
Abstract
Lung cancer remains the leading cause of cancer-related death worldwide, with late-stage
diagnosis being a major factor in poor survival rates. In recent years, advances in artificial
intelligence (AI) have created new opportunities to improve early detection, diagnosis, prognosis,
and treatment planning in lung cancer care. AI tools, especially those based on machine learning
(ML) and deep learning (DL), have shown promise in increasing the accuracy of screening methods
like low-dose computed tomography (LDCT), as well as in interpreting radiological and
histopathological images. By integrating imaging, clinical, and genomic data, AI can help stratify
patients by risk and support personalised treatment approaches. However, challenges such as
algorithm bias, lack of transparency, data variability, and ethical concerns about privacy and
accountability continue to limit widespread adoption.
This review explores the current and emerging applications of AI in lung cancer screening and
diagnosis, evaluates its potential impact on patient outcomes, and highlights the key obstacles that
must be addressed for broader clinical integration.
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Introduction	

According to the Global Cancer Statistics 2022
(GLOBOCAN), approximately 20 million new
cancer cases and 9.7 million cancer-related
deaths occurred worldwide in 2022. Among
these, lung cancer accounted for 12.4% (2.5
million) of all new cases and 18.7% (1.8 million)
of cancer-related deaths [1]. Lung cancer has
two histological subtypes: small cell lung cancer
(SCLC) and non-small cell lung cancer (NSCLC),
with NSCLC being more prevalent, comprising
85–90% of all lung cancer cases. NSCLC includes 

squamous cell carcinoma, large-cell carcinoma,
and adenocarcinoma, while SCLC is less
common but more aggressive, classified as pure
(with neuroendocrine features) or combined
SCLC [2].
Lung cancer is associated with high mortality,
largely due to its late-stage diagnosis. Early
detection, especially in high-risk populations, is
critical: stage I patients have a 5-year survival
exceeding 75%, versus below 10% for stage IV
[3,4].
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Artificial intelligence (AI), capable of simulating
human cognition and analysing large datasets,
has emerged as a promising tool for early lung
cancer detection [5,6]. 
The increasing application of AI in radiology is
primarily driven by two developments: machine
learning (ML) and deep learning (DL). ML uses
statistical methods to learn rules from training
data autonomously and is effective in identifying
patterns within large datasets—often
outperforming manual evaluation. DL, a subfield
of ML, processes raw data without human-
designed feature extraction, learning key
representations directly from input data [7].
 

AI also improves reporting systems like Lung-
RADS, aiding risk stratification, distinguishing
benign from malignant nodules, and reducing
unnecessary biopsies and scans [8, 11].
Although AI has much to offer, key challenges
remain. The main one is generalisability: as most
AI models are trained on datasets that may not
reflect global diversity, factors such as age,
ethnicity, comorbidities, and regional practices
can affect performance [6]. Another challenge is
interpretability—many AI systems act as "black
boxes", and clinicians may hesitate to trust
outputs without understanding the reasoning [5].

AI	in	Lung	Cancer	Screening

Low-dose computed tomography (LDCT) is the
standard screening modality for lung cancer;
however, its effectiveness is limited by high
false-positive rates, missed diagnoses, and inter-
reader variability [8]. Artificial intelligence (AI),
particularly deep learning (DL) techniques, can
help overcome these limitations by minimising
human error in image interpretation and
enhancing diagnostic accuracy [9]. DL models
are capable of detecting subtle malignant
patterns, including small pulmonary nodules
that may be overlooked by radiologists, as
demonstrated by the LUNA16 model [4].
By rapidly analysing large volumes of imaging
data, AI augments radiologist performance,
reduces diagnostic fatigue, and improves
consistency in radiological assessments—an
advantage that is especially relevant for large-
scale lung cancer screening programmes [10]. In
addition, AI algorithms can integrate clinical,
radiological, and biological data, including
electronic medical records, fluid biomarkers,
and metagenomic information, to further
improve the precision and personalisation of
lung cancer screening [11].

AI	in	Lung	Cancer	Diagnostics

Early diagnosis is critical in lung cancer, yet over
70% of patients are diagnosed at advanced
stages and are often ineligible for surgery [6]. CT
scans and biopsies are standard but have limits
—CT risks misdiagnosis, and biopsies are
invasive—so better noninvasive methods are
needed.
Tumour location, pathology, metastasis, and
complications add challenges. AI aids not only
detection but also staging, typically based on
positron emission tomography-computed
tomography (PET-CT) [12]. Various machine
learning algorithms—such as logistic regression,
support vector machines, neural networks,
Bayesian models, K-nearest neighbours,
decision trees, and random forests—have been
applied in this field. These AI systems can
autonomously analyse clinical data, identify
relevant variables, and provide decision support
for diagnosis and treatment. DL techniques,
including convolutional neural networks
(CNNs), recurrent neural networks (RNNs),
generative adversarial networks (GANs), and
transformers, have shown considerable clinical
value in lung cancer screening, diagnosis, and
prognosis [5].
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AI	 in	 Prognosis	 and	 Treatment	 Planning
in	Lung	Cancer

growth factor receptor tyrosine kinase inhibitor
(EGFR-TKI) and Programmed Death-1 (PD-
1)/Programmed Death-Ligand 1 (PD-L1)
immunotherapies [22]. Deep learning
algorithms can estimate EGFR mutation
likelihood and response to EGFR-TKIs and
checkpoint inhibitors. By identifying specific
radiomic features, AI supports personalised
treatment planning and can anticipate outcomes
such as local failure and chemotherapy
effectiveness [23].
In risk stratification, AI models—including CNNs
using chest X-rays and minimal EHR data—
predict long-term cancer risk more accurately
than traditional criteria, identifying individuals
for targeted screening [24, 25].
In the pre-treatment setting, AI predicts
prognosis to guide therapy intensity—high-risk
patients may receive intensive care, while
lower-risk patients avoid overtreatment. After
surgery, AI identifies recurrence risk to guide
adjuvant chemotherapy decisions [18].

In digital histopathology, AI models process
H&E-stained whole-slide images to segment
cellular morphology, characterise the tumour
microenvironment (TME), and extract survival-
predictive features, enabling rapid tumour
classification and prognosis assessment;
however, performance is limited by data quality,
nonstandard protocols, and incomplete datasets
[12,13]. By combining histopathological, PET,
and CT features, machine learning and deep
learning models can predict survival,
recurrence, and treatment response in lung
cancer, improving clinical decision-making and
personalised treatment planning [14,15,16].
Biomarkers with clinical data improve
prognostic accuracy [17]. Radiomic nomograms
and CNNs trained on radiotherapy datasets
identify high-risk patients and predict 2-year
post-surgery survival [18,19,1]. Tumour
microenvironment cell organisation is another
key prognostic factor [20].
AI has shown promise in forecasting responses
to chemotherapy, targeted therapy,
immunotherapy, and radiation therapy [21].
Radiomics-based models can predict pathologic
complete response to chemoradiation in NSCLC
[10], as well as responses to frontline epidermal
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Examples	of	Case-Based	Models
Several case-based studies have demonstrated
the potential of AI in guiding prognosis and
treatment planning. Table 1 summarises key
examples, including radiomics-based response
prediction [10], EGFR mutation identification
[23], early failure prediction after SBRT [18],
and integration of genomic data for adjuvant
therapy decisions [16].

Conclusion

Despite rapid progress, AI adoption in lung
cancer care remains limited by several
challenges. Model bias from unrepresentative
training data can reinforce health disparities,
while the “black box” nature of deep learning
reduces clinician trust. Ethical concerns around
data privacy, consent, and accountability further 



Study AI Application Clinical Context Key Outcome

Binczyk F, et al.
 (2021)

 

Radiomics-based AI
model

Prediction of
treatment response

to nivolumab,
docetaxel, gefitinib

Accurately predicted
response based on CT

radiomic features

Khorrami M, et
al. (2020)

 
Prognostic AI model

Early-stage NSCLC
treated with SBRT or

chemoradiation

Predicted early death and
treatment failure

Mobadersany
P, et al. (2018)

 

Integrated AI model
(genomic +

clinicopathological
data)

Adjuvant therapy
decision-making

Identified patients at
recurrence risk who may

benefit from adjuvant
treatment

Table 1. Case-based studies demonstrating AI's potential in prognosis and treatment
planning
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complicate implementation. Standardisation of
imaging protocols and data formats is also
essential to improve model generalisability.
Looking ahead, AI’s ability to integrate imaging,
clinical, genetic, and biomarker data offers
promise for early detection, risk stratification,
and personalised treatment.   Efforts  to improve 

interpretability, data quality, and clinician
training are critical for implementing AI in
routine practice. Addressing these barriers
through collaboration among clinicians,
researchers, and developers will enable AI to
realise its full potential in improving lung cancer
screening, diagnosis, and outcomes.
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