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Abstract
OBJECTIVE:Weinvestigated theefficacyofearly lungcancerscreeningwith low-dosespiral computed tomography(LDCT)
in both smokers and nonsmokers based on the current situation of community health service, with integration of superior
resources of medical institutions at all levels in Shanghai. METHODS: From August 2013 to August 2014, we screened
11,332 (male 7144; female 4188) high-risk individuals in selected communities of Minhang, Shanghai City, for early
diagnosis of lung cancer with LDCT combinedwithmultidisciplinary comprehensive treatment pattern includingminimally
invasive surgery, exploring themedical servicenetworkcoveringprevention, diagnosis, treatment, rehabilitation, and follow-
up. RESULTS: Screening resulted in a diagnosis of cancer in 29 participants. Of these participants, 27 had primary lung
cancer, 1 had lungmetastatic cancer, and 1 had breast cancer. The detection rate of primary lung cancerwas 238.26 cases
per100,000person-yearsamongall theparticipants.Specifically, the incidenceofprimary lungcancerwas336.97casesper
100,000 person-years among the nonsmoking participants, as compared with 159.06 cases per 100,000 person-years
among the smoking participants (P = .054). Among the 27 primary lung cancers, 22 (81.48%) had stage 0 to I lung cancer.
CONCLUSION: Based on community health service, screening with LDCT could improve the early diagnosis rate of lung
cancer in both smokers and nonsmokers with feasibility and validity, which could be applicable in qualified eligiblemedical
centers and communities in China. It is not reasonable to exclude nonsmokers from screening with LDCT.
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Introduction
Lung cancer is the leading cause of cancer-related deaths worldwide,
with more than 1.6 million new cases and 1.4 million deaths each year
[1]. China is the largest consumer of tobacco in the world. The 2015
Chinese Adults Tobacco Survey Report revealed that, in 2015, about
27.7% of Chinese adults (defined as age ≥ 15 years; 52.1% of men
and 2.7% of women), corresponding to more than 316 million
people, were current smokers, and average daily consumption was
15.2 cigarettes [2]. In 2010, the Global Adult Tobacco Survey
reported similar results. Furthermore, they showed that among those
who had smoked at some time, only 16.9% had quit smoking and
were not smoking currently, whereas 33.1% had quit smoking in the
past but were currently smoking [3]. If the high smoking prevalence
among Chinese adults persists, deaths in China caused by tobacco will
rise from about 1 million in 2010 to 2 million in 2030 and 3 million
in 2050 [4]. With the huge smoking population, the morbidity and
mortality of lung cancer are expected to remain high in the coming
decades in China. Early diagnosis and rational treatment are key
methods to improve the prognosis of lung cancer.

There are still many problems to be explored in early-stage lung
cancer screening in China's current health service status. In this
collaborative study, we carried out an early lung cancer screening
project among high-risk population in pilot communities based on
current community medical service in Shanghai and integration of
medical institutions at different levels, aiming to explore a
comprehensive work pattern for screening of this lethal disease.

Methods
From August 2013 to August 2014, we conducted an early lung
cancer screening program in selected communities including Wujing,
Gumei, Jiangchuan, Pujiang, Xinzhuang, Zhuanqiao, and Maqiao in
Minhang District of Shanghai. Participants were inhabitants of these
communities who were a high-risk population of lung cancer. This
program was based on a previously founded database of high-risk
population of lung cancer and combined medical resources from
university hospitals, disease control institutions, and community
health service centers. We explored a community-based lung cancer
comprehensive prevention and control network using low-dose spiral
computed tomography (LDCT) in a high-risk population of lung
cancer.

We recruited participants according to the following eligibility
criteria: age 50 to 80 years; asymptomatic; no history of malignant
disease in the recent 5 years; adequate performance status (assessed on
the basis of the patient's eligibility to undergo thoracic surgery and no
lethal disease); and 1) current or former smokers (quit smoking for
less than 5 years) with a minimum of 20 pack-years smoking history,
2) passive smokers, or 3) never smokers with other risk factors of lung
cancer including lung cancer family history, history of kitchen fume,
or dust exposure. All participants gave written informed consent, and
the ethics committee of Fudan University Shanghai Cancer Center
approved the study.

In this multicenter collaborative study, we used LDCT and
computer-aided detection for screening. The protocol of baseline
screening was shown in Figure 1, and protocol of annually repeat
screening was shown in Figure 2.

The imaging criteria were the same for baseline and annual LDCT
screening. Unenhanced CT scans of the chest were made with
Siemens Somatom 64-multidetector spiral CT scanners with a
low-dose protocol: 120 kVp, 40 mA, and 1.5-mm collimation.
Participants were asked to hold breath while being scanned from the
superior aperture of thorax to the adrenal gland. Any further
diagnostic workup was required to follow the same low-dose protocol.

The image data were presented with standard pulmonary (window
width 1500 Hounsfield units [HU], window level 650 HU) and
mediastinum windows (window width 350 HU, window level 25
HU). Examinations were independently reported by two experienced
radiologists on a Siemens workstation. In the event of a disagreement,
a third radiologist was consulted. The site, dimension, density (solid,
partly solid, or nonsolid), calcification, speculated sign, and other
radiological features of each nodule were defined and recorded at
baseline and repeat CT.

For baseline screening, a positive result on the initial LDCT scan
was defined as the identification of at least one solid or partly solid
noncalcified pulmonary nodule 5 mm or more in diameter, at least
one nonsolid noncalcified pulmonary nodule 8 mm or more in
diameter, or a solid endobronchial nodule. If noncalcified nodules
identified were too small to meet the study criteria for a positive
result, the result was regarded as semipositive, and LDCT was
repeated 12 months later. If the result was positive, the type of
workup depended on the diameter of the largest nodule. For nodules
5 to14 mm in diameter, the preferred option was to perform another
LDCT at 3 months; if the images showed growth of the nodule
(growth was defined as a change in volume of at least 25% between
two scans), then biopsy was to be performed, whereas if there was no
growth, the workup was stopped. For nodules 15 mm in diameter or
larger (whether solid, partly solid, or nonsolid), immediate biopsy was
an option in addition to the options already specified for smaller
nodules. When infection was suspected, antibiotics followed 1 month
later by LDCT was preferred. For solid endobronchial nodules,
another LDCT was to be repeated 1 month later. If the nodule
showed no resolution or growth, bronchoscope examination was
recommended.

Nodules were divided into four types according to location: 1)
subpleural nodules were those clung to the pleural; 2) peripheral
nodules were the ones located close to the pleural within 2 cm but not
connected to the pleural; 3) hilum nodules were located close to the
hilum of lung within 2 cm; and 4) central nodules were located
between the peripheral nodules and hilum nodules. Subpleural and
peripheral nodules were defined as outfield pulmonary nodules,
whereas hilum and central nodules were defined as infield pulmonary
nodules.

Knowledge propaganda and education, screening mobilization,
and clinical data collection of lung cancer patients at high risk of lung
cancer were done by Fudan University Shanghai Cancer Center,
Minhang District Health and Family Planning Commission, Fudan
University Zhongshan Hospital, the Sixth People's Hospital Affiliated
to Shanghai Jiaotong University, Xinhua Hospital Affiliated to
Shanghai Jiaotong University, Minhang Cancer Center, Wujing
Hospital, Gumei, Jiangchuan,Wujing, Pujiang, Xinzhuang, Zhuanqiao,
and Maqiao Community Health Service Center.

LDCT screening was performed by Fudan University Shanghai
CancerCenter, FudanUniversity ZhongshanHospital, the Sixth People's
Hospital Affiliated to Shanghai Jiaotong University, Xinhua Hospital
Affiliated to Shanghai Jiaotong University, and Wujing Hospital.

Radiodiagnosis were performed by Fudan University Shanghai
Cancer Center, Fudan University Zhongshan Hospital, the Sixth
People's Hospital Affiliated to Shanghai Jiaotong University, and
Xinhua Hospital Affiliated to Shanghai Jiaotong University.
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Minimally invasive surgery of positive patients was performed by
Fudan University Shanghai Cancer Center. The specimens obtained
from participants who underwent surgical resection were indepen-
dently examined by two experienced pathologists.
Rehabilitation and follow-up after treatment were done by Fudan

University Shanghai Cancer Center, the Sixth People's Hospital
Affiliated to Shanghai Jiaotong University, Xinhua Hospital Affiliated
to Shanghai Jiaotong University, Minhang Cancer Center, Wujing
hospital, Gumei, Jiangchuan, Wujing, Pujiang, Xinzhuang, Zhuanqiao,
and Maqiao Community Health Service Center.
Data analysis was done by FudanUniversity Shanghai Cancer Center

and Minhang District Health and Family Planning Commission.
Results
Thirteen thousand three hundred and twenty-two persons were
enrolled from August 2013 to August 2014. Average age was
63.46 ± 6.79 years; 7144 (53.6%) were men. Table 1 shows the
clinical characteristics of participants. At baseline examination, we
detected 253 pulmonary nodules in 195 participants. The detailed
information of these nodules is listed in Table 2. Primary lung cancer
was pathologically diagnosed in 27 individuals, including 24
adenocarcinomas, 2 squamous cell carcinomas, and 1 malignant
pleural effusion (Table 3). In addition, one metastatic lung cancer and
one breast cancer were diagnosed. Fourteen participants underwent
surgery for benign disease because of false-positive results, and the
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distribution according to the type of diseases is shown in Table 4. The
incidence of the primary lung cancer in baseline screening was
238.26/100,000. Twenty-two cases were diagnosed as stage 0 to I
lung cancer, accounting for 81.48% of primary lung cancer.
Specifically, the incidence of primary lung cancer was 336.97 cases
per 100,000 person-years among the nonsmoking participants as
compared with 159.06 cases per 100,000 person-years among the
smoking participants (P = .054, Table 5).

Discussion
Lung carcinoma is the most fatal cancer worldwide, with a 5-year
survival rate of only 16% [5]. Most early lung cancer patients have no
clinical symptoms. Cough, chest pain, sputum with blood, and other
clinical symptoms are often presented in advanced-stage patients.
However, the cost for advanced lung cancer is high, and the prognosis
is poor. Results from the International Early Lung Cancer Action
Program demonstrated that the estimated 10-year survival rate of
clinical stage I lung cancer was 88% (95% CI, 84-91), and among
those with clinical stage I lung cancer who underwent surgical
resection within 1 month after the diagnosis, the rate was 92% (95%
CI, 88-95) [6]. To explore a practical and feasible method for early
lung cancer screening, a series of clinical studies has been carried out.
Early detection trials from Mayo Clinic with conventional sputum
cytology and chest radiography proved unable to decrease lung cancer



Table 1. Clinical Characteristics of Participants

Characteristics Male (n, %) Female (n, %)

Age
50-60 years 2506 (35.08%) 1507 (35.98%)
60-70 years 3568 (49.94%) 1585 (37.85%)
70-80 years 1070 (14.98%) 1096 (26.17%)

Smoking history
Never smoker 522 (7.31%) 1380 (32.95%)
Smoker
Smoking dose ≤ 10 pack-years 608 (8.51%) 25 (0.60%)
Smoking dose 10-20 pack-years 683 (9.56%) 11 (0.26%)
Smoking dose 20-40 pack-years 4358 (61.01%) 7 (0.17%)
smoking dose N40 pack-years 592 (8.29%) 3 (0.07%)

Passive smoker 381 (5.33%) 2762 (65.95%)
Kitchen fume contact history
No 5355 (74.96%) 586 (13.99%)
Yes 1789 (25.04%) 3602 (86.01%)

Table 3. Primary Lung Cancer

Pathology and TNM stage No. Note

Adenocarcinoma
AAH 1
AIS 2
MIA 4
T1aN0M0 8
T1bN0m0 5
T2aN0M0 2
T3NxM0 1 Lung biopsy
IV 1 Supraclavicular lymph node biopsy

Squamous cell carcinoma
T2bN0M0 1
T3NxM0 1 Lung biopsy

Malignant pleural effusion 1 Pleural fluid cytology

AAH, atypical adenomatous hyperplasia; AIS, adenocarcinoma in situ; MIA, minimally invasive
adenocarcinoma.
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mortality [7]. The United States Prostate, Lung, Colorectal, and Ovarian
Cancer screening trial illustrated that annual routine chest radiography
screening could not improve the mortality of lung cancer [8].
The National Lung Screening Trial is a prospective randomized

controlled clinical study which showed that LDCT had enormous
advantage in early lung cancer screening. The mortality rate of LDCT
group decreased by 20% compared with conventional chest
radiography screening among a high-risk population in the trial [9].
Lung cancer screening should clearly point to high-risk population

rather than all. The current international recommendations on the
target population of lung cancer screening mainly referred to the
eligibility criteria of the National Lung Screening Trial. There are far
more nonsmoking female lung adenocarcinoma patients in East Asia
than in Europe and the United States. This subgroup of patients
harbors more targetable EGFR gene mutations and results in
favorable outcome if comprehensively treated [10]. If these
nonsmoking women should also be included in the scope of
screening, they would benefit from early detection. However, with
regard to the delineation of high-risk lung adenocarcinoma
population, there is still no consensus.
In a lung cancer screening study in the United Kingdom in 2012,

the risk model covered age, sex, smoking history, and history of
occupation factors [11]. A concise and effective prediction model of
high-risk lung cancer population will be more helpful to delineate the
characteristics of high-risk population in the future [12,13].
The exclusion criteria for screening are also important. Patients

suffering from other severe health threats (such as acute myocardial
infarction, etc.) should not be included in lung cancer screening to be
prevented from radiation exposure.
Table 2. Morphology and Size of Nodules

Morphology and Size No. of Individuals No. of Nodules

Size
Largest diameter b 5 mm 133 179
Largest diameter 5-10 mm 27 33
Largest diameter 10-20 mm 23 29
Largest diameter 20-30 mm 5 5
Largest diameter ≥ 30 mm 7 7

Density
Pure GGO 88 106
Partly GGO 15 17
Solid nodule 20 23
Calcified nodule 72 107
Air pollution is suspected to be one of the etiologies of lung cancer
[14]. Relationship between kitchen fume or inspirable fine particles
and lung cancer carcinogenesis has not been clearly demonstrated.
How to define the exposure dosage of kitchen fume and inspirable
fine particles and include these risk factors into lung cancer screening
is also a public health problem.

The radiation dose of LDCT is much less than that of ordinary CT
[15]. A new generation of dual-source CT has a lower radiation dose.
It is suggested that the interaction between radiation and smoking
could increase the risk of lung cancer [16].

In making decisions about instituting cancer screening in
communities, a number of factors need to be taken into
consideration, including the sensitivity and specificity of the
examination, cost-effectiveness, and even the customs and habits.
Cancer screening in the community population should be acceptable
for inhabitants, families, and society [9,13]. At present, it is generally
believed that lung cancer patients detected by LDCT screening are
mainly early-stage ones. Surgery for early-stage lung cancer is less than
half the cost of late-stage treatment and results in better outcome
[17]. Furthermore, a recent study suggested that lung cancer
screening combined with smoking cessation guidance could reduce
tobacco consumption [18].

In conclusion, it has become a consensus that LDCT screening can
lead to early detection and intervention of lung cancer and improve
the survival of lung cancer patients. More clinical data and
community experience are needed for guiding the practice of
LDCT screening in both smoker and nonsmoker populations of
lung cancer in China. Shanghai community-based practice of early
lung cancer screening with LDCT has improved the early diagnosis
rate of lung cancer. We found LDCT screening for lung cancer
among smoking and nonsmoking individuals to be feasible and could
be applicable in qualified eligible medical centers and communities in
China.
Table 4. Benign Lesion

Category No.

Proliferation of fibrous tissue and inflammatory cell infiltration 6
Granulomatous lesion 3
Hamartoma 2
Thymic cyst 1
Neurilemmoma 1
B1 thymoma 1



Table 5. Detection Rate of Primary Lung Cancer in Smokers and Nonsmokers

Detection Rate P

Smokers 159.06/100,000
.054

Nonsmokers 336.97/100,000
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