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Original Article

Objectives: The aim of this study was to present the baseline results of a pilot project conducted to evaluate the effectiveness of lung 

cancer screening using low-dose chest computed tomography (CT) in regions with excessive radon levels in the Republic of Kazakhstan.

Methods: In total, 3671 participants were screened by low-dose chest CT. Current, former, and never-smokers who resided in regions 

with elevated levels of radon in drinking water sources and indoor air, aged between 40 and 75 with no history of any cancer, and 

weighing less than 140 kg were included in the study. All lung nodules were categorized according to the American College of Radiol-

ogy Lung Imaging Reporting and Data System (Lung-RADS 1.0). 

Results: Overall, 614 (16.7%) participants had positive baseline CT findings (Lung-RADS categories 3 and 4). Seventy-four cancers 

were detected, yielding an overall cancer detection rate of 2.0%, with 10.8% (8/74) stage I and a predominance of stage III (59.4%; 

44/74). Women never-smokers and men current smokers had the highest cancer detection rates, at 2.9% (12/412) and 6.1% (12/196), 

respectively. Compared to never-smokers, higher odds ratios (ORs) of lung cancer detection were found in smokers (OR,2.48; 95% 

confidence interval [CI], 1.52 to 4.05, p<0.001) and former smokers (OR, 2.32; 95% CI, 1.06 to 5.06, p=0.003). The most common histo-

logic type of cancer was adenocarcinoma (58.1%). 

Conclusions: Implementation of low-dose CT screening for lung cancer in regions with elevated radon levels is an effective method 

for both smokers and never-smokers. 
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INTRODUCTION

Lung cancer is the leading cause of cancer-related mortality 
in the world [1]. The International Agency for Research on 
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Cancer ranks Kazakhstan as having one of the highest rates of 
lung cancer incidence in the world among the Asian countries 
closest to Eastern Europe [2]. 

However, lung cancer incidence and mortality rates are het-
erogeneous in the territory of Kazakhstan, exceeding the na-
tional level (20.1 and 12.3/100 000, respectively) in 7 of 17 re-
gions: Akmola (33.8 and 25.0/100 000), East Kazakhstan (32.1 
and 23.9/100 000), Pavlodar (36.4 and 23.3/100 000), North 
Kazakhstan (44.6 and 18.2/100 000), West Kazakhstan (27.4 
and 17.8/100 000), Karaganda (27.4 and 14.2/100 000), and 
Kostanay (25.9 and 12.1/100 000) [3]. According to the report 
of the International Atomic Energy Agency, the 7 above-men-
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tioned regions have increased levels of radon in drinking wa-
ter sources and indoor air (Figure 1) [4].

As known, cigarette smoking is the main risk factor for lung 
cancer, while radon is responsible for lung cancer in never-
smokers [5-7]. According to the World Nuclear Association, the 
Republic of Kazakhstan is a leader in the world’s reserves of 
uranium ores, with 12% of the world’s uranium resources and 
an expanding mining sector, producing about 22 808 tons in 
2019 [8]. 

In 2019, 3743 new cases of lung cancer were reported in Ka-
zakhstan, more than half of which (n=1989, 53.1%) were reg-
istered in the above-mentioned regions. Stage I was diag-
nosed only in 6.9% of patients, while the largest proportion of 
patients (45.8%) had stage III disease [3]. 

The aim of our study was to conduct lung cancer screening 
with low-dose computed tomography (CT) among individuals 
living in unfavorable regions in terms of radon exposure. 

 

METHODS

We performed low-dose CT screening for lung cancer during 
a 2-year period, from June 1, 2018 to May 31, 2020 as a part of 
a pilot project. There was 1 round in 2 stages of 1 year each, in 
different regions of Kazakhstan. Our prospective multicenter 
study included participants living in regions with rates of mor-
tality and incidence from lung cancer that exceed the nationwide 
level and high rates of radon pollution in drinking water sourc-
es (more than 60 Bq/L) and indoor air (more than 200 Bq/m3). 

On average, the excess of the norms in the selected regions was 
7.8% for water sources and 36.8% for indoor air, with maximum 
values of 11.5% for water sources and 47.6% for indoor air. 

The population size in our study was 1 200 000 individuals; 
given a 95% confidence interval (CI) and a power of 80%, a 
sample size of 5000 participants was considered representative.

The recruiting process was conducted by primary care orga-
nizations, which invited 5000 eligible participants via phone 
calls. Of the eligible participants, 943 (18.9%) refused to par-
ticipate and 4057 (81.1%) agreed. Of those who agreed, 3675 
(90.6%) individuals attended the clinic for the study, and 382 
(9.4%) changed their minds and refused. Another 4 participants 
did not sign informed consent and did not complete the ques-
tionnaire. As a result, 3671 participants completed the ques-
tionnaire that included personal data, information about per-
manent residence, smoking history, and heredity and complet-
ed the low-dose CT examination. The participation rate was 
73.4% The study involved adults aged 40-75, with no history 
of any cancer or severe comorbid conditions, no history of a CT 
examination during the year, and a weight of less than 140 kg. 
Smoking status was not applied as a criterion for inclusion. 

Scanning was performed at 3 oncological centers using vari-
ous CT scanners (Revolution EVO; GE Healthcare, Chicago, IL, 
USA; Optima GE Healthcare, Chicago, IL, USA, and Aquilion 
Prime, Toshiba, Tokyo, Japan) with different numbers of detec-
tors (16-128) and slice thickness not exceeding 1.25 mm. All 
scanners had a low-dose scanning protocol, with the machine 
set at 120 kV and 10-40 mA. The effective radiation dose did 

Figure 1. The level of radon in drinking water sources and indoor air by regions of the Republic of Kazakhstan.

Water sources with an excess of radon standards more than 60 Bq/L
Rural settlements with an excess of radon standards in indoor air more than 200 Bq/m3

80

70

60

50

40

30

20

10

0

South-Kazakhsta
n

Kyzy
lorda

Almaty

Zhambyl

Karaganda

East-K
azakhsta

n
Akm

ola

Kosta
nay

Pavlo
dar

North-Kazakhsta
n

West-K
azakhsta

n
Akto

be
Atyra

u

Mangyst
au

12.8
6.2

22.8

14.9

36.9

29.1

66.7

47.6

33.8

43.0

15.4

7.1
1.4

5.5

(%)



275

Lung Cancer Screening and Radon Levels

not exceed 1 mSv (according to the order for preventive ex-
aminations of the population in Kazakhstan), and the average 
effective radiation dose was 0.69±0.21 mSv. CT scanning was 
performed during the inspiratory phase, from the apex to the 
base of the lungs; no contrast agent was injected.

All low-dose CT images were sent to the Republican Re-
search Institute of Oncology and Radiology using a picture ar-
chiving and communication system. The interpretation was 
done by 2 independent thoracic radiologists, with 6 years and 
35 years of experience, respectively. In case of a discrepancy in 
the findings, the third reader gave his opinion and was the fi-
nal arbiter. Lung nodules were classified according to Lung 
Imaging Reporting and Data System (Lung-RADS 1.0).

Categories 3 and 4 were designated as positive (at least 1 
non-calcified nodule 6 mm or larger or a pure ground-glass 
nodule 20 mm or larger). 

Statistical Analysis
Data were analyzed using SPSS version 27 (IBM Corp., Ar-

monk, NY, USA). The sample size was calculated using the Epi-
Info calculator. Odds ratios (ORs) were used for risk estimation 
of lung cancer detection according to smoking history. We cal-
culated the ORs of lung cancer in 3 pairs of groups: current 
smokers versus never-smokers, current smokers versus former 
smokers, and ex-smokers versus never-smokers. The chi-square 
test was applied to assess statistical differences between cate-
gorical variables. A p-value<0.05 was considered to indicate 
statistical significance.

Table 1. Characteristics of the study participants1

Characteristics n (%)

Gender Men 1582 (43.1)

Women 2089 (56.9)

Age (y) 40-49 811 (22.1)

50-59 1356 (37.0)

60-69 1092 (29.7)

70-75 412 (11.2)

Smoking status Never-smokers 2198 (59.9)

Former smokers 514 (14.2)

Current smokers 959 (26.1)

Family history of lung 
cancer

Present 117 (3.2)

Absent 3554 (96.8)
1Participants who gave up smoking more than 10 years ago were recognized 
as former smokers; The average smoking history for current smokers and 
former smokers was 37.7 and 9.4 pack-years, respectively; A family history 
of lung cancer was present in 3.2% of participants (n=117), of whom 67.5% 
(n=79) were women.

Table 2. Lung-RADS (LR) 1.0 categories at baseline according 
to smoking history

Smoking 
history LR 1 LR 2 LR 3 LR 4A LR 4B Total

Never 
smokers

1536 (69.9) 328 (14.9) 275 (12.5) 26 (1.2) 33 (1.5) 2198

Former 
smokers

350 (68.1) 73 (14.2) 66 (12.8) 14 (2.7) 11 (2.1) 514

Current 
smokers

632 (65.9) 138 (14.4) 106 (11.1) 44 (4.6) 39 (4.1) 959

Total 2518 (68.6) 539 (14.7) 447 (12.2) 84 (2.3) 83 (2.2) 3671

Values are presented as number (%) or number.
Lung-RADS, Lung Imaging Reporting and Data System.

Ethics Statement
The present study protocol was reviewed and approved by 

the Ethics Committee of the Kazakh Research Institute of On-
cology and Radiology (approval No. 12/18). All participants 
were consulted about the procedure and signed informed 
consent. 

RESULTS

In total, 3671 participants were screened by unenhanced 
low-dose chest CT (Table 1). 

The distribution of detected nodules and Lung-RADS 1.0 
categories at baseline according to smoking history are shown 
in Table 2. Overall, 614 (16.7%) participants had baseline posi-
tive CT findings. Among them, 525 (85.5%) individuals re-
quired follow-up, the timing of which ranged from 3 months 
to 6 months after the initial scan. Only 320 (60.9%) individuals 
underwent rescanning according to the designated period. 
Most pulmonary nodules did not increase in size and re-
mained stable during the follow-up period, while 13 nodules 
disappeared. Eighty-nine (14.5%) patients needed additional 
examinations, followed by biopsy and/or surgery. Considering 
the peripheral location and appropriate access, 7 (7.8%) per-
sons underwent transthoracic biopsy, in 1 case adenocarcino-
ma was confirmed. Considering the central location at the 
lung root and the connection with the large bronchus, 9 
(10.1%) individuals underwent bronchoscopy, and cancer was 
confirmed in 100% of these cases. Seventy-three (82.1%) par-
ticipants underwent surgery (wedge resection/lobectomy). 
The overall lung cancer detection rate in our study was 2.01%. 
More results about follow-up and outcomes are presented in 
Figure 2.

The age range of participants diagnosed with lung cancer 
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was 42-75 years (median, 60.4±8.7). Among the 74 cases of 
identified lung cancers, 34 (45.9%) were in smokers with an 
average smoking history of 56.9 pack-years; 8 (10.8%) were in 
former smokers with an average smoking status of 22.5 pack-
years, and 32 (43.3%) were in never-smokers (Table 3). Com-
pared to never-smokers, higher ORs for lung cancer detection 
were found in smokers (OR, 2.48; 95% CI, 1.52 to 4.05; p<0.001) 
and in former smokers (OR, 2.32; 95% CI, 1.06 to 5.06; p=0.003), 
while no statistically significant difference was found between 
never-smokers and former smokers (OR, 0.93; 95% CI, 0.43 to 
2.04; p=0.865). However, slightly more than half of the partici-
pants with detected lung cancer were never-smokers and for-
mer smokers (54.1%) and they might have been missed if 
smoking status had been an obligatory inclusion criterion.

The highest detection rate of lung cancer was in the 70-75 
age group (4.6%; 19/412). The cancer detection rate among 
men was higher than that among women (3.1 and 2.1%, re-
spectively). In the men population, the highest cancer detec-
tion rate was 6.1% in current smokers aged 60-69 years (12/196). 
Among the women population, the highest cancer detection 
rate was 2.9% in never-smokers 50-59 years (12/412).

In 62 (83.8%) patients, the structure of the nodule was solid, 
ranging in size from 11 mm to 82 mm, with the average size of 
the nodule being 54.2 mm. In 12 (16.2%) patients, the nodules 
had a sub-solid structure, ranging in size from 11 mm to 45 mm, 
with an average nodule size of 28.5 mm.

According to the pathology reports, 43 (58.1%) patients had 
adenocarcinoma, 28 (37.8%) participants had squamous cell 
carcinoma, and 3 (4.1%) patients had small cell lung cancer.

The majority of patients (44; 59.4%) were diagnosed with 
stage III (IIIA: 32 [43.2%], IIIB: 8 [10.8%], and IIIC: 4 [5.4%]), 
while 21 (28.4%) patients had stage II (IIA: 9 [12.2%] and IIB: 
12 [16.2%]). Only 8 (10,8%) patients had stage I (IA: 5 [6.8%] 
and IB: 3 [4%]). Stage IVA cancer was diagnosed in 1 (1.4%) 
patient. 

Besides lung nodules, other clinically significant findings 
were detected in 48% of patients (n=1762), including emphy-

Figure 2. Follow-up and outcome of baseline low-dose computed tomography imaging data. Lung-RADS, Lung Imaging Report-
ing and Data System; TTB, transthoracic biopsy.
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(n=3671)
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Table 3. Characteristics of study participants with low-dose 
computed tomography-detected lung cancer

Variables n (%)

Gender Men 50 (67.6)

Women 24 (32.4)

Age (y) 40-49 9 (12.1)

50-59 29 (39.2)

60-69 17 (23.0)

70-75 19 (25.7)

Smoking status Never-smokers 32 (43.3)

Former smokers 8 (10.8)

Current smokers 34 (45.9)

Family history of lung 
cancer

Present 8 (10.8)

Absent 66 (89.2)
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sema, old tuberculosis and a few cases of active pulmonary 
tuberculosis, bronchiectasis, pleural effusion, lymphadenopa-
thy, coronary artery sclerosis and aortosclerosis, retrosternal 
goiter, and breast cancer.

DISCUSSION

In our multicenter study, we present the baseline screening 
results of lung cancer in radon-contaminated regions of Ka-
zakhstan. Despite the fact that smoking was not a mandatory 
criterion for inclusion in our study, we obtained a fairly high 
cancer detection rate of 2.0% at baseline, which is higher than 
in most lung cancer screening programs in Asia. For instance, 
in the Korean Lung Cancer Screening Project, the baseline 
lung cancer detection rate was 0.4%, and. The Taiwan, Shang-
hai, and Tokyo lung cancer screening programs showed rates 
of 1.41%, 1.23%, and 1.0%, respectively [9-12]. However, in the 
National Lung Screening Trial (NLST) and the Dutch-Belgian 
Lung Cancer Screening Trial, the overall rates of lung cancer 
detection were higher (2.4 and 3.2%, respectively) [13,14], 
which is most probably due to more rounds and the use of dif-
ferent inclusion criteria and nodule management protocols.

Age and smoking history are the main selection criteria for 
screening, with different thresholds in various programs. We 
chose an age interval of 40-75 years based on the National 
Cancer Registry of Kazakhstan, according to which the peak 
incidence of lung cancer occurs in the age range of 55-70 years. 
Considering that in our study the majority of patients with 
lung cancer were diagnosed at stage III, as well as the possible 
slow growth of adenocarcinoma (which was also predominant), 
the lower age limit was 40 years.

Smoking is undoubtedly the most important factor for lung 
cancer development [15,16]. According to Jha [17], roughly 
450 million people will die from smoking between 2000 and 
2050. Although large randomized trials have demonstrated 
the effectiveness of screening in high-risk populations includ-
ing heavy smokers, these trials generally did not include for-
mer-smokers and never-smokers. Thus, the benefits of lung 
cancer screening for former-smokers and never-smokers are 
uncertain. More than 50% of lung cancers can be missed by 
following current lung cancer screening guidelines and inclu-
sion criteria that include heavy smokers, especially in East Asia, 
where most of the missed lung cancer cases are among never-
smokers [18,19]. Furthermore, several studies, mainly in Asian 
countries, have shown that among never-smokers (especially 

women), lung cancer is quite common and that low-dose CT 
screening helped to detect a significant number of lung can-
cers in this group [12,20-23]. In our study, the majority of men 
with lung cancer were smokers, while never-smokers predomi-
nated among women. Nonetheless, there is evidence that low-
dose CT screening in never-smokers or light smokers was also 
effective and led to a decrease in mortality by up to 51% [20]. 

In our study, 43.2% of the participants were never-smokers, 
who showed a 1.4% cancer detection rate; this rate is quite 
high, but understandable, since the study was conducted in a 
radon-polluted region. In a multicenter study in northwestern 
Spain that examined 69 never-smoking patients with lung 
cancer and evaluated the prevalence of adenocarcinoma, the 
researchers demonstrated a relationship between high levels 
of radon (237 Bq/m3) and the development of lung cancer [24]. 
According to a study by Peterson et al. [25], 13.6% of lung can-
cer deaths in Ontario, Canada are attributable to radon, and 
approximately 84% of those deaths occur in never-smokers. If 
indoor air radon concentrations above 200 Bq/m3 could be re-
duced to background levels, it is estimated that 91 lung cancer 
deaths could be prevented each year in Ontario. 

The definition of a positive result is also an important issue. 
We defined at least 1 non-calcified solid or partly solid pulmo-
nary nodule ≥6 mm or pure ground-glass nodule ≥20 mm 
as a positive result, while most studies used the NLST criteria 
(any non-calcified nodules equal to or larger than 4 mm in any 
diameter). However, some researchers have concluded that 
the application of the NLST criteria is not entirely appropriate 
for Asian regions. Scientists from Korea came to the conclusion 
that the use of Lung-RADS in areas endemic for tuberculosis 
(such as Kazakhstan) leads to a decrease in specificity, due to 
the patterns of old tuberculosis, suggesting that some modifi-
cation of Lung-RADS might be required for these regions [26].

One of the main limitations of our study is that only 1 round 
was conducted. In the future, we plan to increase the number 
of rounds and possibly modify the criteria for evaluating a 
positive result, which will increase the percentage of cancers 
detected at early stages enabling timely and adequate treat-
ment to reduce mortality. Unfortunately, according to the first-
round results of our study, only 10.8% of cases were stage I, 
while most similar studies showed percentages of stage I at 
baseline ranging from 27.3% to 100% [27]. 

Studies across the globe are still ongoing to evaluate the ef-
fectiveness and possible implementation of low-dose CT screen-
ing for lung cancer in national screening programs, as well as 
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to determine the specific contingent that should be included 
in the study [28]. We believe that our research will not only im-
prove the situation regarding lung cancer in Kazakhstan, but 
will also contribute to global data on the current problem. 

Our study showed that low dose CT screening is an effective 
method for actively detecting lung cancer, and there is an ur-
gent need for its implementation.
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