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Abstract

Artificial Intelligence (Al) is rapidly transforming various aspects of healthcare, including the
field of diagnostics and treatment of diseases. This review article aimed to provide an in-depth
analysis of the impact of Al, especially, radiomics in the diagnosis of neuro-oncology diseases.
Indeed, it is a multidimensional task that requires the integration of clinical assessment, neu-
roimaging techniques, and emerging technologies like Al and radiomics. The advancements
in these fields have the potential to revolutionize the accuracy, efficiency, and personalized
approach to diagnosing neuro-oncology diseases, leading to improved patient outcomes and
enhanced overall neurologic care. However, Al has some limitations, and ethical challenges
should be addressed via future research. [GMJ.2023;12:e3158] DOI:10.31661/gmj.v12i.3158
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Introduction

Neuro-oncology disease diagnosis is a
critical aspect of patient care and man-
agement in the field of neurology [1]. With
the increasing prevalence of brain tumors and
other neurologic malignancies, accurate and
timely diagnosis is essential for appropriate
treatment planning and improving patient
outcomes [2]. Diagnosing neuro-oncology
diseases could be challenging due to the in-
tricate nature of the central nervous system
and the diverse types of tumors [3]. Also,
clinical presentations alone may not provide
sufficient information for an accurate diag-

nosis, necessitating the integration of vari-
ous diagnostic modalities [4]. Neuroimaging
techniques play a fundamental role in the di-
agnosis of neuro-oncology diseases. Imaging
modalities such as magnetic resonance imag-
ing (MRI), computed tomography (CT), and
positron emission tomography (PET) allow
for the visualization and characterization of
brain tumors [5]. These imaging techniques
provide valuable information about tumor lo-
cation, size, morphology, and involvement of
surrounding structures, aiding in differential
diagnosis and treatment planning [6].

Artificial intelligence (Al) has emerged as a
novel technology with numerous applications
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in various fields [7]. Among them, the diag-
nosis of diseases is one of the most promising
areas where Al has shown immense potential
[8]. Also, the use of Al could enhance the
approach and address diseases, significantly
impacting patient outcomes and healthcare ef-
ficiency [9, 10].

Radiomics involves the extraction of quanti-
tative features from medical images, such as
texture, shape, and intensity, and their analy-
sis using advanced computational techniques
[11]. Indeed, radiomics allows for a compre-
hensive characterization of tumors beyond
visual assessment, providing additional in-
formation about tumor heterogeneity, aggres-
siveness, and prognostic indicators [12].

The integration of Al and radiomics holds
great promise in revolutionizing neuro-on-
cology diagnosis. Hence, in this review, the
impacts of Al-based diagnosis methods, espe-
cially, radiomics in neuro-oncology fields are
provided.

Al Technology and Radiomics Trans-
formed Diagnosis of Neuro-Oncology Dis-
eases

Al and radiomics are transforming the field of
neuro-oncology diagnosis, offering new av-
enues for improved understanding, accurate
detection, and personalized treatment of neu-
ro-oncology disorders [13].

One significant contribution of Al in neuro-on-
cology diagnosis is its ability to analyze neu-
roimaging data with enhanced speed and ac-
curacy [14]. Actually, Al algorithms are able
to process large volumes of medical images,
such as MRI scans, CT scans, and PET scans,
to identify subtle abnormalities and patterns
that may be missed by human observers [15].
Therefore, these algorithms can aid in the ear-
ly detection and classification of brain tumors,
providing clinicians with invaluable insights
into tumor characteristics and behavior [16].
Radiomics, on the other hand, focuses on the
extraction and analysis of quantitative features
from medical images. Indeed, lesion charac-
teristics can serve as valuable imaging bio-
markers that help predict tumor aggressive-
ness, treatment response, and patient progno-
sis [17]. Hence, the integration of radiomics
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in neuro-oncology diagnosis enables a more
comprehensive and precise understanding of
tumor biology, guiding clinicians in making
informed treatment decisions.

Also, Al and radiomics contribute to the devel-
opment of personalized medicine in neuro-on-
cology [18]. Indeed, by analyzing a patient’s
specific tumor characteristics, Al algorithms
can assist in tailoring treatment approaches.
For instance, they can help determine optimal
surgical resection margins, identify the most
suitable candidates for targeted therapies or
immunotherapies, and predict treatment re-
sponse or potential side effects [19]. This per-
sonalized approach maximizes the chances of
successful treatment outcomes while mini-
mizing unnecessary interventions and adverse
effects [20].

Furthermore, Al and radiomics enhance col-
laboration and knowledge-sharing in neu-
ro-oncology diagnosis [21]. By integrating
and analyzing large amounts of neuroimaging
and clinical data from various sources, Al al-
gorithms can identify similarities and patterns
across patients. These insights contribute to
the development of robust diagnostic mod-
els and decision support systems, enabling
healthcare professionals to benefit from col-
lective intelligence and evidence-based prac-
tices [22]. The sharing and pooling of data
also facilitate ongoing research and the dis-
covery of novel biomarkers and therapeutic
targets [23].

Currently, many studies are being conducted
in the field of using Al in image analysis to
determine the nature of brain lesions. For ex-
ample, Artzi et al. [24] revealed that by us-
ing radiomics analysis based on conventional
post-contrast T1-weighted MRI, diffraction
between glioblastoma from the metastatic le-
sion was provided with an accuracy of 85%.
Generally, primary central nervous system
lymphoma (PCNSL) is treated with chemo-
therapy and whole-brain radiotherapy, where-
as patients with glioblastomas commonly
undergo gross surgical resection followed
by chemo-radiotherapy [25]. Hence, differ-
entiating these lesions is an essential step in
the treatment approach. Regarding Nguyen
et al. study [26], machine learning could be
able to distinguish between glioblastomas and
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PCNSL on radiological imaging by high suc-
cess rate.

Also, recent studies [27, 28] evaluated the role
of radiomics in determining the relationship
between imaging phenotypes and gene ex-
pression patterns (e.g., isocitrate dehydroge-
nase mutation status), which might allow im-
proved diagnosis, decision-making, and pre-
dicting patient outcomes. However, the full
potential of Al in this field is not fully known,
and as a result, more studies are needed.

Ethical Concerns in AI-Based Disease Di-
agnosis

The advancement and integration of Al and
radiomics in neuro-oncology diagnosis bring
about important ethical considerations that
must be addressed for their responsible imple-
mentation.

One major concern is the potential bias em-
bedded in Al algorithms and radiomics mod-
els [29]. These technologies basically rely on
training data, which may be influenced by
human biases and demographic imbalances
[30]. If the data used for training is not repre-
sentative of the different populations, the Al
models may exhibit biased outcomes, lead-
ing to disparities in diagnosis and treatment
recommendations. It is crucial to ensure the
use of more different and inclusive datasets to
mitigate bias and promote equitable health-
care outcomes for all patients [31].

Data privacy and patient consent are also sig-
nificant ethical concerns in the context of Al
and radiomics. The application of large vol-
umes of patient data for training and testing
algorithms raises questions about data pro-
tection, confidentiality, and informed con-
sent [32]. Strict measures must be in place to
ensure the anonymization and secure storage
of patient data, as well as obtaining explicit
consent for its usage [33]. Transparency in
data collection, use, and sharing practices is
essential to maintain patient trust and uphold
their privacy rights [34].

Another ethical consideration lies in the im-
plementation of Al and radiomics as deci-
sion-support tools rather than replacing hu-
man expertise [35]. While these technologies
offer marked insights and assist in diagnosis

Rahimi M, et al.

and treatment planning, they should be seen
as aids to clinicians rather than making au-
tonomous decisions [36]. The final responsi-
bility and accountability still lie with health-
care professionals. It is imperative to provide
a balance between the benefits of Al-driven
assistance and the expertise of healthcare pro-
viders to avoid overreliance or potential abdi-
cation of human judgment [37].

Challenges and Limitations of AI and Ra-
diomics

While Al and radiomics have shown promise
in revolutionizing neuro-oncology diagnosis,
they also face several challenges and limita-
tions that need to be addressed for their effec-
tive implementation.

One significant challenge is the dependence
on high-quality and various datasets for train-
ing Al algorithms and radiomics models [38].
Obtaining such datasets is often challenging
due to privacy concerns, limited availability
of annotated data, and the rarity of certain
neuro-oncology disorders [39, 40]. The lack
of different and representative data can limit
the development of robust and accurate algo-
rithms, potentially leading to suboptimal di-
agnostic performance [41]. Efforts should be
made to establish comprehensive and curated
datasets that encompass various neuro-on-
cological conditions to improve the general-
izability and reliability of Al and radiomics
approach [42].

Additionally, the lack of standardized proto-
cols and coordination between different im-
aging modalities could create a limitation in
the field of neuro-oncology diagnosis [43].
Although radiomics relies on extracting quan-
titative features from medical images, the
methods for feature extraction and selection
may vary across different institutions and
studies. Hence, this inconsistency in protocols
can lead to variations in results and impair the
reproducibility and comparability of findings
[44]. Standardization efforts and the develop-
ment of quality control measures are neces-
sary to ensure consistent and reliable radiom-
ics analysis in neuro-oncology.

Furthermore, the integration of Al and ra-
diomics into clinical workflows may create
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practical challenges. Indeed, combining these
technologies into routine clinical practice re-
quires extensive validation, seamless integra-
tion with existing infrastructure, and work-
flow modifications [45]. The adoption of new
technologies in healthcare settings demands
careful consideration of resource allocation,
training of healthcare professionals, and en-
suring that the implementation is cost-effec-
tive and does not disrupt the overall workflow
efficiency [46].

Finally, Al and radiomics should be con-
sidered as complementary tools rather than
replacements for human expertise in neu-
ro-oncology diagnosis [47]. While these tech-
nologies offer valuable insights and assist in
decision-making, they should not undermine
the role of experienced clinicians [48]. The
human aspect of healthcare, such as consid-
ering patients’ holistic well-being, ethical
considerations, and individual preferences,
cannot be solely addressed by Al algorithms
and radiomics [49]. In other words, making
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the proper balance between technology and
human expertise is crucial for optimal patient
care and outcomes.

Conclusion

Our study summarized the significant impact
of Al in neuro-oncology disease diagnosis
and emphasized the potential of radiomics to
improve healthcare outcomes, enhance deci-
sion-making, and revolutionize patient care.
Indeed, the integration of Al and radiomics in
diagnosing neuro-oncology diseases presents
significant advancements and opportunities in
healthcare. While challenges remain, ongoing
research and continued collaboration between
Al and healthcare experts promise to achieve
more improvements in disease diagnosis.

Conflict of Interest

The authors declare that there are no conflicts
of interest.

References

1. Nakamura H, Takami H, Yanagisawa T,
Kumabe T, Fujimaki T, Arakawa Y, et al. The
Japan Society for Neuro-Oncology guideline
on the diagnosis and treatment of central
nervous system germ cell tumors. Neuro
Oncol. 2022;24(4):503-15.

2. Shafizadeh M, Farzanech F, Kankam SB,
Jangholi E, Shafizadeh Y, Khoshnevisan
A. Effects of postoperative intravenous
Cyclosporine treatment on the survival and
functional performance status of patients with
glioblastoma: A randomized, triple-blinded,
placebo-controlled clinical trial. World
Neurosurg. 2023:176:e548-e56.

3. Sturm D, Capper D, Andreiuolo F, Gessi M,
Kolsche C, Reinhardt A, et al. Multiomic
neuropathology improves diagnostic accuracy
in pediatric neuro-oncology. Nat Med.
2023;29(4):917-26.

4. Magge RS, Barbaro M, Fine HA. Innovations
in neuro-oncology. World Neurosurg.
2021:151:386-91.

5. Germann J, Zadeh G, Mansouri A, Kucharczyk
W, Lozano AM, Boutet A. Untapped
neuroimaging tools for neuro-oncology:
connectomics and spatial transcriptomics.
Cancers (Basel). 2022;14(3):464.

6. Pasquini L, Peck KK, Jenabi M, Holodny A.
Functional MRI in Neuro-Oncology: State
of the Art and Future Directions. Radiology.
2023;308(3):€222028.

7. Kaul V, Enslin S, Gross SA. History of
artificial intelligence in medicine. Gastrointest
Endosc. 2020;92(4):807-12.

8. Kumar Y, Koul A, Singla R, Ijaz MF.
Artificial intelligence in disease diagnosis:

a systematic literature review, synthesizing
framework and future research agenda.

J Ambient Intell Humaniz Comput.
2023;14(7):8459-86.

9. Shen J, Zhang CJ, Jiang B, Chen J, Song J, Liu
Z, et al. Artificial intelligence versus clinicians
in disease diagnosis: systematic review. JMIR
Med Inform. 2019;7(3):e10010.

10. Ao C, Jin S, Ding H, Zou Q, Yu L.
Application and development of artificial
intelligence and intelligent disease diagnosis.
Curr Pharm Des. 2020;26(26):3069-75.

11. Lohmann P, Galldiks N, Kocher M, Heinzel
A, Filss CP, Stegmayr C, et al. Radiomics
in neuro-oncology: Basics, workflow, and
applications. Methods. 2021;188:112-21.

12. Albalkhi I, Bhatia A, Losch N, Goetti R,
Mankad K. Current state of radiomics in

GMJ.2023;12:e3158

WWW.gmj.ir



Impact of Al in Neuro-Oncology Diseases

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

pediatric neuro-oncology practice: a systematic
review. Pediatr Radiol. 2023;53(10):2079-91.
Ehret F, Kaul D, Clusmann H, Delev D,
Kernbach JM. Machine learning-based
radiomics in neuro-oncology. Acta Neurochir
Suppl. 2022:134:139-51.

Aneja S, Chang E, Omuro A. Applications of
artificial intelligence in neuro-oncology. Curr
Opin Neurol. 2019;32(6):850-6.

Di Nunno V, Fordellone M, Minniti G,

Asioli S, Conti A, Mazzatenta D, et al.
Machine learning in neuro-oncology: Toward
novel development fields. J Neurooncol.
2022;159(2):333-46.

Jin L, Shi F, Chun Q, Chen H, Ma Y, Wu S,
et al. Artificial intelligence neuropathologist
for glioma classification using deep learning
on hematoxylin and eosin stained slide
images and molecular markers. Neuro Oncol.
2021;23(1):44-52.

Ak M, Toll SA, Hein KZ, Colen RR, Khatua
S. Evolving role and translation of radiomics
and radiogenomics in adult and pediatric
neuro-oncology. American Journal of
Neuroradiology. 2022 Jun 1;43(6):792-801.
Park JE, Kickingereder P, Kim HS. Radiomics
and deep learning from research to clinical
workflow: neuro-oncologic imaging. Korean J
Radiol. 2020;21(10):1126-37.

Park JE, Kim HS, Kim D, Park SY, Kim JY,
Cho SJ, et al. A systematic review reporting
quality of radiomics research in neuro-
oncology: toward clinical utility and quality
improvement using high-dimensional imaging
features. BMC Cancer. 2020;20(1):29.

Bhatia A, Birger M, Veeraraghavan H,

Um H, Tixier F, McKenney AS, et al. MRI
radiomic features are associated with survival
in melanoma brain metastases treated with
immune checkpoint inhibitors. Neuro Oncol.
2019;21(12):1578-86.

Fathi Kazerooni A, Bagley SJ, Akbari H,
Saxena S, Bagheri S, Guo J, et al. Applications
of radiomics and radiogenomics in high-grade
gliomas in the era of precision medicine.
Cancers (Basel). 2021;13(23):5921.

Park JE, Kim HS. Radiomics as a quantitative
imaging biomarker: practical considerations
and the current standpoint in neuro-
oncologic studies. Nucl Med Mol Imaging.
2018;52(2):99-108.

Di Stefano AL, Picca A, Saragoussi E,

Bielle F, Ducray F, Villa C, et al. Clinical,
molecular, and radiomic profile of gliomas
with FGFR3-TACCS3 fusions. Neuro Oncol.
2020;22(11):1614-24.

Artzi M, Bressler I, Ben Bashat D.
Differentiation between glioblastoma,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Rahimi M, et al.

brain metastasis and subtypes using
radiomics analysis. J Magn Reson Imaging.
2019;50(2):519-28.

Grommes C, Nayak L, Tun HW, Batchelor
TT. Introduction of novel agents in the
treatment of primary CNS lymphoma. Neuro
Oncol. 2019;21(3):306-13.

Nguyen AV, Blears EE, Ross E, Lall

RR, Ortega-Barnett J. Machine learning
applications for the differentiation of primary
central nervous system lymphoma from
glioblastoma on imaging: a systematic
review and meta-analysis. Neurosurg Focus.
2018;45(5):ES.

Verma G, Mohan S, Nasrallah MP, Brem

S, Lee JY, Chawla S, et al. Non-invasive
detection of 2-hydroxyglutarate in IDH-
mutated gliomas using two-dimensional
localized correlation spectroscopy (2D
L-COSY) at 7 Tesla. J Transl Med.
2016;14(1):274.

Zlochower A, Chow DS, Chang P, Khatri D,
Boockvar JA, Filippi CG. Deep learning Al
applications in the imaging of glioma. Top
Magn Reson Imaging. 2020;29(2):115-21.
Brady AP, Neri E. Artificial intelligence in
radiology—ethical considerations. Diagnostics
(Basel). 2020;10(4):231.

Lillywhite A, Wolbring G. Coverage of
ethics within the artificial intelligence and
machine learning academic literature: The
case of disabled people. Assist Technol.
2021;33(3):129-35.

Taha B, Boley D, Sun J, Chen C. Potential and
limitations of radiomics in neuro-oncology. J
Clin Neurosci. 2021:90:206-11.

Guan J. Artificial intelligence in healthcare
and medicine: promises, ethical challenges and
governance. Chin Med Sci J. 2019;34(2):76-
83.

Rubinger L, Gazendam A, Ekhtiari S,
Bhandari M. Machine learning and artificial
intelligence in research and healthcare. Injury.
2023:54 (Suppl 3):S69-S73.

Vollmer S, Mateen BA, Bohner G, Kiraly FJ,
Ghani R, Jonsson P, et al. Machine learning
and artificial intelligence research for patient
benefit: 20 critical questions on transparency,
replicability, ethics, and effectiveness. BMJ.
2020:368:16927.

Sunarti S, Rahman FF, Naufal M, Risky

M, Febriyanto K, Masnina R. Artificial
intelligence in healthcare: opportunities and
risk for future. Gac Sanit. 2021:35 (Suppl
1):S67-S70.

Jarvis T, Thornburg D, Rebecca AM, Teven
CM. Artificial intelligence in plastic surgery:
current applications, future directions, and

GM1J.2023;12:e3158

WWW.gmj.ir



Rahimi M, et al.

37.

38.

39.

40.

41.

42.

43.

ethical implications. Plast Reconstr Surg Glob
Open. 2020;8(10):e3200.

Pandey B, Mishra RB. Knowledge and
intelligent computing system in medicine.
Comput Biol Med. 2009;39(3):215-30.

Kelly CJ, Karthikesalingam A, Suleyman

M, Corrado G, King D. Key challenges for
delivering clinical impact with artificial
intelligence. BMC Med. 2019;17(1):195.
Jain S, Naicker D, Raj R, Patel V, Hu YC,
Srinivasan K, et al. Computational Intelligence
in Cancer Diagnostics: A Contemporary
Review of Smart Phone Apps, Current
Problems, and Future Research Potentials.
Diagnostics (Basel). 2023;13(9):1563.
Rauschert S, Raubenheimer K, Melton PE,
Huang RC. Machine learning and clinical
epigenetics: a review of challenges for
diagnosis and classification. Clin Epigenetics.
2020;12(1):51.

Martin-Isla C, Campello VM, Izquierdo

C, Raisi-Estabragh Z, BaefBller B, Petersen
SE, et al. Image-Based Cardiac Diagnosis
With Machine Learning: A Review. Front
Cardiovasc Med. 2020; 7: 1.

Prevedello LM, Halabi SS, Shih G, Wu CC,
Kohli MD, Chokshi FH, et al. Challenges
related to artificial intelligence research in
medical imaging and the importance of image
analysis competitions. Radiol Artif Intell.
2019;1(1):e180031.

Brunasso L, Ferini G, Bonosi L, Costanzo

R, Musso S, Benigno UE, et al. A spotlight
on the role of radiomics and machine-
learning applications in the management of
intracranial meningiomas: a new perspective
in neuro-oncology: a review. Life (Basel).

44,

45.

46.

47.

48.

49.

Impact of Al in Neuro-Oncology Diseases

2022;12(4):586.

Qiu Q, Duan J, Yin Y. Radiomics in
radiotherapy: applications and future
challenges. . Prec Radiat Oncol. 2020; 4: 29-
33.

Thompson RF, Valdes G, Fuller CD,
Carpenter CM, Morin O, Angeja S, et al.
Artificial intelligence in radiation oncology:
a specialty-wide disruptive transformation?.
Radiother Oncol. 2018;129(3):421-6.
Lohmann P, Bousabarah K, Hoevels M, Treuer
H. Radiomics in radiation oncology—basics,
methods, and limitations. Strahlenther Onkol.
2020;196(10):848-55.

Yip SS, Aerts HJ. Applications and
limitations of radiomics. Phys Med Biol.
2016;61(13):R150-66.

Peeken JC, Wiestler B, Combs SE. Image-
guided radiooncology: the potential of
radiomics in clinical application. Recent
Results Cancer Res. 2020:216:773-94.

Priya S, Liu Y, Ward C, Le NH, Soni N,
Pillenahalli Maheshwarappa R, et al. Radiomic
based machine learning performance for

a three class problem in neuro-oncology:
time to test the waters?. Cancers (Basel).
2021;13(11):2568.

GM1J.2023;12:e3158
WWW.gmj.ir



