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Abstract 

Introduction  Several studies have proved that Polygenic Risk Score (PRS) is a potential candidate for realizing preci-
sion screening. The effectiveness of low-dose computed tomography (LDCT) screening for lung cancer has been 
proved to reduce lung cancer specific and overall mortality, but the cost-effectiveness of diverse screening strategies 
remained unclear.

Methods  The comparative cost-effectiveness analysis used a Markov state-transition model to assess the poten-
tial effect and costs of the screening strategies incorporating PRS or not. A hypothetical cohort of 300,000 heavy 
smokers entered the study at age 50–74 years and were followed up until death or age 79 years. The model was run 
with a cycle length of 1 year. All the transition probabilities were validated and the performance value of PRS 
was extracted from published literature. A societal perspective was adopted and cost parameters were derived 
from databases of local medical insurance bureau. Sensitivity analyses and scenario analyses were conducted.

Results  The strategy incorporating PRS was estimated to obtain an ICER of CNY 156,691.93 to CNY 221,741.84 
per QALY gained compared with non-screening with the initial start age range across 50–74 years. The strategy 
that screened using LDCT alone from 70–74 years annually could obtain an ICER of CNY 80,880.85 per QALY gained, 
which was the most cost-effective strategy. The introduction of PRS as an extra eligible criteria was associated 
with making strategies cost-saving but also lose the capability of gaining more LYs compared with LDCT screening 
alone.

Conclusion  The PRS-based conjunctive screening strategy for lung cancer screening in China was not cost-effective 
using the willingness-to-pay threshold of 1 time Gross Domestic Product (GDP) per capita, and the optimal screening 
strategy for lung cancer still remains to be LDCT screening for now. Further optimization of the screening modality 
can be useful to consider adoption of PRS and prospective evaluation remains a research priority.
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Summary
Evidence before this study
China, with 1/3 proportion of smoking population across 
the world has substantial cancer burden while lung can-
cer remains the leading cause of cancer-related death. 
The effectiveness for mortality reduction of lung cancer 
screening programs has been well confirmed by several 
trials (e.g. National Lung Screening Trail) and the chal-
lenge for lung cancer screening now seemed to be the 
high false-positive rate of Low-Dose Computed Tomog-
raphy (LDCT). To make the existing cancer screening 
programs more efficient targeting, polygenic risk scores 
(PRSs) are introduced. PRS have the potential to iden-
tify individuals at risk of different type of cancers, opti-
mizing treatment, and predicting survival outcomes. 
We searched PubMed, EMBASE, and Web of Science 
between January 1, 2000, and July 30, 2023, with no lan-
guage restrictions, using the terms “China” or “Chinese”, 
“lung cancer”, “polygenic risk score” or “PRS” or “genetic 
test” and “cost-effectiveness”, to identify published eco-
nomic evaluations on PRS-based strategy for lung can-
cer screening in China. We found no previous studies 
describing the cost-effectiveness of PRS-based lung 
screening in China. Only one previous study evaluated 
the effect of PRS-based screening based on modelling 
using UK metrics.

Added value of this study
The comparative cost-effectiveness analysis used a 
Markov state-transition model to assess the potential 
effect and costs of the screening strategies incorporat-
ing PRS or not. We found that the screening strategy 
incorporating PRS was estimated to be cost-effective 
compared with non-screening, with an ICUR of CNY 
156,691.93 to CNY 221,741.84 (initial start age range 
across 50-74  years) per QALY gained. The strategy that 
screened using LDCT alone from 70-74  years annu-
ally could obtain an ICER of CNY 80,880.85 per QALY 
gained, which was the most cost-effective strategy. The 
introduction of PRS as an extra eligible criteria was asso-
ciated with making strategies cost-saving but also lose 
the capability of gaining more LYs compared with LDCT 
screening alone.

Implications of all the available evidence
Our findings suggest that lung cancer screening programs 
incorporating PRS of existing performance would hardly 
be cost-effective using the willingness-to-pay thresh-
old of 1 time GDP per capita, and the optimal screening 
strategy for lung cancer still remains to be LDCT screen-
ing alone for now, suggesting that we should be more 
conservative in considering LDCT screening with PRS 
for lung cancer.

Introduction
Lung cancer is the second most common malignancies 
in China, where up to 39.8% of all 2.2 million worldwide 
newly diagnosed cases were from China in 2020 [1, 2]. 
Only 17.3% of the lung cancer patients are diagnosed at 
stage I, others are found with advanced stage [3]. Given 
the large number of patients with lung cancer and the poor 
prognosis [4], lung cancer contributes prominently to the 
cancer burden in China with substantial economic and 
societal impacts in future [5]. To achieve effective cancer 
prevention, there is a growing focus on improving cancer 
control through screening and early diagnosis. Several 
organizations or medical societies worldwide, including 
National Cancer Center of China, recommended annual 
low-dose CT (LDCT) screening for people at high risk of 
developing lung cancer [6–9]. As a result, millions of par-
ticipants were diagnosed with lung nodules by undergo-
ing LDCT screening every year [10]. However, the false 
positive rate (FPR) of LDCT test was reported as 96.4% 
and 56.5% in the National Lung Screening Trial(NLST) 
and Dutch-Belgian Randomized Lung Cancer Screen-
ing Trial(NELSON), respectively [11, 12]. Consequently, 
a substantial part of subjects undergo unnecessary 
clinical examinations following a false-positive screen-
ing result which results in extra radiation exposure and 
over-diagnosis.

To make the existing cancer screening programs more 
efficient targeting, polygenic risk scores (PRSs) are intro-
duced. PRS have the potential to identify individuals at 
risk of different type of cancers, optimizing treatment, 
and predicting survival outcomes [13]. Though transla-
tion of PRSs into clinically relevant prediction models is 
a challenge [14, 15]. Recent case–control cohort study 
suggested that the PRSs could significantly improve 
discrimination in high risk populations, compared to 
clinical risk factors (e.g. age, sex, smoking history, can-
cer histology, etc.) alone [16]. A large-scale prospective 
cohort study identified 19 susceptibility loci to be signifi-
cantly associated with non-small cell lung cancer risk at 
p ≤ 5.0 × 10−8,and confirmed that PRS was an independ-
ent effective risk stratification indicator beyond age and 
smoking pack-years in Chinese populations, makes PRS 
a potential candidate for realizing precision screening 
[17]. Although promising, none of the candidate PRSs are 
regularly used in clinical practice, despite studies report-
ing benefits from using PRS to assess eligibility of several 
types of cancer screening programs (i.e. breast, prostate 
and colorectal cancer) [18]. As the PRS could be used as 
an indicator to guide risk stratification, we propose to 
use PRS on the basis of former risk assessment criteria 
to further assess the eligibility of lung cancer screening, 
might be one of the potential approaches to realize its 
utility in population-based cancer screening programs. 
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Few results have been reported to date using these PRSs 
in screening practice; thus, the health outcomes associ-
ated with adjunctive strategies with LDCT as well as the 
cost-effectiveness remain unclear.

Here, we assessed the impact of the current PRS intro-
duced in conjunction with LDCT screening on the effec-
tiveness and cost-effectiveness of lung cancer screening 
from a societal perspective. Using a Markov model, we 
evaluated the long-term benefits and harms of lung 
cancer screening with and without a PRS in Chinese 
populations.

Methods
Study design and model description
In this modelling study, the Markov model on lung can-
cer screening that developed by our previous work was 
used and adapted for the purpose of assessing the poten-
tial impact of LDCT screening with and without a PRS 
from a societal perspective. Important assumptions and 

the overall structure of the model have been thoroughly 
described before and in supplementary material [19, 20]. 
Per China guideline for the screening and early detec-
tion of lung cancer (2021,Beijing) [21] recommended, 3 
hypothetical cohorts of 10,000 current and former smok-
ers aged 50–74  years old were simulated until death or 
age 79  years (mean life expectancy in China),named 
non-screening cohort, LDCT screening cohort and 
LDCT&PRS screening cohort. Unlike the normal LDCT 
screening modality, individuals who enter the cohort of 
LDCT&PRS were assumed to have received PRS assess-
ment and were included to the top 5% high risk based 
on PRS. All the simulated individuals from two screen-
ing cohorts undergo annual screening until the simu-
lation ended. We further superimposed screening and 
diagnostic follow-up interventions onto the natural his-
tory model for lung cancer and obtained population-level 
outcomes. Data sources, main outcomes, and the full 
research design are shown in Fig. 1. The model was run 

Fig. 1  The schematic diagram of research design. Abbreviations: RR, relative risk; LDCT, low-dose computed tomography; PRS, polygenic risk score; 
CKB, China Kadoorie Biobank; ICER, incremental cost -effectiveness ratio; ICUR, incremental cost-utility ratio
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with a cycle length of 1 year and a discount rate of 5% was 
applied to both costs and effectiveness. The model con-
struction and all the simulations were conducted using 
Treeage Pro, version 2021 (Treeage Software). The study 
was performed according to the Consolidated Health 
Economic Evaluation Reporting Standards (CHEERS) 
and was approved by the ethics committee of the Jiangsu 
Province Hospital of Chinese Medicine; informed con-
sent was not applicable because this was a modeling 
study.

Model input parameters
For this modelling analysis, we used China age-stratified 
data for lung cancer incidence and integrated the effect 
of smoking rate to model incidence rates for the initial 
probability of lung cancer for those in the cohorts of non-
screening or LDCT screening alone [22–24]. According 
to the 3 PRS-defined quantiles (ie, the top 5%,5%-95%, 
and the bottom 5%), we then calculated the relative 
risk(RR) of the PRS for lung cancer based on the pub-
lished estimates of the standardized rates of lung cancer 
events of the three groups of heavy smokers with diverse 
genetic risk in China Kadoorie Biobank (CKB) cohort 
[17]. The proportion of clinical stage for lung cancer 
detected by LDCT was derived from screening results 
of the Wenling Lung Cancer Screening Program, which 
was initiated in 2018 to conduct annual LDCT screen-
ing for local populations at high risk of lung cancer with 
follow-up for 3  years. A total of 20130 asymptomatic 
individuals were screened by the program by the end of 
December, 2022, and 287 patients were diagnosed with 
lung cancer; details of the proportions by cancer stage 
are presented in Table 1. Annual screening followed the 
same screening protocol as in the Cancer Screening Pro-
gram in Urban China, which determined positive find-
ings by morphologic features and the size of the nodule 
[25]. As for those diagnosed by normal clinical pathways, 
the probability that diagnosed clinically is detailed by 
stage in Table  1 based on a hospital-based multi-center 
lung cancer retrospective clinical epidemiological sur-
vey in China(LuCCRES) [26]. The probability of health to 
all-cause death was estimated as all-cause mortality for 
smokers by age [24, 27]. The probability of lung cancer-
specific death was derived from a study by Zhang et  al. 
[28] and was adjusted for smoking status [29, 30]. The 
probability that a cancerous state progressed to a more 
advanced state or to a maintenance state is detailed by 
cancer stage in Table  1 according to Haaf ’s work [31]. 
The sensitivity and specificity for LDCT were based on a 
study that enrolled 9,522 person-times over five screen-
ing rounds from 2014 to 2018 in Sichuan, China [32]. Per-
fect attendance to screening was assumed for base-case 

analysis and the uptake rates by different screening 
modality were incorporated in scenario analysis [33].

A total estimated cost for the lung cancer screening 
program consisted of two parts, the direct screening cost 
and the indirect screening cost. Screening related cost 
data were surveyed by the work team of a local lung can-
cer screening program for the expenses for public adver-
tising, screening invitation management, staff salary and 
depreciation of screening machinery. For the indirect 
screening cost, we conducted a survey to estimate the 
expenses for transportation and wage for missed work for 
the participants.

We estimated the treatment cost of lung cancer by 
stage based on the database of local medical insurance 
bureau, which including 4,947 patients and 107,248 rel-
evant records. Given the potential diversity in treatment 
cost across the nation, we adapt the treatment cost by 
stage using published metrics form China Health Statis-
tics Yearbook 2020 [38]. The cost of maintenance by stage 
was calculated using the standard follow-up process and 
the unit price of each test per the price list of medical 
services in public medical institutions. All the costs in 
this study are expressed in CNY and are discounted to 
the price level of 2022 at a discount rate of 5%.

For quality-of-life adjustment, we used the utility val-
ues for lung cancer state by stage based on a EQ-5D-3L 
survey from 2586 lung cancer patients in 8 provinces and 
12 cities in China through the Cancer Screening Program 
in Urban China(CanSPUC). In addition to, we derived 
the utility value of CIS stage from a global systematic 
review by Sturza et al. [36]. The utility value for the main-
tenance state of each stage was derived from a domestic 
thesis in 2016 [37].

Evaluated strategies
We compared 15 alternative strategies as shown in 
Table 2. The first 5 strategies involved non-screening for 
all the heavy smokers as blank control. The remaining 10 
strategies were defined by combinations of risk stratifica-
tion approaches (smoking pack-years or PRS) and initial 
screening age from 50 to 70  years by 5-year age bands. 
We describe these strategies in Table 2.

Outcome measures
In this study, primary outcomes included life years (LYs), 
quality adjusted life years (QALYs), and costs of differ-
ent strategies. Given the #0 Non-screening strategy as 
reference, a strategy was deemed cost-effective if the 
incremental cost-effectiveness ratio (ICER), namely the 
difference between the overall costs of the two strate-
gies divided by the difference between the total QALYs 
gained, was lower than the cost-effectiveness threshold of 
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Table 1  Input parameters of Markov model

Variables Base-case value Distribution Source

Lung cancer incidence rate in general 
population(100,000–1)

Male Female

50–54 84.34 50.87 Beta [21]

55–59 121.85 56.99 Beta [21]

60–64 237.82 104.22 Beta [21]

65–69 329.68 137.74 Beta [21]

70–74 418.52 178.38 Beta [21]

RR(> 30 pack-years) 3.87 Lognormal [34]

RR(> 30 pack-years at top 5% based on PRS) 3.98 Lognormal [17]

Proportion of lung cancer by stage Wenling lung 
cancer screening 
program

  CIS 0.0370 Beta

  I 0.6852 Beta

  II 0.0370 Beta

  III 0.1852 Beta

  IV 0.0556 Beta

  Sensitivity of LDCT 0.79 Beta [32]

  Specificity of LDCT 0.81 Beta [32]

Mortality of all-cause death (%)

  50–54 0.45 Beta Estimated [24, 27]

  55–59 0.65 Beta Estimated [24, 27]

  60–64 1.08 Beta Estimated [24, 27]

  65–69 1.88 Beta Estimated [24, 27]

  70–74 3.36 Beta Estimated [24, 27]

  75–79 5.40 Beta Estimated [24, 27]

Lung cancer mortality rate in general population(100,000–1)

  50–54 28.81 Beta [28]

  55–59 52.86 Beta [28]

  60–64 101.93 Beta [28]

  65–69 153.34 Beta [28]

  70–74 248.57 Beta [28]

Transition probabilities(1 year)

  Lung cancer stage CIS to lung cancer stage I 0.0980 Beta [25]

  Lung cancer stage I to lung cancer stage II 0.3682 Beta [35]

  Lung cancer stage I to lung cancer stage III 0.0328 Beta [35]

  Lung cancer stage I to lung cancer stage IV 0.0745 Beta [35]

  Lung cancer stage II to lung cancer stage III 0.2260 Beta [35]

  Lung cancer stage II to lung cancer stage IV 0.1510 Beta [35]

  Lung cancer stage III to lung cancer stage IV 0.1455 Beta [35]

  Lung cancer stage CIS to death 0 Beta Estimated [28–30]

  Lung cancer stage I to death 0.1739 Beta Estimated [28–30]

  Lung cancer stage II to death 0.2842 Beta Estimated [28–30]

  Lung cancer stage III to death 0.4626 Beta Estimated [28–30]

  Lung cancer stage IV to death 0.5880 Beta Estimated [28–30]

Utility

  CIS 0.92 Beta [36]

  I 0.92 Beta CanSPUC data

  II 0.87 Beta CanSPUC data

  III 0.71 Beta CanSPUC data
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1–3 times Gross Domestic Production (GDP) per capita 
per QALY gained (CNY 85,698–257,094) [39].

Sensitivity analysis and scenario analysis
The robustness of the outcomes to uncertainties in the 
parameter estimates was examined through a series of 
univariate sensitivity analyses. The cost of screening, 
treatment cost as well as maintenance cost and con-
sumer price index (CPI) rate were set to vary by 30% 
compared to base case values. The discount rate was set 
to range from 0 to 8%. The RR of the PRS for lung can-
cer was set to range from 2.64 to 5.99. The sensitivity and 
specificity of LDCT test were set to range from (0.632, 
0.648) to (0.948, 0.972). Furthermore, Probability sen-
sitivity analysis (PSA) was also performed with 10,000 
iterations to assess the joint uncertainties in the values 
of input parameters. Input parameters were randomly 
drawn from beta, lognormal or gamma distribution (see 
Table  1). As for the scenario analysis, we evaluated the 

health benefits and harms associated with a lung cancer 
screening program that incorporated the uptake rate of 
different screening modalities among Chinese high-risk 
population for lung cancer.

Software
Modelling was performed in TreeAge Pro 2021 Version 
R2.1 (TreeAge Software, Williamstown, Massachusetts).

IRB approval
This project has been approved by Ethics Committee of 
the Taizhou cancer hospital (code: IRB-[2020]NO.6).

Role of the funding source
No specific funding was received for this analysis.

Results
Base‑case analysis
In the absence of screening, the total number of lung 
cancer death per 100,000 heavy smokers aged between 
50–79  years were estimated to range from 4,434 to 
10,586. The introduction of a screening program led to a 
decrease of lung cancer deaths, with the reduction rate of 
lung cancer death ranging from 0.31% to 15.80% across 
a diverse set of screening strategies. About 95% false-
positive cases could be averted by incorporating PRS 
in the screening program in relative to LDCT screen-
ing alone. The LYs and QALYs across all the screening 
strategies compared with non-screening ranged from 
60.26 to 134.93 and from 59.83 to 134.27, respectively. 
To be specific, screening strategies using PRS as extra 

Abbreviations: RR Relative risk ratio, CIS Carcinoma in situ, PRS Polygenic risk score, LDCT Low-dose computed tomography, CNY Chinese yuan, CanSPUC Cancer 
Screening Program in Urban China

Table 1  (continued)

Variables Base-case value Distribution Source

Lung cancer incidence rate in general 
population(100,000–1)

Male Female

  IV 0.60 Beta CanSPUC data

  Maintenance state 0.87 Beta [37]

  Costs(CNY) Survey data

  Screening cost(LDCT) 245.86 Gamma -

  Screening cost(PRS) 280.00 Gamma -

  Pre-diagnosis cost 628.36 Gamma -

  Biopsy diagnosis cost 1,232.44 Gamma -

Treatment cost

  CIS 47,341.85 Gamma -

  I 53,344.51 Gamma -

  II 83,365.95 Gamma -

  III 90,643.18 Gamma -

  IV 116,471.34 Gamma -

Table 2  Characters of the evaluated strategies

Abbreviations: LDCT Low-dose computed tomography, PRS Polygenic risk score

Pack-years, 1 pack-year equivalent to 20 cigarettes per day for 1 year

Strategy Eligible criteria Screening tool Start age

#0 Non-screening - - 50;55;60;65;70

#1 LDCT Smoking > 30 pack-
years

LDCT 50;55;60;65;70

#2 PRS& LDCT Top 5% based 
on PRS and smok-
ing > 30 pack-years

LDCT 50;55;60;65;70
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eligible criteria obtained lower LY and QALY gained than 
LDCT screening alone (see Table 3). Compared to non-
screening, the #1LDCT strategies cost between CNY 
104,998.56 and CNY 176,565.66 per LY gained. The #2 
PRS&LDCT strategies cost between CNY 191,110.06 
and CNY 260,918.20 per LY gained. When adjusting 
to QALYs, the #1LDCT strategies would cost between 
CNY 808,80.85 and CNY 150,050.15 per QALY gained. 
The #2 PRS&LDCT strategies would cost between CNY 
156,691.93 and CNY 221,741.84 per QALY gained. 
All showed an ICER below 3 times GDP per capita 
(CNY257,094) per QALY gained. Assuming a cost-effec-
tiveness threshold of 1time GDP per capita (CNY 85,698) 
per QALY gained for the Chinese healthcare system, only 
annual LDCT screening with the start age of 65–74 and 
70–74 years old were cost-effective, yielding an ICER of 
CNY 85,332.16 and CNY 80,880.85 per QALY gained 
compared with non-screening. Table 3 provides the out-
comes of the model simulation.

Sensitivity analysis and scenario analysis
Results of sensitivity analyses are shown in Fig.  2 and 
Fig.  3. The most influential factors on the ICER were 
specificity and sensitivity of LDCT, as well as discount 
rate. The results were robust to the changes of the impor-
tant values from base-case analysis with no variation 
exceeding 3 times GDP per capita (CNY257,094) per 
QALY gained, but also generally exceeding 1 times GDP 
per capita (CNY85,698) (Fig.  3). Notably, the #1LDCT 
screening strategy compared with the #0 Non-screening 

strategy with a start age older than 55  years had bet-
ter than 90% likelihood of being cost-effective when 
the willingness-to-pay threshold was 3 times GDP per 
capita (CNY257,094). Meanwhile, the probability of 
#2 PRS&LDCT screening strategy to be cost-effective 
ranged from 33.77%-79.68%, varying from different start 
age. While the per capita GDP (CNY 85,698) serves as 
the threshold for absolutely cost-effective, the acceptabil-
ity at willingness-to-pay threshold ranged from 1.44% to 
34.18% for #1LDCT screening strategy and from 0.26% to 
2.54% for #2 PRS&LDCT screening strategy (Table 4).

The tornado diagram illustrates the change in the 
incremental cost-effectiveness ratio (ICER), which was 
defined as the cost of the PRS&LDCT screening strategy 
minus the cost of the LDCT screening divided by the dif-
ference of the quality-adjusted life-year of the two strat-
egies when important input parameters were varied for 
both strategies (1 strategy at a time) by 10% ~ 30% higher 
or lower than their base-case values (shown in Sect. 2.5 
Sensitivity analysis and scenario analysis). The vertical 
axis (dotted dark line) on the left shows the estimated 
ICER for the base-case analysis, and the vertical axis on 
the right showed the willingness-to-pay. The column 
with black color in the tornado diagram showed when the 
input parameters decrease, their impact for the results. 
Similarly, the column with grey color showed when the 
input parameters increase, their impact for the results. 

Abbreviations: LDCT, low-dose computed tomogra-
phy; PRS, polygenic risk score; LC, lung cancer; CIS, car-
cinoma in situ; CPI, consumer price index.

Table 3  Outcomes of base-case analysis among alternative strategies

Abbreviations: LDCT Low-dose computed tomography, PRS Polygenic risk score, CNY Chinese yuan, LYs Life years, QALYs Quality-adjusted life years, ICER Incremental 
cost-effectiveness ratio, ICUR​ incremental cost-utility ratio

Start age Strategies Costs (CNY:million) LYs (10,000 years) QALYs 
(10,000 years)

ICER ICUR​

50 #0 Non-screening 1339.49 134.58 133.86

#1 LDCT 1956.54 134.93 134.27 176,565.66 150,050.15

#2 PRS&LDCT 1386.32 134.60 133.88 260,918.20 221,741.84

55 #0 Non-screening 1283.70 119.71 118.92

#1 LDCT 1832.75 120.09 119.38 142,128.81 119,991.71

#2 PRS&LDCT 1327.11 119.73 118.95 218,831.81 184,753.98

60 #0 Non-screening 1169.75 102.33 101.55

#1 LDCT 1634.73 102.73 102.02 116,463.62 97,566.13

#2 PRS&LDCT 1208.94 102.35 101.57 191,110.06 160,107.15

65 #0 Non-screening 950.81 82.70 82.03

#1 LDCT 1309.47 83.04 82.45 104,998.56 85,332.16

#2 PRS&LDCT 984.64 82.72 82.05 192,795.29 156,691.93

70 #0 Non-screening 631.94 60.26 59.83

#1 LDCT 864.37 60.48 60.11 105,370.21 80,880.85

#2 PRS&LDCT 659.40 60.27 59.84 242,247.42 185,958.48
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Fig. 2  Univariate sensitivity analyses of annual LDCT screening vs PRS&LDCT screening for lung cancer

Fig. 3  Probabilistic sensitivity analyses of diverse screening strategies for lung cancer
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The dashed circle is the 95% confidence interval, 
which indicates the robustness of the model operation. 
The dashed lines are displayed as the cost-effective-
ness threshold of 1 times GDP per capita (CNY85,698) 
and 3 times GDP per capita (CNY257,094) per QALY 
gained, respectively. The dots above the dashed line are 
cost-effective.

Abbreviations: LDCT, low-dose computed tomogra-
phy; PRS, polygenic risk score; WTP, willingness-to-pay 
threshold. In a previous study, a discrete choice experi-
ment was used to create scenarios on several different 
possible modalities for the implementation of lung can-
cer screening in Chinese context [38]. The uptake rate 
varied from different screening modalities by mixed-logit 
model. The uptake rate of screening by blood test would 
be decreased by 0.08 compared with the baseline, i.e. 
LDCT screening. The compliance rate of LDCT screen-
ing in CanSPUC from 2013 to 2018 remained 34.41%, 
37.25%, and 48.21% in urban areas of Shanxi, Henan, 
and Zhejiang Provinces, respectively [5–7]. However, 
we found a substantial improvement (91%) on the com-
pliance rate of LDCT in Wenling lung cancer screening 
program than those reported by CanSPUC. As CanSUPC 
was a national cancer screening program targeting five 
cancer types (lung cancer, female breast cancer, liver can-
cer, upper gastrointestinal cancer, and colorectal cancer) 
using a combined screening modality. Given the effect on 
the compliance rate for the combined screening modal-
ity of five cancer type might varied from separate screen-
ing for each cancer type, we hence used the compliance 
rate of LDCT screening from the Wenling lung cancer 
screening program in this study. The compliance rate of 
PRS test was then estimated as 83.72% for scenario analy-
sis. When we analysed the impact of the compliance rate 

of LDCT and PRS test, we observed similar patterns as 
those obtained from our base case analysis with a per-
fect attendance, despite some differences on the absolute 
effects due to discrepancies in the compliance rate of the 
two cohorts (Supplementary Table S6).

Discussion
We assessed the effectiveness and cost-effectiveness of 
lung cancer screening per the NCC recommendation 
when PRS is introduced to further assess the eligibility 
of lung cancer screening on the basis of the current defi-
nitions of high-risk population for lung cancer in China. 
The results showed that lung cancer screening programs 
incorporating PRS of current performance would be 
cost-effective with the start age of 50–74  years, using a 
willingness-to-pay threshold of 3 times GDP per capita 
(CNY257,094) per QALY gained. We demonstrated that 
as the compliance rate of the screening test decreased 
by 10%-20% (i.e. a real-world like scenario), its start age 
must be postponed to 55  years for the screening pro-
gram to be cost-effective. However, when applied the 
willingness-to-pay threshold of 1 time GDP per capita 
(CNY85,698) per QALY gained, all the screening strate-
gies incorporating PRS were not able to be cost-effective 
anymore. Note that the #1LDCT screening strategy were 
more cost-effective than #2 PRS&LDCT screening strat-
egy using existing PRS tool in general, yielding more LYs 
or QALYs at lower cost. These results were sensitive to 
the sensitivity and the specificity of LDCT, as well as 
the discount rate. The results were robust when incor-
porating real-world compliance rate of the LDCT and 
PRS test in place of the perfect attendance. Overall, our 
results suggested that we should be more conservative in 

Table 4  Acceptability at different level of willingness-to-pay

Abbreviations: LDCT Low-dose computed tomography, PRS Polygenic risk score, CNY Chinese yuan, GDP Gross Domestic Production

Start age Strategies Acceptability at willingness-to-pay (%)

1 time GDP per capita 
(CNY85,698)

2 times GDP per capita 
(CNY171,396)

3 times GDP 
per capita 
(CNY257,094)

50 #1 LDCT 1.44 27.99 75.07

#2 PRS&LDCT 0.26 9.89 33.77

55 #1 LDCT 4.31 54.76 93.52

#2 PRS&LDCT 0.77 16.68 54.34

60 #1 LDCT 10.47 83.35 99.06

#2 PRS&LDCT 1.88 26.94 73.49

65 #1 LDCT 19.77 94.28 99.81

#2 PRS&LDCT 2.54 31.9 79.68

70 #1 LDCT 34.18 98.13 99.95

#2 PRS&LDCT 1.45 22.66 67.41



Page 10 of 12Zhao et al. BMC Cancer           (2024) 24:73 

considering LDCT screening with PRS for lung cancer, 
unless optimized PRS with better performance emerged.

In a modelling study, the Huntley et  al. modelled the 
application of PRS stratification using UK metrics and 
demonstrated that the PRS-defined high-risk quintile 
(20%) of the UK population was estimated to capture 26% 
of lung cancer cases [18]. However, lung cancer was not 
presented as being the most plausible use cases for PRS 
stratification on account of the current PRS predictiveness 
and the availability of established cancer screening tools 
than other cancer types like breast, prostate, or colorectal 
cancer [18]. Furthermore, rather than considering age and 
PRS as mutually exclusive options, it is more rational to 
consider stratification based on a combination of age and 
PRS, and the other risk factors (notably, for lung cancer, 
smoking pack-years and family history) [40].

Nevertheless, a downside of our study is that the mod-
eled strategies cover only one possible group at high 
risk, i.e. the top 5% based on PRS in the CKB cohort. 
Due to the crucial effect of smoking status for lung can-
cer incidence, we were not able to reliably estimate the 
actual ability to capture lung cancer cases using the area 
under the receiver operating characteristic curve for PRS 
alone, nor assess the effect and cost-effectiveness of the 
scenarios incorporating diverse PRS-defined high-risk 
quantiles. Hence, there is still a need to further assess the 
alternative strategies by generating empirical evidence 
on the utility of risk stratification in population-based 
screening programs in future. Furthermore, as histologic 
type was also determinant of long-term outcomes of lung 
cancer patients, the application for the average prob-
ability in the transition probabilities between cancerous 
states might affect the analytical precision in this work. 
Further research may benefit from incorporating the his-
tology data for the construction of natural history model 
for lung cancer.

By introduction of new PRS-stratified screening tool, 
the application in cancer screening could be considered 
from diverse perspectives. For mass screening based on 
population, Huntley et al. focused on providing additional 
screening to the PRS-defined high-risk group [18], this 
study explored the modality that adding PRS to the for-
mer high-risk criteria to assess eligibility of lung cancer 
screening. Conversely, using PRS-stratified screening tool 
to provide less intensive screening to low-risk individu-
als could also help to reduce the unnecessary harms (i.e. 
radiation exposure or invasive biopsy) and costs of over-
screening. Moreover, several studies have shown that the 
risk-stratified screening programs [41, 42] and personal-
ized screening randomised trials for breast cancer [43, 
44] were ongoing in the Europe and the United States. 
The risk-tailored screening modality which determine the 

screening age range, frequency, and method to each risk 
group according to the PRS might be a potential solution 
for lung cancer screening programs as well.

Research into new application of PRS in screening pro-
grams typically involves breast cancer [45, 46], prostate 
cancer [47, 48] and colorectal cancer [49, 50]. Current 
findings can be informative for researchers in the field 
of cancer epidemiology to guide early adoption of PRS 
in screening programs or trials for lung cancer, given 
that they provide extensive information on expected 
costs, effects, and even cost-effectiveness based on cur-
rent status. According to our findings, the field of cancer 
screening and early-detection could move into a direc-
tion where PRS will become cost-effective as a molecular 
diagnostic test in participants with high risk of lung can-
cer. Although currently the #1LDCT screening strategy 
were more cost-effective than #2 PRS&LDCT screening 
strategy using existing PRS tool in general, the obtained 
data could then potentially be used for a better strati-
fication leading to more participants receiving better 
screening service. By the time real-world data relevant 
to the modeled scenarios become available, a more com-
prehensive and precise cost-effectiveness analysis should 
be performed for validation purposes. In light of the 
uncertainties and insufficient performance of the current 
modality, it seems advisable to accompany adoption with 
further research to optimize the performance by risk 
assessment and tailoring of screening frequency and age 
range of screening for lung cancer.

Our findings suggest that lung cancer screening pro-
grams incorporating PRS of current performance would 
hardly be cost-effective using the willingness-to-pay 
threshold of 1 time GDP per capita, and the optimal 
screening strategy for lung cancer still remains to be 
LDCT screening alone for now. Further optimization of 
the screening modality can be useful to consider early 
adoption of PRS, in order to identify the best ways to 
implement lung cancer screening programs that could 
improve the benefit–harm trade-offs and cost-effective-
ness relevant to its implementation.
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