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Despite developments in surgery and chemotherapeutic
approaches, lung cancer (LC) has been among the leading
causes of death globally (1). Early diagnosis and timely
treatment can be crucial to increase the probability
of survival which becomes very difficult when clinical
symptoms appear. Often diagnosed at advanced stages, LC
becomes untreatable and leads to death.

For the most part, previous efforts focused on identifying
those at a higher risk of LC. The emphasis has been on
the clinical and demographic features, as well as, chest
radiography. Controlled trials including the National Lung
Screening Trial (NLST) and Dutch-Belgian Lung Cancer
Screening Trial (NELSON) reported decreased mortality
with LC screening (LCS) using low-dose computed
tomography (LDCT). The efficacy of LCS using LDCT
is established compared with radiography or no screening.
Following the promising results of LDCT, the United
States (US) recommends annual examinations for citizens
aged 50 or higher (2). LCS faces a shortfall at the moment
due to predominantly focusing on the screening of heavy
smokers. With a large increase in cancer among never and
lighter smokers, LCS needs to be broadened (3,4).

If the focus continues to be on smokers only for LCS,
the gap can persist between the screen population and the
disease population. Prioritizing individual assessments
for predicting future LC risk is an attractive approach to
overcoming this problem. However, the existing healthcare
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system is facing many challenges that can hamper this
solution. Lack of appropriate medical equipment and staff
including radiologists and thoracic surgeons are a few of
them. With the ongoing pandemic, the health system is
overloaded, limiting its capability to keep up with LCS
demand.

Artificial intelligence (AI) has made an impact in many
fields including engineering, robotics, medicine, and
healthcare. Further aided by the availability of big data
and implantable sensors, Al has shown great promise
for future healthcare applications. Coupled with LDCT
images, Al approaches can provide potential solutions for
predicting the future risk of LC. Contrary to traditional
LCS approaches that rely on lung nodules, LDCT can
hypothetically provide information beyond that to predict
LC risk for 1 to 6 years in the future. Feature engineering
is an important part of machine learning (ML) approaches
and has a detrimental impact on models’ predictive
performance. Feature extraction transforms raw data into
smaller groups of numerical values. Such values, though
dimensionally reduced, represent the original dataset
accurately. Feature extraction is very important, as different
features from the same data have different significance to
predict the label, and the choice of using a particular set of
features can lead to different predictive performances of
the same model. For several types of ML models, features
are carefully crafted by human experts which limits their
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wide application. On the contrary, ML models can also be
used without such endeavor and can learn the underlying
complex relationships provided a large dataset is given.

The study published in the 7 Clin Oncol by Mikhael et al.
presents “Sybil: a validated deep learning model to predict
Sfuture lung cancer risk from a single low-dose chest computed
tomography”. The paper presents a deep learning approach
based on LDCT images to predict the future risk of
developing LC (5). The proposed approach is superior to
several other similar approaches, as no other approach is
available to predict future LC risk past 1 year using single
LDCT scan.

The prime objective of this study is to test the hypothesis
that LDCT images contain useful information, beyond
lung nodules, concerning the prediction of future risk of
LC. The impact of including lung nodule features is also
analyzed. Two additional positive features of the proposed
work are code availability and model validation. The use of
two publicly available datasets is advantageous to replicate
the results and advance further research in this direction.

LC prediction is performed on a single LDCT
scan and multiple scans of an individual are treated as
multiple subjects. LC-positive LDCT scans are those
biopsy-confirmed within 6 years of LDCT scan. For
model training, thoracic radiologists annotated the scans
containing suspicious lesions using MD.AI software.
Sybil, the proposed model, provides output as a set of
six probability scores, corresponding to 1 to 6 years
after LDCT.

The proposed model is evaluated using Uno’s
concordance index and area under the receiver operating
characteristic. The model proves to predict LC with high
accuracy for the 1% year after the LDCT scan, and this
accuracy decreases gradually for years 2 to 5. Moreover,
the performance of Sybil against different subgroups like
gender, age, smokers, etc. is retained. False positive rate
(FPR) is also found to be less than Lung Imaging Reporting
and Data System (Lung-RADS), considered a gold standard
in the US.

Risk assessment of Sybil’s performance is also carried out
using the addition and exclusion of radiological features.
Additional experiments involve excluding scans containing
visible lung nodules, those annotated by radiologists. A
hampered performance is observed, thereby reducing the
efficacy of the proposed approach.

The authors contrived the model based on LDCT scan
only, ignoring clinical and radiological features, and show
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a great potential to exceed existing models for predicting
future risk of LC. Noteworthy, in addition to enhanced
performance, is that radiologist annotation, demographic
features, and clinical features are not needed. Additionally,
the models predict LC by localizing the high-risk regions.
The model does not spread the risk over the entire thorax
and can locate specific regions at a high risk of cancer.

Existing approaches indicate challenges for LCS like
inter-grader variability, high FPR, prediction for a limited
number of years to incidence, and high false negative
rate (FNR) (6,7). Mikhael et al.’s article overcomes the
challenges of higher FPR and FNR and provides the
prediction for 6 years after LDCT. Besides a predictive
tool for the future risk of LC, the clinical application of the
proposed approach is reducing the number of follow-up
scans. Similarly, a biopsy is also not needed for patients with
nodules who are predicted to be at low risk.

Sybil has shown its prospective role in LC risk
prediction, yet, its generalizability has not been put
to the test. Validation on two recent datasets indicates
slightly different performances, though it shows predictive
capabilities. The base dataset obtained in 2002, being old,
requires a recent dataset to analyze how technological
advancements in CT technology could affect the efficacy of
the model. In addition, predominantly LDCT contains scan
from white people, and the efficiency of the model using
scans from other races need to be evaluated accordingly.
LDCT scans of non-smokers are also needed to analyze
the model’s efficacy, and so does population diversity for
generalizability.

The study from Mikhael et /. and similar models from
(6,7) show the potential of deep learning approaches for
catering healthcare solutions, especially those involving
medical images. With the lack of medical experts, the
increased number of patients, and the burden of post-
pandemic issues, the adoption of Al for automated diagnosis
and prognosis of LC carries several benefits (8). However,
embracing Al-based solutions not only requires legal
frameworks but also needs a vote of confidence from the
people. Designing and deploying Al solutions require
datasets, both large and publicly available, which at the
moment is not possible due to patient confidentiality and
other legal issues.

LCS requires automated solutions, those involving
no medical experts and physical visits to hospitals,
however, such solutions require consensus from different
stakeholders. With Al solutions embedded into health
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care, faster and more accurate screening of LC patients is
possible which can save countless lives.
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