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Abstract
Background: Lung cancer is the leading cause of cancer-related death and has
become an enormous economic burden in China. Low-dose spiral computed
tomography (LDCT) screening could reduce lung cancer mortality. The feasibility
of conducting a population-based lung cancer screening with LDCT in China is
uncertain.
Methods: In 2010, a demonstration program of lung cancer screening was initiated
in China. High-risk individuals were enrolled in a cluster sampling design in differ-
ent centers. Participants received baseline and annual screening with spiral CT and
follow-up information was collected. The objective of this program is to evaluate the
feasibility of conducting population-based LDCT lung cancer screening in the
Chinese context. The rates of detection, early diagnosis and treatment are defined as
indicators of program performance. The optimal management strategies for
nodules are explored in the Chinese context based on experiences in other studies
overseas.
Results: A demonstration program of ongoing prospective, multi-center,
population-based lung cancer screening is being performed in China.
Conclusions: This demonstration program will provide opportunities to explore
the feasibility of LDCT lung cancer screening in the Chinese setting.

Introduction

Lungcancer is the leadingcauseof cancer-relateddeathworld-
wide.1 In China, according to Third National Death Survey
conducted in 2004–2005, lung cancer mortality has increased
465% during the past 30 years.2 Lung cancer has become an
enormous economic burden in China. Based on data in the
China StatisticalYearbook,it was estimated that the total inpa-
tient cost increased from $2.16 billion to $6.33 billion from
1999 to 2005, with an average annual increase of 16.15%.3

Several risk factors, including smoking, involuntary
smoking, occupational exposure, indoor radon, genetics, and
previous lung disease contribute to lung cancer death.4–11

Among these, smoking is the major cause of lung cancer,
accounting for 75.04% of male and 18.35% of female lung
cancer deaths in China.12 Though smoking control is the most
effective measure for the primary prevention of lung cancer,
an upward trend of lung cancer incidence and mortality is
still expected in future decades in China because of the high
prevalence of smoking.
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Lung cancer survival is closely related to the stage at diag-
nosis, that is, its prognosis is more favorable when diagnosed
at an earlier stage. This provided a rationale for lung cancer
screening. Since the 1960s, several randomized controlled
trials (RCTs) of lung cancer screening with chest radiograph
and/or sputum cytology have been conducted, but have
shown no benefit in a reduction to the mortality of lung
cancer.13–15 These results were confirmed by the Prostate,
Lung, Colorectal and Ovarian (PLCO) Cancer Screening
Program.16 Compared with chest radiograph, low dose spiral
computed tomography (LDCT) is three to four times more
sensitive to lung cancer detection, and lung cancers detected
by LDCT had better stage distribution and patient rates of
survival.17,18 Most importantly, results of the National Lung
Cancer Screening Program (NLST) have demonstrated a 20%
reduced lung cancer mortality with LDCT among heavy
smokers.19 Based on this result, some medical organizations
have revised the guidelines for lung cancer screening.20–23 In
2010, a demonstration program of population-based lung
cancer screening was initiated in China; the objective of
this program is to evaluate the feasibility of conducting
population-based LDCT lung cancer screening in the
Chinese context.

Materials and methods

Overall design

Initiated in 2010, this demonstration program is an ongoing
prospective, multi-center observational study of screening
with LDCT. During 2010 to 2013, there were two study
centers: Dagang Oilfield in Tianjin and Xuanwei City in
Yunnan Province. The number of centers will be expanded
and cover several regions including Beijing City and Sichuan
Province in 2013 and 2014, respectively. In each center, par-
ticipants with high lung cancer risk are enrolled based on a
cluster sampling design.

In this program, the rates of detection, early diagnosis and
treatment are defined as indicators of program performance.

Optimal management strategies for nodules and healthcare
utilization are explored in the Chinese context based on the
results of other studies overseas. In addition, we will investi-
gate the effect of screening on smoking cessation. If possible,
we will search and validate the biomarkers of early lung
cancer in the screening cohort and evaluate whether early
lung cancer biomarkers can augment LDCT accuracy and
reduce the aftereffect of high false positive LDCT results.

Methods

Organization and implementation of
the program

The administration of this program includes three levels: the
Cancer Foundation of China, on behalf of the Disease Preven-
tion and Control Bureau of the Ministry of Health; the
Provincial Department of Public Health; and the County
Department of Public Health. The program is conducted in
local hospitals at county level and national and provincial
experts provide academic support. Figure 1 illustrates the
organization and implementation of the program. The
Cancer Foundation of China Institutional Review Board
approved this study.

Participants

In order to ensure efficiency, lung cancer screening is con-
ducted among high-risk populations. In this program, the
criteria for high-risk population are defined according
to smoking history, age distribution, and other risk factors in
different regions and centers. For example, at the Dagang
Oilfield center, participants are staff aged between 50–74 and
with at least 20 pack-years smoking history, while at the
Xuanwei center, indoor air pollution is also considered as
inclusion criteria because of the high incidence of lung cancer
in females, mainly caused by domestic coal use.24 Individuals
who have a history of cancer within the last five years (with
the exception of non-melanoma skin cancer, cervical
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Figure 1 Organization and implementation of lung cancer screening program.
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carcinoma in situ, and localized prostate cancer), cannot tol-
erate possible lung cancer resection, or with life threatening
disease are excluded from this program.

Screening procedure

Informed consent

All participants are required to attend an informed consent
meeting. Program staff explain the aim and significance, ben-
efits, and potential hazards of the screening. Staff read the
informed consent form and answer participants’ questions.
All participants sign the informed consent on a voluntary
basis.

Baseline survey

Participants then fill out an information questionnaire,
which includes basic personal information, lifestyle, previous
medical history, and family history of cancer. The IDs of par-
ticipants who followed up are the same at baseline as at follow
up, and the period of follow-up time will be stated.

Low-dose spiral computed tomography
(LDCT) scan

Scan parameters: 120kVp; 30mAs; 350 mm scan length; 3.7
seconds scan time; reconstruction slice thicknesses contigu-
ous 0.625–1.25 mm (slice interval is 0), if the conditions are
not adequate, a contiguous 5 mm thick reconstruction slice
thickness can be adopted. Scan range: from apex pulmonis to
costophrenic angle (all lung regions are scanned). The CT
scan will be completed at the end of an inhalation within a
single breath-hold. Images of contiguous 5 mm axial slices
and 0.625–1.25 mm –thickness thin-slice reconstructions are
transmitted to the Picture Archiving and Communication
System (PACS) or are archived by disc burning.

Image observation

Images are read by senior radiologists who examine the stan-
dard lung window, the bone window, and the mediastinal
window. The width of the lung window is usually 1600HU
∼ 2000HU, and window level is −600HU ∼ –700HU. Two
senior radiologists in each center independently view scans,
and a provincial expert panel resolves any differences.

Nodule measurements

The length and width diameters are measured by electronic
ruler at the maximum cross-section (note: length diameter
refers to the maximum diameter of the largest cross-section,
and width diameter refers to the diameter perpendicular to

the maximum diameter). The high-risk population receives
LDCT at baseline, and then an annual screening scan. Flow-
charts of baseline screening, nodule management in baseline
screening, and a flowchart of annual screening are shown in
Figures 2–4.

Nodule management and follow up

Nodules detected by LDCT are classified into two groups:
definitely benign or calcified nodules, and uncertain or non-
calcified nodules. The latter groups are followed up according
to the properties and size of the nodules.

Nodule detected in baseline screening

Participants with solid or part-solid nodules <5 mm in diam-
eter, or non-solid nodules <8 mm in diameter, participate in
annual screening. For those have solid or part-solid nodules
5–14 mm in diameter or non-solid nodules 8–14 mm in
diameter, follow-up is by routine CT three months later. If
nodules are determined to be growing in size, clinical consul-
tation by a senior clinical expert, a radiologist, and a patholo-
gist is recommended to determine the necessity of clinical
intervention. If no growth is detected, participants are recom-
mended for re-screening in the next round. For those with
nodules 15 mm or more than 15 mm, two pathways can be
selected: immediate clinical consultation, or rescan after anti-
inflammatory treatment. For the latter, if the nodules are
absorbed, then participants will enter into the next round
screening visit, but if no change to the nodules is detected,
then clinical consultation is needed. If the nodules are partly
absorbed, a further CT scan will be conducted, and based on
the changes of nodules, different solutions will be taken.

F (+)

Nodules

F (-)

Negative

Bronchoscopy(F)

Airway lesion 

NS<8mm
S/PS<5mm

Annual screening 

Low dose spiral CT (LDCT)

Informed consent and baseline information

Identification of high risk individuals

Registered

Intervention

Figure 2 Baseline screening flowchart (1). S (solid nodules); PS (part solid
nodules); NS (non solid nodules).
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Nodule detected in annual screening

For participants with ≤3 mm new nodules, a rescan is recom-
mended after six months; if the nodules have grown, these
participants receive clinical consultation to determine the
necessity of clinical intervention, or they will receive a screen-

ing visit in the next round. For participants with >3 mm
new nodules, a rescan is recommended three months later
(when necessary, anti-inflammatory treatment is provided in
advance), and if nodules have grown, these participants will
receive clinical consultation; if the nodules are absorbed com-
pletely, then participants wait for the next round of annual
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NS 8mm

Intervention

15mm
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Figure 3 Baseline screening flowchart (2). S (solid nodules); PS (part solid nodules); NS (non solid nodules).
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Figure 4 Annual screening flow chart.
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screening. However, if nodules are just partly absorbed, a
second rescan is provided six months later, and if the nodules
have grown, participants will receive clinical consultation, or
join the next annual screening. When a significant growth or
an increase of the solid components of the nodule is found,
compared to earlier scan images, clinical intervention is
advised. Bronchoscopy is recommended if suspicious tra-
cheal and/or bronchial lesions are detected.

Follow up

All participants are followed up for several years to confirm
the outcome specific to lung cancer, including screening-
detected and interval cases.

Quality control

A uniform quality control form is designed to confirm that
the informed consent form, baseline information question-
naire, LDCT log, and follow-up information are all collected.
A LDCT scan should comply with the screening procedure.
Suggestions are offered for detected non-calcified nodules.
Images of ≥5 mm solid nodules and ≥8 mm non-solid
nodules and suspicious lesions are re-examined by a panel of
thoracic radiologists and thoracic surgeons.

Discussion

With the increasing burden of cancer, the Ministry of Health
of China issued the “Compendium of Cancer Prevention and
Control in China (2004–2010)” in 2003.25 The compendium
addressed that early detection, diagnosis, and treatment of
cancer should be carried out according to local conditions.
On the basis of this compendium, in 2005, the Ministry of
Finance and the Ministry of Health included the cancer
early detection and treatment program into a special fund
program supported by the Chinese Central Government
Public Health Special Subsidy. By the end of 2009, six kinds of
cancers (cervical, esophageal, liver, colorectal, nasopharyn-
geal, and gastric cancer) have been included into this
program. However, as the effectiveness of the screening
program had not yet been confirmed, lung cancer screening
was not included.

By 2009, the excellent prognosis of lung cancer cases
detected by LDCT saw lung cancer screening included into
the funding program, even though its effectiveness had still
not been confirmed at that time. In 2011, the National Lung
Screening Trial (NLST) reported a 20% lower lung cancer
specific mortality rate in the LDCT-screened arm compared
to the chest x-ray (CXR)-screened arm, demonstrating for
the first time that screening can reduce lung cancer mortal-
ity.19 However, whether the NLST result cancer can be gener-
alized in the China setting is unclear, because of the

differences between disease epidemic, healthcare system,
quality of service delivery, and the acceptance or adherence of
populations.

The implementation of a population-based screening
program is a complex process. It requires a collaborative
and multidisciplinary effort and considerable resources in
advance. To ensure the sustainable development of a national
screening program, three key components must be fulfilled:
effective health promotion to increase the acceptance of par-
ticipants; the expansion of qualified primary health technical
teams in local or primary hospitals; and the scheme of lung
cancer screening should fit the cost-benefit principle com-
bined with the medical care system in China.26 Local technical
personnel receive periodic technical training and there have
been attempts to incorporate this program into the health
insurance system in China. This program has now been
included into the special program of medical insurance
system reform in China.

In order to maximize the potential benefits, lung cancer
screening has always been conducted among high-risk popu-
lations. The main criteria for a high-risk population in lung
cancer screening programs have mainly focused on age and
smoking status, and, consequently, many other risk factors
are not considered. The National Comprehensive Cancer
Network (NCCN) guideline extends screening to other high-
risk populations based on the assumption that these are
populations with a similar lung cancer risk and will derive a
similar benefit from screening.23 In addition, models have
been developed to predict lung cancer risk in lung cancer
screening programs.27,28 However, both the NCCN guideline
and lung cancer risk-prediction models require further vali-
dation and refinement before they can be applied to routine
screening programs in different populations. In this program,
the criteria for high-risk populations were not defined uni-
formly, but were based on smoking history, age distribution,
and other risk factors in different regions and centers.

One of the disadvantages of LDCT scanning is that it can
yield a high rate of false-positive results, which may lead to
invasive follow-up testing, increased radiation risk, financial
burden, and anxiety. In the NLST program, positive tests
accounted for 24.2% of the total number of LDCT screening
tests, however, the proportion of false positive results was
as high as 96.4%.19 Thus, more research is needed to better
understand the optimal strategy of indeterminate pulmonary
nodule management. In our program, we compare the differ-
ence in positive rates, false positive rates, and the clinical
pathway and work-up of positive patients in European and
North American lung cancer screening programs, and
explore the optimal nodule management of pulmonary
nodules in the Chinese context.29 For example, we also incor-
porate the measurement of the volume doubling time of
nodules into the management strategy in the Dagang Oilfield
center.
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Although the effectiveness of LDCT screening has been
confirmed, questions remain regarding the definition of
high-risk population, high false positive rate, and radiation
risk.30 Molecular markers may be helpful for risk prediction,
and in combination with LDCT in lung cancer screening may
reduce high false positive results.31,32 In our continuing study,
we will perform biomarker studies to precisely predict lung
cancer risk, including gene polymorphism, gene methylation,
and sputum atypia. In addition, we will collect specimens
(blood, sputum) to search for the markers of early lung
cancer.

LDCT screening may also provide a good opportunity for
the delivery of effective smoking cessation interventions.33,34

The International Association for the Study of Lung Cancer
(IASLC) Screening Workshop 2011 recommended the inte-
gration of smoking cessation practices into future lung cancer
CT screening programs.35 We will also evaluate the effect
of screening-associated smoking cessation methods in our
program.

Conclusion

Lung cancer is now the biggest burden of cancer-related death
in China. Under these circumstances and in light of the posi-
tive developments of LDCT screening in recent years, China
initiated a demonstration program of LDCT lung cancer
screening ahead of the results of the NLST program. In con-
sideration of the differences in population, risk factors, and
healthcare structures between countries, it is necessary to
adapt results from overseas studies to optimize the screening
protocol in China. This demonstration program will provide
opportunities to explore NLST results in the Chinese setting.
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