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Lung cancer is the leading cause of cancer-related deaths worldwide
and the third leading cause of death among population in China.! Over
the past 30 years, the incidence of lung cancer in China has been con-
tinuously increasing. It is estimated that there are currently 0.8 to 1
million newly diagnosed cases of lung cancer in China each year.> And
this number is expected to continue increasing for a period. On the other
hand, in recent years, there has been a shift in the staging of lung can-
cer due to the widespread use of CT scans in China, with an increasing
proportion of stage I lung cancer. This trend is consistent with the situ-
ation in the United States since the 21st century. It is expected that the
overall survival rate of lung cancer in China will continue to improve.®
Ordered by the technological maturity, this article is based on the ongo-
ing work of our team and presents specific pathways and prospects for
the prevention and control of lung cancer (Fig. 1).

Establishing precise early screening tools and strategies

The majority of lung cancer is a slowly developing disease with a
wide “window of opportunity” ranging from curable (no metastasis)
to incurable stages. Early detection and effective intervention during
this window can completely prevent deaths caused by lung cancer. CT
screening can detect the majority of early-stage lung cancers located
within the lung parenchyma (while bronchoscopy is required for cancers
originating from the mucosa). Previous studies such as National Lung
Screening Trial (NLST) and Nederlands-Leuvens Longkanker Screenings
ONderzoek (NELSON) have demonstrated that CT screening reduces
long-term lung cancer-related mortality in high-risk populations.*:> Our
team’s CT mass screening project conducted in Guangzhou has also in-
dicated a 63% reduction in lung cancer-related mortality compared to
non-screened individuals, which is the largest reduction ever reported.
This may be attributed to the inclusion of more curable individuals in
the mass screening and more proactive tracking and intervention mea-
sures.®

However, CT screening has a significant drawback. Its high sensitiv-
ity leads to a high false positive rate, which can exceed 96% and result
in a substantial amount of overdiagnosis and overtreatment.  In China,
20-30% of high-risk lung nodules surgically removed are found to be
benign lesions. More and more intermediate-to-low-risk lung nodules
received additional repeated examinations, causing significant waste of
societal resources. Therefore, we are actively developing auxiliary di-
agnostic tools to mitigate the risk of overdiagnosis, including imaging
artificial intelligence (AI) and liquid biopsy. These include the world’s
first circulating tumor DNA (ctDNA) high-throughput methylation diag-
nostic tool, which identifies 100 lung cancer-specific methylations ob-
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tained through massive screening.” This model achieves an accuracy
rate of 85%, and when combined with imaging Al, its accuracy rate
increases to 91%.% However, these tools cannot entirely alleviate indi-
viduals’ anxiety regarding lung nodules.

Therefore, we propose a more rational approach to screening, em-
ploying efficient and cost-effective non-invasive methods such as liquid
biopsy, exhaled breath analysis, saliva testing, and others, as alterna-
tives to CT screening. These biomarker-based tools need to possess high
sensitivity to ensure the detection of any potential lung cancer with-
out missing any cases, while specifically identifying lung cancers that
truly require intervention, excluding benign lung nodules and indolent
cancers that do not necessitate intervention, such as in situ carcinoma
and some minimally invasive carcinoma. Currently, there are several in-
vestigational techniques that hold promise in achieving this objective,
including fragmentomics based on low-depth whole-genome sequenc-
ing, T cell receptor (TCR) sequencing for blood-based detection, as well
as metabolomics approaches utilizing samples such as oral-pharyngeal
secretions, saliva, and exhaled breath. We are currently organizing a
clinical trial to explore the feasibility of replacing CT screening with
these alternative non-invasive biomarkers. Meanwhile, the portability
of testing equipment and the establishment of fast detection methods
(such as antibodies or clustered regularly interspaced short palindromic
repeats [CRISPR] test strips) will help popularize screening in various
types of institutions (such as physical examination centers, community
hospitals, etc.), and even on-site testing. This could potentially transi-
tion from passive screening approaches to proactive outreach testing,
addressing the current challenge of low response rates in centralized
screening.

Previously, due to cost-effectiveness considerations, particularly the
false positive rate of CT, most lung cancer screenings were targeted to-
wards high-risk individuals. However, the definition of high-risk popu-
lation lacks sensitivity. In our previous lung cancer screening program
in Guangzhou, we observed that individuals who did not meet the cri-
teria for high-risk as defined by National Comprehensive Cancer Net-
work (NCCN) and Chinese expert consensus still had a considerable lung
cancer detection rate, with a higher proportion of stage I lung cancer
cases. Once we implement screening methods that are more accurate
and have lower false positive rates than CT, we can conduct population-
wide screening to detect all potential cases of lung cancer.

Developing feasible early intervention and prevention strategies

For early-stage lung cancer, minimally invasive intervention
treatments such as video-assisted thoracoscopic surgery (VATS), per-
cutaneous ablation, and stereotactic body radiation therapy (SBRT)
have been utilized to achieve minimal trauma. Compared to tradi-
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Current situation: High mortality rate of lung cancer
and lack of effective prevention and treatment tools
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Vision: Towards zero lung cancer

Fig. 1. Towards zero lung cancer. CT: Computed tomography; IL-1p: Interleukin-1p; MRD: Minimal residual disease; mRNA: Messenger RNA; PD-1: Programmed
death-1; SBRT: Stereotactic body radiation therapy; TNF-a: Tumor necrosis factor-o; VATS: Video-assisted thoracoscopic surgery.

tional open surgery and intubation anesthesia, He et al’!! showed

that tubeless VATS (without endotracheal intubation, chest tube, and
urinary catheter) significantly reduces the treatment-related trauma,
enabling a larger population, including the elderly, to undergo curative
surgery. As cancer is a systemic disease, pharmacological treatment
also plays a crucial role. We have pioneered the exploration of the
efficacy of EGFR targeted therapy, programmed death-1 (PD-1) immune
checkpoint inhibitors, and other immunotherapeutic drugs in stage 0
lung cancer,'*'* and developed corresponding imaging Al tools for
predicting gene mutation types of small lung nodules.'> Among them,
AT prediction of EGFR mutation in stage 0 lung cancer demonstrated
a 60% effectiveness rate in EGFR-mutated patients when treated with
first-generation EGFR-TKIs, consistent with previously reported drug
sensitivity. PD-1 inhibitor has also shown certain activity in some
immunogenic stage 0 lung cancers. Moreover, PD-1 inhibitor not only
serves as a therapeutic agent for treating tumors but also exhibits early
inhibitory effects on tumor occurrence and even anti-aging functions,
making it a potential candidate for universal drug exploration. Con-
sidering the challenge of obtaining pathological tissues for early-stage
small nodule lung cancer, we propose new diagnostic criteria that
utilize imaging Al and liquid biopsy, combined with multidisciplinary
discussions, to perform qualitative characterization and classification
of lesions, thereby selecting appropriate drug treatments.

On the other hand, early intervention encompasses secondary and
tertiary prevention, with early identification and prevention of recur-
rence being particularly crucial. We have observed that stage I lung
cancer can achieve complete recurrence prevention through adjuvant
therapy, whereas the success rate for stages II-III is lower.!® Due to the
inability of imaging techniques to detect minimal lesions, functional-
based tools such as minimal residual disease (MRD) detection based
on ctDNA become essential.!” We are currently developing MRD de-
tection tools that can simultaneously provide qualitative and locational
information to guide more precise postoperative adjuvant therapy. Fur-
thermore, it is necessary to improve the probability of curative sal-
vage treatment. In cases where early screening is inaccessible or when
facing rapidly progressing lung cancer, robust salvage measures are
required. The current or upcoming approaches for lung cancer treat-
ment include immunotherapy, T-cell receptors (TCRs)-T/chimeric anti-
gen receptor-modified T (CAR-T) cell therapy, boron neutron capture
therapy (BNCT), antibody-drug conjugates (ADCs), proteolysis-targeting
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chimeras (ProTACs), gene editing, and other modalities. Currently, PD-
1-based therapy has achieved a treatment response rate of approxi-
mately 20%.'%22 In the future, implementing various combinations of
these approaches can significantly increase the chances of curative sal-
vage therapy. Furthermore, the future outlook for treatment develop-
ment aims to achieve ultimate precision by utilizing high-throughput
omics technologies (such as genomics, transcriptomics, proteomics, and
microenvironmental analysis) for precise subtyping of individual cells
and even organelles. Subsequently, based on the genetic features and
phenotypic characteristics of each individual, finely tailored and per-
sonalized precision treatment strategies can be customized.

Actively mitigating lung cancer risk factors and reducing the
incidence of lung cancer associated with long-term chronic
inflammation stimulation

Smoking is the most well-established risk factor for lung cancer, but
it only explains a fraction of lung cancer cases, such as central airway
lung cancer and certain Kirsten rat sarcoma viral oncogene homologue
(KRAS)-mutant adenocarcinomas.?3-2* In recent years, there has been
an increase in the incidence of non-smoking-related peripheral lung can-
cer, which is associated with pollution in the industrialized era. Our
alveolar cells have not evolved defense mechanisms against exposure
to fine particulate pollution. Therefore, controlling tobacco use, and
reducing environmental pollution such as PM2.5, harmful gases, mi-
croplastics, etc., can help reduce the formation of these types of lung
cancer.?>2® Indoor air purification and promoting the elimination of
harmful pulmonary deposits may contribute to primary prevention of
lung cancer and all chronic respiratory diseases. In recent years, sub-
stantial evidence has revealed key signaling pathways involved in the
transformation of chronic inflammation into cancer, such as Interleukin-
14 (IL-1p), tumor necrosis factor-a (TNF-«), and others.2%3> Therefore,
anti-inflammatory drugs such as IL-1 monoclonal antibodies, aspirin,
and others have been proven or suggested to have preventive effects
against lung cancer.

Moreover, the elucidation of distinct lung cancer susceptibility genes
and their underlying mechanisms holds the potential to elucidate cases
of lung cancer with strong familial associations, particularly those in-
volving multiple primary lung cancers. Such findings can further inform
molecular-based screening approaches. In addition, we are developing
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universal vaccines targeting specific lung cancer-specific antigens (reg-
istration number: ChiCTR2300071001). Effective and mass-produceable
vaccines can aid in future preventive interventions for high-risk popu-
lation, reducing the occurrence of certain specific types of lung cancers.
Moreover, their utilization in conjunction with standard therapies can
enhance immune clearance efficacy and improve rates of treatment re-
sponse.

Through the research and implementation of precise early screen-
ing, effective intervention, and reduction of inducements, along with
the establishment of a nationwide screening network and the seamless
integration of science and technology with policy, we anticipate achiev-
ing zero mortality from lung cancer in the near future. Our goal is to
transform lung cancer into a disease that can be effectively controlled,
similar to tuberculosis, and change its status as a leading cause of death,
making the title of “number one killer” for lung cancer a thing of the
past.

Conflicts of interest

None.

Wenhua Liang*

Jianxing He

Nanshan Zhong

The First Affiliated Hospital of Guangzhou Medical University, China State
Key Laboratory of Respiratory Disease, National Center for Respiratory
Medicine, Guangzhou, Guangdong 510120, China

*Correspondence to: Department of Thoracic Surgery and Oncology,
The First Affiliated Hospital of Guangzhou Medical University, China
State Key Laboratory of Respiratory Disease, National Center for
Respiratory Medicine, Guangzhou, Guangdong 510120, China.
E-mail address: liangwh1987@163.com (W. Liang)

References

1. Zhou M, Wang H, Zeng X, et al. Mortality, morbidity, and risk factors in China and its
provinces, 1990-2017: a systematic analysis for the Global Burden of Disease Study
2017. Lancet. 2019;394:1145-1158. doi:10.1016/50140-6736(19)30427-1.

2. GBD 2019 Respiratory Tract Cancers Collaborators. Global, regional, and national
burden of respiratory tract cancers and associated risk factors from 1990 to 2019: a
systematic analysis for the Global Burden of Disease Study 2019. Lancet Respir Med.
2021;9:1030-1049. doi:10.1016/52213-2600(21)00164-8.

3. Liang W, Liu J, He J. Driving the improvement of lung cancer prognosis. Cancer Cell.
2020;38:449-451. doi:10.1016/j.ccell.2020.09.008.

4. de Koning HJ, van der Aalst CM, de Jong PA, et al. Reduced lung-cancer mortality
with volume CT screening in a randomized trial. N Engl J Med. 2020;382:503-513.
doi:10.1056/NEJMo0al911793.

5. Aberle DR, Adams AM, Berg CD, et al.National Lung Screening Trial Research Team
Reduced lung-cancer mortality with low-dose computed tomographic screening. N
Engl J Med. 2011;365:395-409. doi:10.1056/NEJMoal102873.

6. Liang W, Li CC, Li J, et al. Community-based mass screening with low-dose
CT for lung cancer in Guangzhou. Ann Oncol. 2022;33(suppl_7):S808-S869.
doi:10.1016/j.annonc.2022.08.048.

7. Liang W, Chen Z, Li C, et al. Accurate diagnosis of pulmonary nodules using a
noninvasive DNA methylation test. J Clin Invest. 2021;131:e145973.
doi:10.1172/JCI145973.

8. He J, Wang B, Tao J, et al. Accurate classification of pulmonary nodules by a com-
bined model of clinical, imaging, and cell-free DNA methylation biomarkers: a model
development and external validation study. Lancet Digit Health. 2023;5:e647-€656..
doi:10.1016/52589-7500(23)00125-5.

9. He J, Liu J, Zhu C, et al. Expert consensus on tubeless video-assisted
thoracoscopic  surgery (Guangzhou). J Thorac Dis. 2019;11:4101-4108.
doi:10.21037/jtd.2019.10.04.

197

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Chinese Medical Journal Pulmonary and Critical Care Medicine 1 (2023) 195-197

Li S, Jiang L, Ang KL, et al. New tubeless video-assisted thoracoscopic
surgery for small pulmonary nodules. Eur J Cardiothorac Surg. 2017;51:689-693.
doi:10.1093/ejcts/ezw364.

Cui F, Liu J, Li S, et al. Tubeless video-assisted thoracoscopic surgery (VATS)
under non-intubated, intravenous anesthesia with spontaneous ventilation and
no placement of chest tube postoperatively. J Thorac Dis. 2016;8:2226-2232.
doi:10.21037/jtd.2016.08.02.

Cheng B, Li C, Zhao Y, et al. The impact of postoperative EGFR-TKIs treatment on
residual GGO lesions after resection for lung cancer. Signal Transduct Target Ther.
2021;6:73. doi:10.1038/s41392-020-00452-9.

Cheng B, Cheng B, Li CC, Zhao Y, He JX. The efficacy of PD-1 antibody sintil-
imab on ground glass opacity lesions in patients with early-stage multiple primary
lung cancer (CCTC-1901, NCT04026841). J Clin Oncol. 2021;39(15_suppl):8545.
doi:10.1200/JC0.2021.39.15_suppl.8545.

Cheng B, Deng H, Zhao Y, et al. Management for residual ground-glass opacity lesions
after resection of main tumor in multifocal lung cancer: a case report and literature
review. Cancer Manag Res. 2021;13:977-985. doi:10.2147/CMAR.S290830.

Cheng B, Deng H, Zhao Y, et al. Predicting EGFR mutation status in lung adeno-
carcinoma presenting as ground-glass opacity: utilizing radiomics model in clinical
translation. Eur Radiol. 2022;32:5869-5879. doi:10.1007/s00330-022-08673-y.
Jiang Y, Lin Y, Fu W, et al. The impact of adjuvant EGFR-TKIs and 14-gene molecular
assay on stage I non-small cell lung cancer with sensitive EGFR mutations. EClini-
calMedicine. 2023;64:102205. doi:10.1016/j.eclinm.2023.102205.

Zhong R, Gao R, Fu W, et al. Accuracy of minimal residual disease detection by circu-
lating tumor DNA profiling in lung cancer: a meta-analysis. BMC Med. 2023;21:180.
do0i:10.1186/512916-023-02849-z.

Liang H, Lin G, Wang W, et al. Feasibility and safety of PD-1/L1 inhibitors for non-
small cell lung cancer in front-line treatment: a Bayesian network meta-analysis.
Transl Lung Cancer Res. 2020;9:188-203. doi:10.21037/tlcr.2020.02.14.

Chen L, Chen F, Li J, et al. CAR-T cell therapy for lung cancer: potential and perspec-
tive. Thorac Cancer. 2022;13:889-899. doi:10.1111/1759-7714.14375.

Trivillin VA, Serrano A, Garabalino MA, et al. Translational boron neutron cap-
ture therapy (BNCT) studies for the treatment of tumors in lung. Int J Radiat Biol.
2019;95:646-654. doi:10.1080/09553002.2019.1564080.

Desai A, Abdayem P, Adjei AA, Planchard D. Antibody-drug conjugates: a promis-
ing novel therapeutic approach in lung cancer. Lung Cancer. 2022;163:96-106.
doi:10.1016/j.lungcan.2021.12.002.

Hagopian G, Grant C, Nagasaka M. Proteolysis targeting chimeras in non-small cell
lung cancer. Cancer Treat Rev. 2023;117:102561. doi:10.1016/j.ctrv.2023.102561.
Raghav L, Chang YH, Hsu YC, et al. Landscape of mitochondria genome and
clinical outcomes in stage 1 lung adenocarcinoma. Cancers (Basel). 2020;12:755.
doi:10.3390/cancers12030755.

Riely GJ, Kris MG, Rosenbaum D, et al. Frequency and distinctive spectrum of
KRAS mutations in never smokers with lung adenocarcinoma. Clin Cancer Res.
2008;14:5731-5734. doi:10.1158/1078-0432.CCR-08-0646.

Hill W, Lim EL, Weeden CE, et al. Lung adenocarcinoma promotion by air pollutants.
Nature. 2023;616:159-167. doi:10.1038/541586-023-05874-3.

Ni Y, Shi G, Qu J. Indoor PM2.5, tobacco smoking and chronic lung diseases: a nar-
rative review. Environ Res. 2020;181:108910. doi:10.1016/j.envres.2019.108910.
Riudavets M, Garcia de Herreros M, Besse B, Mezquita L. Radon and lung cancer: cur-
rent trends and future perspectives. Cancers (Basel). 2022;14:3142. doi:10.3390/can-
cers14133142.

Suran M. A planet too rich in fibre: Microfibre pollution may have major con-
sequences on the environment and human health. EMBO Rep. 2018;19:e46701.
do0i:10.15252/embr.201846701.

Coussens LM, Werb Z. Inflammation and cancer. Nature. 2002;420:860-867.
doi:10.1038/nature01322.

Garon EB, Chih-Hsin Yang J, Dubinett SM. The role of interleukin 18
in the pathogenesis of lung cancer. JTO Clin Res Rep. 2020;1:100001.
doi:10.1016/j.jtocrr.2020.100001.

Kang J, Jeong SM, Shin DW, Cho M, Cho JH, Kim J. The Associations of aspirin, statins,
and metformin with lung cancer risk and related mortality: a time-dependent analysis
of population-based nationally representative data. J Thorac Oncol. 2021;16:76-88.
doi:10.1016/j.jtho.2020.08.021.

Kubatka P, Mazurakova A, Samec M, et al. Flavonoids against non-physiologic inflam-
mation attributed to cancer initiation, development, and progression-3PM pathways.
EPMA J. 2021;12:559-587. doi:10.1007/s13167-021-00257-y.

Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and cancer. Cell.
2010;140:883-899. doi:10.1016/j.cell.2010.01.025.

Crusz SM, Balkwill FR. Inflammation and cancer: advances and new agents. Nat Rey
Clin Oncol. 2015;12:584-596. doi:10.1038/nrclinonc.2015.105.

Ridker PM, MacFadyen JG, Thuren T, et al. Effect of interleukin-18 inhibition
with canakinumab on incident lung cancer in patients with atherosclerosis: ex-
ploratory results from a randomised, double-blind, placebo-controlled trial. Lancet.
2017;390:1833-1842. doi:10.1016/50140-6736(17)32247-X.


mailto:liangwh1987@163.com
https://doi.org/10.1016/S0140-6736(19)30427-1
https://doi.org/10.1016/S2213-2600(21)00164-8
https://doi.org/10.1016/j.ccell.2020.09.008
https://doi.org/10.1056/NEJMoa1911793
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.1016/j.annonc.2022.08.048
https://doi.org/10.1172/JCI145973
https://doi.org/10.1016/S2589-7500(23)00125-5
https://doi.org/10.21037/jtd.2019.10.04
https://doi.org/10.1093/ejcts/ezw364
https://doi.org/10.21037/jtd.2016.08.02
https://doi.org/10.1038/s41392-020-00452-9
https://doi.org/10.1200/JCO.2021.39.15_suppl.8545
https://doi.org/10.2147/CMAR.S290830
https://doi.org/10.1007/s00330-022-08673-y
https://doi.org/10.1016/j.eclinm.2023.102205
https://doi.org/10.1186/s12916-023-02849-z
https://doi.org/10.21037/tlcr.2020.02.14
https://doi.org/10.1111/1759-7714.14375
https://doi.org/10.1080/09553002.2019.1564080
https://doi.org/10.1016/j.lungcan.2021.12.002
https://doi.org/10.1016/j.ctrv.2023.102561
https://doi.org/10.3390/cancers12030755
https://doi.org/10.1158/1078-0432.CCR-08-0646
https://doi.org/10.1038/s41586-023-05874-3
https://doi.org/10.1016/j.envres.2019.108910
https://doi.org/10.3390/cancers14133142
https://doi.org/10.15252/embr.201846701
https://doi.org/10.1038/nature01322
https://doi.org/10.1016/j.jtocrr.2020.100001
https://doi.org/10.1016/j.jtho.2020.08.021
https://doi.org/10.1007/s13167-021-00257-y
https://doi.org/10.1016/j.cell.2010.01.025
https://doi.org/10.1038/nrclinonc.2015.105
https://doi.org/10.1016/S0140-6736(17)32247-X

