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ABSTRACT
Objectives This study analyses the cost- effectiveness of 
annual low- dose CT (LDCT) screening of high- risk cancer 
populations in Chinese urban areas.
Design We used a Markov model to evaluate LDCT 
screening from a sociological perspective.
Setting The data from two large lung cancer screening 
programmes in China were used.
Participants The sample consisted of 100 000 smokers 
who underwent annual LDCT screening until age 76.
Intervention The study comprises five screening 
strategies, with the initial screening ages in both the 
screening strategies and their corresponding non- 
screening strategies being 40, 45, 50, 55 and 60 years, 
respectively.
Primary and secondary outcome measures The 
incremental cost- effectiveness ratio (ICER) between 
screening and non- screening strategies at the same initial 
age was evaluated.
Results In the baseline scenario, compared with those 
who were not screened, the specific mortality from lung 
cancer decreased by 18.52%–23.13% among those who 
underwent screening. The ICER of LDCT screening ranges 
from US$13 056.82 to US$15 736.06 per quality- adjusted 
life year, which is greater than one but less than three 
times the gross domestic product per capita in China. An 
initial screening age of 55 years is the most cost- effective 
strategy.
Conclusions Baseline analysis shows that annual LDCT 
screening of heavy smokers in Chinese urban areas is 
likely to be cost- effective. The sensitivity analysis reveals 
that sensitivity, specificity and the overdiagnosis rate 
influence the cost- effectiveness of LDCT screening. 
All scenarios tested demonstrate cost- effectiveness, 
except for the combination of worst values of sensitivity, 
specificity and overdiagnosis. Therefore, the cost- 
effectiveness of a screening strategy depends on the 
performance of LDCT screenings.

INTRODUCTION
According to GLOBOCAN statistics, there 
were 18.1 million new cancer cases and 9.6 
million cancer- related deaths worldwide in 
2018. Among them, lung cancer was the most 
commonly diagnosed cancer (11.6%) and 

the leading cause of cancer- related deaths 
(18.4%).1 In China alone, in 2014, there were 
3.804 million new cancer cases and 2.296 
million cancer- related deaths. Lung cancer 
was the most commonly diagnosed cancer 
(20%) in China, and the leading cause of 
cancer- related death (27.3%).2

In the past 30 years, the survival rate of indi-
viduals with lung cancer has only moderately 
improved.3 Even in developed countries, the 
5- year overall survival rate for patients with 
lung cancer is approximately 15%–18%.4 
However, the 5- year survival rate for patients 
with stage I lung cancer undergoing surgical 
resection is much higher at more than 70%.5 
This highlights the importance of early detec-
tion and treatment of lung cancer.6

Common lung cancer screening methods 
include low- dose CT (LDCT) screening 
and chest X- rays. Currently, due to the low 
sensitivity and specificity, X- ray is not recom-
mended by screening guidelines.7 8 LDCT 
screening has proven effective in reducing 

Strengths and limitations of this study

 ► In this study, a state- transition Markov model is de-
veloped to simulate the natural history of lung can-
cer development.

 ► Five screening strategies for lung cancer, and their 
corresponding non- screening strategies, are com-
pared for cost and effectiveness, under a decision 
analytical model based on the Markov model.

 ► The model simulation includes cost- related param-
eters (screening, diagnosis and treatment), effect- 
related parameters (quality- adjusted life years) and 
parameters related to transition probability (morbid-
ity, mortality, clinical stage distribution of cancers, 
etc).

 ► The study assumes that all the people will voluntari-
ly engage in the screening process.

 ► The cost- effectiveness of incidental findings is not 
included in this study.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-4839-4307
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-046742&domain=pdf&date_stamp=2021-07-01


2 Sun C, et al. BMJ Open 2021;11:e046742. doi:10.1136/bmjopen-2020-046742

Open access 

lung cancer mortality.9 10 The National Lung Screening 
Trial (NLST) in the USA showed that LDCT screening 
can reduce the specific mortality of lung cancer by 20% 
with only three annual screens.9 Subsequently, the lung 
cancer screening trial in Italy indicated that patients 
with stage I lung cancer tended to be more frequently 
diagnosed through annual LDCT screenings than the 
baseline.10

Although the effectiveness of LDCT screening has been 
proven, economic evidence must be further explored. 
Scholars in many countries have conducted cost- 
effectiveness analyses of lung cancer LDCT screening. The 
results suggest that it is cost- effective to carry out LDCT 
screening in high- risk lung cancer groups.11 However, 
most studies included in previous research papers came 
from developed countries.12 13 Moreover, at present, there 
are few studies on the cost- effectiveness of lung cancer 
screening in China.11

In this study, we combined data from two large lung 
cancer screening programmes in China (the National 
Lung Cancer Screening and Intervention Program 
(NLCSIP) and the Cancer Screening Program in Urban 
China (CanSPUC)), and lung cancer epidemiology 
data,14 to conduct a cost- effectiveness analysis of annual 
LDCT screening among high- risk populations in Chinese 
urban areas. We aimed to assess the cost- effectiveness of 
screening versus non- screening for lung cancer among 
these high- risk populations, and the ideal initial age to 
start screening from a cost- effectiveness perspective.

MATERIALS AND METHODS
Study design
In this study, a state- transition Markov model was devel-
oped to simulate the natural history of lung cancer devel-
opment. In a Markov model, clinical states are described 
according to the discrete health states of individuals, the 
‘Markov states’. Individuals are always in one of these 
states, and all events of interest are modelled as a tran-
sition from one state to another.15 Based on the Markov 
model, we simulated screening and non- screening strat-
egies to determine the costs and effectiveness of each 
strategy for individuals in a particular clinical state. 
The model simulation included cost- related parame-
ters (screening, diagnosis and treatment), effect- related 
parameters (quality- adjusted life years; QALY) and 
parameters related to transition probability (morbidity, 
mortality, clinical stage distribution of cancers, etc). 
These parameters were derived from the NLCSIP and 
CanSPUC, published literature and cancer registry data. 
The study first conducts a baseline analysis and then a 
sensitivity analysis to assess the robustness of the results 
using reasonable ranges of uncertain parameters.

Study population and screening strategies
Five screening strategies and their corresponding non- 
screening strategies for lung cancer are compared for 
cost and effectiveness under a decision analytical model 

based on a state- transition Markov process. A hypothetical 
static cohort of 100 000 high- risk smokers (>20 pack- years, 
where a pack- year refers to 20 cigarettes smoked every day 
for 1 year) from Chinese urban areas were entered into 
the model and their health histories were simulated by sex 
until 76 years of age. The last age of screening is 76 years 
old and follow- up is simulated until that age. The 100 000 
smokers are a ‘closed block’ cohort, which means no new 
entrants are allowed and exit is only through death. The 
proportion of males in this research was set according to 
the 2015 annual report of Chinese people and employ-
ment statistics.16 All health states are modelled as Markov 
states with a 1- year cycle. The initial screening ages for the 
five screening strategies and their corresponding non- 
screening strategies are 40, 45, 50, 55 and 60 years. All 
individuals who enter the group are of the same age, and 
all of them go through LDCT screening. Several different 
scenarios were selected for the entry age, and 40, 45, etc 
represent different scenarios. We compared the cost- 
effectiveness of screening and non- screening strategies at 
the same initial age.

Markov model and its transition probabilities
Non-screened cohort
In the non- screening model, the natural history of lung 
cancer development is simulated as a transition from 
health to lung cancer (figure 1A). Using the data from the 
NLCSIP programme, we divided the cases of detection 
into early- stage (stage I) and non- early- stage lung cancer 
and, ultimately, death (death either from cancer or other 
causes).17 The clinical stage distribution of patients with 
lung cancer in the non- screening cohort was determined 
based on a multicentre retrospective epidemiological 

Figure 1 (A) Markov model of annual screening with low- 
dose CT (LDCT). (B) Markov model of non- screening group.
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survey from the CanSPUC programme.18 The probability 
of transition from health to death is derived from China’s 
demographic census,19 while the probability of lung 
cancer- specific death is derived from the literature.20 The 
study determined the survival status of patients with lung 
cancer based on the registration and survival follow- up 
report data of 41 802 lung cancer cases collected by 
the Shanghai Cancer Registry. The disease progression 
parameters from health to lung cancer are calculated 
based on the lung cancer incidence among smokers in 
China.14 The incidence among smokers (>20 pack- years) 
was calculated as follows.

First, age- specific and sex- specific rates of lung cancer 
incidence in the general Chinese urban population (IG) 
were collected from the China Cancer Registry Annual 
Report 2017 (urban data) at intervals of 5 years of age.14 
In 2017, the National Central Cancer Registry (NCCR) 
collected data from local cancer registries regarding 
registrations in 2014. Based on the NCCR’s data quality 
criteria, data submitted from 449 registries were checked 
and evaluated, with data from only 339 registries quali-
fying for the cancer registry annual report. All 339 cancer 
registries (140 in the eastern region, 112 in the central 
region and 87 in the western region) covered a total 
population of 288 243 347 (146 203 891 males and 142 
039 456 females). Next, the lung cancer incidence rates 
among smokers (IS) in each age and gender group were 
calculated using formula 121:

 Is = OR × IG/ (1 + (OR − 1) × R),  (1)

where OR (2.85 for men and 2.33 for women) is the 
odds ratio calculated from a meta- analysis of five case–
control studies in China21 and R is the age- specific and 
sex- specific rate of smoking reported in the Global Adult 
Tobacco Survey China 2010 Country Report.22 IG is the 
lung cancer incidence of the general population from the 
China Cancer Registry Annual Report 2017.

Further, we calculated the incidence of non- smokers 
(IN) based on the incidence of smokers (IS), the propor-
tion of smokers and the overall population morbidity (I), 
according to formula 2:

 I = Is × R + IN × (1 − R)  (2)

We used the relative risk (RR) of lung cancer among 
smokers (>20 pack- years) versus non- smokers to calculate 
the lung cancer incidence (I20) of smokers (>20 pack- 
years) in China using formula 3. The RR of lung cancer 
(>20 pack- years) attributable to smoking is derived from 
published literature23 (table 1):

 I = Is × IN × (1 − R).  (3)

Screened cohort
Smokers in the screened cohort underwent annual LDCT 
testing and smokers with positive results were required 
to undergo additional diagnostic biopsy tests. The sensi-
tivity and specificity of LDCT for lung cancer were set 
according to data from a published study.21 In addition, 
screening was superimposed on the lung cancer natural 

history module, resulting in early detection as deter-
mined by LDCT screening performance characteristics 
(figure 1B).

The distribution of patients with lung cancer in the 
screened cohort was determined based on opportunistic 
multicentre screening data from the NLCSIP programme. 
The NLCSIP evaluated and screened 21 397 high- risk lung 
cancer individuals from 18 provinces across the country. 
A total of 199 patients were diagnosed with lung cancer, 
of which 85.6% were stage I.

People who are screened may be diagnosed with lung 
cancer that does not cause clinical disease (overdiagnosis 
bias), while many of them may not be diagnosed under 
non- screening conditions. Previous studies set the overdi-
agnosis rate at 12%–20% based on early autopsy reports 
for lung cancer in Australia.24 The results of long- term 
follow- up of NLST considered that overdiagnosis could 
be avoided by histological type.25 Therefore, in base 
case analysis, the overdiagnosis rate is set as 0%. We still 
consider the impact of overdiagnosis rate on the cost- 
effectiveness in the sensitivity analysis.

In the model analysis, modelling lead time due to 
screening is important to avoid bias. Lead time, inter-
preted as the extended survival time due to screening, 
is the difference between the time of screening diag-
nosis and the time of clinical diagnosis. An average 
1- year lead time for screening was incorporated into 
the study.18

Model assumptions
(1) People who participate in screening do not increase 
their cancer risk due to radiation from LDCT. According 
to the American Association of Physicists in Medicine, 
epidemiological evidence supporting increased cancer 
incidence or mortality from radiation doses below 100 
mSv is inconclusive.26 (2) The compliance of the popu-
lation for screening was 100% in the screening group, 
and participation will continue in annual lung cancer 
screening until the age of 76 years. (3) The clinical stage 
distribution of false- negative lung cancer diagnoses under 
the LDCT screening strategy is the same as that of non- 
screened individuals.

Table 1 The lung cancer incidence grouped by age and 
gender among smokers

Incidence of smokers (age) Male (%) Female (%)

40–44 0.03 0.05

45–49 0.06 0.09

50–54 0.13 0.14

55–59 0.25 0.23

60–64 0.40 0.35

65–69 0.70 0.47

70–74 0.93 0.66

75–76 1.11 0.89
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Costs
We consider the cost of screening, biopsy diagnosis and 
treatment. The cost of LDCT screening and lung cancer 
treatment is taken from the CanSPUC programme, 
and the cost of biopsy diagnosis is taken from the cost 
of medical services in hospitals with the CanSPUC 
programme. The treatment costs of patients with lung 
cancer are also collected from hospitals, multicentres 
and retrospective investigations. The questionnaire for 
the study includes three parts: basic information, clinical 
information and medical expenses information. Medical 
expenses are defined as the total hospitalisation expenses 
of patients with lung cancer, which is the medical expense 
information of a patient with lung cancer treated in the 

investigated hospital from admission to discharge. Data 
were collected from 40 hospitals in 13 provinces and 22 
cities: Beijing, Guangdong (Dongguan, Foshan, Guang-
zhou, Shenzhen and Zhongshan), Shandong (Ji’nan), 
Jiangsu (Nantong and Xuzhou), Liaoning (Shenyang 
and Tieling), Zhejiang (Hangzhou and Ningbo), Hebei 
(Tangshan), Henan (Zhengzhou), Heilongjiang (Harbin 
and Daqing), Hunan (Changsha), Xinjiang (Urumqi), 
Gansu (Lanzhou and Jinchang), and included a total of 
15 437 persons whose treatment occurred—and who were 
discharged—between 1 January 2002 and 31 December 
2011. All costs in this study are expressed in US dollars 
and are discounted to the price level in 2018 at a discount 
rate of 3%27 (table 2).

Table 2 Parameters used for the modelling of lung cancer screening protocols

Variable Values (range) Reference

Lung cancer probabilities (%）
  Proportion of early- stage cancer among lung cancers detected with 

no screening
19.00 17

  Proportion of early- stage cancer cases among lung cancers detected 
with LDCT

85.60 NLCSIP

  RR (>20 pack- years) 3.87 23

  Sensitivity of LDCT (%) 87.70 (71.80–100） 21

  Specificity of LDCT (%) 90.60 (86.30–91.10） 21

  Mortality (%) 20

   Early- stage lung cancer 11.12

   Non- early- stage lung cancer 35.34

  Discount rate (%) 3 27

General population smoking rate (%) 22

  Men

   40–44 59.30

   45–64 63.00

   65–76 40.20

  Women

   40–44 1.60

   45–64 3.20

   65–76 6.70

Cost (US$) CanSPUC

  Screening 68.00

  Treatment

   Early- stage lung cancer 7984.30

   Non- early- stage lung cancer 8158.39

  Prediagnosis cost 91.11

  Biopsy diagnostic cost 178.70

Utility 28

  Early- stage lung cancer 0.825

  Non- early- stage lung cancer 0.573

CanSPUC, Cancer Screening Program in Urban China; LDCT, low- dose CT; NLCSIP, National Lung Cancer Screening and Intervention 
Program; RR, relative risk.
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Quality of life year (QALY)
QALY takes into account both survival and the quality of 
life as determined by the progression and severity of lung 
cancer. We obtained utility scores of quality of life for 
each health state from a current meta- analysis.28 Utility 
scores were 0.823 for early- stage lung cancer, 0.573 for 
non- early- stage lung cancer and 1 for healthy status 
(table 2).

Effectiveness of lung cancer screening
The effectiveness of screening is measured by comparing 
the difference in lung cancer- specific deaths, life years 
and QALYs. The lung cancer- specific deaths and QALYs 
gained under each screening strategy are equal to the 
difference in their values between the screening strategy 
and its corresponding non- screening strategy.

The primary outcome of the cost- effectiveness analysis 
is the incremental cost- effectiveness ratio (ICER), which 
is calculated by dividing the incremental cost by the 
incremental QALYs gained under each screening strategy 
compared with its corresponding non- screening strategy. 
In this study, the ceiling ratio is defined as the threshold 
recommended by the WHO.29 When ICER is less than 
three times the gross domestic product (GDP) per capita, 
the strategy is cost- effective; otherwise not. China’s per- 
capita GDP in 2018 was US$9768.78; thus, US$29 306.34 
(9768.78×3) is the ceiling in our study.

Sensitivity analysis
The impact of parameters such as sensitivity, speci-
ficity and overdiagnosis rates was tested through a one- 
way sensitivity analysis to confirm the robustness of the 
results. The range of parameter variations was set as: 
71.8%–100% for sensitivity, 86.3%–91.1% for specificity 
and 0%–20% for overdiagnosis rate. The worst scenario 
of LDCT screening is estimated by the combinations of 
the lowest values for sensitivity and specificity and the 
highest value for overdiagnosis rate.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting or dissemination plans of our 
research.

RESULTS
Cost analysis
The screening strategy is obviously more expensive than 
the corresponding non- screening strategy owing to addi-
tional tests. The earlier the initial LDCT screening, the 
more it would cost regardless of the health outcomes. 
It was observed that screening for lung cancer is most 
expensive at the initial screening age of 40 years, costing 
US$194.30 million. Screening at age 60 has the lowest cost 
at US$113.88 million. The lower the initial screening age 
in the non- screening strategy, the less costly the screening 
is. The costs range from US$2.05 million at the lower end 
to US$5.38 million at the higher end for the five non- 
screening strategies (table 3).

Effectiveness
The lower the initial screening age, the lower the number 
of lung cancer- specific deaths. When the initial screening 
age is 40 years, the number of lung cancer deaths is 6924, 
a reduction of 1574 or 18.52% deaths compared with the 
corresponding non- screening strategy (8498 deaths from 
lung cancer). When the initial screening starts at 60 years, 
the number of lung cancer deaths is 5376, a reduction 
of 1617 (23.13%) compared with the corresponding non- 
screening strategy (6994 lung cancer deaths) (table 3). 
The earlier the initial screening age is, the more is the 
number of life years gained by the screening. The number 
of life years gained by the single years of age screening 
strategies is from 8532 to 13 340 life years in comparison 
with its corresponding non- screening strategy. It was also 
observed that the earlier the initial screening among 
the five age groups, the more the QALYs gained. The 

Table 3 Base case results comparing LDCT screening with no screening for different initial ages

Initial age Screen
Cost
(million)

Lung cancer 
deaths

Death 
reduction (%)

Life year 
gained

QALY
(thousand)

ICER
(US$/QALY)

40 Yes 194.30 6924 18.52 16 625 3350.51 15 736.06

40 No 2.05 8498 3338.29

45 Yes 176.96 6810 18.84 16 226 2873.33 14 647.50

45 No 2.55 8391 2861.42

50 Yes 157.74 6638 19.33 15 400 2404.11 13 747.41

50 No 3.30 8228 2392.88

55 Yes 136.93 6167 20.72 13 972 1950.27 13 056.82

55 No 4.27 7778 1940.11

60 Yes 113.88 5376 23.13 11 297 1504.91 13 473.15

60 No 5.38 6994 1496.86

ICER, incremental cost- effectiveness ratio; LDCT, low- dose CT; QALY, quality- adjusted life year.
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QALYs saved when screening occurred at ages 40, 45, 50, 
55 and 60, when compared with the corresponding non- 
screening strategy, were 12 217; 11 907; 11 235; 10 160; 
and 8053, respectively (table 3).

Incremental cost-effectiveness ratio
As seen in table 3, the ICERs for lung cancer screening 
strategies at the ages of 40, 45, 50, 55 and 60 years are 
US$15 736.06; US$14 647.50; US$13 747.41; US$13 
056.82; and US$13 473.15, respectively. The most cost- 
effective lung cancer screening strategy, corresponding 
to the smallest ICER, is to undertake screening at the age 
of 55 years. This indicates that per QALY saved in lung 
cancer screening should cost an additional US$13 056.82 
at the initial age of 55 years.

Sensitivity analysis
Sensitivity
The sensitivity of LDCT screening is the percentage of 
people correctly diagnosed as patients with lung cancer 
based on the results. The ICER of screening strate-
gies decreases as the sensitivity of the LDCT screening 
increases. The maximum and minimum ICERs of the five 
screening strategies are US$21 783.45 and US$10 763.54 
per QALY, respectively, when sensitivity ranges from 
71.8% to 100%. According to the threshold recom-
mended by the WHO,29 all screening strategies for lung 
cancer are cost- effective within the range of sensitivity of 
LDCT screening (table 4).

Specificity
The specificity in LDCT screening varies from 86.3% 
to 91.1%. Similarly, the ICER of screening strategies 
decreases as the specificity increases in LDCT screening. 
All screening strategies for lung cancer are cost- effective 
within the range of specificity. The screening strategy 
starting at the age of 55 is the most cost- effective in terms 
of the ICERs (table 4).

Overdiagnosis rate
The diagnostic and treatment costs induced by overdiag-
nosis in lung screening will result in an increase in the 
incremental cost. An increase in the overdiagnosis rate 
is also associated with a decrease in incremental QALYs, 
since overdiagnosis worsens health outcomes. When the 
overdiagnosis rate is 0%, the maximum and minimum 

ICERs are US$13 056.82 and US$15 736.06 per QALY, 
respectively, in the five screening strategies. The ICER 
ranges from US$18 499.35 to US$23 006.90 per QALY in 
the five screening strategies when the overdiagnosis rate 
rises to 20% (figure 2).

Multivariate sensitivity analysis
In the worst- case scenario, the ICERs for lung cancer 
screening strategies at the ages of 40, 45, 50, 55 and 60 
years are US$43 458.23; US$39 774.96; US$36 895.34; 
US$34 016.88; and US$35 416.66, respectively (table 5). 
Accordingly, all screening strategies are not cost- effective 
based on the threshold of three times GDP per capita 
(US$29 306.34).29 However, lung cancer deaths can be 
avoided in the worst- case scenario, compared with the 
base case scenario, if LDCT screening is adopted.

DISCUSSION
This study undertakes an economic evaluation of annual 
LDCT screening for lung cancer among high- risk smokers 
living in Chinese urban areas using cost- effectiveness 
and increment analysis. The results indicate that annual 
LDCT screening can reduce the number of deaths caused 
by lung cancer. This study shows that, compared with the 
corresponding non- screening strategy, the number of 
deaths caused by lung cancer was reduced by 18.52%, 
18.84%, 19.33%, 20.72% and 23.13% in the screening 

Figure 2 Effect of changing the overdiagnosis rate on the 
incremental cost- effectiveness ratio (ICER) values of each 
screening strategy. QALY, quality- adjusted life year.

Table 4 Effect of changing sensitivity and specificity of LDCT on ICER value of each screening strategy

ICER (US$/QALY)

40* 45* 50* 55* 60*

Sensitivity 71.80% 21 783.45 20 260.50 19 015.37 18 018.64 18 714.41

100% 12 954.08 12 062.77 11 320.91 10 763.54 11 074.34

Specificity 86.30% 17 733.91 16 507.20 15 492.93 14 714.83 15 184.35

91.10% 15 503.75 14 431.26 13 544.44 12 864.03 13 274.17

*Initial age of LDCT screening.
ICER, incremental cost- effectiveness ratio; LDC T, low- dose CT; QALY, quality- adjusted life year.
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groups consisting of individuals aged 40, 45, 50, 55 and 60 
years, respectively. The results of sensitivity analysis also 
illustrate that LDCT screening for lung cancer can reduce 
deaths by 16.10%–19.75% even under the most unfa-
vourable circumstances. The NLST in the USA showed 
that LDCT screening can reduce the specific mortality of 
lung cancer by 20%.9 This is similar to the result of our 
study. However, the NLST conducted only three annual 
screens, whereas our research conducted decades of 
annual screens. The patients with cancer in this study had 
a longer follow- up period, which led to more deaths of 
patients with early lung cancer. Therefore, in the long- 
term follow- up, the effect of LDCT screening is more 
reflected in the increase in life years and QALYs.

Since younger smokers are less likely to develop lung 
cancer, using the screening in older initial age groups can 
reduce more deaths. However, in this study, QALY value 
and life years from the screening strategies decrease when 
the initial screening age increases. The QALYs at age 40 
years were the most optimal, followed by the screening 
strategies at ages 45, 50, 55 and 60 years (table 3). 
However, the costs of screening decrease with an increase 
in the initial screening age.

All the costs in the five screening strategies are greater 
than those in the corresponding non- screening strat-
egies. Healthy smokers in the screening group were 
requested to undergo annual LDCT screening for lung 
cancer. Furthermore, in some false- positive instances, 
healthy smokers—diagnosed by LDCT screening—had to 
undergo a biopsy, both of which contribute to the exces-
sive costs of screening strategies.

Although the costs of screening groups are much higher 
than those of the corresponding non- screening groups, 
the health effect in the screening groups is greater than 
in the corresponding non- screening groups. There-
fore, a prioritised screening strategy should be deter-
mined based on which strategy involves the lowest cost 
of screening while delivering the best health outcome. 

It is necessary, then, to develop screening strategies for 
economic evaluation.

When considering both cost and effectiveness, the 
screening strategy with an initial age of 55 years showed 
the best cost- effectiveness. Screening cost- effectiveness 
progressively worsened in the following age order: 60, 
50, 45 and 40. Even sensitivity analysis revealed that age 
55 presented the least cost in acquiring a QALY, when 
compared with the non- screening groups (table 3).

Further, this study shows that the incremental cost and 
incremental effectiveness between the screening and 
non- screening strategies decrease as the initial age of the 
screening group increases, resulting in the ICER of each 
screening strategy first decreasing and then increasing as 
the initial age of the screening groups increases. Hence, 
the trend of incremental cost reduction is greater than 
that of incremental effectiveness reduction when the 
initial age of the screening group is no more than 55 
years, and the reverse is true when the initial age is over 55 
years. Therefore, the screening strategy with an initial age 
of 55 years is the most cost- effective for Chinese annual 
LDCT screening for lung cancer. The optimal screening 
strategy for lung cancer presented in our study is consis-
tent with the screening guidelines provided by the US 
Preventive Services Working Group and Ontario Cancer 
Care Canada.30 31

When compared with other studies, the ICER value of 
screening strategies in this study is relatively lower. For 
instance, an American study based on NLST indicated 
that screening with LDCT costs an additional US$81 000 
per QALY gained compared with no screening.32 Another 
study in Canada showed that the ICER value of annual 
LDCT screening compared with no screening was 
US$52 000 per QALY.33 The ICER value of screening strat-
egies in these studies is far greater than ours (US$13 056–
US$15 736/QALY). A previous study has proven that 
the ICER value was most sensitive to variations in LDCT 
examination costs.34 Compared with American research, 

Table 5 Multivariate sensitivity analysis results comparing LDCT screening with no screening for different initial ages

Initial age Screen
Cost
(million)

Lung cancer 
deaths

Death 
reduction (%)

QALY
(thousand)

ICER
(US$/QALY)

40 Yes 217.90 7130 16.10 3343.26 43 458.23

40 No 2.05 8498 3338.29

45 Yes 198.30 7020 16.34 2866.34 39 774.96

45 No 2.55 8391 2861.42

50 Yes 176.65 6851 16.73 2397.58 36 895.34

50 No 3.30 8228 2392.88

55 Yes 153.33 6392 17.83 1944.49 34 016.88

55 No 4.27 7778 1940.11

60 Yes 127.65 5612 19.75 1500.31 35 416.66

60 No 5.38 6994 1496.86

ICER, incremental cost- effectiveness ratio; LDCT, low- dose CT; QALY, quality- adjusted life year.
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we found that the costs of LDCT screening in our study 
are low (US$285 for LDCT screening in American study 
and US$68 in this one).

It can be concluded from the results of the single factor 
sensitivity analysis that the baseline results are reliable. 
Although the sensitivity and specificity of LDCT screening 
and overdiagnosis have a certain impact on the research 
results, the results regarding the cost- effectiveness of 
screening hold. When assuming the worst- case estima-
tion of sensitivity, specificity and overdiagnosis of LDCT 
screening in the multiple sensitivity analysis, the ICER of 
screening strategies (US$34 016–US$43 458/QALY) is 
greater than the tripled value of per- capita GDP (US$29 
306/QALY); thus, there is no cost- effectiveness in such 
circumstances. However, convincing evidence for sensi-
tivity, specificity and overdiagnosis has not been provided 
in China.

Most existing studies explore screening itself; however, 
effective screening strategies can yield far greater benefits 
than indicated in our estimations. For instance, first, the 
health education provided by the screening programme 
may encourage many smokers to quit smoking, thereby 
reducing the risk of lung cancer and other related 
diseases. Second, the patients saved by screening can 
continue to work and create value, which contributes to 
productivity, tax revenues and so on. Third, in addition to 
the contribution to patients’ quality of life, there is also 
a positive impact on the quality of life of their relatives. 
Fourth, the current literature identifies other important 
benefits—diagnosis of kidney stones, uncertain renal 
masses, adrenal masses and abdominal aortic aneu-
rysm.35 The cost- effectiveness of screening can be further 
improved by considering these factors.

There are some limitations to this study and some 
assumptions that can be modified in further studies. For 
example, the study assumes that all people will voluntarily 
engage in the screening process, and that some people may 
quit during the process, affecting the cost- effectiveness of 
screening. Consequently, further studies should address 
the issue of compliance. Second, we divided the distribu-
tion of cancer stages into early and non- early. This was 
mainly because of lack of high- quality studies from which 
we could draw robust estimates of relevant parameters. 
There was also a shift from late stage to mid- stage, which 
might underestimate the cost- effectiveness. Finally, the 
study assumes that the clinical stage distribution of false- 
negative lung cancer in LDCT screening strategy is the 
same as that of unscreened individuals. The challenge 
of diagnosing a 5 mm nodule with imaging followed by 
biopsy is much harder than for larger, late- stage cancer. 
This is a conservative assumption.

CONCLUSION
In summary, we can conclude that annual LDCT screen-
ings among high- risk smokers (>20 pack- years) in urban 
areas of China are likely to be cost- effective. However, 
the effectiveness depends on the performance of the 

screening strategy. Among the five screening strategies, 
screening from the initial age of 55 years is found to be 
the most cost- effective.
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