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Aim The aim of the study is to assess the effectiveness of low dose CT scan (LDCT) to
pick up nodules and carcinomas in smokers in India.
Methods A retrospective study of 350 smokers scanned with LDCT was performed
in a private practice center in Mumbai, India. Their demographic profile, smoking history in pack-years, lung nodules, and associated findings/superimposed complications
were recorded and analyzed. The nodules were assigned the appropriate Lung-RADS
category and results of the patients undergoing biopsy were recorded.
Results Of the 350 smokers, 15 (4%) were women . The mean age was 61 years
(32–90 years) with a mean smoking history of 22 pack-years (1–160 pack-years). Lung
nodules were found in 335 (93%) smokers, with Lung-RADS category 1 nodules seen in
117 (36%), category 2 in 133 (41%), category 3 in 29 (9%), and category 4 in 46 (14%)
of positive scans. Seven of the category 4 patients who underwent biopsy showed carcinoma, with a mean smoking history of 30 pack years. Superimposed interstitial lung
disease, airways diseases, and infections were also seen in the scans and recorded.
Discussion It has been proven in the Western world that screening for lung cancer
with LDCT saves lives with early pick-up of malignant nodules. This pilot study from
India, shows that even in a tuberculosis endemic country, LDCT picks up malignant
lung nodules early and saves lives.
Conclusion Smokers with a more than 20 pack years history have a higher incidence
of lung nodules, which may represent carcinoma, in a tuberculosis endemic country
like India, as has been proven in other countries in the Western world. Larger studies
and trials may be performed to elaborate further on this proof-of-concept study.

Aims and Objectives
Primary Aim
• To assess the effectiveness of low dose CT scan (LDCT) to
pick up nodules and carcinomas in smokers.

• To evaluate the distribution of various lung nodules
according to the Lung-RADS criteria categories.
• To calculate the risk of cancer in the various categories
lung nodules.

Introduction

Secondary Aims
• To understand the demographics of smokers and lung
cancers in India.
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Lung cancer is an aggressive and heterogenous disease.
It constitutes approximately 6.9% of all new cancer cases
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LDCT Screening in Smokers in India—Proof of Concept
and 9.3% of all cancer-related deaths in India.1 Globally, lung
cancer comprises approximately 13% of all new cancers cases
and 19% of all cancer-related deaths.2
70% of the patients with lung cancer present with locally
advanced or metastatic disease. While many advances in surgical, chemotherapeutic, and radiotherapeutic treatments
have been made in past few years, the overall 5-year survival
of nonsmall cell lung cancer is only 15%. If detected early,
the 5-year survival is 57%.3 Hence it is very important to diagnose lung cancer early to improve survival.
Lung cancer is associated with a variety of risk factors like
smoking, family history of lung cancer, various environmental and occupational exposures like radon, chronic obstructive pulmonary disease (COPD) and interstitial lung disease
(ILD), and thoracic radiation, among others. Smoking is the
single most common cause of lung cancer.4
Screening with CT scan has been proven to reduce mortality
from lung cancer in high-risk populations. The National Lung
Screening Trial (NLST)5 showed a 20% reduction in mortality
when low dose CT scan (LDCT) was used for screening. LDCT
has also been shown to be effective in tuberculosis endemic
countries as well as in real-life situations such as ours.6,7
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than 1.5 mSv with pitch of 1.2. The scan was acquired from
the thoracic inlet to the costophrenic angles with breath-hold
in full suspended inspiration, obtained after adequate prior
training. The data was reconstructed both in lung and soft
tissue reconstruction algorithms with axial volumetric data
with 1-mm slice thickness at 0.5-mm intervals.
The radiation dose through an LDCT scan was 1.5 mSv, as
per international recommendations.9

Results
A total of 350 smokers who underwent LDCT from January
2017 to January 2020 were studied.
The age range was from 32 to 90 years. Their mean age was
61 years. There were 335 men and 15 women. The men had
an age range of 32 to 90 years with a mean age of 61 years.
The women’s age range was 37 to 53 years with a mean age
of 45 years (►Table 1). As evident from ►Fig. 1, the majority
of the subjects in this study were between 61 to 70 years of
age. As evident from ►Fig. 2, the majority of the subjects in
this study were men (95.7%).

Materials and Methods
A retrospective study of 350 smokers scanned with LDCT over
a period of 3 years from January 2016 to January 2019 was
performed at a private practice center in Mumbai, India. The
study was approved by Institutional Review Board and the
written informed consent was waived off.

Inclusion Criteria
1. Smoker

Exclusion Criteria
1. Known lung malignancy.
2. Known malignancy elsewhere in body.
3. Stopped smoking >15 years.
The demographic profile of every subject, including age
and gender was recorded. A detailed smoking history was
recorded: current or ex-smoker and pack-years of smoking.
The primary aim was to record the presence or absence
of lung nodules and the number and exact location of each
nodule found. The largest nodule was assigned a category
as per the Lung-RADS criteria.8 A specific management plan
was assigned including follow-up interval, PET/CT, or tissue
sampling with biopsy. The histopathological findings of all
subjects undergoing biopsy were recorded.
Any associated findings related to smoking including
superimposed complications were also recorded.

Fig. 1 Age distribution of subjects. X axis: Age range in years. Y axis:
Number of smokers in different age groups. The age range in our
study was 32 years to 90 years with majority of the subjects in 61 to
70 years age group.

Low Dose CT (LDCT) Chest Protocol

All the scans were performed on a Siemens Somatom
Definition Edge CT scanner with 120 kV and 50 mAs or less
(effective mAs) optimized to deliver an effective dose of less

Fig. 2 Gender distribution of subjects. The majority of the subjects
(95.7%) were males in our study.
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The smoking history ranged from 1 to 160 pack-years with
a median value of 22 pack-years. The category 4 subjects had
a mean smoking history of 30 pack-years.
At least one lung nodule was found in 325 subjects, i.e.,
in 93% of the studies (►Fig. 3). Only 25 subjects, i.e., 7% of the
studies did not show a lung nodule.
In the rest of the 325 positive scans, a Lung-RADS category
was assigned to the largest nodule (►Fig. 4). We found a category 1 nodule in 117 scans (36%), category 2 in 133 scans
(41%), category 3 in 29 scans (9%) and category 4 in 46 scans
(14%) (►Figs. 5 and 6). Category 2 nodules were the commonest and category 3 nodules were the least commonly
seen of all the categories.
Seven subjects with category 4 nodules who underwent
biopsy showed adenocarcinoma (►Fig. 7), with a 2% incidence of lung cancer (►Fig. 8).

Fig. 6 Lung nodules distribution. In our study, Category 2 nodules were most common and found in 41% of subjects, followed by
Category 1 nodules which were found in 36% of subjects. Category 4
nodules were found in 14% of subjects and Category 3 nodules were
lease common which were found in only 9% of subjects.

Discussion
Lung cancer constitutes approximately 6.9% of all new cancer
cases and 9.3% of all cancer-related deaths in India.1 Worldwide,
there were estimated approximately 1.6 million deaths from
lung cancer in 2012, 70% of these in men.2 Seventy-five
percent of patients with lung cancer present with locally
advanced or metastatic disease and the overall 5-year survival of nonsmall cell lung cancer is just 15%. If detected early,
Fig. 7 Frequency of Cancers. In our study, we found cancer in total 7
subjects, and all were category 4 nodules.

Fig. 8 Incidence of Cancers. In our study, we found 2% incidence of
lung cancer.
Fig. 3 Lung nodules incidence. The lung nodule incidence in the
study was very high, 93% and a lung nodule was found in 325 subjects.

Fig. 4 Lung Nodules found in our study. The various Lung RADS categories nodules found in our study from categories 1 to 4 are shown
including subdivisions of 4A, 4B and 4X.
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the 5-year survival is 57%.3 Hence early diagnosis can lead to
early curative treatment and reduction in mortality.
Though lung cancer is caused by variety of risk factors, smoking remains the single most common cause of
lung cancer.4 Hence, smokers are the target population for
screening for lung cancer. India ranks third in global tobacco
production and consumes almost 50% of its products domestically.10 Smoking is directly responsible for almost 90% of
lung cancer and COPD deaths.11 Screening with CT scan is the
only test that has been proven to reduce mortality from lung
cancer in high-risk populations.5
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Table 1 Total of 350 smokers were studied. The age range was from 32 to 90 years with mean age of 61 years. For 335 male
subjects, the age range was 32 to 90 years and the mean age was 61 years. For 15 female subjects, the age range was 37 to 53
years and the mean age was 45 years.
Number

Minimum age
(years)

Maximum age
(years)

Mean age (years)

Male

335

32

90

61

Female

15

37

53

45

350

32

90

61

Total

Fig. 5 Lung nodules distribution. In our study, Category 2 nodules
were most common and found in 144 scans, followed by Category
1 nodules which were found in 126 scans. Category 4 nodules were
found in 49 scans and Category 3 nodules were least common which
were found in only 31 scans.

The NLST5 showed a lung cancer prevalence of 1% in the
screened population with the vast majority (63%) of the
lung cancers in stage I and a 20% reduction in mortality in
this population. The International Early Lung Cancer Action
Program (I-ELCAP)12 showed that the curability of Stage I
lung cancers is 80 to 90% and annual CT screening allows
at least 80% of lung cancers to be diagnosed at clinical Stage
I. breast, cervical, and colon cancer screenings. The Nelson
trial,13 the second largest randomized control trial (RCT) after
the NLST, showed that 50% of the cancers diagnosed in the
screening arm were early stage and 65 to 70% were stages IA
to II, while approximately 70% of cancers in the control arm
were stage III/IV at diagnosis. Overall, CT scanning decreased
mortality by 26% in high-risk men and up to 39% in high-risk
women over a period of 10 years.
The
recent
Korean
Lung
Cancer
Screening
Project (K-LUCAS)6 showed that LDCT screening in
tuberculosis-endemic country may be less effective because
of false-positive results and hence lower specificity caused
by tuberculosis sequelae. Tuberculosis sequelae were associated with positive CT screening results, but no evidence
was found of an association with lung cancer. Another recent
study to assess real world LDCT lung cancer screening performance showed that adherence to recommendations was
increased in former than current smoker and in those with
positive lung cancer screening exam.7
Our study group included subjects with ages ranging from
32 to 90 years with a mean age of 61 years. As expected, 95.7%
were men. With LDCT, we found at least one lung nodule in
325 subjects (93%). Category 2 nodules were the commonest

and were seen in 144 scans (41%), with category 4 nodules
seen in 46 scans (14%).
As per management recommendations, seven of the subjects with category 4 nodules underwent CT-guided core
biopsy and we found lung cancer all seven of them, six adenocarcinoma, and one small cell lung cancer, with an overall
lung cancer incidence of 2%.
This pilot, proof-of-concept study showed preliminary
results consistent with the previously mentioned trials. Our
study has many limitations. It was retrospective, nonrandomized, with a small sample size and confined to a single
center. However, the aim was to show that LDCT works even
in a tuberculosis endemic country like India, and we hope
that this pilot study spurs the development of larger RCTs. A
recent paper by Shankar et al also highlights the importance
and challenges of a successful LDCT program in a tuberculosis endemic country like India.14
There are many benefits of LDCT for lung cancer screening trial. As discussed, LDCT saves lives by early detection of
the lung cancer, thus reducing mortality. LDCT can pick up
other smoking-related lung diseases like COPD, ILD, coronary
artery disease, etc., which can then be adequately treated to
prevent morbidity. It can also be a starting point for encouraging smoking cessation. However, there are potential risks
too like cancer may not be always detected early enough to
be treated or sometimes indolent cancers may get treated
which might have not caused death. It leads to anxiety in
the subjects. Radiation is also a potential risk but with low
dose protocol the risk is further reduced. False positive and
false negative results may occur which may lead to harmful
effects. Financial costs also need to be addressed as the target
population is large.

Conclusion
Our pilot, proof-of-concept study shows that LDCT in a tuberculosis endemic country like India can also pick up lung cancer early and save lives.
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