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Abstract

Background: Despite much research published on lung cancer screening, China has had no large-scale study on
the missed diagnosis of lung cancer in a health examination population. We therefore did a real-world study using
the current lung cancer screening guidelines to a health examination population in China to determine the
proportion of lung cancer cases that have been missed.

Methods: A real-world cohort study of screening, with the use of low-dose computed tomography, was conducted
among people who took yearly health checkup in health management center of West China Hospital between
2006 and 2017. We respectively used current guidelines including lung cancer screening guidelines of the US.
Preventive Services Task Force (USPSTF) and expert consensus on low dose spiral CT lung cancer screening in
China.

Results: In a total of 15,996 participants with health examination who completed the baseline screening, 6779
(42.4%) subjects had at least one positive finding, and 142 (2.1%) cases of lung cancer were screened positive. The
false positive rate was 97.9%. Of 142 lung cancer cases detected in our study, only 9.2% met the lung cancer
screening guidelines proposed by the USPSTF, and 24.4% met that of China. The rates of missed diagnosis were as
high as 90.8 and 75.6% respectively. In addition, we did an in-depth analysis by gender. We found that among male
patients with lung cancer, the proportion of smokers was 75%, and the proportion of young people under 50 was
23.2%. Among female patients with lung cancer, the proportion of smokers was only 5.8%, and the proportion of
young people under 50 was up to 33.3%.

Conclusions: The rate of missed diagnosis was as high as 90.8% applying the current lung cancer screening
guidelines to the health examination population in China. Further study to determine screening guidelines for
targeted populations, is warranted.
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Background

Lung cancer is the most frequent cancer and the leading
cause of cancer death all over the world [1]. It is re-
ported that the survival rate of lung cancer was nega-
tively correlated with the clinical and pathological stages
at the time of diagnosis [2]. Unfortunately, when symp-
toms appear, the disease is usually advanced and incur-
able [3]. The study showed that low-dose computed
tomography (LDCT) can detect some tumors at early
stages [4]. Many authoritative medical organizations
have launched screening guidelines, which recom-
mended lung cancer screening in high-risk groups with
LDCT [5-7].

Generally, age and smoking are the main criteria to
define high-risk groups in domestic and foreign guide-
lines. However, researches showed that except for smok-
ing, the causes of lung cancer were also attributed to air
pollution, environmental exposure, genetic factors [8, 9].
Although most lung cancers are caused by smoking, a
lot of lung cancer cases worldwide have been reported
in non-smokers [8]. If lung cancer in never smoker was
considered as a separate category, it would be the sev-
enth most common cause of cancer death around the
world [10]. In addition, the incidence of lung cancer also
shows a trend of youth in recent years [11-13]. Young
patients with lung cancer have gradually become a dis-
ease group that can not be ignored [11-13].

For these reasons, the current lung cancer screening
guidelines may miss some persons at high risk of lung-
cancer especially young or non-smoking people [5-7, 14,
15]. However, there is still a lack of large-scale research
on this in China. Therefore, in order to determine
whether the current screening guidelines of lung cancer
will lead to miss diagnosis of lung cancer cases in China,
and to determine the fraction of lung cancer cases that
would be missed, we did a real-world study which ap-
plied these screening guidelines to the health examin-
ation population in West China Hospital.

Methods

Trial oversight

We applied the current guidelines to the health examin-
ation population and compared them with the real
world. This research, a study of screening with the use
of LDCT, was conducted among the people taking yearly
health checkup in health management center of West
China Hospital.

Participants
Participants were enrolled and screened from June 30,
2006 through June 30, 2017. They were followed for
events that occurred before December 31, 2017.

Eligible subjects did not have undergone chest imaging
within 18 months before enrollment, and there were no
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new or aggravating cough, expectoration, hemoptysis,
chest distress, dyspnea and other symptoms. Persons
with any of the following conditions were excluded from
this study: 1) previously received a diagnosis of unknown
pulmonary nodules or malignant pulmonary nodules,
masses, hilum enlargement, atelectasis; 2) a history of
total or partial lobectomy; 3) history of lung cancer; 4)
an unexplained weight loss of more than 5 kg in the past
year. A total of 15,996 persons were enrolled. A written
informed consent was obtained from every participant.
Eligible participants completed a questionnaire that cov-
ered some topics, including demographic characteristics,
smoking behavior, and medical history.

Guidelines

In this study, we respectively used two kinds of the
current lung cancer screening guidelines including lung
cancer screening guidelines of the U.S. Preventive Ser-
vices Task Force (USPSTF) and expert consensus on low
dose spiral CT lung cancer screening in China to the
health examination population in China to determine
the proportion of lung cancer cases that have been
missed. The USPSTF recommended annual screening
for lung cancer with LDCT in adults aged 55 to 80 years,
who currently smoke or have quit within the past 15
years, and who have an at least 30 pack-years of cigarette
smoking history [5, 6]. The consensus of Chinese experts
suggest that annual LDCT lung-cancer screening for in-
dividuals aged 50-75 years, combining at least one of the
following risk factors: 1) at least 20 pack-years of
cigarette smoking history, including currently smoking
or giving up smoking for less than 15 years; 2) passive
smoking; 3) a history of occupational exposure, includ-
ing asbestos, beryllium, uranium, radon, etc.; 4) a history
of cancer or a family history of lung cancer; and 5) a his-
tory of chronic obstructive pulmonary disease (COPD)
or diffuse pulmonary fibrosis [7].

Screening
Participants were invited to undergo a base-line screen-
ing. We conducted annual screenings from the next
year. Participants with positive screening would be
followed up, and those with negative screening would be
screened in the next round.

All screening tests were conducted in accordance with
a standard protocol developed by the medical physicists
associated with the trial, which specified the acquisition
variables and the acceptable characteristics of the ma-
chine [16-18]. All computed tomography (CT) scans
were performed on double row spiral CT (Somatom
Emotion Duo, Siemens, Germany). Thin slice scanning
with 1 mm was performed on the local lesions. All scans
were obtained using a low-dose regimen, with the ma-
chine set at 120 kVp, 16 (20 mA/0.8 s) ~40 (50 mA/0.8



Ji et al. BMC Cancer (2021) 21:50

s) mAs, pitch <1 cm, and 0.8 s rotation time. Chest ra-
diographs were obtained with the use of digital equip-
ment. All the machines used for screening met the
technical standards [4].

Radiologic technologists and radiologists were certified
by appropriate agencies. Radiologic technologists com-
pleted training in image acquisition. Radiologists also
completed training in standardized image interpretation.
Two radiologists with at least 5years of experience in
thoracic radiology assessed all chest images independ-
ently. Images were assessed first in isolation and then in
comparison with available historical and screening im-
ages. The comparative analysis was used to determine
the outcome of the chest examination. When the inter-
pretations of these two radiologists were different, they
need to analyze repeatedly and negotiated the judgment.
In addition, at least two qualified respiratory medicine
and chest tumor experts from our hospital formed a
diagnosis team. Based on the recommendation of radiol-
ogists and other results of physical examination, the
diagnosis team made a further plan of intervention treat-
ment. LDCT scans that could reveal any non-calcified
nodule with at least 4 mm diameter were classified as
positive, suspected lung cancer. Other abnormalities
such as obstructive atelectasis, soft tissue or patchy
clouding opacity could be classified as a positive result
as well.

Medical-record abstraction

Data regarding diagnostic evaluation procedures and any
associated complications for patients with positive
screening tests and lung cancer were extracted from the
medical records. At the same time, the pathology reports
and records of operation and treatment of patients with
lung cancer were also obtained. Metastatic lung cancer
was excluded. The classification of histologic characteris-
tics of the lung cancer were conducted according to the
International Classification of Diseases for Oncology,
3rd Edition (ICD-O-3) [19], and the clinical stages were
conducted according to the eighth edition of the Cancer
Staging Manual of the American Joint Committee on
Cancer (AJCC) [20].

Vital status

We have trained professionals to follow-up. A special
follow-up team is responsible for ascertaining probable
vital status and determining whether the cause of death
was lung cancer. We have carefully distinguished be-
tween lung cancer-related deaths and those caused by
diagnostic evaluation or treatment of lung cancer.

Statistical analysis
SPSS was adopted for statistical analysis. Comparisons
between the group of patients with lung cancer and the
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group of patients without lung cancer were calculated by
the chi-square test (categorical data) or the T-test (nu-
merical data). P value <0.05 was considered as statisti-
cally significant. Survival analysis was performed by
Kaplan-Meier with ungrouped data.

Results

Characteristics of the participants

The 15,996 subjects completed baseline lung screening
with LDCT from June 30, 2006 through June 30, 2017.
The baseline demographic characteristics of the 15,996
participants are summarized in Table 1. The age of par-
ticipants was distributed in all ages, but it was mainly
over 40years old. 11,247 (70.3%) individuals did not
smoke.

Positive results of screening

In the lung cancer screening with LDCT, positive results
are shown in Table 2. Of the 15,996 participants with
physical examination who completed the baseline
screening, 6779 subjects had at least one positive finding,
with a positive rate of 42.4% (Table 2).

Incidence of lung cancers

The detection rates of lung cancer are summarized in
Table 2. A total of 142 cases of lung cancer were
screened out from the health examination population
initially recruited in this research, the detection rate of
lung cancer was 2.1%, and the false positive rate was
97.9% (Table 2).

We conducted this analysis in high-risk population of
lung cancer. The analysis showed that based on the
guidelines of the lung cancer screening proposed by the
USPSTF [5, 6], of the 142 cases of lung cancer, 72 pa-
tients were aged 55-80, and 70 patients did not meet
the age-standard (Table 3). In addition, the proportion
of patients who met the smoking and quit-smoking stan-
dards were 8.5 and 2.1% respectively (Table 3). Only 13
cases of lung cancer met all criteria of screening
(Table 3). The rate of missed diagnosis was as high as
90.8% according to the guideline of the lung cancer
screening proposed by the USPSTF (Table 3).

Moreover, we did the similar research in high-risk
population of lung cancer based on the Chinese screen-
ing guidelines. According to the guidelines of the lung
cancer screening in China [7], of the 142 cases of lung
cancer, the proportion of patients who met the stan-
dards, including age, smoking, tumor history and
chronic lung diseases, was 53.5, 12.7, 18.3 and 14.7%, re-
spectively (Table 4). Just 25.4% people with lung cancer
met all criteria of this guideline. The rate of missed diag-
nosis was 74.7% (Table 4).
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Table 1 Selected Baseline Characteristics of the Study Participants
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Parameter Male, n (%) Female, n (%) Total, n (%)
Total 9801 (61.3) 6195 (38.7) 15,996 (100.0)
Age at inclusion (years)® 5126 £14.76 4880+ 14.76 50.31 £ 14.81
<30 545 (5.56) 586 (9.5) 1131 (7.0)
30~ 1(13.9 872 (14.1) 2233 (14.0)
40~ 9(318) 2224 (35.9) 5343 (334)
50~ 2363 (24.1) 1196 (19.3) 3559 (22.2)
60~ 1033 (10.5) 605 (9.8) 1638 (10.2)
70~ 832 (8.5) 475 (7.7) 1307 (8.2)
280 548 (5.6) 237 (38) 785 (5.0)
Smoking status

smoking 4697 (47.9) 52(0.8) 4749 (29.7)

non-smoking 5104 (52.1) 6143 (99.2) 11,247 (70.3)

Smoking volume (pack year)® 19.24 +14.84 13.95 +25.04 19.20+14.93

<10 894 (19.0) 13 (25.0) 907 (19.1)

10~ 1080 (23.0) 8 (154) 1088 (23.0)

20~ 841 (17.9) 1(1.9 842 (17.7)

30~ 488 (104) 1(1.9 489 (10.3)

40~ 225 (4.8) 0 (0) 225 (4.7)

50~ 45 (1.0) 0 (0) 45 (0.9)

260 100 (2.1) 1019 101 (2.1)

Unknown 1024 (21.8) 28 (53.8) 1052 (22.2)
Family history of lung cancer

Yes 163 (87.2) 81 (84.6) 401 (2.5)

No 24(12.8) 33 (154) 15,595 (97.5)
Chronic lung disease®

Yes 5868 (59.9) 3450 (55.7) 9318 (58.3)

No 3933 (40.1) 2745 (44.3) 6678 (41.7)

? Values are presented as mean + SD (range). b
pulmonary tuberculosis and other respiratory diseases

Analysis of high-risk factors in lung cancer stratified by
gender

Previous studies have shown that there were differences
in the high-risk factors of lung cancer between different
genders [10, 21, 22]. Therefore, we further investigated
the high-risk factors of lung cancer by gender. As shown
in Table 5, age and smoking status were high-risk factors
of lung cancer in women, while in men, besides these
factors, there were some other high-risk factors, such as
COPD, diffuse pulmonary fibrosis, and previous history
of malignant tumor (all P <0.05). In addition, we found
that the detection rate of lung cancer in women was
1.1%, significantly higher than that in men 0.7% (P=
0.021) (Table 5). In order to explore the correlation be-
tween different age stages and lung cancer, we further
analyzed the risk factor of age (Table 5). The proportion
of lung cancer in men under 50, 50-55, 55-75, 75-80

Chronic lung diseases include the chronic obstructive pulmonary disease, diffuse pulmonary fibrosis, history of

and over 80 years old were 23.2, 11, 42.5, 12.3 and 11.0%
respectively, and those in women were 33.3, 14.5, 334,
8.7, 10.1% respectively (Table 5). At the same time, we
also found that among patients with lung cancer in male,
the proportion of smokers was 75%, and that in female
lung cancer cases was only 5.8% (Table 5).

Mortality

Participants were followed-up from January 1, 2007 to
January 31, 2020. The shortest follow-up time was 2.5
years, and the longest was 13 years. Up to the end of
follow-up, 963 people lost their visit, the rate of which
was 6.0%. There were 18 deaths of all the patients with
lung cancer. The mortality rate was 12.7%. Lung cancer
accounted for 55.5% of all the deaths in the study
(Table 6). In addition, we plotted survival curves for pa-
tients with lung cancer (Fig. 1).
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Table 2 Results of Screening

Parameter Health Examination
Population
n(%)

Total No. Screened 15,996

Positive Result 6779 (42.4)

Lung cancer confirmed 142 (2.1)

TO® 86 (1.9)

T 31 (1.9

T2 20 (3.9

T3 4 (35)

T4 1(4.2)

Lung cancer not confirmed 6637 (97.9%)

T0° 4441 (98.1)

T 1574 (98.1)

T2 490 (96.1)

T3 109 (96.5)

T4 23 (95.8)

Negative Result 9217 (57.6)

? The screenings were performed at 1-year intervals, with the first screening
(TO) performed soon after the time of randomization

Discussion
The current lung cancer screening guidelines define
high-risk groups in terms of age, smoking and so on [5-
7, 23]. However, the high-risk factors of lung cancer are
different between countries and regions [5-7, 23]. In
order to know whether the current screening guidelines
of lung cancer will cause missed diagnosis of lung cancer
cases in the health examination population, we firstly
conducted a real-world study using these screening
guidelines in this Chinese population. Our results sug-
gested that the current screening guidelines of lung can-
cer might miss some of the high-risk population in the
health examination population. Several factors as follow-
ing may contribute to this.

On the one hand, of 142 patients with lung cancer in
our study, non-smokers accounted for 67.6%. In female
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patients with lung cancer, the proportion of non-
smokers was even as high as 94.2%. Recently, a study in
South Korea had reported that 84 (40.6%) out of 207 pa-
tients with lung cancer were never-smokers [24]. More-
over, a study in Japan also showed that 49.6% of patients
with lung cancer occurring in never smokers might be
missed if we only adopted the National Lung Screening
Trial (NLST) criterion of smokers with >30 pack-years
of smoking [25]. The different proportion of lung cancer
in never smokers is probably due to different smoking
prevalence of East Asian females with lung cancer (9.9%
in South Korea, 17-25.6% in Japan, and 5.2% in China),
which was significantly lower than that in Caucasian fe-
male patients (ranging from 53 to 91%) [26—33]. There-
fore, this may be the main reason why the missed
diagnosis rate of lung cancer in this study is higher than
that in previous studies abroad [10, 26-34]. Although
there were differences in the proportion of non-smoking
patients with lung cancer in different countries, they all
accounted for a high proportion. Therefore, according to
the current lung cancer screening guidelines, this part of
lung cancer cases will be missed diagnosis, especially fe-
male patients. Researches have shown that the inci-
dence of lung cancer is related to many factors
including genetic factors, smoking, environmental ex-
posure, air pollution, and so on [9, 35-42]. Generally,
the vast majority (80%) of lung cancer cases are attrib-
utable to tobacco smoking [43, 44]. However, the global
statistics estimate that 25% of all lung cancer cases
worldwide are not due to smoking [10]. With the suc-
cessful implementation of prevention and cessation
programs of smoking, the proportion of lung cancer in
non-smokers is expected to increase [8]. In addition,
the epidemiological differences in lung cancer incidence
and risk factors between Chinese and US populations
suggest that inclusion of ambient air pollution exposure
and gender into lung cancer risk prognostic models
might better capture high-risk individuals, especially for
non-smoking women [45]. Recently, a predicting lung
cancer occurrence in never-smoking Asian females has
been proposed [46].

Table 3 The results of lung cancer screening according to the USPSTF screening guidelines

Parameter

Number of lung cancer (n = 142)

Met the inclusion criteria, n(%)

Not met the inclusion criteria, n(%)

Age at inclusion (years)

A.55~80 72 (50.7)
Smoking volume (pack year)

B.= 30 12 (85)
Quit smoking time (years)

C.< 15 321
AB or AC 13(9.2)

70 (49.3)

130 (91.5)

139 (97.9)
129 (90.8)
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Table 4 The results of lung cancer screening according to the Chinese screening guidelines

Parameter Number of lung cancer (n = 142)

Met the inclusion criteria, n(%) Not met the inclusion criteria, n(%)

Age at inclusion (years)

A.50~75 76 (53.5) 66 (46.5)
Smoking volume (pack year)®

B. 220 18 (12.7) 124 (87.3)
History of cancer®

C. Yes 26 (18.3) 116 (81.7)
Chronic lung disease®

D. Yes 45 (14.7) 145 (85.3)
ABorCorD) 36 (254) 106 (74.7)

2This includes current smoking and quitting smoking less than 15 years. ®This includes a history of cancer or a family history of lung cancer. This includes the
chronic obstructive pulmonary disease, diffuse pulmonary fibrosis, history of pulmonary tuberculosis and other respiratory diseases

Table 5 Analysis of high-risk factors in lung cancer stratified by gender

Characteristic Male Female
Patients with Patients without P value Patients with Patients without P value
lung cancer, lung cancer, lung cancer, lung cancer,
n(%) n(%) n(%) n(%)
Total 73 (0.7) 9728 (99.3) 69 (1.1) 6126 (98.9) 0021°
Age (years) ° 62.10£13.51 5118+ 14.74 <0.0001 5917+1344 4869+ 14.73 < 0.0001
<30 0 545 (5.6) 0(0) 586 (9.6)
30~ 0(0) 627 (6.4) 0(0) 397 (6.5)
35~ 2(27) 732 (7.5) 1014 474 (7.7)
40~ 6 (8.2) 1497 (154) 8 (11.6) 1158 (18.9)
45~ 9(123) 1607 (16.5) 14 (20.3) 1044 (17.0)
50~ 8 (11.0) 1288 (13.2) 10 (14.5) 710 (11.6)
55~ 4 (5.5) 1063 (10.9) 4(58) 472 (7.7)
60~ 7 (9.6) 591 (6.1) 6 (8.7) 363 (5.9)
65~ 13 (17.8) 422 (4.3) 5(7.2) 231 (37)
70~ 7 (96) 446 (4.6) 8 (11.6) 192 (3.1)
75~ 9(123) 370 (3.8) 6 (8.7) 269 (4.4)
80~ 8 (11.0) 540 (5.6) 7 (10.1) 230 (3.8)
Smoking history 55 (75.3) 5299 (54.5) 0.000 4 (58) 52 (0.8) 0.003
Chronic obstructive pulmonary disease 24 (32.9) 1821 (18.7) 0002 9(13.0) 606 (9.9) 0384
Diffuse pulmonary fibrosis 17 (23.3) 1440 (14.8) 0042 6(87) 732 (11.9) 0.407
Previous pulmonary tuberculosis 4 (5.5) 357 37) 0346 1 (14) 168 (2.7) 1.000
Previous history of malignant tumor 11 (15.1) 268 (2.8) <0.0001 12 (174) 691 (11.3) 0112
Family history of cancer 5(6.8) 723 (74) 0.850 10 (14.5) 751 (12.3) 0574
Number of first-degree relatives with cancer 5(6.9) 653 (6.7) 0371 10 (145) 655 (10.7) 0478
Family history of lung cancer 2(27) 185 (1.9) 0651 1014 213 (3.5) 0.733
Number of first-degree relatives with lung 1(14) 162 (1.7) 0287 1014 180 (2.9) 0.888
cancer

Values are reported as mean + SD (range). ®The detection rate of lung cancer in women is compared with that in men.
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Table 6 Causes of Death among Lung Cancer Patients
Cause of Death ?

Number/Total number (%)

Neoplasm of bronchus and lung 10/18 (55.5)
Respiratory illness 4/18 (22.2)
Multiple organ failure 3/18 (16.7)
Other 1/18 (5.6)

®Causes of death were categorized according to the codes in the International
Classification of Diseases, 10th Revision (ICD-10)

On the other hand, of all lung cancers detected in our
study, 28.1% patients were younger than 50 years, and
10.6% patients were older than 80 years. After further
analysis by age and gender, we found that according to
the age standard of lung cancer screening guidelines in
China, the proportion of patients with lung cancer in
men who met the criterion was 53.5%, and that in
women was 47.9%. In other words, according to the
Chinese standards, the proportion of male and female
patients with lung cancer missed diagnosis were 46.5
and 52.1% respectively. In addition, according to age
standard of lung cancer screening guidelines recom-
mended by USPSTF, the proportion of lung cancer cases
in male who met the criterion was 54.8%, and that in fe-
male was 42.1%. That is to say, based on the American
Standards, the proportion of lung cancer cases missed
diagnosis in men and women were 45.2 and 57.9% re-
spectively. It can be seen that no matter which lung can-
cer screening guidelines you choose, there were many
patients with lung cancer missed according to the age
standard, especially female patients. Previous studies
showed that the incidence of lung cancer in young
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adults were around 1.2 to 6.2% (less than 40 years), 5.3%
(under 45 years), and 13.4% (less than 50 years) [47-51].
Therefore, with an increasing incidence of lung cancer
in young people, it have gradually become a disease
group that can not be ignored [52, 53].

In addition, our study found that compared with pa-
tients with lung cancer in male, female patients with
lung cancer have the following characteristics. Firstly,
the detection rate of lung cancer in women is higher
than that in men. Secondly, the prevalence of non-
smoking lung cancer in women was much higher than
that in men. Previous studies have also found that the
proportion of women with non-smoking lung cancer is
higher than that of men [10]. Global statistics estimate
that 53% of lung cancers in female and 15% in male are
not attributable to smoking [10]. Thirdly, the proportion
of young people among female patients with lung cancer
is higher than that among male patients with lung can-
cer. The feature in our study is consistent with earlier
result reported in previous studies [21, 22].

Meanwhile, the result showed that there was a high
rate of false positive in lung cancer screening with LDCT
in our study. This was consistent with the results of the
National Lung Screening Trial (NLST) [4]. Most of the
false positive results might be due to the presence of
non-calcified granulomas or benign intrapulmonary
lymph nodes.

To our knowledge, this is the first real-world study to
explore whether the current lung cancer screening
guidelines are applicable to the health examination
population in China. The missed diagnosis rate is very
high whether using American or Chinese screening
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guidelines of lung cancer. Moreover, our study was a
real-world cohort study with large sample size. The re-
sults could reflect the real clinical situation comprehen-
sively and accurately. In this way, we could fully
understand the gap between the guidelines and practice,
and provide reference for the formulation and specifica-
tion of the guidelines.

Our research also has some limitations. First, the study
population mainly came from Chengdu and surrounding
areas. Relevant research that includes other regions is
needed. Second, our research population is mainly the
staff of enterprises and institutions. Personnel structure
is relatively single. We need to further enrich our
personnel structure to reflect the situation more realis-
tically. Finally, the follow-up time is too short to calcu-
late the 5-year and 10-year survival rates together. Thus,
we should extend the follow-up time to know the long-
term survival rate of lung cancer.

At present, the wide-spread clinical implementation of
LDCT is hampered by clinical and socio-economic limi-
tations, and access and adherence to LDCT screening
programmes in high-risk populations remains low [54].
New, more accessible screening methods might improve
uptake and adherence. Recently, emerging data on the
role of liquid biopsy in early-stage NSCLC suggested
that ctDNA analyses might allow lung cancer detection
and could be potentially integrated in currently screen-
ing programs [55].

Conclusions

This real-world study is the first research applied the
current lung cancer screening guidelines to the health
examination population in China. The results suggested
that the rate of missed diagnosis was very high. In
addition, our study also found that female patients with
lung cancer have some characteristics when compared
with patients with lung cancer in male. As shown in our
data, further study to determine screening guidelines for
targeted populations, is warranted.

Abbreviations

USPSTF: USS. preventive services task force; LDCT: Low-dose computed
tomography; CT: Computed tomography; COPD: Chronic obstructive
pulmonary disease; ICD-O-3: International classification of diseases for
oncology, 3rd edition; AJCC: American joint committee on cancer;
NLST: National lung screening trial

Acknowledgments
We thank all study participants for their cooperation.

Authors’ contributions

GJ and YH are responsible for writing, collecting data, analysis, interpretation,
revision and final approval of present article. TB, ZL, HT, DL, PY, WL are
responsible for collecting data, analysis and revision. All authors have read
and approved the final manuscript.

Funding
This manuscript was produced with the financial and other support of by
the Research Fund for the National Key R&D Program of China (Grant No.

Page 8 of 10

2017YFC0907501 and Grant No. 2017YFC0907504), National Natural Science
Foundation of China (Nos. 81871890, 91859203 to W Li), and Sichuan
International/Hong Kong, Macao and Taiwan Science and technology
innovation cooperation project: molecular imaging research on targeted
treatment of lung cancer (2018hh0161), Post-Doctor Research Project, West
China Hospital, Sichuan University (2019HXBHO085), Investigator-Initiated Clini-
caltrial, West China Hospital, Sichuan University (HXCR20001). The funding
agencies were not involved in the design and conduct of the study, nor in
the collection, management, analysis, and interpretation of the data. It was
not involved in the writing of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

The Ethics Committee of the West China Hospital of Sichuan University,
China, provided authorization for our study. Detailed information can be
obtained from file No.195 approved in 2019. Written informed consent was
obtained from each participant.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Health Management Center, West China Hospital, Sichuan University,
Chengdu, Sichuan, China. “Division of Pulmonary and Critical Care Medicine,
West China Hospital, Sichuan University, Chengdu, Sichuan, China. *Division
of Epidemiology, Department of Health Sciences Research, Mayo Clinic,
Rochester, MN, USA. “Department of Health Sciences Research, Mayo Clinic,
Scottsdale, AZ, USA. *Precision Medicine Research Center, West China
Hospital, Sichuan University, Chengdu, Sichuan, China. ®Frontiers Science
Center for Disease-related Molecular Network, Sichuan University, Chengdu,
Sichuan, China. “The Research Units of West China, Chinese Academy of
Medical Sciences, West China Hospital, Chengdu, Sichuan, China.

Received: 17 October 2020 Accepted: 17 December 2020
Published online: 11 January 2021

References

1. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin. 2018,68:394-424. https.//
doi.org/10.3322/caac.21492.

2. Woodard GA, Jones KD, Jablons DM. Lung Cancer staging and
prognosis. Cancer Treat Res. 2016;170:47-75. https://doi.org/10.1007/978-
3-319-40389-2_3.

3. Flehinger BJ, Kimmel M, Polyak T, Melamed MR. Screening for lung cancer.
The Mayo lung project revisited. Cancer. 1993;72:1573-80. https://doi.org/10.
1002/1097-0142(19930901)72:5< 1573 aid-cncr2820720514>3.0.c0;2-9.

4. Team NLSTR, Aberle DR, Adams AM, Berg CD, Black WC, Clapp JD, et al.
Reduced lung-cancer mortality with low-dose computed tomographic
screening. N Engl J Med. 2011,365:395-409. https://doi.org/10.1056/
NEJMoa1102873.

5. Moyer VA. US. preventive services task force. screening for lung cancer: US.
preventive services task force recommendation statement. Ann Intern Med.
2014;160:330-8. https://doi.org/10.7326/M13-2771.

6. US. Preventive Services Task Force. Lung cancer: screening.
Recommendation summary. www.uspreventiveservicestaskforce.org.
Published 2013 Accessed 2 May 2017.

7. Cardiothoracic group, radiology branch, Chinese Medical Association. Expert
consensus on low dose spiral CT lung cancer screening. Chin J Radiol. 2015:
328-335.

8. Sun'S, Schiller JH, Gazdar AF. Lung cancer in never smokers—a different
disease. Nat Rev Cancer. 2007;7:778-90. https://doi.org/10.1038/nrc2190.

9. Akhtar N, Bansal JG. Risk factors of lung Cancer in nonsmoker. Curr
Probl Cancer. 2017;41:328-39. https://doi.org/10.1016/j.currproblcancer.
2017.07.002.


https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1007/978-3-319-40389-2_3
https://doi.org/10.1007/978-3-319-40389-2_3
https://doi.org/10.1002/1097-0142(19930901)72:5<1573
https://doi.org/10.1002/1097-0142(19930901)72:5<1573
http://3.0.co
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.7326/M13-2771
https://www.uspreventiveservicestaskforce.org
https://doi.org/10.1038/nrc2190
https://doi.org/10.1016/j.currproblcancer.2017.07.002
https://doi.org/10.1016/j.currproblcancer.2017.07.002

Ji et al. BMC Cancer

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2021) 21:50

Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer
J Clin. 2005;55:74-108. https://doi.org/10.3322/canjclin.55.2.74.

Fidler MM, Gupta S, Soerjomataram |, Ferlay J, Steliarova-Foucher E, Bray F.
Cancer incidence and mortality among young adults aged 20-39 years
worldwide in 2012: a population-based study. Lancet Oncol. 2017;18:1579-
89. https://doi.org/10.1016/51470-2045(17)30677-0.

Kang HR, Cho JY, Lee SH, Lee YJ, Park JS, Cho YJ, et al. Role of low-
dose computerized tomography in lung Cancer screening among
never-smokers. J Thorac Oncol. 2019;14:436-44. https://doi.org/10.1016/].
jtho.2018.11.002.

Peng YM, Cui HJ, Xu YB, Liu DW, Song YZ, Duan Y. A study on the
incidence of lung cancer in the Sino-Japanese friendship hospital from 2005
to 2014. Chin Gen Pract. 2016;19:565-9.

Yang P, Wang Y, Wampfler JA, Xie D, Stoddard SM, She J, et al. Trends in
subpopulations at high risk for lung Cancer. J Thorac Oncol. 2016;11:194~
202. hitps//doi.org/10.1016/jjtho.2015.10.016

Wang Y, Midthun DE, Wampfler JA, Deng B, Stoddard SM, Zhang S,

et al. Trends in the proportion of patients with lung cancer meeting
screening criteria. JAMA. 2015;313:853-5. https://doi.org/10.1001/jama.
2015413,

Team NLSTR, Aberle DR, Berg CD, Black WC, Church TR, Fagerstrom RM,

et al. The National Lung Screening Trial: overview and study design.
Radiology. 2011;258:243-53. https.//doi.org/10.1148/radiol.10091808.
Cagnon CH, Cody DD, McNitt-Gray MF, Seibert JA, Judy PF, Cody DD.
Description and implementation of a quality control program in an
imaging-based clinical trial. Acad Radiol. 2006;13:1431-41.

Gierada DS, Garg K, Nath H, Strollo DC, Fagerstrom RM, Ford MB. CT quality
assurance in the lung screening study component of the National Lung
Screening Trial: implications for multicenter imaging trials. AJR Am J
Roentgenol. 2009;193:419-24. https.//doi.org/10.2214/AJR.08.1995.

Fritz A, Percy C, Jack A, et al. Eds. International classification of diseases for
oncology. 3rd. Geneva: World Health Organization; 2000.

Amin MB, Edge SB, Greene FL, et al, editors. AJCC Cancer staging manual.
8th ed. New York: Springer; 2017.

Houston KA, Henley SJ, Li J, White MC, Richards TB. Patterns in lung
cancer incidence rates and trends by histologic type in the United
States, 2004-2009. Lung Cancer. 2014;86:22-8. https://doi.org/10.1016/].
lungcan.2014.08.001.

Lewis DR, Check DP, Caporaso NE, Travis WD, Devesa SS. US lung cancer
trends by histologic type. Cancer. 2014;120:2883-92. https://doi.org/10.1002/
cncr.28749.

Field JK, Smith RA, Aberle DR, Oudkerk M, Baldwin DR, Yankelevitz D, et al.
International Association for the Study of Lung Cancer computed
tomography screening workshop 2011 report. J Thorac Oncol. 2012;7:10-9.
https://doi.org/10.1097/JT0.00013e31823c58ab.

Kim YW, Kang HR, Kwon BS, Lim SY, Lee YJ, Park JS, et al. Low-dose chest
computed tomographic screening and invasive diagnosis of pulmonary
nodules for lung cancer in never-smokers. Eur Respir J. 2020;56:2000177.
https://doi.org/10.1183/13993003.00177-2020.

Kakinuma R, Muramatsu Y, Asamura H, Watanabe S, Kusumoto M, Tsuchida
T, et al. Low-dose CT lung cancer screening in never-smokers and smokers:
results of an eight-year observational study. Transl Lung Cancer Res. 2020;9:
10-22. https://doi.org/10.21037/tlcr.2020.01.13.

Zhou F, Zhou C. Lung cancer in never smokers-the East Asian
experience. Transl Lung Cancer Res. 2018;4:450-63. https://doi.org/10.
21037/tlcr.2018.05.14.

Cho J, Choi SM, Lee J, Lee CH, Lee SM, Kim DW, et al. Proportion and
clinical features of never-smokers with non-small cell lung cancer. Chin J
Cancer. 2017;36:20. https://doi.org/10.1186/540880-017-0187-6.

Yano T, Miura N, Takenaka T, et al. Never-smoking nonsmall cell lung cancer
as a separate entity: clinicopathologic features and survival. Cancer. 2008;
113(5):1012-8. https://doi.org/10.1002/cncr.23679.

Kosaka T, Yatabe Y, Endoh H, Kuwano H, Takahashi T, Mitsudomi T.
Mutations of the epidermal growth factor receptor gene in lung cancer:
biological and clinical implications. Cancer Res. 2004;64:8919-23. https://doi.
0rg/10.1158/0008-5472.CAN-04-2818.

Tam 1Y, Chung LP, Suen WS, Wang E, Wong MC, Ho KK; et al. Distinct
epidermal growth factor receptor and KRAS mutation patterns in non-small
cell lung cancer patients with different tobacco exposure and
clinicopathologic features. Clin Cancer Res. 2007;12:1647-53. https://doi.org/
10.1158/1078-0432.CCR-05-1981.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51

Page 9 of 10

Hsu LH, Chu NM, Liu CC, Tsai SYC, You DL, Ko JS, et al. Sex-associated
differences in non-small cell lung cancer in the new era: is gender an
independent prognostic factor? Lung Cancer. 2009;66:262-7. https://doi.org/
10.1016/j.lungcan.2009.01.020.

Mitsudomi T. Molecular epidemiology of lung cancer and geographic
variations with special reference to EGFR mutations. Transl Lung Cancer Res.
2014;3:205-11. https://doi.org/10.3978/j.issn.2218-6751.2014.08.04.

Kobrinsky NL, Klug MG, Hokanson PJ, Sjolander DE, Burd L. Impact of
smoking on cancer stage at diagnosis. J Clin Oncol. 2003;21:907-13. https;//
doi.org/10.1200/JC0.2003.05.110.

Ravipati HP, Mankikar R, Charaf C, Foreman M, Flenaugh E. Current lung
Cancer screening guidelines may exclude high risk populations. Chest. 2014;
146:593A.

Matakidou A, Eisen T, Houlston RS. Systematic review of the relationship
between family history and lung cancer risk. Br J Cancer. 2005,93:825-33.
https://doi.org/10.1038/5].bjc.6602769.

Spitz MR, Hong WK, Amos Cl, Wu X, Schabath MB, Dong Q, et al. A risk
model for prediction of lung cancer. J Natl Cancer Inst. 2007,99:715-26.
https://doi.org/10.1093/jnci/djk153.

Timofeeva MN, Hung RJ, Rafnar T. Influence of common genetic
variation on lung cancer risk: meta-analysis of 14 900 cases and 29
485 controls. Hum Mol Genet. 2012;21:4980-95. https://doi.org/10.
1093/hmg/dds334.

Ahrendt SA, Chow JT, Yang SC, Wu L, Zhang MJ, Jen J, et al. Alcohol
consumption and cigarette smoking increase the frequency of p53
mutations in non-small cell lung cancer. Cancer Res. 2000;,60:3155-9.

Ragin C, Obikoya-Malomo M, Kim S, Chen Z, Flores-Obando R, Gibbs
D, et al. HPV-associated lung cancers: an international pooled analysis.
Carcinogenesis. 2014;35:1267-75. https://doi.org/10.1093/carcin/
bgu038

Castro CY, Ostrowski ML, Barrios R, Green LK, Popper HH, Powell S, et al.
Relationship between Epstein-Barr virus and lymphoepithelioma-like
carcinoma of the lung: a clinicopathologic study of 6 cases and review of
the literature. Hum Pathol. 2001;32:863-72. https://doi.org/10.1053/hupa.
2001.26457.

Shebl FM, Engels EA, Goedert JJ, Chaturvedi AK. Pulmonary infections and
risk of lung cancer among persons with AIDS. J Acquir Immune Defic Syndr.
2010;55:375-9. https://doi.org/10.1097/QAI.0b013e3181eef4f7.

Kerr A, Eliason JF, Wittliff JL. Steroid receptor and growth factor receptor
expression in human nonsmall cell lung cancers using cells procured by
laser-capture microdissection. Adv Exp Med Biol. 2008;617:377-84. https//
doi.org/10.1007/978-0-387-69080-3_36.

Doll R, Hill AB. Smoking and carcinoma of the lung. Preliminary report. 1950.
Bull World Health Organ. 1999;77:84-93.

Gandini S, Botteri E, lodice S, Boniol M, Lowenfels AB, Maisonneuve P, et al.
Tobacco smoking and cancer: a meta-analysis. Int J Cancer. 2008;122:155-
64. https://doi.org/10.1002/ijc.23033.

Yang D, Liu Y, Bai CX, Wang XD, Powell CA. Epidemiology of lung
cancer and lung cancer screening programs in China T and the
United States. Cancer Lett. 2020;468:82-7. https://doi.org/10.1016/j.
canlet.2019.10.009.

Chien LH, Chen CH, Chen TY, Chang GC, Tsai YH, Hsiao CF, et al. Predicting
lung Cancer occurrence in never-smoking females in Asia: TNSF-5Q, a
prediction model. Cancer Epidemiol Biomark Prev. 2020;29:452-9. https://
doi.org/10.1158/1055-9965.EPI-19-1221.

Zhang J, Chen SF, Zhen Y, Xiang J, Wu C, Bao P, et al. Multicenter analysis
of lung cancer patients younger than 45 years in Shanghai. Cancer. 2010;
116:3656-62. https.//doi.org/10.1002/cncr.25100.

Subramanian J, Morgensztern D, Goodgame B, Baggstrom MQ, Gao F,
Piccirillo J, et al. Distinctive characteristics of non-small cell lung cancer
(NSCLQ) in the young: a surveillance, epidemiology, and end results (SEER)
analysis. J Thorac Oncol. 2010;5:23-8. https//doi.org/10.1097/JT0.
0b013e3181c41e8d.

Kuo CW, Chen YM, Chao JY, Tsai CM, Perng RP. Non-small cell lung cancer
in very young and very old patients. Chest. 2000;117:354-7. https.//doi.org/
10.1378/chest.117.2.354.

Liam CK, Lim KH, Wong CM. Lung cancer in patients younger than 40 years
in a multiracial Asian country. Respirology. 2000:355-61.

Ak G, Metintas M, Metintas S, Yildirim H, Erginel S, Alatas F. Lung cancer in
individuals less than 50 years of age. Lung. 2007;185:279-86. https://doi.org/
10.1007/500408-007-9021-2.


https://doi.org/10.3322/canjclin.55.2.74
https://doi.org/10.1016/S1470-2045(17)30677-0
https://doi.org/10.1016/j.jtho.2018.11.002
https://doi.org/10.1016/j.jtho.2018.11.002
https://doi.org/10.1016/j.jtho.2015.10.016
https://doi.org/10.1001/jama.2015.413
https://doi.org/10.1001/jama.2015.413
https://doi.org/10.1148/radiol.10091808
https://doi.org/10.2214/AJR.08.1995
https://doi.org/10.1016/j.lungcan.2014.08.001
https://doi.org/10.1016/j.lungcan.2014.08.001
https://doi.org/10.1002/cncr.28749
https://doi.org/10.1002/cncr.28749
https://doi.org/10.1097/JTO.0b013e31823c58ab
https://doi.org/10.1183/13993003.00177-2020
https://doi.org/10.21037/tlcr.2020.01.13
https://doi.org/10.21037/tlcr.2018.05.14
https://doi.org/10.21037/tlcr.2018.05.14
https://doi.org/10.1186/s40880-017-0187-6
https://doi.org/10.1002/cncr.23679
https://doi.org/10.1158/0008-5472.CAN-04-2818
https://doi.org/10.1158/0008-5472.CAN-04-2818
https://doi.org/10.1158/1078-0432.CCR-05-1981
https://doi.org/10.1158/1078-0432.CCR-05-1981
https://doi.org/10.1016/j.lungcan.2009.01.020
https://doi.org/10.1016/j.lungcan.2009.01.020
https://doi.org/10.3978/j.issn.2218-6751.2014.08.04
https://doi.org/10.1200/JCO.2003.05.110
https://doi.org/10.1200/JCO.2003.05.110
https://doi.org/10.1038/sj.bjc.6602769
https://doi.org/10.1093/jnci/djk153
https://doi.org/10.1093/hmg/dds334
https://doi.org/10.1093/hmg/dds334
https://doi.org/10.1093/carcin/bgu038
https://doi.org/10.1093/carcin/bgu038
https://doi.org/10.1053/hupa.2001.26457
https://doi.org/10.1053/hupa.2001.26457
https://doi.org/10.1097/QAI.0b013e3181eef4f7
https://doi.org/10.1007/978-0-387-69080-3_36
https://doi.org/10.1007/978-0-387-69080-3_36
https://doi.org/10.1002/ijc.23033
https://doi.org/10.1016/j.canlet.2019.10.009
https://doi.org/10.1016/j.canlet.2019.10.009
https://doi.org/10.1158/1055-9965.EPI-19-1221
https://doi.org/10.1158/1055-9965.EPI-19-1221
https://doi.org/10.1002/cncr.25100
https://doi.org/10.1097/JTO.0b013e3181c41e8d
https://doi.org/10.1097/JTO.0b013e3181c41e8d
https://doi.org/10.1378/chest.117.2.354
https://doi.org/10.1378/chest.117.2.354
https://doi.org/10.1007/s00408-007-9021-2
https://doi.org/10.1007/s00408-007-9021-2

Ji et al. BMC Cancer

52.

53.

54.

55.

(2021) 21:50

Strand TE, Malayeri C, Eskonsipo PKJ, Grimsrud TK, Norstein J, Grotmol T.
Adolescent smoking and trends in lung cancer incidence among young
adults in Norway 1954-1998. Cancer Causes Control. 2004;15:27-33. https.//
doi.org/10.1023/B:CAC0O.0000016575.31651.b0.

Marugame T, Yoshimi |, Kamo K, Imamura Y, Kaneko S, Mizuno S, et al.
Trends in lung cancer mortality among young adults in Japan. Jpn J Clin
Oncol. 2005;35:177-80. https.//doi.org/10.1093/jjco/hyi054.

Okereke IC, Nishi S, Zhou J, Goodwin JS. Trends in lung cancer screening in
the United States, 2016-2017. J Thorac Dis. 2019;11:873-81. https://doi.org/
10.21037/jtd.2019.01.105.

Rolfo C, Russo A. Liquid biopsy for early stage lung cancer moves ever
closer. Nat Rev Clin Oncol. 2020;17:523-4. https://doi.org/10.1038/s41571-
020-0393-z.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1023/B:CACO.0000016575.31651.b0
https://doi.org/10.1023/B:CACO.0000016575.31651.b0
https://doi.org/10.1093/jjco/hyi054
https://doi.org/10.21037/jtd.2019.01.105
https://doi.org/10.21037/jtd.2019.01.105
https://doi.org/10.1038/s41571-020-0393-z
https://doi.org/10.1038/s41571-020-0393-z

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Trial oversight
	Participants
	Guidelines
	Screening
	Medical-record abstraction
	Vital status
	Statistical analysis

	Results
	Characteristics of the participants
	Positive results of screening
	Incidence of lung cancers
	Analysis of high-risk factors in lung cancer stratified by gender
	Mortality

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

