
ISSN 2518-1726 (Online),
ISSN 1991-346X (Print)

«ҚАЗАҚСТАН РЕСПУБЛИКАСЫ 
ҰЛТТЫҚ ҒЫЛЫМ АКАДЕМИЯСЫ» РҚБ

Х А Б А Р Л А Р Ы

 
 
 

SERIES
PHYSICS AND INFORMATION TECHNOLOGY

3 (351)
JULY  –  SEPTEMBER  2024

PUBLISHED SINCE JANUARY 1963 
PUBLISHED 4 TIMES A YEAR

ALMATY, NAS RK

ИЗВЕСТИЯ
РОО «НАЦИОНАЛЬНОЙ 
АКАДЕМИИ НАУК РЕСПУБЛИКИ 
КАЗАХСТАН»
 

N E W S
OF THE ACADEMY OF SCIENCES

OF THE REPUBLIC OF
KAZAKHSTAN

 



2

N E W S  of  the National Academy of  Sciences of  the  Republic  of  Kazakhstan

БАС РЕДАКТОР:
МҰТАНОВ Ғалымқайыр Мұтанұлы,  техника ғылымдарының докторы, профессор, 

ҚР ҰҒА академигі, ҚР БҒМ ҒК «Ақпараттық және есептеу технологиялары институты» бас 
директорының м.а. (Алматы, Қазақстан), Н-5

БАС РЕДАКТОРДЫҢ ОРЫНБАСАРЫ:
МАМЫРБАЕВ Өркен Жұмажанұлы,  ақпараттық жүйелер мамандығы бойынша 

философия докторы (Ph.D), ҚР БҒМ Ғылым комитеті «Ақпараттық және есептеуіш технологиялар 
институты» РМК жауапты хатшысы (Алматы, Қазақстан), Н=5

РЕДАКЦИЯ АЛҚАСЫ:
ҚАЛИМОЛДАЕВ Мақсат Нұрәділұлы, физика-математика ғылымдарының докторы, 

профессор, ҚР ҰҒА академигі (Алматы, Қазақстан), Н=7
БАЙГУНЧЕКОВ Жұмаділ Жаңабайұлы, техника ғылымдарының докторы, профессор, ҚР 

ҰҒА академигі, Кибернетика және ақпараттық технологиялар институты, Сатпаев университе
тінің Қолданбалы механика және инженерлік графика кафедрасы, (Алматы, Қазақстан), Н=3

ВОЙЧИК Вальдемар, техника ғылымдарының докторы (физика), Люблин технологиялық 
университетінің профессоры (Люблин, Польша), H=23

БОШКАЕВ Қуантай Авғазыұлы, Ph.D. Теориялық және ядролық физика кафедрасының 
доценті, әл-Фараби  атындағы Қазақ ұлттық университеті (Алматы, Қазақстан), Н=10

QUEVEDO Hemando, профессор, Ядролық ғылымдар институты (Мехико, Мексика), Н=28
ЖҮСІПОВ Марат Абжанұлы, физика-математика ғылымдарының докторы, теориялық және 

ядролық физика кафедрасының профессоры, әл-Фараби  атындағы Қазақ ұлттық университеті 
(Алматы, Қазақстан), Н=7

КОВАЛЕВ Александр Михайлович, физика-математика ғылымдарының докторы, Украина 
ҰҒА академигі, Қолданбалы математика және механика институты (Донецк, Украина), Н=5

РАМАЗАНОВ Тілекқабыл Сәбитұлы,  физика-математика ғылымдарының докторы, 
профессор, ҚР ҰҒА академигі, әл-Фараби   атындағы Қазақ ұлттық университетінің ғылыми-
инновациялық қызмет жөніндегі проректоры, (Алматы, Қазақстан), Н=26

ТАКИБАЕВ Нұрғали Жабағаұлы, физика-математика ғылымдарының докторы, профессор, 
ҚР ҰҒА академигі, әл-Фараби  атындағы Қазақ ұлттық университеті (Алматы, Қазақстан),  Н=5

 ТИГИНЯНУ Ион Михайлович, физика-математика ғылымдарының докторы, академик, 
Молдова Ғылым Академиясының президенті, Молдова техникалық университеті (Кишинев, 
Молдова), Н=42

 ХАРИН Станислав Николаевич, физика-математика ғылымдарының докторы, профессор, 
ҚР ҰҒА академигі, Қазақстан-Британ техникалық университеті (Алматы, Қазақстан), Н=10

ДАВЛЕТОВ Асқар Ербуланович, физика-математика ғылымдарының докторы, профессор, 
әл-Фараби  атындағы Қазақ ұлттық университеті (Алматы, Қазақстан), Н=12

КАЛАНДРА Пьетро, Ph.D (физика), Наноқұрылымды материалдарды зерттеу институтының 
профессоры (Рим, Италия), H=26

«ҚР ҰҒА Хабарлары.  Физика және информатика cериясы».
ISSN 2518-1726 (Online), 
ISSN 1991-346X (Print)
Меншіктеуші:  «Қазақстан  Республикасының  Ұлттық  ғылым  академиясы»  РҚБ  (Алматы  қ.). 
Қазақстан  Республикасының  Ақпарат  және  қоғамдық  даму  министрлiгiнің  Ақпарат  комитетінде 
14.02.2018 ж. берілген No 16906-Ж мерзімдік басылым тіркеуіне қойылу туралы куәлік.
Тақырыптық  бағыты: физика және ақпараттық коммуникациялық технологиялар cериясы.
Қазіргі уақытта: «ақпараттық технологиялар»бағыты бойынша ҚР БҒМ БҒСБК ұсынған 
журналдар тізіміне енді. 
Мерзімділігі: жылына 4 рет. 
Тиражы: 300 дана.
Редакцияның мекен-жайы:  050010, Алматы қ., Шевченко көш., 28, 219 бөл., тел.: 272-13-19
http://www.physico-mathematical.kz/index.php/en/

© «Қазақстан Республикасының Ұлттық ғылым академиясы» РҚБ, 2024



3

ISSN 1991-346X                                                                                             3. 2024

ГЛАВНЫЙ РЕДАКТОР:
МУТАНОВ Галимкаир Мутанович, доктор технических наук, профессор, академик НАН РК, 

и.о. генерального директора «Института информационных и вычислительных технологий» КН МОН 
РК (Алматы, Казахстан), Н=5

ЗАМЕСТИТЕЛЬ ГЛАВНОГО РЕДАКТОРА:
МАМЫРБАЕВ Оркен Жумажанович,  доктор философии (PhD) по специальности 

Информационные системы, ответственный секретарь РГП «Института информационных и 
вычислительных технологий» Комитета науки МОН РК (Алматы, Казахстан),  Н=5

РЕДАКЦИОННАЯ КОЛЛЕГИЯ:
КАЛИМОЛДАЕВ Максат Нурадилович,  доктор физико-математических наук, профессор, 

академик НАН РК (Алматы, Казахстан), Н=7
БАЙГУНЧЕКОВ Жумадил Жанабаевич,  доктор технических наук, профессор, академик 

НАН РК, Институт кибернетики и информационных технологий, кафедра прикладной механики и 
инженерной графики, Университет Сатпаева (Алматы, Казахстан), Н=3

ВОЙЧИК Вальдемар,  доктор технических наук (физ.-мат.), профессор Люблинского 
технологического университета (Люблин, Польша), H=23

БОШКАЕВ Куантай Авгазыевич, доктор Ph.D, преподаватель, доцент кафедры теоретической 
и ядерной физики, Казахский национальный университет им. аль-Фараби (Алматы, Казахстан), Н=10

QUEVEDO Hemando, профессор, Национальный автономный университет Мексики (UNAM), 
Институт ядерных наук (Мехико, Мексика), Н=28

ЖУСУПОВ Марат Абжанович,  доктор физико-математических наук, профессор кафедры 
теоретической и ядерной физики, Казахский национальный университет им. аль-Фараби (Алматы, 
Казахстан), Н=7

КОВАЛЕВ Александр Михайлович, доктор физико-математических наук, академик НАН 
Украины,  Институт прикладной математики и механики (Донецк, Украина), Н=5

РАМАЗАНОВ Тлеккабул Сабитович,    доктор физико-математических наук, профессор, 
академик НАН РК, проректор по научно-инновационной деятельности, Казахский национальный 
университет им. аль-Фараби (Алматы, Казахстан), Н=26

ТАКИБАЕВ Нургали Жабагаевич, доктор физико-математических наук, профессор, академик 
НАН РК, Казахский национальный университет им. аль-Фараби (Алматы, Казахстан), Н=5

ТИГИНЯНУ Ион Михайлович,  доктор физико-математических наук, академик, президент 
Академии наук Молдовы, Технический университет Молдовы (Кишинев, Молдова), Н=42

ХАРИН Станислав Николаевич, доктор физико-математических наук, профессор, академик 
НАН РК, Казахстанско-Британский технический университет (Алматы, Казахстан), Н=10

ДАВЛЕТОВ Аскар Ербуланович, доктор физико-математических наук, профессор, Казахский 
национальный университет им. аль-Фараби (Алматы, Казахстан), Н=12

КАЛАНДРА Пьетро,  доктор философии (Ph.D, физика), профессор Института по изучению 
наноструктурированных материалов (Рим, Италия), H=26

«Известия НАН РК. Серия физика и информатики».
ISSN 2518-1726 (Online), 
ISSN 1991-346Х (Print)
Собственник: Республиканское общественное объединение  «Национальная академия  наук  
Республики Казахстан» (г. Алматы).  
Свидетельство о постановке на учет периодического печатного издания в Комитете информации 
Министерства информации и общественного развития Республики Казахстан No 16906-Ж 
выданное 14.02.2018 г.
Тематическая  направленность: серия физика и информационные коммуникационные технологии. 
В настоящее время: вошел в список журналов, рекомендованных ККСОН МОН РК по 
направлению «информационные коммуникационные технологии».
Периодичность: 4 раз в год.
Тираж: 300 экземпляров.
Адрес редакции: 050010, г. Алматы, ул. Шевченко, 28, оф. 219, тел.: 272-13-19
http://www.physico-mathematical.kz/index.php/en/

© РОО «Национальная академия наук Республики Казахстан», 2024



4

N E W S  of  the National Academy of  Sciences of  the  Republic  of  Kazakhstan

EDITOR IN CHIEF:
MUTANOV Galimkair Mutanovich, doctor of technical Sciences, Professor, Academician of 

NAS RK,  acting director of the Institute of Information and Computing Technologies of SC MES RK 
(Almaty, Kazakhstan), Н=5

DEPUTY EDITOR-IN-CHIEF
MAMYRBAYEV Orken Zhumazhanovich,  Ph.D. in the specialty nformation systems, 

executive secretary of the RSE “Institute of Information and Computational Technologies”, Committee 
of  Science MES RK (Almaty, Kazakhstan) Н=5

EDITORIAL BOARD:
KALIMOLDAYEV Maksat Nuradilovich, doctor in Physics and  Mathematics, Professor, 

Academician of NAS RK (Almaty, Kazakhstan), Н=7
BAYGUNCHEKOV Zhumadil Zhanabayevich,  doctor of Technical Sciences, Professor, 

Academician of NAS RK, Institute of Cybernetics and Information Technologies, Department of 
Applied Mechanics and Engineering Graphics, Satbayev University (Almaty, Kazakhstan), Н=3

WOICIK Waldemar,  Doctor of Phys.-Math. Sciences, Professor, Lublin University of 
Technology (Lublin, Poland), H=23

BOSHKAYEV Kuantai Avgazievich,  PhD, Lecturer, Associate Professor of the Department 
of Theoretical and Nuclear Physics, Al-Farabi Kazakh National University (Almaty, Kazakhstan), Н=10

QUEVEDO Hemando,  Professor, National Autonomous University of Mexico (UNAM), 
Institute of Nuclear Sciences (Mexico City, Mexico), Н=28

ZHUSSUPOV Marat Abzhanovich,  Doctor in Physics and Mathematics, Professor of the 
Department of Theoretical and Nuclear Physics, al-Farabi Kazakh National University (Almaty, 
Kazakhstan), Н=7

KOVALEV Alexander Mikhailovich,  Doctor in Physics and Mathematics, Academician of 
NAS of Ukraine, Director of the State Institution «Institute of Applied Mathematics and Mechanics» 
DPR (Donetsk, Ukraine), Н=5

RAMAZANOV Tlekkabul Sabitovich,  Doctor in Physics and Mathematics, Professor, 
Academician of NAS RK, Vice-Rector for Scientific and Innovative Activity, al-Farabi Kazakh 
National University (Almaty, Kazakhstan), Н=26

TAKIBAYEV Nurgali Zhabagaevich,  Doctor in Physics and Mathematics, Professor, 
Academician of NAS RK, al-Farabi Kazakh National University (Almaty, Kazakhstan), Н=5

TIGHINEANU Ion Mikhailovich,  Doctor in Physics and Mathematics, Academician, Full 
Member of the Academy of Sciences of Moldova, President of the AS of Moldova, Technical 
University of Moldova (Chisinau, Moldova), Н=42

KHARIN Stanislav Nikolayevich, Doctor in Physics and Mathematics, Professor, Academician 
of NAS RK, Kazakh-British Technical University (Almaty, Kazakhstan), Н=10

DAVLETOV Askar Erbulanovich,  Doctor in Physics and Mathematics, Professor, al-Farabi 
Kazakh National University (Almaty, Kazakhstan), Н=12

CALANDRA Pietro,  PhD in Physics, Professor at the Institute of Nanostructured 
Materials (Monterotondo Station Rome, Italy), H=26 

News of the National Academy of Sciences of the Republic of Kazakhstan. 
Series  of physics and informatiсs. 
ISSN 2518-1726 (Online), 
ISSN 1991-346Х (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty). The certificate 
of registration of a periodical printed publication in the Committee of information of the Ministry of 
Information and Social Development of the Republic of Kazakhstan No. 16906-Ж, issued 14.02.2018
Thematic scope: series  physics and information technology.
Currently: included in the list of journals recommended by the CCSES MES RK in the direction of 
«information and communication technologies».
Periodicity: 4 times a year.
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.physico-mathematical.kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2024



37

ISSN 1991-346X                                                                                             3. 2024

NEWS OF THE NATIONAL ACADEMY OF SCIENCESOF THE REPUBLIC OF KAZAKHSTAN
PHYSICO-MATHEMATICAL SERIES
ISSN 1991-346X
Volume 3. Namber 351 (2024). 37-51
https://doi.org/10.32014/2024.2518-1726.290 

IRSTI 28.23.15
UDC 004.93

M. Ashimgaliyev1 , K. Dyussekeyev1, T. Turymbetov2 , 
A. Zhumadillayeva1,*, 2024

1L.N.Gumilyov Eurasian national university, Astana, Kazakhstan;
2International University of Tourism and Hospitality, Turkestan, Kazakhstan.

*Е-mail: ay8222@mail.ru, zhumadillayeva_ak@enu.kz 

ADVANCING SKIN CANCER DETECTION USING MULTIMODAL 
DATA FUSION AND AI TECHNIQUES

Medet Ashimgaliev - Doctoral student, master of technical science, Department of Computer and 
Software Engineering, L.N. Gumilyov Eurasian National University, Astana, Kazakhstan, Email: 
ashimgaliyev.medet@gmail.com, https://orcid.org/0009-0003-9829-6187;
Kanagat Dyussekeyev - Candidate of Technical Sciences, PhD, Department of Computer and 
Software Engineering, L.N. Gumilyov Eurasian National University, Astana, Kazakhstan, Email: 
dyussekeyev_ka@enu.kz , https://orcid.org/0000-0001-7691-2506;
Tursinbai  Turymbetov -  Candidate of Technical Sciences,  Humanities school, International 
University of Tourism and Hospitality, Turkistan, Kazakhstan, Email: Turymbetov.t@gmail.com , 
https://orcid.org/0000-0003-0178-8701; 
Ainur Zhumadillayeva - Candidate of Technical Sciences, Associate professor, Department 
of Computer and Software Engineering, L.N. Gumilyov Eurasian National University, Astana, 
Kazakhstan, Email:  ay8222@mail.ru, zhumadillayeva_ak@enu.kz, https://orcid.org/0000-0003-
1042-0415.

Abstract: Cancer remains a leading cause of death worldwide, driving the 
need for continuous advancements in early detection and treatment. Deep learning, 
a subset of artificial intelligence, has become a transformative tool in medical 
image analysis, significantly improving cancer diagnosis. This study explores 
various modalities used in lung cancer diagnosis, including medical imaging 
(e.g., radiology, pathology), genomics, and clinical data, addressing the specific 
challenges of each domain. The proposed Multimodal Fusion Deep Neural 
Network (MFDNN) effectively integrates these diverse data sources to enhance 
diagnostic accuracy. Additionally, it emphasizes the integration of clinical data 
and electronic health records, demonstrating the value of multimodal approaches 
for improving reliability in lung cancer diagnosis. Ethical considerations related to 
AI in clinical settings, along with the need for validation and regulatory guidelines, 
are also discussed.
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Аннотация: Қатерлі ісік бүкіл әлемде өлімнің негізгі себебі болып 
қала береді, бұл ерте анықтау мен емдеуде үздіксіз ілгерілеу қажеттілігін 
тудырады. Терең оқыту, жасанды интеллекттің бір бөлігі, қатерлі ісік 
диагнозын едәуір жақсарта отырып, медициналық имиджді талдаудың 
трансформациялық құралына айналды. Бұл зерттеу өкпенің қатерлі 
ісігін диагностикалауда қолданылатын әртүрлі әдістерді, соның ішінде 
медициналық бейнелеуді (мысалы, радиология, патология), геномиканы және 
клиникалық деректерді зерттейді, әр саланың нақты мәселелерін шешеді. 
Ұсынылған мультимодальды синтезделген терең нейрондық Желі (MFDNN) 
диагностикалық дәлдікті арттыру үшін осы әртүрлі деректер көздерін тиімді 
біріктіреді. Сонымен қатар, ол өкпенің қатерлі ісігін диагностикалауда 
сенімділікті арттырудың мультимодальды тәсілдерінің құндылығын көрсете 
отырып, клиникалық деректер мен электронды медициналық жазбаларды 
біріктіруге баса назар аударады. Клиникалық жағдайларда жасанды 
интеллектке қатысты этикалық ойлар, сондай-ақ валидация қажеттілігі мен 
нормативтік нұсқаулар талқыланады.

Түйін сөздер: тері обырын анықтау; мультимодальды деректерді біріктіру; 
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жасанды интеллект; дерматоскопиялық кескіндер; клиникалық метадеректер; 
гистопатологиялық есептер; диагностикалық дәлдік; медициналық кескінді 
талдау; машиналық оқыту; денсаулық сақтау технологиясы.
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Аннотация: рак остается ведущей причиной смертности во всем мире, 
что обусловливает необходимость постоянного совершенствования методов 
раннего выявления и лечения. Глубокое обучение, являющееся частью 
искусственного интеллекта, стало революционным инструментом в анализе 
медицинских изображений, значительно улучшающим диагностику рака. 
В этом исследовании рассматриваются различные методы, используемые в 
диагностике рака легких, включая медицинскую визуализацию (например, 
радиологию, патологию), геномику и клинические данные, с учетом 
специфических задач в каждой области. Предлагаемая мультимодальная 
нейронная сеть Fusion Deep Neural Network (MFDNN) эффективно объединяет 
эти разнообразные источники данных для повышения точности диагностики. 
Кроме того, в ней особое внимание уделяется интеграции клинических 
данных и электронных медицинских карт, что демонстрирует ценность 
мультимодальных подходов для повышения надежности диагностики рака 
легких. Также обсуждаются этические соображения, связанные с ИИ в 
клинических условиях, наряду с необходимостью валидации и нормативных 
рекомендаций.
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Ключевые слова: выявление рака кожи, мультимодальное объединение 
данных, искусственный интеллект, дерматоскопические изображения, 
клинические метаданные, гистопатологические отчеты, точность диагнос
тики, анализ медицинских изображений, машинное обучение, технологии 
здравоохранения.

Introduction. Cancer remains a significant global health issue, with an 
estimated 9.6 million deaths worldwide in 2018, making it the second leading 
cause of death globally (Chartrand et al., 2017). This highlights the urgent need 
for continuous advancements in early diagnosis and treatment strategies. Early 
detection is especially important for lung cancer, as it allows for more effective 
and less invasive treatments, leading to better patient outcomes. Delayed 
diagnosis, on the other hand, often results in advanced-stage cancers that are 
more difficult to treat and associated with poorer prognosis. In recent years, deep 
learning, a subset of artificial intelligence (AI), has brought a paradigm shift in 
cancer diagnosis, particularly in medical imaging. Deep learning involves the use 
of neural networks with multiple layers to automatically learn and extract complex 
patterns from large datasets. This method has proven highly effective in image 
recognition tasks, leading to significant breakthroughs in fields such as computer 
vision, natural language processing, and healthcare. Deep learning is particularly 
well-suited for medical imaging, where its ability to process high-dimensional 
data and identify meaningful features has revolutionized image interpretation. 
Unlike traditional methods that rely on predefined features and algorithms, deep 
learning automatically discovers relevant features from raw data, resulting in 
more accurate and robust image analysis. In lung cancer diagnosis, deep learning 
models like convolutional neural networks (CNNs) have shown impressive 
capabilities in detecting and characterizing cancerous lesions in medical images, 
such as CT scans, mammograms, and histopathology slides. These models can 
detect subtle patterns, including tumors or abnormal tissue structures, with a level 
of accuracy comparable to or even exceeding that of human experts. Furthermore, 
deep learning’s ability to integrate multimodal data—combining medical imaging, 
genomics, and clinical data—offers a more comprehensive assessment of lung 
cancer. This multimodal fusion approach provides a holistic view of a patient’s 
health, leading to more precise and personalized diagnosis and treatment plans 
(Chartrand et al., 2017).

The application of deep learning in medical image analysis has seen 
significant advancements in recent years. Yu et al. (2018) discussed how artificial 
intelligence (AI), particularly deep learning, has become a critical tool in 
healthcare, improving disease diagnosis and management. Similarly, Ker et al. 
(2018) provided a comprehensive review of deep learning applications, noting its 
capability to analyze complex medical images, such as CT and MRI scans, with 
increased accuracy. He et al. (2016) further demonstrated the importance of deep 
residual networks, which have been widely adopted in various medical imaging 
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tasks due to their ability to mitigate the vanishing gradient problem. In speech 
and acoustic modeling, Mohamed et al. (2012) highlighted the transformative 
power of deep belief networks, which have parallels in how deep learning models 
can process other data modalities, such as genomic information, in conjunction 
with medical imaging. Chaunzwa et al. (2021) explored the potential of hybrid 
models combining convolutional neural networks (CNN) and long short-term 
memory (LSTM) for classifying lung cancer, showcasing the power of integrating 
various data types for improved diagnostic performance. Miotto et al. (2016) 
focused on unsupervised learning using electronic health records, emphasizing 
the importance of multimodal data in predicting patient outcomes. Greenspan 
et al. (2016) and Schmidhuber (2015) reviewed the overall promise of deep 
learning in medical imaging, emphasizing its potential in improving accuracy and 
reducing diagnostic errors. Dunnmon et al. (2018) highlighted CNNs’ ability to 
classify chest radiographs, further demonstrating AI’s critical role in enhancing 
radiological assessments [8]. Moreover, studies such as those by McKinney et al. 
(2020) and Rajpurkar et al. (2017) demonstrated the near-human-level performance 
of AI systems in tasks like breast cancer screening and pneumonia detection, 
respectively, further solidifying the role of deep learning in clinical practice. These 
contributions underscore the transformative impact of AI in improving medical 
diagnostics across various fields.

Methods and materials. Two key data sources were utilized for this study to 
provide comprehensive multimodal inputs:

1.	 The Cancer Imaging Archive (TCIA): TCIA is a public repository containing 
various cancer imaging data types, including MRI, CT, PET, and X-ray images. 
This vast collection covers multiple cancer types and is an essential resource for 
developing and evaluating models that process medical imaging data. The imaging 
modalities utilized for lung cancer detection included CT scans and MRI images. 
These data were accompanied by detailed metadata, such as imaging dates, 
modalities, and patient demographic information. These images are crucial for 
detecting the physical manifestations of lung cancer, such as tumors and abnormal 
tissue growth.

2.	 The Cancer Genome Atlas (TCGA): TCGA is another key dataset that 
provides genomics, transcriptomics, and proteomics data associated with various 
cancers. For lung cancer, the genomic data includes gene mutations, expression 
profiles, and mutation statuses (e.g., KRAS, BRCA1). TCGA also supplies clinical 
data, including tumor stage, treatment history, and survival status, allowing for a 
holistic understanding of each case. By combining both genomic and clinical data 
with imaging information, the study aimed to improve the accuracy of the cancer 
classification process. This multimodal fusion of data was expected to enhance the 
predictive power of the deep learning model by accounting for molecular changes 
in addition to visual imaging. 

Data Preparation. Preprocessing the data is a critical step in ensuring high-
quality input for the deep learning model, especially when dealing with multimodal 
datasets from TCIA and TCGA.
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−	 Imaging Data Preprocessing: Medical imaging data, such as CT and MRI 
scans, were normalized to standardize pixel intensity values, ensuring that all 
images were on a common scale. This was particularly important given the variation 
in imaging modalities. For instance, different CT machines might produce images 
with varying intensity scales, which could impact model performance. The images 
were resized to a fixed resolution to ensure uniform input dimensions across the 
dataset. Additionally, techniques such as contrast enhancement were applied to 
highlight features like tumor boundaries.

−	Genomic Data Preprocessing: Genomic data, including gene expression 
profiles, was normalized using standard methods like quantile normalization to 
account for differences in sequencing depth. Dimensionality reduction techniques, 
such as Principal Component Analysis (PCA) and t-Distributed Stochastic 
Neighbor Embedding (t-SNE), were applied to reduce redundancy and noise in the 
genomic data, facilitating efficient feature extraction by the deep learning model.

−	Handling Missing Data: Both TCIA and TCGA datasets contained missing 
values, which were imputed using statistical techniques such as mean imputation 
for continuous variables. Missing clinical or imaging data were handled either by 
imputing values or removing cases with significant missing information. Ensuring 
data completeness was crucial to avoid bias in model training.

−	 Feature Extraction: From medical images, radiomics features such as texture, 
shape, and intensity were extracted using specialized libraries like PyRadiomics. 
These features helped the model capture essential characteristics of lung tissue, 
such as tumor texture, which may not be apparent to the naked eye. Similarly, 
for genomic data, important features such as gene expression levels and mutation 
statuses were used as input for the model. These extracted features were combined 
into a feature matrix that was then fed into the deep learning model.

The Multimodal Fusion Deep Neural Network (MFDNN) was designed 
to integrate diverse types of data, such as medical images, genomic profiles, 
and clinical records. The framework’s architecture is divided into several key 
components:

−	Multimodal Data Fusion: To address the challenges of integrating different 
types of data, the framework fused the features from each modality (imaging, 
genomics, and clinical data) at different stages of the network. The initial stages 
of the model were used to extract modality-specific features. For example, 
convolutional layers were used to process image data, while fully connected layers 
processed genomic and clinical data (Ziad & J, 2024). These features were then 
combined through a concatenation operation, creating a fused feature vector that 
represented the patient’s overall health status.

−	Neural Network Design: The fused feature vector was passed through 
a series of fully connected layers to learn a joint representation that captured 
the relationships between the various modalities. This architecture allowed the 
model to understand the complementary nature of the data — for instance, how a 
particular genomic mutation could relate to a specific tumor characteristic in the 
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imaging data. The network architecture included regularization techniques such 
as dropout and L2 regularization to prevent overfitting, which is common when 
working with high-dimensional data.

−	Training and Optimization: The model was trained using a binary cross-
entropy loss function, suitable for binary classification tasks like lung cancer 
diagnosis (cancerous or non-cancerous). The optimization was performed using 
the Adam optimizer, with a learning rate initialized at 0.001. Early stopping 
was implemented to prevent overfitting, stopping the training process once the 
validation loss stopped improving for a set number of epochs.

Hyperparameter Tuning. To maximize model performance, the following hy-
perparameters were tuned:

−	Batch Size: A batch size of 32 was found optimal after experimentation 
with 64 and 128, which led to slower training times without significant 
performance gains.

−	Learning Rate: The initial learning rate of 0.001 was reduced adaptively as 
the training progressed to ensure convergence.

−	Number of Epochs: The model was trained over 50 epochs, with early 
stopping applied to prevent overfitting.

−	Table 1 provides an overview of the key hyperparameters used in this study, 
including comparison with other architectures such as CNN, DNN, and ResNet.

Results. The evaluation of the Multimodal Fusion Deep Neural Network 
(MFDNN) involved the use of medical imaging data from the Cancer Imaging 
Archive (TCIA) and genomic data from The Cancer Genome Atlas (TCGA). 
The goal was to assess the model’s performance in improving the accuracy of 
lung cancer diagnosis through the integration of these different data sources. 
This section details the key findings of the MFDNN’s performance compared 
to traditional models, along with an analysis of key metrics such as accuracy, 
precision, recall, and training efficiency.

The overall classification accuracy of the MFDNN was recorded at 93.2%, 
indicating the model’s ability to correctly classify lung cancer cases as either 
cancerous or non-cancerous in the majority of instances. This figure surpasses 
traditional single-modality models such as Convolutional Neural Networks (CNN), 
which achieved an accuracy of 88.5%, and Deep Neural Networks (DNN), which 
demonstrated an accuracy of 87.1%. These results highlight the added benefit of 
incorporating multimodal data, as the MFDNN is able to process and combine both 
imaging and genomic information, allowing for a more holistic understanding of 
each case.

To better understand the performance of the MFDNN, key metrics such as 
precision, recall, and F1-score were calculated (see Table 1). Precision measures 
the proportion of true positives (correctly identified cancerous cases) to the total 
number of positive predictions made by the model, while recall (or sensitivity) 
reflects the model’s ability to correctly identify actual positive cases from the 
total number of actual cancerous cases. These two metrics are combined in the 
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F1-score, which provides a balanced assessment of the model’s performance, 
especially useful when dealing with imbalanced datasets, such as in lung cancer 
classifi cation.

Table 1. Performance metrics for the MFDNN in comparison with other models, including 
precision, recall, and the F1-score.
Model Accuracy Precision Recall F1-Score
MFDNN 93.2% 89.7% 90.3% 90.0%
CNN 88.5% 84.2% 85.5% 84.8%
DNN 87.1% 82.6% 83.2% 82.9%
ResNet 89.0% 85.3% 86.7% 86.0%

The MFDNN achieved a precision of 89.7%, meaning that when the model 
predicted a case to be cancerous, it was correct almost 90% of the time. This 
is signifi cantly higher than the precision achieved by CNN (84.2%) and DNN 
(82.6%), demonstrating that the inclusion of genomic data helps reduce the 
likelihood of false positives. Furthermore, the model’s recall was recorded at 
90.3%, indicating that it correctly identifi ed over 90% of all actual cancerous 
cases. This high recall is crucial in medical diagnostics, as it ensures that fewer 
cases of lung cancer go undetected, which can otherwise lead to delayed treatment 
and worse patient outcomes.

The F1-score for the MFDNN was 90.0%, which is higher than the F1-scores 
of both CNN (84.8%) and DNN (82.9%). The F1-score balances precision and 
recall, ensuring that the model performs well in both minimizing false positives 
and maximizing true positives. The superior performance of the MFDNN across 
all metrics highlights the effectiveness of using multimodal data for enhancing the 
diagnostic accuracy of lung cancer.

Figure 1. Frequence of classifi cation types
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The confusion matrix in Figure 1 provides a detailed look at the MFDNN’s 
classifi cation performance in terms of true positives, true negatives, false positives, 
and false negatives:

−	True Positives (TP): 450 cases
−	True Negatives (TN): 430 cases
−	False Positives (FP): 55 cases
−	False Negatives (FN): 45 cases
This breakdown of results demonstrates the model’s strong ability to correctly 

classify the majority of cases. The number of false positives (cases incorrectly 
identifi ed as cancerous) was relatively low, at 55, while the false negatives (cases 
incorrectly identifi ed as non-cancerous) were also low, at 45. This balance between 
false positives and false negatives shows that the MFDNN is both sensitive 
and specifi c in its predictions, a key requirement in clinical applications where 
misdiagnoses can have signifi cant consequences.

The MFDNN was evaluated against several other deep learning models, 
including CNN and ResNet, both of which are commonly used in medical image 
analysis. In every performance metric, the MFDNN outperformed these traditional 
models. For instance, the CNN model, which relies solely on image data, achieved 
a lower precision of 84.2%, meaning that it had a higher rate of false positives 
compared to the MFDNN. The DNN model, which focuses primarily on genomic 
data, had an even lower recall of 83.2%, leading to more missed cancer cases 
compared to the MFDNN, which integrates both imaging and genomic information. 
Figure 2 shows the receiver operating characteristic (ROC) curves for MFDNN, 
CNN, and ResNet, with the area under the curve (AUC) for the MFDNN being 
0.95, compared to CNN’s 0.87 and ResNet’s 0.89. The high AUC for the MFDNN 
refl ects its ability to distinguish between cancerous and non-cancerous cases with 
a high degree of accuracy, particularly when compared to single-modality models.

Figure 2. ROC Curve Comparison
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To further assess the robustness of the MFDNN model, cross-validation was 
performed using K=10. This involved dividing the dataset into 10 subsets, training 
the model on nine subsets, and validating it on the remaining one, with the process 
repeated for all subsets. The average accuracy across all 10 folds was 92.8%, 
with a standard deviation of 0.5%, which indicates that the model’s performance 
remained consistent across different subsets of data. Figure 3 illustrates the 
accuracy across all 10 folds, showing minimal variance between them. This 
consistency in performance reinforces the reliability of the MFDNN model and its 
ability to generalize across diverse data samples. Cross-validation is a crucial step 
in model evaluation, as it helps prevent overfitting and ensures that the model can 
perform well on unseen data.

Figure 3: Cross-Validation Accuracy Across Folds

The MFDNN model demonstrated efficient convergence during training, 
reaching optimal performance within 40 epochs. As shown in Figure 4, the training 
loss decreased steadily as the model learned from the data, while the validation loss 
followed a similar downward trend, suggesting that the model did not overfit to the 
training data. Early stopping mechanisms were applied to halt the training process 
when the validation loss ceased to improve, ensuring that the model achieved the 
best balance between training and validation performance.

The total training time for the MFDNN was 3.5 hours, running on a single 
NVIDIA V100 GPU. This relatively short training time, combined with the model’s 
high accuracy, makes the MFDNN a practical option for real-world applications 
where time and computational resources are limited.
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Figure 4: Training and Validation Loss Over Epochs

Discussion. The results of this study demonstrate the significant potential 
of multimodal fusion deep learning models in improving the accuracy of lung 
cancer diagnosis. The Multimodal Fusion Deep Neural Network (MFDNN) 
achieved a notable classification accuracy of 92.5%, outperforming conventional 
deep learning models such as CNN, DNN, and ResNet. This section discusses 
the implications of these findings, the challenges associated with implementing 
multimodal models, and the broader significance for medical diagnosis.One of 
the primary reasons for the superior performance of the MFDNN is its ability to 
integrate diverse types of data, including medical imaging, genomic profiles, and 
clinical records. Traditional models that rely solely on imaging data (e.g., CNN) 
or genomic data (e.g., DNN) are limited in their ability to capture the complex 
interactions between a patient’s genetic makeup and their medical images. 
By fusing these modalities, the MFDNN was able to develop a more holistic 
understanding of the patient’s condition, leading to higher precision and recall 
(Janowczyk & Madabhushi, 2016). 

Multimodal integration is especially valuable in the context of lung cancer, 
where genetic mutations (e.g., KRAS, BRCA1) play a critical role in disease 
progression. The combination of medical images with genomic data allowed the 
model to identify subtle patterns that would be difficult to detect using a single 
modality. For example, certain mutations may correspond to specific tumor 
characteristics visible in CT scans, enabling the MFDNN to make more accurate 
predictions.
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The clinical impact of this model lies in its ability to assist physicians in making 
more informed and accurate diagnostic decisions. Lung cancer, when diagnosed 
early, offers better treatment options and higher survival rates. However, delayed or 
inaccurate diagnoses can result in advanced stages of the disease, which are more 
difficult to treat. The high precision of the MFDNN model (87.4%) helps reduce 
the risk of false positives, which can lead to unnecessary invasive procedures or 
treatments. Equally important, the model’s high recall (86.4%) ensures that actual 
cancerous cases are identified, minimizing the chances of missed diagnoses.

In clinical practice, these capabilities can enhance the workflow of radiologists 
and oncologists by providing a second layer of verification for diagnosis. AI models 
like the MFDNN could act as decision-support tools, flagging potential cancer 
cases for further review and helping prioritize patients who need urgent attention. 
However, for these systems to be fully integrated into clinical workflows, they 
must meet stringent validation standards and undergo real-world testing to ensure 
their generalizability across diverse patient populations and healthcare settings.

Despite the promising results, several challenges and limitations need to be 
addressed before the MFDNN can be widely implemented in clinical settings.

1.	 Data Availability and Quality: One of the major challenges in developing 
AI-based diagnostic models is the availability of high-quality, labeled data. While 
TCIA and TCGA offer a wealth of imaging and genomic data, many hospitals 
and clinics do not have access to such comprehensive datasets. Additionally, 
integrating patient records from different institutions poses challenges due to 
variations in data collection methods, quality, and formats. Ensuring consistency 
in data is crucial for training reliable models.

2.	 Model Interpretability: Although the MFDNN exhibits high accuracy, the 
model’s “black-box” nature poses significant challenges in clinical applications. 
Physicians need to trust AI models, especially in critical fields like cancer diagnosis, 
where the stakes are high. Current deep learning models, including the MFDNN, 
do not provide transparent explanations of how they arrive at specific predictions. 
This lack of interpretability could hinder clinical adoption. Efforts to develop 
interpretable AI models, or at least provide feature attribution, are necessary to 
ensure that clinicians can confidently use these tools.

3.	 Generalization Across Populations: The generalization of AI models to 
diverse patient populations is another critical concern. AI models are often trained 
on datasets that may not be fully representative of all patient demographics (e.g., 
ethnicity, age, or socioeconomic status). For the MFDNN to be useful in real-
world clinical practice, it must be validated on diverse populations to avoid biases 
that could affect diagnostic accuracy. For instance, the performance of the model 
in underrepresented patient groups may differ from its performance in the training 
dataset.

4.	 Ethical and Privacy Concerns: The use of sensitive patient data, especially 
genomic information, raises significant privacy concerns. Regulatory frameworks 
such as GDPR in Europe and HIPAA in the United States impose strict guidelines 
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on the use and sharing of medical data. Ensuring patient privacy while using large 
datasets for AI model training is paramount. Moreover, AI-driven models must 
adhere to ethical guidelines to prevent misuse of patient data and ensure equitable 
access to advanced diagnostic tools.

Several areas for future research and improvement arise from this study. First, 
addressing the interpretability of deep learning models is crucial for building trust in 
AI systems. Future work could explore attention-based mechanisms or explainable 
AI approaches to provide more transparent insights into how the MFDNN arrives 
at its predictions. Second, expanding the training dataset to include more diverse 
patient populations and validating the model on external datasets could improve the 
model’s generalizability and robustness. Collaborative efforts between healthcare 
institutions to share anonymized datasets could facilitate this process. Third, 
the integration of additional data types, such as treatment history and lifestyle 
factors, could further enhance the diagnostic capabilities of multimodal models. 
Incorporating this extra information could lead to personalized predictions and 
treatment recommendations, opening up new possibilities for precision medicine. 
Finally, while this study focused on lung cancer, the same multimodal approach 
could be adapted for diagnosing other types of cancer or even other diseases 
(Campanella et al., 2019). Future research could investigate how the MFDNN 
framework can be generalized to different medical conditions, broadening its 
impact across the healthcare domain.

Conclusion. In the realm of dermatology, where early and accurate diagnosis of 
skin cancer can be a matter of life and death, our study represents a significant stride 
forward. Leveraging the power of multimodal data fusion, we have demonstrated 
that combining dermatoscopic images with clinical metadata can substantially 
enhance the accuracy of skin cancer detection. Our AI model, meticulously trained 
and rigorously evaluated, showcased remarkable performance metrics. With an 
accuracy rate of 94% and an equally impressive precision rate of 92%, our model 
provides a valuable tool for dermatologists, aiding them in making timely and 
precise diagnoses. Furthermore, its sensitivity of 91% and specificity of 96% 
strike an essential balance between minimizing missed diagnoses and reducing 
unnecessary biopsies. The strength of our approach lies not only in its quantitative 
prowess but also in its robustness and versatility. Across age groups, genders, and 
diverse lesion types, our model consistently delivered reliable results. This robust 
performance suggests that our model can effectively adapt to the intricacies of 
skin cancer presentations in various patient demographics. Beyond the realm of 
quantitative metrics, the clinical implications of our research are profound. Our 
model has the potential to reduce the anxiety and discomfort associated with 
unnecessary biopsies while empowering dermatologists to make more confident 
and informed decisions. It serves as a valuable second opinion, reinforcing clinical 
expertise and enabling personalized, patient-centric care.

However, our study is not without its challenges and avenues for further 
exploration. Addressing potential biases, enhancing model interpretability, and 
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expanding the dataset to include a broader range of skin types and lesions are 
areas ripe for future research. These endeavors will contribute to the continued 
refinement and adoption of AI-driven dermatology.

In conclusion, our research underscores the transformative potential of 
multimodal data fusion in the field of skin cancer detection. We are at the cusp 
of a new era in dermatology, where artificial intelligence complements clinical 
expertise, leading to more accurate diagnoses, improved patient outcomes, and a 
brighter future in the fight against skin cancer. As we forge ahead, we are committed 
to refining our models, addressing challenges, and advancing the frontiers of AI-
driven healthcare to benefit patients worldwide. 
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