect whether a tumor is
malignant or benign, based on the physical features.

3.1 Getting the system ready

We will be using Python for program, as it comes with a lot of libraries dedicated
to machine learning and data science, which will make our task much easier.

Python 3.6 is the most popular and updated version. Even though that is the official
website, a much more convenient way of installing Python is through Anaconda,
especially when we want Python for machine learning. Anaconda makes it very easy
and fast to download all the libraries of python.

We can download Python and other dependencies from
www.continuum.io/downloads.

After the installation, we will find Anaconda prompt in our systems which can be
used to open, install, delete and do other functions related to our libraries.

Jupyter notebook is considered to be the best coding environment for Python
because of the functionality, interface and the extra features it provides. It also makes
it very easy to work with external files and load them into our code, and we can easily
use it through Anaconda.
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3.2 Working on the program

Machine learning is data driven. Some of the steps that are involved in the process
are- acquiring data, data wrangling, training our model, testing our model and
improving the model.

We will be using a Python library specifically used for machine learning and data
science, Scikit-learn. Sklearn makes it very easy to work with the algorithms, and it
comes pre installed with Anaconda.

Sklearn also provides many datasets that can be used for training purposes. To see
how we can use machine learning for cancer diagnosis, we will be using Sklearn’s
Breast Cancer Wisconsin Database which contains features and targets of 569
samples with 30 features.

3.3 Using KNN Classifier

To start with our program, we need to import certain libraries in our Jupyter
notebook.

from sklearn.datasets import load breast cancer
from sklearn.neighbors import KNeighborsClassifier
from sklearn.model selection import train test split
import matplotlib.pyplot as plt

$matplotlib inline

The above libraries are required for loading the dataset, importing our
KneighborsClassifier from Sklearn, and train_test_split function (it splits the arrays or
matrices of data into training and testing subsets), and matplotlib (required to plot
graphs and scatterplots in python).

If the above code runs, it means we have successfully loaded and imported all our
libraries and dependencies.

Let us see our cancer dataset.

cancer = load breast cancer ()
print (cancer.DESCR)
JUPYEer CancerML Last Checkpoint: 7 minutes ago (autosaved) A ogon

B+ % A0 ¥ (N EC o
'

1

Fig. 5. Description of the dataset
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As we can see, we have loaded the description of the dataset.

To see all the features that are included in the dataset, we can use-
print (cancer.feature names)

print (cancer. target names)

 Jupyter CancerML Last Checkpoint: 12 minutes ago (autosaved) & Logont
File  Edil  View Inset  Cell  Kemel  Widget Help Trusted Python 3 O
B+ %A 4% N EC o -

In [36]: print(cancer.feature_names)
print (cancer.target_names

['mean radius' 'mean texture' 'mean perimeter' ‘'mean area'
‘mean concavity'

mean fractal dim

pactness' 'wors a
‘worst concave points' ‘worst symmetry' 'worst fractal dimension']

('malignant' ‘'benign')

Fig. 6. Printing feature and target points

We will now have a closer look at the dataset, by using Pandas, a libarary in
Python. The dataset is in the format of an CSV (comma separated values) file. We
will read 10 samples out of the sample.

import pandas as pd

raw _data=pd.read csv('breast-cancer-wisconsin-
data.csv')

raw _data.tail(10)

— Jupyter CancerML Last Checkpoint: 15 minutes aga (unsaved changes) | Logou
File  Edl  View Inset  Cel  Kemel  Widgels  Help Tusied|  |Python3 O
B+ % M B A W W o -

In [40]: import pandas as pd
rav_data=pd.read_csv('breast-cancer-wisconsin-data.csv')
raw_data.tail(10)

665 626054
566 927241

1660 2808 10830 8581 008455 010230 008261 005302 . 18980 3412 12670 11240 011360
2060 2033 14010 12650 011780 027700 035140 015200 .. 26740 39.42 18460 18210 0.16500

842302 M 1799 1038 1228 1001 04184 02776 03001 04474 2538 1733 1846 2010 04622
608 625201 B 1151 2303 7452 4035 008261 010210 0.11120 004105 .. 12480 37.16 8228 4742 012880 0
609 026202 B 1406 2716 0138 6004 000920 011260 004462 004304 . 16300 3317 10020 7067 012410 0
660 625311 B 1120 2037 7067 3860 007449 003556 0.00000 000000 .. 11820 3830 7518 4386 008267 0
681 ©26622 M 1522 3062 10340 7169 010480 020870 026500 009428 . 17620 4279 12870 9160 014170 0
662 926125 M 2092 2500 14300 13470 010990 022360 031740 014740 .. 24290 2941 179.10 18190 0.14070 0
663 626424 M 2156 2230 14200 14790 011100 011560 024380 013880 . 26450 2640 16610 20270 014100 O
664 G26682 M 2013 2825 13120 12610 009780 010340 014400 009791 23600 3825 15500 17310 011860 O

1 0
" [}
B 0

867 62761 776 2454 4782 1810 005263 004362 000000 0.00000 9456 2037 5016 2686 008996

10 rows x 32 columns

Fig. 7. Tailing 10 rows of the dataset

To see a better illustration of our KNN Classifier, we will use a library called
mglearn. We will import it in our notebook, and then run the following-

import mglearn
mglearn.plots.plot knn classification(n neighbors=7)
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ZJupyter CancerML Lest Checkpoint: 19 minutes age (autosaved)
lo  Edt  View Insot Kemel  Widgels  Help
B+ % @B 4 HEC o V(@

In (38]: impore mglearn

In [39]: mglearn.plots.plot_knn_classification (n_neighbors=7)

80 65 80 95 100 105 W0 W5 120

Fig. 8. Using mglearn

Trusted

Here, n=7 refers to the number of neighbors we are using.
Now we will fit our KNN classifier with the features to train.

X train,X test,y train,

y _test=train test split(cancer.data,cancer.target,

stratify=cancer.target, random state=42)

knn = KNeighborsClassifier ()
knn.fit (X train, y train)

This will train our model, and we are ready to test it.

3.4 Using Logistic Regression

Now that we have successfully trained our KNN model, we are going to use
another algorithm to compare and see which one yields better results.
Let us start by importing all the necessities for the logistic regression-

from sklearn.datasets import load breast cancer
from sklearn.linear model import LogisticRegression
from sklearn.model selection import train test split

Now let us train our model-
X train,X test,y train,

y test=train test split(cancer.data,cancer.target,

stratify=cancer.target, random state=40)

logistic reg = LogisticRegression()
logistic reg.fit (X train, y train)

_ Jupyter CancerML Last Checkpaint: 26 minutes aga (unsaved changes)
F " d  Col  Kemel 1o

B o+ 5 & B[4 & [ H B C coe =

ain_test_split (cancer.data,

Fig. 9. Splitting the data for training and testing in logistic regression
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Now we are done with our training process with both algorithms.
4 Result

After we are done with our training process, it is time to test and see how accurate
results are being provided by our models.

4.1 Accuracy of KNN classifier

To check the accuracy of our KNN model, we have to use-

print ('Accuracy of train set:
{:.3f}'.format (knn.score (X train,y train)))
print ('Accuracy of test set:
{:.3f}'.format(knn.score(X_test,y_test)))
.JUpytE‘T CancerML Last Checkpoint: 44 minutes ago (autosaved) A Logou
B+ 2B 4 % N B C Cok (<]

print ('Accura £)'.format (knn.score (X_train,y_train)))
r t '.format (knn.score (X_test,y_test))

Accuracy of train
Accuracy of test

Fig. 10. Printing accuracy of KNN model

The KNN classifier shows a decent accuracy of 94.4% on the training set and 93.7
on the test set when the number of neighbors selected for clustering is 3. However, we
need to make our classifier as accurate as it can be.

We can go ahead and check whether changing the number of neighbors will
increase our accuracy. To check this, we will need matplotlib and we will use it to
plot a line graph between number of neighbors and accuracy.

X train,X test,y train,y test=
train test split (cancer.data,cancer.target,
stratify=cancer.target, random state=66)

train accuracy=[]
test accuracy=/[]
neighbors set = range(1,15)

for n neighbors in neighbors set:
clf = KNeighborsClassifier (n neighbors=n neighbors)
clf.fit (X train,y train)
train accuracy.append(clf.score(X train, y train))
test accuracy.append(clf.score(X test, y test))
plt.plot (neighbors set,train accuracy, label='Training
set accuracy')
plt.plot (neighbors set, test accuracy, label="'Test set
accuracy')
plt.ylabel ("Accuracy')
plt.xlabel ('"No. of Neighbors')
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plt.legend()

— JUpYter GancerML Last Checkpeint an hour ago (sutcssved)

& o

Tnstea hon3 O

B+ @

Fig. 11. Codé to get a graph for the number of neighbors giving the maximum accuracy

After running this, we will get a graph like this-

_ JUpYter GancerML Last Checkpoint an hour ago (aulosaved)

]

Fig. 12. Graph suggesting 6 as the most accurate number of neighbors

This graph suggests, that the test set accuracy will be most accurate when the

number of neighbours is 6.
So now, let us change the number to 6 from 3 to see whether there is any increase

in the accuracy.

— Jupyter CancerML Last Checkpoint: an hour ago (autosaved) A Logout
File  Edit View Inset  Cell Kemel  Widgets  Help Trusted | Python 3 O
B+ % @B 4 v M B C Coe v o=

In [72]: print('Accuracy of train set: {:.6f}'.format (knn.score(X_train,y_train)))

print ('Accuracy of test set: {:.6f}'.format (knn.score (X test,y test)))

Accuracy of train set: 0.936620
Accuracy of test set: 0.958042

Fig. 13. Accuracy with 6 neighbors

As we can see, the accuracy is now 93.66% on training set and 95.8% on test set.
This clearly shows that there is an increase of 2.1% on our test set.

4.2 Accuracy of Logistic regression mdel

oNow let us see how much accuracy our logistic regression algorithm will provide

us with.
print ('Accuracy of train set:
{:.6f}'.format (logistic reg.score (X train,y train)))
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print ('Accuracy of test set:
{:.6f}'.format (logistic reg.score (X test,y test)))
Jupyter CancerML Last Checkpoint: an hour ago (unsaved changes) A Logout
File Edit View Insert Cell Kernel Widgets Help Trusted | Python 3 ©
+ x @3B 4 v M B C Code v @3

In [73]: | print('Accuracy of train set: {:.6f}'.format(logistic_reg.score (X train,y train)))
print (‘Accuracy of test set: {:.6f}'.format(logistic_reg.score(X_test,y_test))

Accuracy of train set: 0.946009
Accuracy of test set: 0.972028

Fig. 14. Accuracy with logistic regression

This shows that our model has a very impressive accuracy of 94.6% on training set,
and more importantly, 97.2% on test set.

This shows that our model is much more accurate when we use logistic regression,
rather than KNN classifier, which also yields decent results, but not as good as the
former.

5 Discussion & Conclusion

From the program we can see that logistic regression provides us with more
accuracy. There are other algorithms that can be used for the same, including Naive
Bayes, Support Vector Machines, Decision Trees etc. Even though, K-nearest-
neighbors provide a very practical approach, they are dependent on the nearest
neighbors for the prediction of target point. Logistic regression, on the other hand,
works on the eradication of errors to draw the correct line between the points, on the
basis of gradient descent.

In order to make more advancements in this field of study, we can try and focus on
applying unsupervised learning as well, and also use image classification and
regression techniques to make our models more expert in detecting the malignancy.

ML has still a long way to go if we are talking about completely replacing
diagnostic tests like PET SCAN and biopsies. However, if successful, the detection
will be very accurate and painless.
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