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The use of low-dose computed tomography for lung cancer screening
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ABSTRACT

Around the globe, lung cancer is among the most prevalent cancers, accounting for significant morbidity and
mortality. Compared to breast, cervical, and colorectal cancers combined, lung cancer is the leading cause of
mortality. Higher survival rates are achieved with an early lung cancer diagnosis. The aggressiveness and
heterogeneity of lung cancer have impeded endeavours to use screening to lower mortality from the disease. Due to
studies showing that low-dose computed tomography may identify many tumors in their early stages, the development
of low-dose computed tomography has significantly changed the landscape of lung cancer screening. Long-term
research studies have demonstrated that low-dose computed tomography for the secondary prevention of lung cancer
considerably lowers lung cancer mortality in high-risk populations. Screening with low-dose computed tomography
reduces the mortality associated with it by 20-30%. Low-dose computed tomography is a fast and simple chest exam
that does not involve the use of a contrast agent. Based on the current recommendations, eligible individuals with a
history of heavy smoking will benefit from yearly low-dose computed tomography, but because of the risks involved,
such as false-positive results, radiation exposure, and overdiagnosis, joint decision-making consultation is necessary.
The purpose of this research is to review the use of low-dose computed tomography for lung cancer screening.
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INTRODUCTION cancer incidence and mortality worldwide. Lung

Lung cancer is an aggressive and diverse condition.
Despite improvements in surgical, radiotherapeutic, and
chemotherapeutic methods, the long-term survival rate is
still dismal.t With an estimated 2 million diagnoses and
1.8 million deaths, lung cancer is the primary cause of

neoplasms are the second most frequent cancer diagnosis
in both men and women after prostate and breast cancer,
respectively. Lung cancer incidence is rising
internationally due to increased tobacco access and
industrialization in developing countries.? The prognosis
relates directly to the stage of the disease at the time of
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diagnosis, and the overall survival rate at 5 years is less
than 16%. Early disease diagnosis is crucial if mortality is
to be decreased, even with this primary prevention and
recent therapeutic advances.® Small-cell carcinoma and
non-small/large-cell carcinoma are the two classifications
for lung cancer that are used for determining treatment
modalities and forecasting prognosis. Depending on the
type of tumour and the number of metastases, different
signs and symptoms may be present.*

Early detection is favourable in the case of lung cancer
due to certain factors, including the presence of a high-
risk population, the relative asymptomatic nature of the
disease during its early phase, and a generally improved
prognosis. Sputum cytology, computed tomography (CT),
and chest radiography are among the diagnostic
techniques employed for the diagnosis of lung cancer.
Numerous observational studies and clinical trials have
investigated the use of chest X-ray and sputum cytology
for screening; the results have not indicated a decrease in
disease-specific mortality, and the excess of lung
malignancies in the intervention group has been attributed
to overdiagnosis. Advancements in radiological and CT
techniques have lowered radiation exposure through the
application of low-dose CT, which is demonstrated to
have almost the same radiation dose as mammography.®

The primary strategy for secondary lung cancer
prevention is screening with low-dose CT, which reduces
mortality associated with it by 20-30%, notably in
women. The screening low-dose CT is a fast and simple
chest exam that does not involve using a contrast agent. A
volume capture from the apex to the bases of the lungs is
performed after a bidimensional scout scan of the chest.
The tube configuration for volume capture is low current,
usually under 40 mAs, and 120 kVp or 140 voltages. The
radiation exposure for a screening chest low-dose CT
varies according to the subject's anthropometric
characteristics, including height and weight. The
American College of Radiology has determined a 2.0
mGy upper limit as the optimal volume CT dose index
criterion. For the classification of results from low-dose
CT for lung cancer screening, the Lung-RADS 1.1 system
is advocated.® Based on the current recommendations,
eligible individuals with a history of heavy smoking will
benefit from yearly low-dose CT, but because of the risks
involved, such as false-positive results, radiation
exposure, and overdiagnosis, a joint decision-making
consultation is necessary.” The purpose of this research is
to review the use of low-dose CT for lung cancer
screening.

LITERATURE SEARCH

This study is based on a comprehensive literature search
conducted on August 22, 2023, in the PubMed, Web of
Science, Science Direct, and Cochrane databases,
utilizing the medical topic headings (MeSH) and a
combination of all available related terms, according to
the database. To prevent missing any possible research, a

manual search for publications was conducted through
Google Scholar, using the reference lists of the previously
listed papers as a starting point. We looked for valuable
information in papers that discussed the use of low-dose
CT for lung cancer screening. There were no restrictions
on date, language, participant age, or type of publication.

DISCUSSION

The aggressiveness and heterogeneity of lung cancer have
impeded endeavours to use screening to lower mortality
from the disease. Due to studies showing that low-dose
CT may identify many tumors in their early stages, the
development of low-dose CT has significantly changed
the landscape of lung cancer screening.! Studies utilizing
sputum cytology and chest radiography in the past have
been insufficient to indicate any decrease in lung cancer
mortality due to screening. The relatively low sensitivity
of both of these investigations in early tumors is possibly
one of the causes. Small pulmonary nodules, thought to
be the most typical manifestation of early lung cancer,
have been demonstrated to have a substantially better
sensitivity for low-dose CT. To appropriately categorize
the identified lesions and prevent intrusive procedures in
benign nodules, non-invasive diagnostic methods are
needed since small pulmonary nodules are prevalent and
the majority of them are benign. Nodule density, size, and
the presence of growth during follow-up have been found
to be helpful in this regard, and contrast-enhanced CT and
positron emission tomography may be added as a
supplement. Preliminary low-dose CT investigations in
heavy smokers have shown a large number of
asymptomatic, early, treatable malignancies with
favourable survival rates based on these diagnostic
algorithms. However, given that a number of biases could
account for these results in the absence of cancer
screening's ultimate purpose, namely mortality reduction,
most researchers agree that randomized controlled trials
involving significant or large population numbers (at least
10,000) are necessary to show a potential mortality
reduction.®

Evidence from literature

So far, many of the randomized clinical trials that have
been conducted to assess the efficacy of low-dose CT
lung cancer screening in the United States and Europe
have presented promising outcomes. Both the national
lung screening trial and the Nederlands-Leuvens
Longkanker screenings Onderzoek (NELSON) trial
demonstrated that low-dose CT screening could
considerably lower lung cancer mortality in a high-risk
population. These trials had sufficient power to assess the
reduction in lung cancer mortality.® The National Lung
Screening Trial started in 2002 and enrolled 53,454
participants, aged 55 to 74, who were either current or
former smokers with a smoking history of at least 30
packs per year and who were at a high risk of lung cancer.
Over the course of three years, participants were
randomly assigned to either low-dose CT or chest X-ray
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screening groups and completed annual screening. Using
low-dose CT instead of a chest X-ray for lung cancer
screening resulted in a 20% reduction in lung cancer
mortality overall after 6.5 years of follow-up, as per the
findings of this trial.%°

The NELSON trial, in contrast, compared no screening to
low-dose CT screening at baseline, year 1, year 3, and
year 5.5. Almost 15,792 participants between the ages of
50 and 74 who had a high risk of developing lung cancer
were enrolled in this trial, including current and past
smokers who had smoked for at least >30 pack-years. The
NELSON trial's final findings were published in 2020,
with a 10-year follow-up showing a cumulative rate ratio
for lung cancer death in the screening arm of 0.76
compared to the control arm.'! Results of a study by
Bonney et al showed that compared to control groups that
underwent chest x-rays or no screening at all, there was a
21% decrease in mortality with low-dose CT screening.
Compared to men, women receiving low-dose CT
screening appeared to benefit more from reduced lung
cancer-related mortality. Additionally, there was a 5%
decrease in deaths from all causes, including lung cancer.
However, the low-dose CT group experienced an increase
in invasive tests. However, there was no difference
between groups in the analysis of 60-day postoperative
mortality.?

Menezes et al demonstrated in their findings that in a
population at risk, low-dose CT can detect small lung
malignancies. Although the diagnostic algorithm
generates a few invasive procedures that are falsely
positive, the majority of cancers are detected or diagnosed
when they are still treatable and have a good chance of
being cured.®® Similarly, results of a systematic review
concluded that while using low-dose CT to screen high-
risk individuals can lower lung cancer mortality, it also
raises the risk of overdiagnosis, incidental findings,
increased distress, and, only rarely, radiation-induced
malignancies.'* Contrarily, the results of a meta-analysis
showed that the likelihood of false positive results,
screening-related issues, overdiagnosis, and unintended
findings were all considered to be low. However, the
authors agreed that using the most recent randomised
controlled trial data, it was shown that low-dose CT
screening significantly lowers lung cancer mortality but
does not lower overall mortality.

Results of a single-centre population-based study
revealed that the high-risk category of those under 50
with a confirmed family history of all types of cancer in
first-degree relatives had a particularly high cancer
detection rate of 6.2%. Almost 88% of malignancies were
adenocarcinomas, and 99% of them were in the early
stages. Cancer risk was much greater in nodules with
interval growth. Ground glass opacity nodules and solid
nodules both had a similar likelihood of developing
cancer, and 61.76% of them were occult on chest
radiographs. Therefore, for the early detection of lung
cancer, low-dose CT is effective.'®

Dezube and Jaklitch commented that there is growing
evidence that low-dose CT reduces lung cancer-specific
mortality with a stage shift in early-stage | lung cancer
incidence. Additionally, there is mounting early evidence
that screening may reduce mortality when inclusion
criteria are expanded to include high-risk nonsmokers, as
shown. Regarding the risk of harm from overdiagnosis
caused by screening techniques that are unnecessary,
there is still discussion about lung cancer screening.
However, a long-term research analysis only discovered
3% of cases of overdiagnosis. There are also new,
innovative approaches to lessening these risks. It has been
demonstrated that standardised low-dose CT screening
categorization can lessen risks and false-positive rates.'’
Among the new innovative procedures, Ardila et al.
designed a model that they reported produced absolute
reductions of 11% in false positives and 5% in false
negatives when prior CT imaging was not available. The
model's performance was comparable to that of the same
radiologists in cases where previous CT imaging was
available. This provides a chance to automate and
computerize the screening process in order to improve
it.® This model is illustrated in Figure 1.
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Figure 1: Model framework: The model takes as input
a primary LDCT volume and, if possible, a preceding
low-dose CT volume for each patient.

After analyzing suspicious and volumetric ROls as
well as the entire low-dose CT volume, the model
generates a risk bucket score (LUMAS), a location for
anticipated malignant nodules, and a general
prognosis of malignancy for the patient.*®

Moreover, Benzaquen et al described that, in the context
of lung cancer screening, low-dose CT interpretation may
be challenging. The straightforward algorithm design
ought to be predicated on two inquiries about the primary
lesion identified by low-dose CT. First, if the person has a
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nodule and the response is no, the patient will be offered
a date and time for the subsequent screening round. If the
response is yes, the next inquiry is: Is this nodule
cancerous? The nodule will be categorized as malignant,
benign, or undetermined depending on its characteristics.
The variety of challenges faced by clinicians at lung
cancer clinics in the context of lung cancer screening is
exemplified in Figure 2. When using low-dose CT alone,
lung cancer screening takes time. In fact, most decision-
making algorithms for lung nodules recommend a repeat
CT to examine the volume-doubling time, a statistic that,
along with the nodule's morphology, has the most bearing
on whether or not to undergo invasive procedures such as
surgery.r® However, it is still unclear what factors
contribute to the underutilization of low-dose CT
screening. As a relatively new recommendation,
physicians might not be aware of appropriate screening
standards or be unsure of the validity of the body of
research supporting low-dose CT screening. Patients may
be less likely to choose to get yearly examinations that
were previously not advised. Additional study is required
to characterise the potential benefits of low-dose CT
screening more fully in order to support physicians' and
patients' informed decision-making, particularly in light
of the formation and recent extension of national
screening recommendations.?°
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Figure 2: Six lung cancer screening examples
demonstrate the potential difficulty in interpreting
low-dose CT.

NSCLC: non-small cell lung cancer, GGO: ground glass

opacities.'®

One of the challenges associated with low-dose CT is
referral from a family physician, as reported by Ersek et
al who stated that although the majority of family
physicians report discussing low-dose CT with patients
who are at high risk for lung cancer, referrals are still
insufficient. Physicians' understanding of screening
recommendations and reimbursement is lacking, which
points to the need for more educational outreach.?

Similarly, Lewis et al commented that chest X-rays are
more frequently requested by primary care physicians
than low-dose CT. Primary care physicians' knowledge of
low-dose CT effectiveness and lung cancer screening
recommendations was poor when analyzed. Hence,
interventions to educate healthcare providers are required
to  encourage  patient-centred  decision-making.?
Awareness and training sessions for family physicians are
therefore recommended since timely referral would
initiate a timely and early diagnosis. Our study signifies
the importance of the use of low-dose CT in lung cancer
screening, which has the potential to reduce lung cancer-
related mortality, as backed by the evidence from
research studies. However, we could not more elaborately
compare the advantages and disadvantages associated
with low-dose CT, which is the limitation of this review
since it is beyond the scope of this paper. However, we
aim to conduct a more comprehensive review illustrating
and comparing the advantages and limitations of low-
dose CT in lung cancer screening in the future.

CONCLUSION

Screening for lung cancer can lower the mortality
associated with it by employing low-dose CT. This has
now been conclusively demonstrated in numerous clinical
studies. As a result, low-dose CT in lung cancer screening
shall be effectively practiced in high-risk groups. To
ensure effectiveness, it will be necessary to continuously
monitor participant eligibility, lung cancer detection rate,
false-positive and false-negative rates, lung cancer
screening interval, adherence, and referral rate, along
with CT radiation exposure.
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