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Abstract
Stereotactic body radiation therapy (SBRT) is currently the alternative for inoperable early-stage and
oligometastatic non-small cell lung cancer (NSCLC) patients. While most patients are good responders
among this specific group, some patients do not experience the benefits of this treatment. Even though
physicians use clinical variables and semantic radiological features to make treatment decisions, medical
images contain a wealth of personalized pathophysiological information that can be extracted and used for
clinical decision support systems. In the form of radiomics features, details unique to each patient's medical
scans can be utilized to create predictive models and to identify biomarking signatures. Then, these tools
and indices can predict treatment outcomes and categorize patients to the most optimal treatment regimen.

A conceptual review of relevant topics centered around the identification and development of radiomic-
based biomarkers for SBRT-treated NSCLC was conducted. To begin with, an overview of the nature and
management of non-small cell lung cancer was provided. To continue, biomarkers were defined in the
context of cancer care. Then, the uses of stereotactic body radiation therapy in the treatment of NSCLC were
further explained. Finally, the study of radiomics was discussed, and the uses and limitations of radiomic
features and ML for SBRT-treated NSCLC were expanded upon.

Radiomics-based biomarkers and predictive algorithmic models can potentially improve the SBRT treatment
of early-stage and oligometastatic NSCLC by providing personalized support systems to healthcare
professionals. While many institutions are attempting to optimize their biomarkers and AI-based tools for
clinical use, additional prospective studies are needed to properly ensure their efficacy. As such, the
improvements made in the field of personalized medicine are promising.
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Introduction And Background
Brief introduction
In recent years, artificial intelligence (AI) has been changing the way we live; it is increasing speed and
efficiency when performing common tasks. AI has also allowed the creation of various useful support
systems. One area that has benefited from AI support is radiation oncology. Indeed, the field of oncology has
achieved new heights; great strides have been made in fundamental, translational, and clinical research.
This is especially true when we consider our handling of medical information and our approach when
learning from data. As radiation oncology requires multiple scans and clinical information for disease
assessments and treatment decisions, the amount of potential data collected is massive. It is only natural to
study this data to better understand diseases. Using artificial intelligence, such as machine learning (ML),
researchers have been working on different ways of harnessing the power of high-dimensional computing
techniques to gain the most from data available on cancer patients.

Lung cancer is the most significant source of cancer-related deaths worldwide [1,2]. Specifically, non-small
cell lung cancer (NSCLC) is the main type of lung tumor [1]. This lung cancer subtype has amassed a large
amount of data; this is mostly due to the visibility of solid NSCLC tumors with medical scans, especially
computed tomography (CT) scans, the high volume of lung cancer patients, and the widespread reach of the
disease, due to the smoking of tobacco. Since the research and development of AI requires an immense
quantity of varied data, artificial intelligence can truly showcase its full potential in NSCLC research.

Depending on the cancer progression stage, NSCLC patients can receive different treatments. In the case of
early-stage NSCLC patients, surgical resection is the standard treatment [3]. However, if the patient has
medical complications morbidities, or refuses to receive surgery, stereotactic body radiation therapy (SBRT)
is the standard alternative treatment [3-5]. SBRT is a type of external beam radiotherapy treatment; it uses
advanced treatment planning techniques to accurately, precisely, and stereotactically target parenchymal
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lung tumors, all the while minimizing any radiation exposure to surrounding, healthy tissues or any critical,
thoracic structures [6].

In addition, over the years, tomographic images, such as CT, MRI, and PET, have been increasingly
showcasing their full potential. With the help of various machine learning processes for quantitative feature
extraction and pattern recognition models, medical images have been transitioning to become mineable
data. Indeed, beyond human-made observations, radiomics has emerged as the practice of extracting
objective features from medical imaging sets. Similarly to its other "omics" counterparts, radiomics
accumulates data to provide specific, unique, and almost imperceptible information about individual
patients. Actually, the field of radiomics attempts to reduce the subjectivity of visual interpretation by
providing quantifiable features and by associating these features with pathophysiology. Hence, radiomic
models, in conjunction with patients' data and multi-omics, could be used as highly accurate, clinically
relevant diagnostic/prognostic/predictive tools. Such biomarkers and models could bring healthcare closer
to precision medicine [7,8].

In this conceptual review, the topics of biomarkers and radiomics in the context of SBRT-treated NSCLC will
be discussed. First, we will describe lung cancer as a disease and how it is treated and managed. Second, we
will define the nature of biomarkers. Also, we will describe biomarkers' uses in the context of cancer. Third,
SBRT and its' role in NSCLC treatment will be described. Fourth, we will delve deeper into the topics of
radiomics and ML, and we will discuss how radiomics and ML contribute to the treatment of NSCLC patients
with SBRT. Furthermore, we will acknowledge the achievements made in the field up until now. Finally, the
limitations of machine learning and radiomics will be discussed. This review will cover the topics required to
conduct research on radiomics-based biomarkers for SBRT-treated NSCLC patients.

Review
Lung cancer
Introduction to Lung Cancer

Lung cancer has been among the top-ranking causes of cancer deaths in men and women for years
worldwide [9]. Indeed, this malignant tumor formed from the epithelial cells of the lung parenchyma or
within the bronchi has caused a high death toll on the human population [10]. While general cancer
incidence depends on age most of the time, external factors constitute a risk of specifically developing lung
cancer [11]. Many of these risk factors have embedded themselves in the culture and habits of people, such
as smoking tobacco [11].

Lung cancer develops through a multistep process in which mutations and epigenetic changes create defects
in the regulation of proliferation and homeostasis [12]. Eventually, the accumulation of such defects
transforms normal cells into malignant cells. As the cells proliferate uncontrollably through clonal
expansion, the cancer becomes more invasive, and it spreads to the lymph nodes and distant organs [12].
There are two main histological types of primary lung cancers: non-small cell lung cancer (NSCLC) and
small cell lung cancer (SCLC) [13]. While both types are characterized by the uncontrolled cell growth of
malignant tumors in the lung's epithelium, NSCLC has larger and slower proliferating cells than SCLC,
which displays much smaller cell sizes [12]. For this conceptual review, there will be a focus on NSCLC, as it
constitutes 85% of lung cancers [14].

General Overview of Management of NSCLC Patients

NSCLC management differs based on the cancer staging, among other variables [15,16]. When dealing with
stage I patients, surgery is often the preferred option. If the patient cannot receive surgery - due to
comorbidities or poor lung function - or refuses the intervention, stereotactic body radiation therapy (SBRT)
can be used instead. Without lymph node involvement, stage II patients receive the same types of treatments
as stage I. Although, with node involvement, SBRT is not an option, and full-dose conventional fractionation
radiation therapy (RT) needs to be given instead [13]. In other words, stage I and stage II NSCLC, without
node involvement and without mediastinum invasion, are considered early-stage NSCLC [13]. This
classification is important for our review because early-stage NSCLC patients can receive SBRT as an
alternative, definitive treatment [13]. Additional chemotherapy and immunotherapy are also considered,
depending on the situation [13].

As the staging increases to III, combined therapy is used; either a combination of surgery and
chemotherapy, or a combination of radiation and chemotherapy, along with targeted therapy or
immunotherapy, are possibilities [17]. Additionally, adjuvant chemotherapy can be given after the main
treatment regimen [13,17]. Finally, with palliative intent, stage IV patients can receive most of the
procedures previously mentioned, except for surgery [15,16,18]. In contrast with early-stage NSCLC,
advanced NSCLC includes stage III and stage IV. Specifically, stage III NSCLC is considered a locally
advanced disease, and stage IV NSCLC corresponds to a disseminated, advanced disease [13]. Advanced
stage IV NSCLC specifically includes stage IV patients and patients with disease recurrence after an initial,
definitive treatment has been given [19]. Generally, for stage I, II, and III NSCLC, the treatments given are
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meant to be curative [19]. Meanwhile, stage IV NSCLC receives palliative treatments, except for
oligometastatic NSCLC [19].

Managing Stage I NSCLC

When treating stage I patients, surgery is often the preferred option. Specifically, to treat a stage IA or IB
peripheral tumor, a lobectomy can be performed. In contrast, a central tumor requires a multidisciplinary
approach; the addition of chemotherapy to the treatment regimen can be beneficial for the patient.
Neoadjuvant or adjuvant chemotherapy can be given alongside the surgery [13]. For patients who receive
surgery first, pathologic staging can be assessed using the tumor tissue resected. As stated in Valliere et al.'s
review, while adjuvant chemotherapy is not recommended for pathologic stage IA patients, pathologic stage
IB patients with high-risk features can receive adjuvant chemotherapy [13]. Additionally, surgical stage I
patients with positive margins can receive postoperative radiation therapy. Positive margins indicate that
cancer was found in the surgical margins of the resected tissue; this finding suggests that cancer was still
present at the resection site [13].

If a patient cannot receive surgery - due to comorbidities or poor lung function - or refuses the intervention,
definitive radiation therapy, such as SBRT and full-dose conventional fractionation RT, can be given as an
alternative [13]. As mentioned in Valliere et al.'s review, SBRT is recommended for tumors smaller than 5 cm
[13]. As for tumors larger than 5 cm, curative intent intensity-modulated radiotherapy (IMRT) with or
without gating is the recommended treatment option [13].

Managing Stage II NSCLC

Similarly to the management of stage I NSCLC, surgical resection is the main treatment recommended for
stage II NSCLC. Additionally, neoadjuvant induction chemoimmunotherapy is suggested for clinical stage II
NSCLC. In general, for stage II patients, the combination of nivolumab and neoadjuvant, platinum-based
chemotherapy has shown benefits [13]. On the other hand, if surgery is given first, pathology can be
assessed; if a patient has pathologic stage II NSCLC, adjuvant chemotherapy can be recommended [13]. Also,
postoperative radiation therapy can be given to surgically treated stage II patients with positive margins
[13].

Furthermore, if a patient cannot receive surgery - due to comorbidities or poor lung function - or refuses the
intervention, definitive radiation therapy can be used as an alternative [13]. When the stage II NSCLC has
not spread to lymph nodes, the choice of radiation therapy technique follows the same guidelines as for
stage I patients [13]. However, with node involvement, SBRT is not an option for stage IIB NSCLC, and
definitive, standard-fractionation radiation therapy is given instead of SBRT [13]. Moreover, chemotherapy
and immunotherapy may be added to the treatment regimen to provide support, depending on the situation
[13].

Lastly, it is important to note that stage I and stage II NSCLC, without node involvement, are interpreted as
early-stage NSCLC [13].

Managing Stage III NSCLC

As the extent of NSCLC increases to stage III, the affected population becomes very heterogeneous,
specifically pertaining to tumor sizes, invasion of lymph nodes and surrounding structures, and localization
of disease [17]. Consequently, combined therapy is used to manage many different disease configurations.
Possibilities include a combination of surgery and chemotherapy or a combination of radiation and
chemotherapy, along with targeted therapy or immunotherapy. For instance, the phase III PACIFIC trial
showed that giving immunotherapy after concurrent chemotherapy in locally advanced, stage III NSCLC
increased the patient's five-year probability of overall survival from 33.4% to 42.9% [20]. Additionally, during
stage III NSCLC, adjuvant chemotherapy can be given after the main treatment regimen [17].

Generally, to determine the proper treatment regimen for stage III NSCLC, the mediastinal lymph nodes
need to be assessed pathologically for tumor involvement [17]. If the mediastinal lymph nodes are not
involved, either induction chemotherapy followed by surgery or perioperative chemoimmunotherapy and
surgery can be given to EGFR/ALK-negative patients. For EGFR/ALK-positive patients, a surgical resection
followed by adjuvant systemic therapy can be given [17]. On the other hand, if the cancer reaches the
mediastinal lymph nodes, concurrent chemoradiation - usually platinum-based chemotherapy with full-dose
radiation therapy - is suggested, with the possibility of adding another treatment modality to the regimen
[17].

Managing Stage IV NSCLC - Advanced Disease

Advanced NSCLC management focuses on a palliative approach; the objectives are to improve the patient's
progression-free survival, maintain a good quality of life, and reduce the side effects of treatments [19].
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Hence, the treatments given for advanced NSCLC are focused on palliation, not curation. This approach does
not use definitive treatment modalities. This treatment intent affects the aggressivity of treatments and the
reasoning for using specific therapies [19].

Usually, systemic treatment is given to patients with advanced disease NSCLC [17]. Systemic therapies are
given concurrently or sequentially; therapies include immunotherapy, cytotoxic chemotherapy, biologics,
and targeted agents [19]. The initial therapy is determined by variables such as histology, driver mutations,
PD-L1 expression, and patient-specific factors [19].

Non-squamous, advanced NSCLC should be tested for driver mutations such as epidermal growth factor
receptor (EGFR), anaplastic lymphoma kinase fusion oncogene (ALK), and more [19]. Indeed, chemotherapy
is not the first-line therapy for stage IV patients with targetable mutations. When the tumor has a driver
mutation, the suggested therapy is to use a specific inhibitor for that driver mutation until progressive
disease is observed [19]. Conversely, when the tumor does not have driver mutations, the expression level of
PD-L1 is used to determine the proper course of treatment. The expression of PD-L1 on the cell surface is a
marker that predicts the response of immune checkpoint inhibitors [21]. For high PD-L1 expression tumors
(tumors with at least 50% of cancer cells expressing PD-L1), pembrolizumab or atezolizumab monotherapy
is given [19,22]. That said, for patients with rapidly progressive disease and high tumor burden, concurrent
chemotherapy and immunotherapy are given [19]. For lower PD-L1 expression levels, a combined approach
using chemotherapy and immunotherapy has shown to improve survival [21]. Lastly, to manage specific
metastatic sites, additional treatments can be used to control symptoms caused by the metastases [19].

Managing Stage IV NSCLC - Oligometastatic Disease

There are some stage IV NSCLC cases in which the number of metastases is limited to one or only a few. This
oligometastatic state describes patients with metastases limited in number and organ sites [23]. Specifically,
the European Consensus definition states that oligometastatic disease has up to five metastases from three
sites [24]. Systemic therapy can potentially eliminate these limited, small oligometastases [23]. Indeed, as
treatments are becoming more refined, it may be possible to achieve substantially longer overall survival and
to cure patients of cancer. For oligometastatic NSCLC patients, there are potential benefits in using more
aggressive and definitive treatment modalities to target oligometastases [23].

When patients with one to three oligometastases have a good performance status, local therapy, such as
surgical or ablative treatments, can be given to all oligometastatic sites alongside systemic therapy. That
said, the decision to pair definitive treatments with systemic therapy must be done in a multidisciplinary
setting [23]. Furthermore, the choice of systemic therapy follows the same management guidelines as for
advanced NSCLC treatment [23]. As for local therapy, surgery, and radiotherapy, such as SBRT, can be given,
but nonoperative techniques are preferred for patients with debilitating comorbidities [23].

Currently, the optimal order of definitive and systemic treatments is not known, and it is mainly theorized
[23]. On the one hand, giving systemic therapy first may allow the confirmation of the patient's stage
IV oligometastatic disease, thus indicating that local ablative therapies may be beneficial. On the other
hand, giving local ablative therapies followed by systemic therapies may be considered for cases of
oligorecurrence/oligoprogression [23]. In this specific case, systemic therapies would only be given when
there is radiographic evidence of widespread metastatic disease after the local therapy [23].

Lung Cancer Conclusion

The treatment of lung cancer is a multifaceted process that can proceed in various ways. Indeed, depending
on the symptoms, the staging, the imaging, the tumor histology, the molecular profiling, the genetic
alterations, and the patient's wishes, a combination of different therapies can be recommended. The
recommended treatments include surgery, radiotherapy, chemotherapy, and various targeted therapies. By
using these different approaches, clinicians attempt to stop cancer progression, reduce tumor volumes,
improve overall survival, minimize the risk of recurrence, palliate the toxicity/side effects experienced, and
offer a good quality of life to patients.

Cancer biomarkers
Introduction to Cancer Biomarkers

With the shift from empirical to personalized medicine in recent years, there has been a need for specific
characterization tools. Indeed, it is no longer enough to base clinical decisions on symptoms or to follow
generic, systemic decision processes when selecting treatment options. To create personalized treatment
regimens, there is a need for variables capable of providing an in-depth understanding of patients'
conditions.

Biomarkers are quantifiable and objective characteristics that can be measured to assess the state of a
patient and to formulate predictions or prognoses [25]. The nature of biomarkers can vary from DNA, RNA,
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protein, and peptides to post-translational modifications, metabolomics, radiomics, etc. Actually, there has
been an increasing interest in quantifying and targeting pathways at the molecular level due to advances in
molecular biology, the rise of high-throughput screening, and molecular characterization of tumor tissue
[25]. As advances in multi-omics are progressing and our knowledge of cancer biology is increasing, a new
generation of clinically relevant biomarkers is needed to support decision-making in therapeutics and
prognostics [25].

More specifically, biomarkers can help to identify populations for which a drug/treatment is very effective.
The use of such biomarkers can result in more successful clinical trials. Indeed, in regular trials, more than
90% of oncological drugs that enter clinical development do not reach approval for phase IV trials, which is
an observational phase conducted post-approval to identify less common adverse reactions and to evaluate
cost and drug effectiveness in larger populations. [26] because earlier trial phases fail to show a
clear therapeutic benefit [27]. To decrease the risk of trials and the number of clinical trial failures, we can
use biomarkers to identify the molecular subtypes that would benefit the most from potential
drugs/treatments. Furthermore, biomarkers have the potential to improve the healthcare system in many
ways. Currently, many patients are taking drugs without benefits [25]. Biomarkers can help to define the
heterogeneity in drug response between patients. Lastly, anti-cancer drugs are expensive and toxic;
biomarkers can prevent their unnecessary use [25].

Cancer Biomarkers in Clinical Settings

In terms of clinical use, cancer biomarkers can be used to evaluate the risk of cancer development, the
cancer progression, and the response to therapy and procedures [25]. Specifically, these applications are
useful when cancer biomarkers are linked to specific molecular pathways in cancer pathogenesis. Indeed, by
linking the fluctuations in biomarker presence and/or levels to molecular pathways, the use of specific
interventional strategies can be justified [25].

In clinical settings, different types of cancer biomarkers have their practical uses. Here are a few types
described by Goossens et al. [25]. Predictive biomarkers predict the response/outcome to specific
treatments/interventions. For example, HER2 positive can predict the response to trastuzumab treatment in
breast cancer [28]. Also, in colorectal cancer, KRAS-activating mutations can predict EGFR inhibitor
resistance [29]. While prognostic biomarkers are not useful for making therapeutic decisions, they can
predict key clinical outcomes, such as cancer recurrence, disease progression, and survival. Lastly,
diagnostic biomarkers are used to diagnose patients and to determine if patients have specific conditions.
For example, the presence of cancer DNA in stool would indicate the presence of colorectal cancer [25,30].

Cancer Biomarkers Development

To develop a cancer biomarker, a relationship must be established between an observable characteristic of
the tumor, the patient or treatment mechanism, and the tumor biology. Indeed, cancer biomarkers are
developed by identifying and quantifying key features directly linked to a tumor's biological processes.

There are various types of cellular biomarkers, including DNA, RNA, and proteins. In the case of DNA
biomarkers, DNA alterations, such as amplifications, deletions, point mutations, and gene fusions, can be
used as biomarkers [25, 31]. To illustrate, if a drug targets a specific disease-activating, mutated gene, the
targeted gene would be an ideal biomarker. The presence of the targeted gene might indicate the potential
effectiveness of the drug [25, 27]. While using DNA as a basis for biomarkers is useful due to its consistency,
screening DNA for biomarkers is time-consuming [25].

Regarding RNA biomarkers, there are advantages and disadvantages of measuring specific RNA levels. While
it is a chemically unstable molecule that fluctuates in concentration, RNA is more accessible to measure.
Compared to DNA, which is mainly located in the nucleus, RNA carrying precise genes can be measured in
the cytoplasm [25]. Although one single RNA molecule does not give interpretable information, the
concentrations of many different RNA strands can easily be measured at the same time [25].

Furthermore, the proteome offers the maximum level of complexity because they are the effectors of cellular
systems. Despite the fact that proteins are very unstable and difficult to measure reliably, they display post-
translational modifications, such as glycosylation, oxidation, and phosphorylation [31]. Protein-based
biomarkers can take advantage of this level of cellular complexity to characterize the tumor and its
environment [25, 31].

Moreover, even though the previously mentioned biomarkers are profiled with the intention to understand
the primary tumor, there has been some evidence showing that metastatic tumors are different compared to
primary tumors [12, 13, 19]. Inter-tumor and intra-tumor heterogeneity are complexities of cancer
treatments [31]. The clinical decisions based on site-specific biomarkers cannot be generalized to the entire
system due to potential variability [31].

With the advent of high-throughput methods, it is possible to combine different research fields, such as
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genomics, transcriptomics and proteomics, and create biomarkers based on multi-omics. This
multidisciplinary approach to finding cancer biomarkers enables a multifaceted characterization of patients,
which may bring healthcare closer to precision medicine. Also, different omics fields, such as radiomics, can
provide a completely different set of information. As radiomics is image-based, using this field in biomarker
discovery can give an anatomical and histopathological dimension to biomarkers [7].

While there are many obstacles preventing the comprehensive study of patients, including the cost, the
feasibility of a clinical setting, and the involvement needed from patients, the increasingly multidisciplinary
nature of cancer care is advantageous for the development of biomarkers.

Cancer Biomarkers Limitations

While biomarkers are very useful, there are limitations to their development and implementation. Indeed,
when developing and implementing biomarkers, there are issues concerning invasiveness. Most of the time,
to measure DNA, RNA, and protein-based biomarkers, the tumor needs to be biopsied, which can be too
invasive for some patients. On the other hand, radiomics-based biomarkers are less invasive, as they only
require medical images. Additionally, the quality of the tumor tissue, the timing of tissue collection, and the
tumor heterogeneity introduce intra-patient and inter-patient variability.

Furthermore, while multiple reports on highly performing biomarkers are being published, only a few
biomarkers are clinically implemented [32, 33]. Implementing biomarkers in a clinical setting is challenging
due to three main reasons. Firstly, there is a difference between analytical validity and clinical validity.
Initially, many discovered biomarkers have high sensitivity, specificity, and statistical significance when
tested in vitro; then, the biomarkers are qualified as analytically valid. That said, when these biomarkers are
clinically implemented, they are found to be clinically unhelpful. Consequently, these analytically valid
biomarkers have no clinical validity. The lack of clinical validity may be caused by the weakness of the
information provided by the biomarker, the biomarker's lack of relevance for decision-making, or the
biomarker's low efficiency in a clinical setting [32, 33].

Secondly, the positive predictive value (PPV) and the negative predictive value (NPV) may not be above the
defined clinical threshold. The PPV is the probability that a patient has a disease/condition when the test is
positive [34]. The NPV is the probability that a patient does not have a disease/condition when the test is
negative [34]. Even though some studies address unmet clinical needs, some biomarkers are not
implemented due to the risk involved in using them. For example, using a biomarker with a low PPV could
potentially classify a patient as positive, even though the patient might not actually have the
condition/disease. Such a mistake could cause a patient to receive unnecessary, and perhaps harmful,
treatments [34]. Also, during development, obtaining a high PPV and NPV can be challenging due to the
expensive, time-consuming, and large studies required to establish clinical value [25, 27, 34]. Additionally,
when studying biomarkers for rare cancers, the potential for positive results is low; in this case, the PPV and
NPV can become distorted [34].

Lastly, biomarkers must demonstrate clinical utility; in other words, biomarkers must have the potential to
change the current clinical practice. If a biomarker does not impact clinical outcomes or decision-making,
the biomarker's purpose is unclear [25, 27]. For instance, biomarkers should allow a clinician to help a
patient in the following ways: decreasing toxicity, increasing overall survival (OS), decreasing time to
progression (TTP), increasing progression-free survival (PFS) or increasing quality of life (QOL) [25, 27].

Other limitations in cancer biomarker development and implementation include issues in study design,
issues in assay platforms, the lack of inter-lab reproducibility, technical issues, the lack of relevance of pre-
clinical models, the difficulty in obtaining tissue samples in sufficient quantities, and the need to conduct
expensive clinical trials for prospective validation [32,33].

Cancer Biomarker Conclusion

While it is challenging to bring new biomarkers to clinical use, there are promising biomarkers for lung
cancer. In terms of NSCLC biomarkers, specific radiomic features (objective data extracted from medical
images) were shown as prognostic for distant metastases in lung adenocarcinoma [35], disease recurrence
[36], and overall survival [37]. Also, some radiomic features were determined to be predictive of treatment
response. For example, first-order skewness and root-mean-squared-intensity were shown to be predictive
of local response for SBRT-treated NSCLC tumors [38].

Cancer biomarkers have the potential to improve cancer treatments by predicting treatment outcomes,
formulating more accurate prognoses, and supporting clinical decisions. Essentially, biomarkers are
employed to decrease the morbidity of treatments and to improve treatment outcomes, such as overall and
progression-free survival. Ultimately, biomarkers could prevent unnecessary suffering, thus putting the
overall well-being of patients on the forefront.
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Stereotactic body radiation therapy
Stereotactic Body Radiation Therapy Definition

Stereotactic body radiation therapy (SBRT) is a type of external beam radiotherapy. SBRT uses advanced
treatment planning techniques to accurately and precisely target extracranial tumors while minimizing any
radiation exposure to surrounding healthy tissues or critical thoracic structures [6,39]. Using a linear
accelerator paired with the appropriate image-guidance technology, SBRT delivers a high dose of radiation
(larger than 6 Gy per fraction) [6] in a single or a few fractions to a small, well-defined lesion at a high degree
of accuracy and precision [40].

To achieve this level of targeted delivery, stereotactic localization of the tumor and tumor-site-specific
image guidance are required to locate and delineate the target volume and to minimize the margins of the
dose delivery. Indeed, the target is clearly separated from the nearby organs at risk; only the target tumor
and its adjacent, microscopic tumor spread receive radiation [39]. For stereotactic localization of tumors,
stabilizing apparatuses, such as body frames, vacuum cushions, thermal plastic restraints or featured
stereotactic fiducial systems [6,41], are used to ensure a stable target tumor by positioning and immobilizing
the patient. Once the patient's body is correctly placed, the tumor motion is reduced with controlled
abdominal compression, deep inspiration, respiratory gating or tumor tracking systems [6,41]. All in all,
SBRT is conducted by following a highly optimized workflow, requiring multiple sophisticated techniques
and quality assurance measures [39].

SBRT Treatment for Lung Cancer

As for SBRT's clinical applications, it is currently established as the standard treatment alternative for early-
stage NSCLC patients who are not appropriate candidates for surgery or refuse surgery altogether [39,42-44].
That said, some aspects of SBRT are still being improved upon, and new research directions are being
explored. With many trials and retrospective studies about SBRT, researchers are trying to examine the
nuances of this treatment. For instance, the multicentric, phase III, randomized CHISEL trial (NCT01014130)
demonstrated that using SBRT on medically inoperable stage I patients was associated with better local
control [45]. Indeed, local failure rates after two to three years were reduced when patients with peripheral
tumors received SBRT (14%) instead of conventional, fractionated radiotherapy (31%). Also, an improvement
in overall survival was shown. After two years, the overall survival for SBRT patients was 77%, while
conventional fractionated therapy's rate was 59% [45]. While SBRT has gained in popularity because of
high local control rates, there is still a tendency of recurrence as developing distant metastases. For
example, in the Radiation Therapy Oncology Group, phase II, non-randomized, multicentric study (RTOG
0236), 55 medically inoperable, early-stage patients were treated with SBRT [46,47]. While the three-year
local control (focused on the tumor and the involved pulmonary lobe) rate was at 90.6% and the local-
regional control rate was at 87.2%, the three-year rate of disseminated failure (failure beyond local and
regional sites) was at 22.1% [46,47].

Furthermore, SBRT has been shown to be effective against oligometastases within the lung. The
oligometastatic state designates stage IV NSCLC patients with a limited spread of microscopic metastases
constrained to a small number of sites, ranging from one to five oligometastatic lesions. These lesions
follow this specific development pattern because of anatomical and physiological factors [48]. Some specific
patients can benefit from a curative treatment approach to a single or a few lung oligometastases. For
example, in the randomized, multicentric, phase II SABR-COMET trial, 99 stage IV patients were enrolled to
receive either palliative, standard-of-care treatments or standard-of-care treatments and SBRT for all the
metastatic lesions [49,50]. The patients had one controlled primary tumor (not specifically NSCLC) and one
to five oligometastatic lesions. The overall survival rate after five years for the SBRT-treated group
was 42.3%, while the group receiving only palliative treatments had a rate of 17.7%. As for the overall, long-
term (five years) local control, the rates were 63% in the SBRT-treated group and 46% in the palliative
treatments group [49,50]. Traditionally, the treatment of choice for a single and small oligometastasis is
surgical resection, but SBRT appeared to be an effective and well-tolerated, non-invasive local therapy for
patients with limited, metastatic disease within the lung. Thus, SBRT is an alternative to surgery for
oligometastatic patients [49,50].

In the case of medically operable NSCLC patients, using SBRT for treatment instead of surgery is not as
straightforward. Many randomized trials have attempted to compare the benefits of SBRT versus surgery, but
the trials could not reach full completion. Indeed, the phase III randomized STARS (NCT00840749) and
ROSEL (NCT00687986) trials were both closed early due to slow accruals, thus preventing the determination
of a conclusive advantage for one treatment [51]. Later, a pooled analysis of the trials was conducted to
combine and interpret the results. Together, the pooled trials assigned 58 operable, stage I NSCLC patients
to receive either SBRT or surgery. While the three-years overall survival rate was 95% for the SBRT-treated
group, the surgery-treated group had a rate of 79%. In comparison, for the three-years recurrence-free
survival, the difference between the rates of the SBRT-treated group (86%) and the surgery-treated group
(80%) was not as large. Even if SBRT seemed to have potential, this pooled analysis had a low sample size
and a short follow-up [51]. To find a conclusive answer, research groups are conducting further studies. For
example, STABLE-MATES (NCT02468024) and VALOR (NCT02984761) are current trials comparing stage I

 

2024 Ramasamy et al. Cureus 16(11): e73082. DOI 10.7759/cureus.73082 7 of 12

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


patients treated with SBRT or surgery [52].

Radiomics
Artificial Intelligence and Machine Learning

Artificial intelligence (AI) is a broad term that describes computational algorithms and frameworks capable
of analyzing and learning from large datasets. Generally, AI can learn how to classify data, how to predict the
rest of a dataset, how to create new data and how to make decisions. AI learns from datasets, which means
that the larger and the more diverse these datasets are, the better an AI will be at accomplishing tasks [7,8].
Additionally, the quality of the datasets is crucial; if datasets have too many errors or biases, AI will learn
from mistakes, and will perform tasks poorly. As for machine learning (ML), it is encompassed in the
definition of AI; ML designates the creation and the adjustment of statistical models based on datasets. ML
learns from datasets by calibrating a selected statistical model through training and testing. Also, ML can
apply statistical processes on data to extract useful features [7,8].

Radiomic Features

In the field of radiomics, there are two general types of features: semantic features and agnostic features.
While semantic features, such as diameters, shape, volumes, and vascularity, are frequently used by
radiologists, agnostic features, such as gray-level histograms and textures, are more subtle, and they require
computational assistance to be fully appreciated [7]. There are various technical classes of radiomic features:
histogram features, texture features, model-based features, transform-based features, and shape-based
features [7,8].

Histogram features are statistical descriptors that examine images, pixel by pixel, or voxels by voxels [8]. The
global gray-level histogram is commonly used in medical imaging; this histogram shows the amount of
pixels with specific gray-levels. While the x-axis displays a gradation of gray-levels, the y-axis shows the
relative amounts of pixels with distinct gray-levels. Based on this histogram, values, such as the gray-level's
mean, maximum, minimum, variance, and percentiles, are observed, and they are used for analyses. Data
distribution features are also included. Indeed, while skewness describes the left/right asymmetry of a data
distribution, kurtosis describes any outlier-caused tailedness in a data distribution when compared to a
Gaussian distribution [8].

Textural features describe the relationships between pixels based on the gray-levels [8]. Using an absolute
gradient is a simple approach to describe texture; the gradient describes the extent of gray-level fluctuation
between two adjacent pixels/voxels. Either a positive gradient (from darker to lighter levels) or a negative
gradient (from lighter to darker levels) is assigned to every adjacent pixel/voxel [8].

Model-based features characterize the spatial gray-level to distinguish the borders of an object or shape [8].
Essentially, a parameterized model is generated and fitted to the region of interest (ROI) of an image based
on spatial gray-level textures. Then, the optimal parameters found for the ROI of an image are reported as
features [8].

Transform-based features use wavelet transform methods to observe gray-level patterns at different scales
and directions [8].

Shape-based features characterize geometric properties within an ROI; observed features include diameters,
axes, dimensional ratios, compactness, and sphericity [7,8].

Applications of Radiomics and ML for SBRT-Treated NSCLC Patients

There have been many potential applications of AI for the treatment of lung cancer with SBRT. For example,
there are machine learning algorithms trained to delineate and contour solid tumors from CT, PET, and MRI
scans. As the tumor delineation varies with the radio-oncologist responsible for a patient, an AI capable of
accurately contouring a tumor would be very useful in a clinical setting. Such an algorithm could potentially
reduce inter-observer discrepancies, and it could contour tumors more consistently. Furthermore, radiomics
and deep learning have been used to discover prognostic and predictive biomarkers. These biomarkers could
have multiple uses in the case of cancer prediction. For instance, the biomarkers could be used to generate a
prognosis of the tumor and predict the overall progression of the disease based on scans, clinical features,
and patient characteristics. Specifically in the case of SBRT-treated, NSCLC patients, machine learning
models trained with radiomic features from pre-treatment planning CT scans were able to predict local
control [53], recurrence [54], the development of distant metastases [55], survival [56] and radiation-induced
side effects to the healthy lung tissue [57-59].

While there are tools for tumor control probability (TCP) prediction based on the prescribed SBRT radiation
dose, which is then corrected into the biologically effective dose (BED) to account for different tumor
histology and fractionation schemes [60,61], only a few tools take advantage of the data available in medical
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imagery, using radiomics or deep learning [60,61].

Predictive models can also contain various modalities of prediction. Indeed, the addition of other variables
to predictive models, such as clinical variables, has been a research direction recently explored in the field of
predictive, algorithmic models. For example, in Avanzo et al.'s study, they combined radiomic and deep
learning features with the BED of the SBRT to create models that predicted the response of patients' lung
cancer to their SBRT treatment [59]. They found that both deep-learning-based models and radiomics-based
models have better performances when combined with the BED compared to models without the BED [59].

Limitations

While the field of radiomics is expanding, there are limitations that prevent the use of radiomic features in
clinical settings. To begin with, when developing a radiomics-based model, the images used must be of high
quality and artifact-free; the model must be trained with obstruction-free, clear images. Furthermore, there
is a lack of standardization when acquiring medical images. Indeed, the acquisition and reconstruction
methods are not homogenous from one healthcare site to the next [46,47]. These oversights cause a lack of
reproducibility for the models' performance. For instance, a model might perform well at the training site,
but when it is deployed to another site, the model's performance might suffer due to different image
resolutions. Then, model and biomarker validation is needed to ensure stability across institutions [7].
Additionally, this example emphasizes the need for a crucial balance in fitness in radiomics-based models.
Fitness occurs when a model has been trained so closely to its dataset that the model considers very specific
details when making decisions [8]. An ideal model should not be overfitted nor be underfitted; a model
should be generalizable enough to accommodate systemic differences in images and various ROIs. That said,
generating an ideal model is a challenge.

Moreover, class imbalance is another example of a problem encountered when training a model, especially
in retrospective analyses [8]. Indeed, in some situations, one class of samples might occur rarely in the
dataset. Then, a model might not have enough samples of such a rare class to train with. Consequently, the
model might lack the ability to detect this class of samples. In this case, the model's performance score
might appear to be high, to the expense of the small proportion of misclassified samples that belong to the
rare class. Instead, class-wise accuracy (classification accuracy within a specific class) should be measured to
fully understand the model's performance [8].

Lastly, radiomics studies conducted on retrospective data only provide a proof of concept and a low level of
evidence for their models and biomarkers. Clinically applicable models and biomarkers must be examined
within prospective studies. Without the high level of evidence provided by randomized trials, it would be
difficult to convince clinicians to incorporate radiomics into their practice.

Conclusions
To summarize, AI has the potential to improve many facets of SBRT-treated lung cancer. Whether AI is used
for the discovery of prognostic and predictive biomarkers or the creation of algorithmic models, radiomics
has the potential to change the field of pulmonary oncology by providing tools and support systems for
healthcare professionals. Many research groups around the world are trying to improve and fine-tune the
performance of algorithmic models that could automate and personalize the delivery of SBRT. While many
attempts have yet to attain the standard required for clinical use, the advancements in the field are
encouraging and promising. With the increasing amount of data, the continuous improvement of technology
and the increased awareness of AI as a tool in medicine, it is only a matter of time until doctors are able to
accurately predict the success of SBRT in NSCLC patients.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Gemini Ramasamy, Thierry Muanza

Drafting of the manuscript:  Gemini Ramasamy

Critical review of the manuscript for important intellectual content:  Gemini Ramasamy, Thierry
Muanza

Supervision:  Thierry Muanza

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the

 

2024 Ramasamy et al. Cureus 16(11): e73082. DOI 10.7759/cureus.73082 9 of 12

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


following: Payment/services info: This work was supported by Medteq Innovation [10-30 AI
Multicentrique]. The funding source had no involvement in the study design, the writing of the manuscript,
and the decision to submit the article for publication. . Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Siegel RL, Miller KD, Jemal A: Cancer statistics, 2020. CA Cancer J Clin. 2020, 70:7-30. 10.3322/caac.21590
2. DeSantis CE, Lin CC, Mariotto AB, et al.: Cancer treatment and survivorship statistics, 2014 . CA Cancer J

Clin. 2014, 64:252-71. 10.3322/caac.21235
3. Ettinger DS, Wood DE, Aisner DL, et al.: Non-small cell lung cancer, version 5.2017, NCCN Clinical Practice

Guidelines in Oncology. J Natl Compr Canc Netw. 2017, 15:504-35. 10.6004/jnccn.2017.0050
4. Chi A, Liao Z, Nguyen NP, Xu J, Stea B, Komaki R: Systemic review of the patterns of failure following

stereotactic body radiation therapy in early-stage non-small-cell lung cancer: clinical implications.
Radiother Oncol. 2010, 94:1-11. 10.1016/j.radonc.2009.12.008

5. Liu HW, Gabos Z, Ghosh S, Roberts B, Lau H, Kerba M: Outcomes in stage I non-small cell lung cancer
following the introduction of stereotactic body radiotherapy in Alberta - a population-based study.
Radiother Oncol. 2015, 117:71-6. 10.1016/j.radonc.2015.08.027

6. Heinzerling JH, Timmerman RD: Stereotactic body radiation therapy for lung tumors . UpToDate. Post TW
(ed): Waltham, MA; 2024.

7. Gillies RJ, Kinahan PE, Hricak H: Radiomics: Images are more than pictures, they are data . Radiology. 2016,
278:563-77. 10.1148/radiol.2015151169

8. Mayerhoefer ME, Materka A, Langs G, Häggström I, Szczypiński P, Gibbs P, Cook G: Introduction to
radiomics. J Nucl Med. 2020, 61:488-95. 10.2967/jnumed.118.222893

9. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A: Global cancer statistics, 2012. CA Cancer J
Clin. 2015, 65:87-108. 10.3322/caac.21262

10. Siddiqui F, Vaqar S, Siddiqui AH: Lung Cancer. StatPearls Publishing, Treasure Island, FL; 2024.
11. Couraud S, Zalcman G, Milleron B, Morin F, Souquet PJ: Lung cancer in never smokers - a review . Eur J

Cancer. 2012, 48:1299-311. 10.1016/j.ejca.2012.03.007
12. Lemjabbar-Alaoui H, Hassan OU, Yang YW, Buchanan P: Lung cancer: biology and treatment options .

Biochim Biophys Acta. 2015, 1856:189-210. 10.1016/j.bbcan.2015.08.002
13. Vallières E, Schild SE: Management of stage I and stage II non-small cell lung cancer . UpToDate. Post TW

(ed): Waltham, MA; 2024.
14. Thomas KW, Gould MK, Naeger D: Overview of the initial evaluation, diagnosis, and staging of patients with

suspected lung cancer. UpToDate. Post TW (ed): Waltham, MA; 2024.
15. Tanoue LT: Lung cancer staging. Clin Chest Med. 2020, 41:161-74. 10.1016/j.ccm.2020.02.006
16. Robinson D, Hawthorne S, Zhao L, Hanson M, Kanas G, Davis C, Clark O: Treatment patterns in non-small-

cell lung cancer in USA: results of the CancerMPact Survey 2018. Future Oncol. 2020, 16:255-62.
10.2217/fon-2019-0812

17. Schild SE, Ramalingam SS, Vallières E: Management of stage III non-small cell lung cancer . UpToDate. Post
TW (ed): Waltham, MA; 2024.

18. Riely GJ, Wood DE, Ettinger DS, et al.: Non-small cell lung cancer, version 4.2024, NCCN Clinical Practice
Guidelines in Oncology. J Natl Compr Canc Netw. 2024, 22:249-74. 10.6004/jnccn.2204.0023

19. Lilenbaum RC: Overview of the initial treatment of advanced non-small cell lung cancer . UpToDate. Post
TW (ed): Waltham, MA; 2024.

20. Spigel DR, Faivre-Finn C, Gray JE, et al.: Five-year survival outcomes from the PACIFIC trial: Durvalumab
after chemoradiotherapy in stage III non-small-cell lung cancer . J Clin Oncol. 2022,
40:10.1200/JCO.22.01023

21. Wang L, Ma Q, Yao R, Liu J: Current status and development of anti-PD-1/PD-L1 immunotherapy for lung
cancer. Int Immunopharmacol. 2020, 79:106088. 10.1016/j.intimp.2019.106088

22. Reck M, Rodríguez-Abreu D, Robinson AG, et al.: Pembrolizumab versus chemotherapy for PD-L1-positive
non-small-cell lung cancer. N Engl J Med. 2016, 375:1823-33. 10.1056/NEJMoa1606774

23. Milano MT, Vokes EE, Salama JK: Oligometastatic non-small cell lung cancer. UpToDate. Post TW (ed):
Waltham, MA; 2024.

24. Dingemans AC, Hendriks LE, Berghmans T, et al.: Definition of synchronous oligometastatic non-small cell
lung cancer-a consensus report. J Thorac Oncol. 2019, 14:2109-19. 10.1016/j.jtho.2019.07.025

25. Goossens N, Nakagawa S, Sun X, Hoshida Y: Cancer biomarker discovery and validation. Transl Cancer Res.
2015, 4:256-69. 10.3978/j.issn.2218-676X.2015.06.04

26. Umscheid CA, Margolis DJ, Grossman CE: Key concepts of clinical trials: a narrative review . Postgrad Med.
2011, 123:194-204. 10.3810/pgm.2011.09.2475

27. Paul SM, Mytelka DS, Dunwiddie CT, Persinger CC, Munos BH, Lindborg SR, Schacht AL: How to improve
R&D productivity: the pharmaceutical industry's grand challenge. Nat Rev Drug Discov. 2010, 9:203-14.
10.1038/nrd3078

28. Romond EH, Perez EA, Bryant J, et al.: Trastuzumab plus adjuvant chemotherapy for operable HER2-
positive breast cancer. N Engl J Med. 2005, 353:1673-84. 10.1056/NEJMoa052122

29. Van Cutsem E, Köhne CH, Hitre E, et al.: Cetuximab and chemotherapy as initial treatment for metastatic
colorectal cancer. N Engl J Med. 2009, 360:1408-17. 10.1056/NEJMoa0805019

30. Brenner H, Werner S, Chen H: Multitarget stool DNA testing for colorectal-cancer screening. N Engl J Med.
2014, 371:184-5. 10.1056/NEJMc1405215

31. Zhou Y, Tao L, Qiu J, et al.: Tumor biomarkers for diagnosis, prognosis and targeted therapy . Signal

 

2024 Ramasamy et al. Cureus 16(11): e73082. DOI 10.7759/cureus.73082 10 of 12

https://dx.doi.org/10.3322/caac.21590?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3322/caac.21590?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3322/caac.21235?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3322/caac.21235?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.6004/jnccn.2017.0050?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.6004/jnccn.2017.0050?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.radonc.2009.12.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.radonc.2009.12.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.radonc.2015.08.027?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.radonc.2015.08.027?utm_medium=email&utm_source=transaction
https://www.uptodate.com/contents/stereotactic-body-radiation-therapy-for-lung-tumors?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1148/radiol.2015151169?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1148/radiol.2015151169?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2967/jnumed.118.222893?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2967/jnumed.118.222893?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3322/caac.21262?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3322/caac.21262?utm_medium=email&utm_source=transaction
https://www.ncbi.nlm.nih.gov/books/NBK482357/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ejca.2012.03.007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ejca.2012.03.007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bbcan.2015.08.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bbcan.2015.08.002?utm_medium=email&utm_source=transaction
https://www.uptodate.com/contents/management-of-stage-i-and-stage-ii-non-small-cell-lung-cancer?utm_medium=email&utm_source=transaction
https://www.uptodate.com/contents/overview-of-the-initial-evaluation-diagnosis-and-staging-of-patients-with-suspected-lung-cancer?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ccm.2020.02.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ccm.2020.02.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2217/fon-2019-0812?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2217/fon-2019-0812?utm_medium=email&utm_source=transaction
https://www.uptodate.com/contents/management-of-stage-iii-non-small-cell-lung-cancer ?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.6004/jnccn.2204.0023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.6004/jnccn.2204.0023?utm_medium=email&utm_source=transaction
https://www.uptodate.com/contents/overview-of-the-initial-treatment-of-advanced-non-small-cell-lung-cancer?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1200/JCO.22.01023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1200/JCO.22.01023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.intimp.2019.106088?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.intimp.2019.106088?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa1606774?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa1606774?utm_medium=email&utm_source=transaction
https://www.uptodate.com/contents/oligometastatic-non-small-cell-lung-cancer?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jtho.2019.07.025?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jtho.2019.07.025?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3978/j.issn.2218-676X.2015.06.04?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3978/j.issn.2218-676X.2015.06.04?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3810/pgm.2011.09.2475?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3810/pgm.2011.09.2475?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nrd3078?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nrd3078?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa052122?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa052122?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa0805019?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa0805019?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMc1405215?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMc1405215?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41392-024-01823-2?utm_medium=email&utm_source=transaction


Transduct Target Ther. 2024, 9:132. 10.1038/s41392-024-01823-2
32. Tzoulaki I, Siontis KC, Ioannidis JP: Prognostic effect size of cardiovascular biomarkers in datasets from

observational studies versus randomised trials: meta-epidemiology study. BMJ. 2011, 343:d6829.
10.1136/bmj.d6829

33. Ioannidis JP, Panagiotou OA: Comparison of effect sizes associated with biomarkers reported in highly cited
individual articles and in subsequent meta-analyses. JAMA. 2011, 305:2200-10. 10.1001/jama.2011.713

34. Scannell JW, Bosley J, Hickman JA, et al.: Predictive validity in drug discovery: what it is, why it matters and
how to improve it. Nat Rev Drug Discov. 2022, 21:915-31. 10.1038/s41573-022-00552-x

35. Coroller TP, Grossmann P, Hou Y, et al.: CT-based radiomic signature predicts distant metastasis in lung
adenocarcinoma. Radiother Oncol. 2015, 114:345-50. 10.1016/j.radonc.2015.02.015

36. Huynh E, Coroller TP, Narayan V, et al.: Associations of radiomic data extracted from static and respiratory-
gated CT scans with disease recurrence in lung cancer patients treated with SBRT. PLoS One. 2017,
12:e0169172. 10.1371/journal.pone.0169172

37. Parmar C, Grossmann P, Bussink J, Lambin P, Aerts HJ: Machine learning methods for quantitative radiomic
biomarkers. Sci Rep. 2015, 5:13087. 10.1038/srep13087

38. Cheung BM, Lau KS, Lee VH, Leung TW, Kong FS, Luk MY, Yuen KK: Computed tomography-based radiomic
model predicts radiological response following stereotactic body radiation therapy in early-stage non-small-
cell lung cancer and pulmonary oligo-metastases. Radiat Oncol J. 2021, 39:254-64. 10.3857/roj.2021.00311

39. Guckenberger M, Andratschke N, Alheit H, Holy R, Moustakis C, Nestle U, Sauer O: Definition of stereotactic
body radiotherapy: principles and practice for the treatment of stage I non-small cell lung cancer.
Strahlenther Onkol. 2014, 190:26-33. 10.1007/s00066-013-0450-y

40. Macià I Garau M: Radiobiology of stereotactic body radiation therapy (SBRT) . Rep Pract Oncol Radiother.
2017, 22:86-95. 10.1016/j.rpor.2017.02.010

41. Negoro Y, Nagata Y, Aoki T, et al.: The effectiveness of an immobilization device in conformal radiotherapy
for lung tumor: reduction of respiratory tumor movement and evaluation of the daily setup accuracy. Int J
Radiat Oncol Biol Phys. 2001, 50:889-98. 10.1016/s0360-3016(01)01516-4

42. Temming S, Kocher M, Stoelben E, et al.: Risk-adapted robotic stereotactic body radiation therapy for
inoperable early-stage non-small-cell lung cancer. Strahlenther Onkol. 2018, 194:91-7. 10.1007/s00066-017-
1194-x

43. Mazzola R, Ruggieri R, Figlia V, et al.: Stereotactic body radiotherapy of central lung malignancies using
a simultaneous integrated protection approach : a prospective observational study. Strahlenther Onkol.
2019, 195:719-24. 10.1007/s00066-018-01419-0

44. Simone CB 2nd, Wildt B, Haas AR, Pope G, Rengan R, Hahn SM: Stereotactic body radiation therapy for lung
cancer. Chest. 2013, 143:1784-90. 10.1378/chest.12-2580

45. Ball D, Mai GT, Vinod S, et al.: Stereotactic ablative radiotherapy versus standard radiotherapy in stage 1
non-small-cell lung cancer (TROG 09.02 CHISEL): a phase 3, open-label, randomised controlled trial. Lancet
Oncol. 2019, 20:494-503. 10.1016/S1470-2045(18)30896-9

46. Timmerman R, Paulus R, Galvin J, et al.: Stereotactic body radiation therapy for inoperable early stage lung
cancer. JAMA. 2010, 303:1070-6. 10.1001/jama.2010.261

47. Timmerman RD, Hu C, Michalski J, et al.: Long-term results of RTOG 0236: a phase II trial of stereotactic
body radiation therapy (SBRT) in the treatment of patients with medically inoperable stage I non-small cell
lung cancer. Int J Radiat Oncol. 2014, 90:S30.

48. Hellman S, Weichselbaum RR: Oligometastases. J Clin Oncol. 1995, 13:8-10. 10.1200/JCO.1995.13.1.8
49. Palma DA, Olson R, Harrow S, et al.: Stereotactic ablative radiotherapy versus standard of care palliative

treatment in patients with oligometastatic cancers (SABR-COMET): a randomised, phase 2, open-label trial.
Lancet. 2019, 393:2051-8. 10.1016/S0140-6736(18)32487-5

50. Palma DA, Olson R, Harrow S, et al.: Stereotactic ablative radiotherapy for the comprehensive treatment of
oligometastatic cancers: long-term results of the SABR-COMET phase II randomized trial. J Clin Oncol.
2020, 38:2830-8. 10.1200/JCO.20.00818

51. Chang JY, Senan S, Paul MA, et al.: Stereotactic ablative radiotherapy versus lobectomy for operable stage I
non-small-cell lung cancer: a pooled analysis of two randomised trials. Lancet Oncol. 2015, 16:630-7.
10.1016/S1470-2045(15)00238-7

52. Hiley C, Salem A, Batchelor T, McDonald F, Evison M: Great debate: surgery versus stereotactic
radiotherapy for early-stage non-small cell lung cancer. Thorax. 2020, 75:198-9. 10.1136/thoraxjnl-2019-
214014

53. Lafata KJ, Hong JC, Geng R, et al.: Association of pre-treatment radiomic features with lung cancer
recurrence following stereotactic body radiation therapy. Phys Med Biol. 2019, 64:025007. 10.1088/1361-
6560/aaf5a5

54. Zhang Y, Oikonomou A, Wong A, Haider MA, Khalvati F: Radiomics-based prognosis analysis for non-small
cell lung cancer. Sci Rep. 2017, 7:46349. 10.1038/srep46349

55. Huynh E, Coroller TP, Narayan V, et al.: CT-based radiomic analysis of stereotactic body radiation therapy
patients with lung cancer. Radiother Oncol. 2016, 120:258-66. 10.1016/j.radonc.2016.05.024

56. Hawkins SH, Korecki JN, Balagurunathan Y, et al.: Predicting outcomes of nonsmall cell lung cancer using
CT image features. IEEE. 2014, 1418-26.

57. Moran A, Daly ME, Yip SS, Yamamoto T: Radiomics-based assessment of radiation-induced lung injury after
stereotactic body radiotherapy. Clin Lung Cancer. 2017, 18:e425-31. 10.1016/j.cllc.2017.05.014

58. Bousabarah K, Temming S, Hoevels M, et al.: Radiomic analysis of planning computed tomograms for
predicting radiation-induced lung injury and outcome in lung cancer patients treated with robotic
stereotactic body radiation therapy. Strahlenther Onkol. 2019, 195:830-42. 10.1007/s00066-019-01452-7

59. Avanzo M, Gagliardi V, Stancanello J, et al.: Combining computed tomography and biologically effective
dose in radiomics and deep learning improves prediction of tumor response to robotic lung stereotactic
body radiation therapy. Med Phys. 2021, 48:6257-69. 10.1002/mp.15178

60. Ohri N, Werner-Wasik M, Grills IS, et al.: Modeling local control after hypofractionated stereotactic body
radiation therapy for stage I non-small cell lung cancer: a report from the elekta collaborative lung research

 

2024 Ramasamy et al. Cureus 16(11): e73082. DOI 10.7759/cureus.73082 11 of 12

https://dx.doi.org/10.1038/s41392-024-01823-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.d6829?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.d6829?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2011.713?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2011.713?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41573-022-00552-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41573-022-00552-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.radonc.2015.02.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.radonc.2015.02.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0169172?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0169172?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/srep13087?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/srep13087?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3857/roj.2021.00311?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3857/roj.2021.00311?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00066-013-0450-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00066-013-0450-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.rpor.2017.02.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.rpor.2017.02.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0360-3016(01)01516-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0360-3016(01)01516-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00066-017-1194-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00066-017-1194-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00066-018-01419-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00066-018-01419-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1378/chest.12-2580?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1378/chest.12-2580?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S1470-2045(18)30896-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S1470-2045(18)30896-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2010.261?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2010.261?utm_medium=email&utm_source=transaction
https://www.redjournal.org/article/S0360-3016(14)00786-X/fulltext?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1200/JCO.1995.13.1.8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1200/JCO.1995.13.1.8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(18)32487-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(18)32487-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1200/JCO.20.00818?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1200/JCO.20.00818?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S1470-2045(15)00238-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S1470-2045(15)00238-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/thoraxjnl-2019-214014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/thoraxjnl-2019-214014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1088/1361-6560/aaf5a5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1088/1361-6560/aaf5a5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/srep46349?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/srep46349?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.radonc.2016.05.024?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.radonc.2016.05.024?utm_medium=email&utm_source=transaction
https://www.researchgate.net/publication/273397867_Predicting_Outcomes_of_Nonsmall_Cell_Lung_Cancer_Using_CT_Image_Features?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.cllc.2017.05.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.cllc.2017.05.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00066-019-01452-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00066-019-01452-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/mp.15178?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/mp.15178?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijrobp.2012.04.040?utm_medium=email&utm_source=transaction


group. Int J Radiat Oncol Biol Phys. 2012, 84:e379-84. 10.1016/j.ijrobp.2012.04.040
61. Ohri N, Tomé W, Kalnicki S, Garg M: Stereotactic body radiation therapy for stage I non-small cell lung

cancer: the importance of treatment planning algorithm and evaluation of a tumor control probability
model. Pract Radiat Oncol. 2018, 8:e33-9. 10.1016/j.prro.2017.10.002

 

2024 Ramasamy et al. Cureus 16(11): e73082. DOI 10.7759/cureus.73082 12 of 12

https://dx.doi.org/10.1016/j.ijrobp.2012.04.040?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.prro.2017.10.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.prro.2017.10.002?utm_medium=email&utm_source=transaction

	Radiomics As Biomarkers for the Treatment of Non-small Cell Lung Cancer With Stereotactic Body Radiation Therapy: A Review of Concepts
	Abstract
	Introduction And Background
	Brief introduction

	Review
	Lung cancer
	Cancer biomarkers
	Stereotactic body radiation therapy
	Radiomics

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


