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1. Introduction
Making a diagnosis of the disease is the initial and very important

stage of the treatment of a sick person, the correctness of which greatly
depends on the successful completion of the subsequent stages of
treatment. Accurate and timely diagnosis practically (with high
probability) ensures the cure of the patient's disease. The diagnosis is
made based on the examination of the patient's condition by the doctor.
Examination of the condition involves blood, urine and other analyzes
of the patient, as well as observation of various organs, which can be
done by many different methods, including the use of X-rays and
radiation. Based on the results of the observation, the doctor of the
relevant profile makes a decision about the presence or absence of the
disease. The correctness of the decision depends greatly on the
qualification and experience of the doctor. Different doctors can make
different decisions on the same data. A misdiagnosis can lead to a
disastrous outcome with high probability.



In order to avoid such subjective errors and to improve the quality of
diagnosis, in recent decades, attempts have been made to use modern
computers for diagnosis through machine learning and artificial
intelligence methods (see, for example, (Bishop, 2006)). While
diagnosing, as well as when making any decision, two types of errors
are possible: mistaking a sick person for healthy, and mistaking a
healthy person for sick. The correctness of the decision depends greatly
on the qualification and experience of the doctor. The results caused by
such errors are diametrically (significantly) different from each other. In
the second case, after some stress experienced by the patient, on the
basis of additional examinations, the real condition of the patient will be
established, and in the first case, the result will be fatally disastrous
with a high probability. Based on what has been said, the requirements
for automatic diagnosis methods are clearly visible. They should
minimize possible errors of both types, especially the possibility of
errors of the first type.



Among the diseases that exist today, human lung diseases with
pneumonia and cancer occupy an important place. „Pneumonia is a
form of acute respiratory infection that affects the lungs. The lungs are
made up of small sacs called alveoli, which fill with air when a healthy
person breathes. When an individual has pneumonia, the alveoli are
filled with pus and fluid, which makes breathing painful and limits
oxygen intake that can cause the death“ https://www.who.int/news-
room/fact-sheets/detail/pneumonia. „Cancer is a generic term for a
large group of diseases that can affect any part of the body and cause
the death. One defining feature of cancer is the rapid creation of
abnormal cells that grow beyond their usual boundaries, and which can
then invade adjoining parts of the body and spread to other organs; the
latter process is referred to as metastasis. Widespread metastases are
the primary cause of death from cancer“ https://www.who.int/news-
room/fact-sheets/detail/cancer.
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According to the World Health Organization “Pneumonia is the single
largest infectious cause of death in children worldwide. Pneumonia
killed 740 180 children under the age of 5 in 2019, accounting for
14% of all deaths of children under 5 years old but 22% of all deaths
in children aged 1 to 5 years” https://www.who.int/news-room/fact-
sheets/ detail/pneumonia. Also “Cancer is a leading cause of death
worldwide, accounting for nearly 10 million deaths in 2020, or nearly
one in six deaths. The most common cancers are breast, lung, colon
and rectum and prostate cancers. Each year, approximately 400 000
children develop cancer. Cancer mortality is reduced when cases are
detected and treated early” https://www.who.int/news-room/fact-
sheets/detail/cancer. Thus, timely correct diagnosis of the presence of
the mentioned diseases is a very necessary and important problem.
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The article proposes methods of automatic diagnosis of pneumonia
and lung cancer, which allow to reduce both types of errors mentioned
above to the desired levels. Besides their widespread, these diseases
are interrelated as mentioned in the paper (Tanaka S., Inoue M.,
Yamaji T., et al., 2023): “We found a positive association between
incident cancer and risk of death pneumonia in this study. These
results imply the possibility that the immunocompromised status and
respiratory failure due to antitumor treatment.”

Two types of lung cancer are discussed in the presentation:
adenocarcinoma and carcinoma. „Carcinoma is the most common
form of cancer. It starts in the epithelial tissue of your skin or internal
organs.



Adenocarcinoma is a subtype of carcinoma. It grows in the glands that 
line the insides of your organs“
https://www.google.com/search?q=What+is+difference+between+Aden
ocarcinoma+and+carcinoma+diseases%3F%0D%0A&source=hp&ei=L
U06ZJyKB--Rxc8Pjouq4Ak&iflsig=AOEireoAAAAAZDpbPTDA8
mZaPmgq48pCPr6Vtve EKtYA&ved=0ahUKEwjc1Pbgqav-AhXvSPE
DHY6FCpwQ4dUDCAg&uact=5&oq=What+is+difference+between+
Adenocarcinoma+and+carcinoma+diseases%3F%0D%0A&gs_lcp=Cgd
nd3Mtd2l6EANQAFgAYABoAHAAeACAAQCIAQCSAQCYAQCgA
QKgAQE&sclient=gws-wiz.



To make a decision about the diagnosis of the disease, the observation
results extracted from the images obtained by radiation irradiation are
used, which, like most of the observation results, contain a random
component and, therefore, has a random character. Therefore,
statistical hypothesis testing methods are used to make decisions,
which allow restricting both types of possible errors. Such methods are
Wald's sequential analysis method and constrained Bayesian method
(Wald, 1947a,b; Kachiashvili, 2010, 2018). It is shown that both
methods provide the opportunity to solve the given problem. It is also
shown that the constrained Bayesian method, as a rule, requires a
relatively small number of observations to make a decision with a
given reliability than the Wald method, which is completely consistent
with the results obtained earlier by the author of CBM and is its
advantage (Kachiashvili, 2013, 2014a, 2015, 2018).



The results of the investigation are distributed in my talk as follows.
Disease data acquisition and preprocessing results are presented in the
beginning. After the methods used for making decisions are described.
Then the results of the investigation of the applied methods using
simulation and real data are given with the demonstration of the results
of processing of experimental data. In particular, there are shown the
results of statistical processing of the data of lung diseases by
pneumonia, adenocarcinoma and carcinoma, as well as the results of
combined data of both kinds of the cancer. Finally, the results of
diagnosis on the basis of the data of pneumonia, adenocarcinoma,
carcinoma and the combined data of both kinds of cancer are given.



2. Disease data acquisition and preprocessing results
Data from lung pneumonia and lung cancer patients, as well as from

healthy patients examined by the same method, were obtained from the
Internet at the following web addresses under the appropriate names:
• Chest X-Ray Images (Pneumonia) (https://www.kaggle.com/

datasets/paultimothy mooney /chest-xray-pneumonia)
• RSNA Pneumonia Detection Challenge (https://www.kaggle.com

/competitions/rsna-pneumonia-detection-challenge/overview)
• VinBigData Chest X-ray Abnormalities Detection (https://www.

kaggle.com/competitions/vinbigdata-chest-xray-abnormalities-
detection /data)

• Viral Pneumonia, Normal (https://www.kaggle.com/datasets/pranav
raikokte/covid19-image-dataset)

• Chest CT-Scan images Dataset (Cancer) (https://www.kaggle.com/
datasets/mohamedhanyyy /chest -ctscan-images)
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As it is clear from the indicated addresses, the examination of
pneumonia patients was carried out on the basis of X-ray images, and
cancer patients - on the basis of CT Scan images. At the mentioned
addresses, photographs showing the condition of the lungs of the
examined patients obtained by appropriate methods are provided.
Photos are in black and white format like shown below.



For the digital representation of visual images, for their further
processing, a code was written using the Python programming
language, which read the photo using the OpenCV library and displayed
the image (information) on it in an Excel file with a certain number of
lines and columns, in each cell a number between 0-255 is recorded,
which represents the intensity of the corresponding point of the photo
image, i.e. pixel intensity value (see image below).



In order to make a decision about the health status of the patient, the
data given under the name Chest X-Ray Images (Pneumonia) of
patients suffering from pneumonia were processed using a
convolutional neural network (CNN) method (Le Cun et al., 1989; Le
Cun et al., 1998), which is realized in the programing language Python,
under the framework Pytorch. The convolutional neural network is a
class of artificial neural networks most commonly applied to analyze
visual imagery. CNNs use a mathematical operation called convolution
in place of general matrix multiplication in at least one of their layers
(Goodfellow et al., 2016). They are specifically designed to process
pixel data and are used in image recognition and processing.



For learning the network model, the data was distributed as follows:
3900 photos were used for model training, 300 photos for model
validation, and 300 photos for model testing. The dimensions of all the
photographs used in the practically acceptable time period to make a
decision about the final result or the patient's condition were reduced to
the standard size . Processing such data (training,
validation, testing) took about 25 minutes. 93.91% accuracy was
achieved on the validation data, and 95% accuracy on the test data.
Using the mentioned method, the processing of photo images with
initial sizes (the sizes of which, in the case of pneumonia, are
significantly larger than for both healthy and
diseased patients) is practically impossible without powerful
computing resources, because network models take up a lot of space in
the computer's RAM, and when a high-dimensional photo is added to
it, the problem becomes even worse.

pixelpixel 384384 ´
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As a rule, the processing of photos larger than
dimensions requires quite powerful computing resources, in the
absence of which, models of small dimensions are used, which greatly
reduces the accuracy of the obtained results.

It is clear that the level of 95% accuracy of the diagnosis is
unacceptable for modern medicine. Therefore, in order to increase the
reliability of the diagnosis, as well as to develop a simple, fast method
that can be implemented in modern, computerized X-ray equipment, it
was decided to use statistical hypothesis testing methods for decision-
making, which allow to simultaneously restrict both types of possible
errors when making a decision. Such methods are Wald's sequential
analysis method and CBM, the essence of which is briefly described
below.
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In order to use the mentioned methods, it is necessary to define a
vector representing the state of the objects under investigation (about
the state of which a decision must be made), which takes different
values depending on the state of the object under investigation. In our
case, such a vector turned out to be the dimensions of the patient's
photo image represented in pixels, which are equal to the number of
rows and columns of the corresponding Excel files. It was found that
they take different values for healthy and sick patients and vary
randomly from patient to patient.

We demonstrate below the results obtained by processing of the data
of pneumonia, adenocarcinoma, carcinoma, and combined data of both
types of cancer with the help of statistical package SPSS, as well as the
results of statistical processing of lung examination data of healthy
patients, obtained by CT Scan method, on the example of pneumonia
data.
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