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Abstract
In China, lung cancer is a primary cancer type with high incidence and mor-
tality. Risk factors for lung cancer include tobacco use, family history, radiation
exposure, and the presence of chronic lung diseases. Most early-stage non-small
cell lung cancer (NSCLC) patients miss the optimal timing for treatment due to
the lack of clinical presentations. Population-based nationwide screening pro-
grams are of significant help in increasing the early detection and survival rates
of NSCLC in China. The understanding of molecular carcinogenesis and the
identification of oncogenic drivers dramatically facilitate the development of
targeted therapy for NSCLC, thus prolonging survival in patients with positive
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drivers. In the exploration of immune escape mechanisms, programmed cell
death protein 1 (PD-1)/programmed death-ligand 1 (PD-L1) inhibitor monother-
apy and PD-1/PD-L1 inhibitor plus chemotherapy have become a standard of
care for advanced NSCLC in China. In the Chinese Society of Clinical Oncol-
ogy’s guidelines for NSCLC, maintenance immunotherapy is recommended for
locally advanced NSCLC after chemoradiotherapy. Adjuvant immunotherapy
and neoadjuvant chemoimmunotherapy will be approved for resectable NSCLC.
In this review, we summarized recent advances in NSCLC in China in terms of
epidemiology, biology, molecular pathology, pathogenesis, screening, diagnosis,
targeted therapy, and immunotherapy.

KEYWORDS
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1 BACKGROUND

Lung cancer is a global health problem, among which
non-small cell lung cancer (NSCLC) accounts for 80%-85%.
According to the global cancer statistics, more than 2 mil-
lion individualswere estimated to be newly diagnosedwith
lung cancer annually [1–6]. Regrettably, about half of all
new lung cancer cases were in Asia [3–5]. Over the past
decade, the incidence of lung cancer in the United States
dropped by approximately 1%-3% annually [2]. According
to the cancer statistics collected by the American Cancer
Society, it was estimated that about 236,740 new cases of
lung cancer were diagnosed in the United States in 2022
[2]. The mortality of lung cancer exhibited a descending
trend in the United States between 1990 and 2022, with an
estimated 130,180 deaths in 2022 [2]. However, in recent
years, the number of new cases of lung cancer in China has
continued to rise, and lung cancer is still the major reason
for cancer-related deaths worldwide [1–6].
In this review, we presented an overview of advances

in the biology, molecular pathology, pathogenesis, screen-
ing, and diagnosis of NSCLC in China. We also sum-
marized and discussed the progress in targeted therapy
and immunotherapy with immune checkpoint inhibitors
(ICIs) for NSCLC on the basis of current clinical and
experimental research data.

2 EPIDEMIOLOGY

Over the past few years, there has been an upward trend
of lung cancer incidence and mortality in China. The
2020 global cancer statistics reported by the International

Agency for Research on Cancer revealed that an esti-
mated 820,000 new lung cancer diagnoses and 715,000
lung cancer-related deaths occurred in China in 2020 [3,
4]. According to the national cancer statistics from the
National Central Cancer Registry (NCCR) of China in 2015,
about 733,300 Chinese patients were newly diagnosedwith
lung cancer, while 610,200 Chinese patients with lung can-
cer died (35.92/100,000 for incidence; 28.02/100,000 for
mortality) [1]. Remarkably, in China, there were striking
differences in the incidence and mortality of lung cancer
between different sexes, ages, and regions [1, 6]. Accord-
ing to the 2015 lung cancer statistics from the NCCR of
China, the incidence andmortality of lung cancer inmales
were almost twice as high as those in females (the age-
standardized mortality rate in China: 40.11/100,000 for
males vs. 16.54/100,000 for females) [6]. In 2015, of all
the newly diagnosed lung cancer cases in China, 520,300
were males and 266,700 were females [6]. The incidence
of lung cancer was relatively low in Chinese popula-
tion under the age of 45 years (28.7 thousands) [1, 6].
However, there were dramatic increases in the incidence
and mortality of lung cancer over the age of 45 years.
Although the overall incidence of lung cancer was higher
in urban areas than in rural areas, the age-standardized
mortality rate was lower among Chinese urban residents
(27.82/100,000 vs. 28.25/100,000) [1, 6]. It was estimated
that 460,200 urban individuals and 326,800 rural individ-
uals were newly diagnosed with lung cancer in China in
2015 [6].
The high incidence of lung cancer in China might be

ascribed to several reasons. Firstly, the initiation, pop-
ularization, and application of effective screening tests
across the country boost the detection rate of patients with
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pulmonary nodules and early-stage lung cancer. Secondly,
progress in the accuracy and specificity of diagnostic tech-
nology might increase the detection rate of lung cancer.
Population aging in China is another important factor
since lung cancer is an age-related disease.Moreover, there
are many other risk factors for lung cancer that cannot
be ignored, such as smoking history, second-hand tobacco
smoke, and cooking oil fume. During 2000-2015, the
steadily decreasing trend in the mortality of lung cancer
in China might be attributed to the promotion of popular
science education on lung cancer prevention, high early
detection rates, and the development of improved systemic
therapies [2, 7–11]. In particular, technological and thera-
peutic advances have brought remarkable improvements
in the outcomes for NSCLC patients.

3 BIOLOGY ANDMOLECULAR
PATHOLOGY

3.1 Histopathology

Historically, NSCLCs are classified according to
histopathological characteristics. The most common
histological subtype of NSCLC is adenocarcinoma, while
squamous cell carcinoma is the second most common
[1, 2, 12]. The proportions of histological subtypes vary
according to race [13–15]. Among all NSCLC subtypes,
lung adenocarcinoma (LUAD) accounted for almost 47%
of cases in Western patients, while about 55%-60% of
cases in Chinese patients [13, 15]. Among 17,920 Chinese
patients who were diagnosed with lung cancer during
1998-2007, 45.12% (n = 8,085) had LUAD, 28.02% (n =

5,021) had lung squamous cell carcinoma (LUSC), 1.31%
(n = 234) had large cell carcinoma, and 0.45% (n = 81)
had pulmonary sarcomatoid carcinoma [13]. In 2011 and
2012, the relative frequencies of LUAD, LUSC, and large
cell carcinoma in Chinese male patients with lung cancer
were 43.36%, 32.23%, and 3.46%, respectively [16]. Among
Chinese female patients with lung cancer, the relative
frequency of LUAD was the highest in 2011 and 2012
(76.49% had LUAD vs. 5.97% had LUSC vs. 2.83% had large
cell carcinoma) [17].

3.2 Genetic alterations

Due to the development of molecular testing and the
deepening of tumor-related pathway research, genetic
alterations in Chinese patients with NSCLC were found
(Table 1). In a retrospective study recruiting 3,774 Chi-
nese patients with NSCLC, we found that epidermal
growth factor receptor (EGFR) and Kirsten rat sarcoma

viral oncogene (KRAS) were two of the most com-
mon oncogenic alterations (EGFR: 39.0%, 1,470/3,774;
KRAS: 8.0%, 80/3,774) [18–20]. In a Chinese cohort of
884 patients with stage I-IV lung cancer, the mutation
rates of EGFR and KRAS were 57.7% (n = 510) and
10.3% (n = 91), respectively [21]. As shown in Table 1,
in the Chinese population with lung cancer, the alter-
ation frequencies of anaplastic lymphoma kinase (ALK),
ROS proto-oncogene 1, receptor tyrosine kinase (ROS1),
BRaf proto-oncogene, serine/threonine kinase (BRAF),
transfection proto-oncogene gene (RET), and human epi-
dermal growth factor receptor 2 (HER2) were 2.4%-5.5%,
7.4%-10.3%, 0.6%-1.1%, 0.6%-1.5%, 1.7%-4.3%, respectively
[18–22].
Data from many NSCLC screening programs indicated

histopathological, geographical, and racial specificity in
the frequencies of oncogenic driver alterations [18–21, 23–
29]. In China, EGFRmutation is themost common genetic
alteration in LUAD and non-/mild-smokers, while it is
less common in LUSC (ranging from 0.2% to 3.9%) [18,
21–26]. In a Chinese LUAD cohort, besides EGFR (63.1%,
855/1,356), other common genetic alterations included
ALK (5.2%, 70/1,356), KRAS (8.0%, 108/1,356), ROS1 (0.8%,
11/1,356), BRAF (1.3%, 18/1,356), RET (1.3%, 17/1,356), and
HER2 (2.4%, 32/1,356) [22]. In LUSC, an increasing number
of driver gene alterations were found, such as fibrob-
last growth factor receptor 1 (FGFR1), discoidin domain
receptor 2 (DDR2), phosphoinositide-3-kinase, catalytic,
αpolypeptide (PIK3CA), phosphate and tensin homology,
and platelet-derived growth factor receptor [23, 25]. Of
310 Chinese patients with LUSC, two patients harbored
FGFR1 fusions (0.6%), and one patient harbored DDR2
alteration (0.2%) [22]. In Chinese patients with LUSC,
the mutation rate of PIK3CA was 13.0% (7/54) [21]. Strik-
ing ethnic discrepancies were revealed in the frequency
of EGFR mutation, ranging from 20% to 76% in Asian
patients, and 6% to 36% in European patients [24, 26, 28].
EGFR mutations were more common in Chinese patients
than in American patients (Table 1; 39.0%-57.7% vs. 17.2%)
[26]. In 2007, ALK gene rearrangements were firstly iden-
tified in NSCLC [30]. Several statistical datasets revealed
no obvious ethnic variation in ALK gene rearrangements
in NSCLC. The proportion of ALK gene fusion in NSCLC
was estimated to range from 2% to 16% in unselected
populations, with a slight difference between Asian and
Western populations (2.4%-16.3% vs. 3.0%-16.4%) [31–37].
Conversely, the prevalence of KRAS mutation was higher
in Caucasian NSCLC patients (20%-30%) compared with
Chinese NSCLC patients [38–41]. The KRASG12C mutation
was the most common type of KRAS mutation. In the
Chinese population, KRASG12C mutation prevalence was
3%-4.6% [42, 43]. KRASG12C showed a 10.5% mutation rate
in a European cohort [44].
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TABLE 1 Frequency of oncogenic alterations in NSCLC patients in China and the United States

Frequency of oncogenic alterations
Driver gene Zhou et al. [18–20] Xing et al. [21] Chen et al. [22] The United States [26, 29]
EGFR 39.0% 57.7% 50.9% 17.2%
ALK 5.5% 2.4% 4.3% 3.1%
KRAS 8.0% 10.3% 7.4% 30.8%
ROS1 2.1% 0.6% 0.6% 1.0%
BRAF 0.6% 1.1% 1.1% 5.0%
RET 1.5% 0.6% 1.1% 1.7%
HER2 1.7% 4.3% 1.9% 3.0%

Abbreviations: ALK, anaplastic lymphoma kinase; BRAF, BRaf proto-oncogene, serine/threonine kinase; EGFR, epidermal growth factor receptor; HER2, human
epidermal growth factor receptor 2; KRAS, kirsten rat sarcoma viral oncogene; NSCLC, non-small cell lung cancer; RET, transfection proto-oncogene gene; ROS1,
ROS proto-oncogene 1,receptor tyrosine kinase.

F IGURE 1 Carcinogenic mechanisms of smoking in lung cancer. Abbreviations: PAHs, polycyclic aromatic hydrocarbons; NNK,
nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone.

4 PATHOGENESIS

4.1 Environmental risk factors

Tobacco smoking is considered a leading risk factor for
lung cancer (Figure 1) [1, 6, 45]. In China, an age-period-
cohort analysis based on the Global Burden of Disease
study found an increasing trend in smoking-related deaths
from lung cancer between 1990 and 2017 [45]. In 2017, the
mortality rate of smoking-related lung cancer in China
was 41.94/100,000 in males and 5.14/100,000 in females
[45]. Globally, China accounts for the highest cigarette
production and tobacco consumption. According to the

2018 Global Adult Tobacco survey reported by the Chinese
Center for Disease Control and Prevention, 308 million
Chinese adults were smokers [6]. In the same year, the
number of Chinese residents who exposed to second-hand
smoke had reached 732 million [6]. There is growing evi-
dence that approximately 80%-90% of lung cancer cases
were significantly associated with active or passive smok-
ing [2, 46, 47]. According to the cancer statistics reported
in 2022, over 80% of lung cancer patients had a history of
smoking [2]. Compared with never-smokers, the risk of
lung cancer increased by around 4 to 10 times in smok-
ers, increasing by up to 10 to 25 times in heavy smokers
[48]. It was reported that the lower the age a person starts
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smoking, the higher their risk of lung cancer. Stopping
smoking is highly recommended since the risk of lung
cancer dropped year by year after cessation [46–48].
Air pollution is responsible for about 5% of lung cancer-

related deaths [49–52]. According to the Global Burden
of Disease Study, in China, the mortality of lung cancer
attributable to air pollution in 2017 was 9.4/100,000 [53]. In
a Chinese cohort, the age-standardized mortality of lung
cancer attributable to ambient air pollution was higher
than for indoor air pollution (7.4/100,000 vs. 2.0/100,000)
[53]. Common indoor air pollution sources include harm-
ful volatiles from decorating materials and cooking oil
fumes [50]. In China, the rate of lung cancer among
females who have never smoked might be related closely
to the use of unhealthy cooking methods and unventi-
lated kitchens. By means of gas chromatography-mass
spectrometry, Chen et al. [50] found that habitual cook-
ing was an important risk factor for lung cancer among
Chinese non-smoking females, with odds ratios (ORs) of
5.39. In a Chinese cohort of 71,320 never-smoking females,
the researchers demonstrated that inadequate ventilation
in kitchens increased the lung cancer risk, with a hazard
ratio (HR) of 1.49 [54]. Outdoor air pollution, including
emissions from vehicle exhausts and industry, has been
blamed as an essential risk factor for lung cancer [51, 52].
In 2017, through comparing air pollution data from 33
Chinese provinces, it was found that the levels of expo-
sure to ambient particulate matter (PM) in Beijing, Hebei,
Shandong, Henan, and Xinjiang were higher than those
in other regions (63.901-84.013 μg/m3 vs. 19.020-63.900
μg/m3) [53]. According to the data extracted from the
National UrbanAir Quality Real-time Publishing Platform
during 2013-2015, the daily concentrations of PM with a
diameter < 2.5 μm (PM2.5), PM with a diameter < 10 μm
(PM10), and ozone in Beijing were higher than those in
Chongqing and Guangzhou [55]. The daily levels of PM2.5
and PM10 were significantly related to lung cancer deaths
in Chongqing and Guangzhou, while no significance was
found in Beijing [55]. Temperature and humidity were sig-
nificantly associated with the environmental air pollution
levels in some cities, municipalities, and special admin-
istrative regions in China, including Guangzhou, Beijing,
Chongqing, Shanghai, andHongKong [55–57].When com-
paredwith the warm season, higher daily PM2.5, PM10, and
sulfur dioxide levels were found in the cold season, indicat-
ing that the high incidence and mortality of lung cancer in
some cities in China might be related to the composition
airborne particulates in the cold season [55, 56]. Moreover,
the interaction between temperature and air pollution had
a considerable effect on lung cancer incidence andmortal-
ity [55]. In China, the harmful influences of environmental
pollution caused by rapid urbanization, modernization,
and industrialization should be considered. Radiation

exposure is a convincing additional risk factor for lung can-
cer. Radiation promoted the overexpression of oncogenes
and the inactivation of tumor suppressor genes, thus lead-
ing to the occurrence and progression of lung cancer [58,
59]. Lung cancer-related occupational exposure included
asbestos, methyl chloride, chromium, nickel, and poly-
cyclic aromatic hydrocarbons (PAHs) [60–65]. In a Chinese
cohort involving 2,346 cases, Liu et al. [64] found that
exposure to occupational carcinogens was higher in areas
with high/middle prevalence of lung cancer than in low-
prevalence areas (58.02%-65.83% vs. 38.57%, respectively).
The production of coke, aluminum, iron, and steel takes
place in PAH-related industries. In 2022, a meta-analysis
of 385 Chinese cases demonstrated that occupational expo-
sure to PAHs dramatically increased the risk of lung cancer
(the pooled relative risk: 1.75; 95% confidence interval: 1.33-
2.30) [65]. Together, a combination of various risk factors
contributes to the development of lung cancer. Environ-
mental risk factors are largely modifiable. Early detection
and active prevention of environmental risk factors are
considered as effective ways to reduce the risk of lung
cancer.

4.2 Genetic susceptibility

Heredity is a unique risk factor in lung cancer. It was
found that about 12%-21% of lung cancer cases could
be attributed to genetic alterations [66]. Genetic sus-
ceptibility can be divided into two main categories:
single nucleotide polymorphisms (SNPs) and germline
mutations of key genes. In lung cancer, some genome
wide association studies (GWASs) identified several
lung cancer susceptibility loci, including rs2228000 [67],
rs2228001 [67], 1p31.1(rs71658797) [68], 6q27(rs6920364)
[68], 3q29(rs2131877) [69], 5p15(rs2736100) [69], 1q21.1
(rs17160062) [70], 2p23.3 (rs670343) [70], 2p15 (rs9309336)
[70], and 17q21.2 (rs9252) [70]. Meanwhile, several
susceptibility loci were also identified among the Chi-
nese population, including 10p14 (rs1663689) [71], 5q32
(rs2895680) [71], 20q13.2 (rs4809957) [71], and 13q12.12
(rs753955) [72]. Of note, through a meta-analysis of
existing GWASs with a total of 13,327 cases and 13,328
controls of Chinese descent as well as 13,793 cases and
14,027 controls of European descent, Dai et al. [73]
revealed 19 susceptibility loci to be significantly related
to NSCLC risk, among which, 6 were completely novel.
Furthermore, after rigorous selection and validation, they
successfully constructed a polygenic risk score specific
to the Chinese population using 19 SNPs, including 2p14
(rs17038564), 3q26.2 (rs2293607), 3q28 (rs11375254), and
14q13.1 (rs1200399), which could be utilized efficiently to
identify the subjects at high risk of lung cancer [73].
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Germline mutations of EGFR, V-erb-b2 avian erythrob-
lastic leukemia viral oncogene homolog 2 (ERBB2), check-
point kinase 2 (CHEK2), and cyclin-dependent kinase
inhibitor 2A were detected in lung cancer patients [74–76].
In a large-scale study of 31,926 Chinese lung cancer
patients, 22 types of EGFR germline mutations were iden-
tified in 64 lung cancer individuals (0.2%), among which
G863D was the most frequent type of mutation (14.1%,
9/64) [75]. In 12,833 Chinese lung cancer cases, 0.12%
harbored EGFR germline mutation (n = 14) [76]. In addi-
tion, 8 types of EGFR germline mutations (K757R, R831H,
D1014N, G724S, V786M, T790M, L792F, and L844V) and
ERBB2-V1128I germline mutation were identified [76]. In
a Chinese cohort of 780 lung cancer patients and 1,113
healthy individuals, Li et al. [77] identified 14 LUAD-
related germline mutations and 9 LUSC-related germline
mutations (both P < 0.05). Concretely, germline muta-
tions of APC regulator of WNT signaling pathway (APC)
(OR = 13.897), ATM serine/threonine kinase (ATM) (OR
= 25.878), BLM RecQ like helicase (BLM) (OR = 9.941
for rs191789336 and 17.883 for rs189925962), BRCA2 DNA
repair associated (BRCA2) (OR = 17.883), BRCA1 inter-
acting helicase 1 (OR = 15.949), cadherin 1 (OR = 9.941),
Fanconi anemia complementation group (FANC) A (OR
= 13.893), mutL homolog 1 (OR = 21.877), mutS homolog
6 (MSH6) (OR = 45.989), RET (OR = 13.897), succinate
dehydrogenase complex iron sulfur subunit B (SDHB) (OR
= 17.883), serine peptidase inhibitor Kazal type 1 (OR =

5.49) was associated with increased risk for LUAD, while
FANCD2 (OR = 0.146) was associated with decreased risk
for LUAD [77]. In LUSC, theORs for germlinemutations of
APC, ATM, BLM, BRCA2, CHEK2, FANCC, MSH6, RET,
and SDHBwere 32.503, 32.503, 21.813, 76.587, 10.901, 21.813,
121.545, 32.503, and 76.587, respectively. Further studies of
genetic alterations might help screen lung cancer suscep-
tibility genes and provide optimal surveillance strategies
for relatives at risk, leading to the development of genetic
counseling and clinically precise diagnoses.

4.3 Other risk factors

Other risk factors, such as age, unhealthy diet, alcohol
consumption, chronic disease, social psychology, and body
mass index, also had influences on lung cancer devel-
opment [78–86]. An epidemiological study indicated that
increasing age might have a strong correlation with the
incidence of lung cancer [79]. Patients with chronic lung
diseases, such as chronic obstructive pulmonary disease
(COPD), asthma, and diffuse pulmonary fibrosis, were also
at an increased risk of lung cancer [80–83]. In a Chinese
case-control study involving 2,283 lung cancer cases and
2,323 control cases, a history of COPD appeared to increase

lung cancer risk (OR = 2.88) [87]. Similar results were
found in another study that recruited 1,069 lung cancer
patients and 1,132 cancer-free individuals fromGuangdong
Province, China (OR = 1.29) [88]. Moreover, the study
results suggested that emphysema (OR= 1.55) and chronic
bronchitis (OR = 1.22) indicated a high risk of lung can-
cer in the Chinese population [88]. The low consumption
of fruits and vegetables might raise the risk of lung cancer
[64, 89]. When compared with areas of high lung cancer
incidence, the proportions of Chinese residents who reg-
ularly consumed vegetables and fruits (between 3 and 7
days per week) were higher in the areas of low lung can-
cer incidence (vegetables: 58.01% vs. 78.90%; fruits: 61.91%
vs. 63.56%) [64]. Some studies highlighted the relation-
ship between cancer risk and personality traits [84, 85]. In
addition, as a novel epidemiological approach, Mendelian
randomization also identified several possible risk factors
related to lung cancer, including lifetime cannabis use [90],
telomere length [91], insomnia [92], adult height [93], ele-
vated platelet count [94], and high vitamin B12 status [95].
However, the link between lung cancer and the above risk
factors remains both elusive and controversial (Figure 2).
More long-term studies are required to investigate and
confirm the relationships.

5 SCREENING AND DIAGNOSIS

5.1 Imaging and screening

Imaging examinations have important implications for
screening early lung cancer, tracking disease progression,
and evaluating therapeutic efficacy [96, 97]. The low-dose
computed tomography (LDCT), as an effective method
for improving the prognosis and reducing the mortality
of lung cancer, is highly recommended for lung can-
cer screening in the China Guideline for the Screening
and Early Detection of Lung Cancer [98]. This guideline
was drafted by a multidisciplinary expert group that was
appointed by China’s National Health Commission (NHC)
and initiated by the National Cancer Center of China.
In recent 20 years, with China NHC funding, the Rural
People’s Republic of China Screening Program and the
Cancer Screening Program in theUrbanChina (CanSPUC)
were launched, and more than one million participants
have been enrolled [6, 99-101]. Recent data indicated that
hundreds of thousands of individuals underwent LDCT
scanning (13,000 rural residents and 163,752 urban resi-
dents) [6, 99–101]. The percentage of lung cancer cases in
the national screening cohort was nearly 1% [6]. According
to preliminary data, the compliance of individuals enrolled
in the CanSPUC program raised gradually from 2013 to
2017 [101].
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F IGURE 2 List of environmental factors, genetic susceptibility, and other risk factors for lung cancer. Abbreviations: COPD, chronic
obstructive pulmonary disease.

Besides the national screening programs, some lung
cancer screening programs with LDCT were also con-
ducted by provinces and hospitals in China. The detection
rates for lung cancer were reported as 0.238% (27/11,332)
in a Shanghai community study [102], 0.92% (6/650) in
a Tianjin study [103], 0.6% (26/4,690) in a research of
Cancer Hospital, Chinese Academy of Medical Sciences
[104], 0.06% (53/88,596) in a Beijing study [105], and 1.19%
(12/1,008) in a Shanxi study [106]. So far, the study of the
National Lung Cancer Cohort which aims to collect sam-
ples from patients with lung cancer and those at high risk
and theChinaNational Cancer Early Screening trial which
aims to evaluate the roles of LDCT in cancer mortality
are ongoing. The meaningful and positive results from the
above-mentioned national studies are highly anticipated.
The definition of positive screeningmight affect the false

positive rate (FPR) of LDCT in lung cancer. The cutoff val-
ues for positive lung nodules in the United States National
Lung Screening Trial (NLST) [107] and the International
Early Lung Cancer Action Program [108] were 4 mm and
6 mm, respectively. In the NLST study, the FPR of LDCT
in lung cancer detection was 96.4% [107]. By applying the
NLST definition to Chinese populations, the FPR of LDCT
in lung cancer was revealed to be as high as 93.7% [109]. An
exploratory study revealed that applying a critical value of
6 mm dramatically decreased the FPR by 35.5% [110]. In a
Chinese cohort, the application of 6 mm as the threshold
of positive nodules resulted in a 20% reduction in the FPR
[111]. In the China Guideline for the Screening and Early

Detection of LungCancer, the cutoff value for positive lung
nodules was 6 mm [98].
To maximize socio-economic benefits and minimize

screening-associated harms (such as radiation exposure
and false positives), the identification of high-risk popula-
tions is of great importance. InChina, the guideline drafted
by the National Cancer Center assume a screening age of
50-74 years.When combinedwith one of the following con-
ditions, thosewithin this range should be regarded as being
at high risk: a history of smoking at least 30 packs/year
(including former smokers with < 15 years’ cessation), a
passive smoking history ≥ 20 years, a history of COPD,
a history of occupational exposure ≥ 1 year (to asbestos,
radon, beryllium, chromium, cadmium, nickel, silicon,
soot, or coal smoke), and first-degree relatives diagnosed
with lung cancer [98].
Generally, lung nodules can be further divided into

three types: solid nodules, part-solid nodules, and pure
ground-glass nodules (GGNs). The flow chart depicts the
management and follow-up recommendations for lung
nodules in China (Figure 3) [98]. In the first case, when a
pure GGN< 8.0 mm or a solid/part-solid nodule< 6.0 mm
is found, patients should participate in the annual screen-
ing next year. When a pure GGN between 8.0-15.0 mm or
the solid component of a solid/part-solid nodule between
6.0-15.0 mm is observed, patients are recommended to
return for evaluation after 3 months. If the nodule contin-
ues to grow, the multidisciplinary team (MDT) assessment
is recommended to determine whether clinical interven-
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F IGURE 3 Flow chart for management and follow-up recommendation of lung nodules in China. Abbreviations: GGN, ground-glass
nodules; MDT, multidisciplinary team; PET-CT, positron emission tomography-computed tomography; PS, part-solid nodules; S, solid
nodules; #, increasing diameter ≥ 2 mm.

tion is essential. Otherwise, patients ought to join the
annual screening program next year. In the last case, if
a pure GGN ≥ 15.0 mm or the solid component of a
solid/part-solid nodule ≥ 15.0 mm is found, the two fol-
lowing strategies are recommended. (i) Repeat assessment
after 1month,with orwithout the use of anti-inflammatory
therapies during this period. If the nodule is completely
resolved, then patients are recommended for screening the
following year. If the nodule is resolved partially, patients
should repeat LDCT after another 3 months. At that time,
if the nodule is still enlarging, an MDT evaluation should
be performed; otherwise, patients should join the annual
screening program the following year. If the nodule is not
resolved, then anMDT evaluation is required. (ii) Conduct
a biopsy or positron emission tomography-CT (PET-CT)
examination for the solid/part-solid nodule. If the result is
positive, then an MDT assessment should be taken; other-
wise, a repeat evaluation after 3 months is recommended.
Depending on the result, patients should undergo anMDT
assessment (if the nodule is enlarging or persisting) or par-
ticipate in the annual screening program next year (if the
nodule is resolved) [98].
Regardless of the high sensitivity of the technique, the

overdiagnosis of LDCT in lung cancer should not be
neglected [112, 113]. Radiomics is a novel technology devel-
oped in recent years that might improve the specificity
and accuracy of lung cancer diagnosis [114]. Radiomics
systems extract and integrate characteristics fromCT,mag-
netic resonance imaging, and PET-CT images to predict

malignancy, histological subtypes, gene mutation status,
gene expression levels, and prognosis. In terms of lung
cancer diagnosis, several studies highlighted the extraor-
dinary performance of radiomics [115–122]. In the Chinese
population, Ni et al. [118] collected high-resolution CT
images of 1,431 patients with GGNs for the construc-
tion of an automatic GGN detector. The accuracy of the
automatic network was 85.2%, with 83.7% sensitivity and
86.3% specificity. Progress in radiomics is creating new
opportunities for the establishment of accurate imaging
diagnoses. Nevertheless, in clinical practice, radiomics is
still at the exploratory stage. Plenty of problems lie ahead.
For instance, the specificity and accuracy of radiomics
diagnostic models need further improvement. The algo-
rithms applied for the construction of lung cancer models
require constant refinement as well.

5.2 Histopathology and molecular
pathology

Pathology and cytology are still regarded as the gold stan-
dard for lung cancer diagnosis. Both cytologic specimens
and tissue samples are suitable for pathological diagnosis
[123–126]. In the Chinese Society of Clinical Oncology’s
(CSCO) Guideline for NSCLC, transcription termination
factor 1 (TTF1) and napsin A are specific markers for
LUAD, while P40, P63, and cytokeratin5/6 are recom-
mended for identifying LUSC. Therefore, TTF1, P40, P63,

https://pubmed.ncbi.nlm.nih.gov/?sort$=$date%26size$=$200%26term$=$Ni%2BY%26cauthor_id$=$32705434
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and some other factors should be tested using immunohis-
tochemistry to differentiate LUAD and LUSC from other
NSCLC subtypes [127].
Molecular testing for gene alterations is recommended

as a routine test for patients with newly diagnosed NSCLC.
In clinical practice, amplification refractory mutation sys-
tem (ARMS), immunohistochemistry, polymerase chain
reaction-related technologies, and fluorescence in situ
hybridization are widely used. In China, in consideration
of detection speed, drug availability, and economic cost,
panel-based testing was more commonly used [128]. The
driver gene panel mainly includes EGFR, ALK, KRAS,
ROS1, BRAF, RET, HER2, MET proto-oncogene, receptor
tyrosine kinase (MET), neurotrophic tropomyosin recep-
tor tyrosine kinase 3, and NRAS proto-oncogene (NRAS).
A large-scale, retrospective trial extracted 226,227 lung can-
cer samples from 49 hospitals to investigate the status of
molecular testing in China [129]. By the end of 2019, 11
(22.4%) hospitals provided gene panel testing for lung can-
cer. It was estimated that the number of molecular testing
cases in China grew from 2010 to 2019 (P < 0.001). In 2019,
the highest proportion of molecular testing cases was in
East China (n = 19,492), while the lowest was in North-
west China (n = 1,051). In the CTONG 1506 study [130],
during 2015-2016, 665 (71.4%) of 932 patients with stage
IIIB/IV non-squamous NSCLC from 12 tertiary hospitals
in China hadmolecular testing. A retrospective, real-world
study involving 2,809 stage III-IV NSCLC patients from 31
hospitals in China (NCT02620657) revealed that the EGFR
screening rate was significantly higher in tier-1 cities than
in tier-2/3 cities (69.04% vs. 13.95%-37.30%, P < 0.05) [131].
In a multicenter big-data research project on Chinese lung
cancer pathology, in a cohort with resectable NSCLC, a
total of 75,941 lung cancer cases were collected from 23
tertiary hospitals in China [132]. During 2013-2017, 20,139
(26.5%) patients with stage I-III NSCLC received EGFR
mutation testing, which was more than double the num-
ber of patients who underwent KRAS testing (n = 9,441).
Moreover, the proportion of hospitals conducting ALK
testing increased from 52.2% (12/23) in 2013 to 91.3% (21/23)
in 2017.
Low-throughput and false negative possibilities are two

major defects for the panel-based testing. Meanwhile,
many emerging approaches were applied to molecular
testing, such as matrix-assisted laser desorption ioniza-
tion time-of-flight mass spectrometry and pyrosequencing
[133–137]. However, more studies are needed to verify and
improve the clinical applicability, accuracy, and effective-
ness of these novel technologies in NSCLC.
In the recent Chinese Guideline for NSCLC [127],

the detection of programmed death-ligand 1 (PD-L1)
expression by immunohistochemistry is recommended
for NSCLC since PD-L1 is a useful predictive biomarker
for ICIs. The Blueprint PD-L1 Immunohistochemistry

Comparability Project compared the performances of five
PD-L1 immunohistochemistry assays (22C3, 28-8, SP142,
SP263, and 73-10) used in clinical trials [138, 139]. The
interchangeability of the 22C3, 28-8, and SP263 assays was
found. Notably, assay 73-10 exhibited higher sensitivity
than other assays. In the EXPRESS trial [140], a real-word
study, the expression levels of PD-L1 in NSCLC patients
were evaluated across 18 countries. Among 2,368 eligible
specimens with PD-L1 expression data, the positive rate
of PD-L1 (tumor cell proportion score [TPS] ≥ 1%) was
52% (n = 1,232). Notably, the prevalence of PD-L1 TPS ≥

1% was slightly higher in Asia-Pacific than in Europe and
the Americas (53% vs. 47%-52%). In a Chinese cohort of
329 NSCLC patients, 46 (14%) had positive PD-L1 expres-
sion [141]. Specifically, in LUSC (n = 108), the prevalence
of PD-L1 positive expression and high expression (TPS ≥

50%) was 34.3% (n= 37) and 13.9% (n= 15), respectively. In
LUAD (n= 221), only one (0.5%) case hadPD-L1TPS≥ 50%.
However, the prevalence of PD-L1 expression was dramat-
ically higher in the Caucasian population when compared
with the Chinese population. In an unselected Caucasian
cohort, the percentages of NSCLC patients with PD-L1 TPS
≥ 1% and ≥ 50% were 63% (n = 499) and 30% (n = 240),
respectively [142].

5.3 Liquid biopsy

Considering the difficulty of obtaining tissue samples, liq-
uid biopsy has developed rapidly. Liquid biopsy has the
advantages of safety, non-invasiveness, repeatability, easy
performance, and high patient compliance. Circulating
tumor DNA (ctDNA) could be used for the molecular
diagnosis of lung cancer and the detection of tumor
mutation burden [143–146]. Notably, ctDNA and cell-
free DNA extracted from peripheral blood samples have
been approved by the US Food and Drug Administra-
tion (FDA) only for EGFR mutation. In particular, it was
reported that the gene mutation results of plasma sam-
ples were highly consistent with those of tissue samples
[147]. The recently published International Association for
the Study of Lung Cancer consensus declared that liq-
uid biopsy is a complementary to tissue-based analysis
among patients with oncogene-addicted NSCLC [148]. In
China, the Super-ARMS R© EGFR Mutation Detection Kit
is the only companion diagnostic product approved by the
China National Medical Products Administration (NMPA)
for the detection of EGFR mutations in ctDNA derived
from plasma. Li et al. [149] demonstrated its superior per-
formance through comparing blood samples and matched
tumor tissue samples from patients with advanced LUAD,
with 82.0% sensitivity and 100% specificity. For the clinical
detection of folate receptor-positive circulating tumor cells
(CTCs) in peripheral blood, the CytoploRare Detection Kit



10 CHEN et al.

(Genosaber Biotech, Shanghai, China) was approved by
theChinaNMPAand theChina FDA. In a study of 756 Chi-
nese participants (473 NSCLC patients and 283 cancer-free
cases), folate receptor-positive CTCs in peripheral blood
exhibited superior sensitivity (72.46% in the training cohort
and 76.37% in the validation cohort) and specificity (88.65%
in the training cohort and 82.39% in the validation cohort)
in the diagnosis of NSCLC [150]. In another study of 197
lung cancer patients and 171 benign/healthy individuals,
baseline folate receptor-positive CTCs was an effective
biomarker for lung cancer diagnosis, with high sensitiv-
ity (77.7%) and specificity (89.5%) [151]. In recent years,
the promising prospect and reliable performance of folate
receptor-positive CTCs in lung cancer diagnosis among
Chinese population were also elucidated in other studies
[152–154].

6 TREATMENT

Currently, there is an increasing number of therapeu-
tic options for NSCLC, including surgery, radiother-
apy, chemotherapy, traditional Chinese medicine, tar-
geted therapy, immunotherapy, antibody-drug conjugates
(ADCs), and bispecific antibodies. Detailed discussions of
surgery and radiotherapy are out of the scope of this article.
In the review, we mainly focus on the advances in targeted
therapy and immunotherapy for NSCLC.

6.1 Resectable NSCLC

6.1.1 Surgery

For resectable stage I-III NSCLC patients, anatomical
resection with regional lymph node dissection is the
standard of care in China. The mode of anatomical resec-
tion includes lobectomy, pulmonary wedge resection, and
pneumonectomy. It is recommended that regional lymph
node dissection at least includes three hilar lymph node
stations and three mediastinal lymph node stations [155].
In China, video-assisted thoracoscopic surgery (VATS), as
a rational alternative to open thoracotomy, was increas-
ingly used [156–158]. A retrospective study of 7,726 Chinese
NSCLC patients found that VATS lobectomy was related
to better perioperative outcomes in comparison with open
lobectomy [159]. According to the lung cancer statistics
from the National Cancer Center of China, between 2005
and 2014, the proportion of patients with lung cancer who
received surgery was 47.4% [160]. Over the past decade
(2005-2014), an increasing trend in the clinical application
of VATS was found (< 5% in 2005 vs. 34.4% in 2014) [160].
During 2016-2019, it was estimated that the VATS adoption
rate was up to 80% in Chinese patients with lung cancer [6,

161]. In European population, during 2007-2012, the appli-
cation rate of VATS increased from 10.7% to 18.8% [162]. The
number of the VATS procedures also increased annually in
the United States (10% in 2002 vs. 29% in 2007) [163].

6.1.2 Adjuvant targeted therapy

The clinical application of neoadjuvant and adjuvant tar-
geted therapies is still in its infancy. InNSCLC, osimertinib
is the first adjuvant drug approved by the China NMPA
(Table 2). The multicenter ADAURA study (NCT02511106)
enrolled 682 EGFR-mutated NSCLC patients who received
surgery worldwide, among which the majority of partic-
ipants were from Asia (64%). In the overall study popula-
tion, adjuvant osimertinib improved the 2-year disease-free
survival (DFS) rate (89% vs. 52%) as well as decreased the
risk of both relapse and death (HR = 0.20, P < 0.001)
in stage IB-IIIA EGFR-mutated patients compared with
the placebo [164, 165]. In the 2022 European Lung Can-
cer Congress, the ADAURA trial reported the subgroup
analysis results [166]. AmongChinese stage IB-IIIA EGFR-
mutated patients (n = 159), adjuvant osimertinib also
exhibited DFS advantage in comparison with the placebo
(median DFS: not reached vs. 24.9 months; HR = 0.18, P <
0.001) [166]. The EVAN study [167] and the SELECT study
[168] highlighted the clinical value of adjuvant erlotinib
therapy in NSCLC. In the Chinese population, the phase
II EVAN study indicated that the median DFS was sig-
nificantly longer in the adjuvant erlotinib group than in
the chemotherapy group (42.41 months vs. 20.96 months,
P < 0.001) [167]. In 2021, the CTONG1104 study declared
that the DFS advantage (median DFS: 30.8 months vs. 19.8
months) of adjuvant gefitinib over chemotherapy failed
to translate to overall survival (OS) benefit (median OS:
75.5 months vs. 62.8 months, P > 0.05) in Chinese patients
with stage II-IIIA EGFR-mutated NSCLC [169]. The EVI-
DENCE study (NCT02448797) illustrated that adjuvant
icotinib exhibited better DFS compared with chemother-
apy among Chinese stage IB-IIIA EGFR-mutated patients,
achieving an impressive median DFS of 46.95 months and
a 3-year DFS rate of 63.88% [170]. Currently, the Chinese
guideline for adjuvant therapy recommends osimertinib
for all stage IB-IIIA EGFR-mutated patients. Gefitinib and
icotinib can be utilized for stage IIA-IIIB EGFR-mutated
patients, while erlotinib is only recommended for stage
IIIA-IIIB EGFR-mutated patients.

6.1.3 Neoadjuvant and adjuvant
immunotherapy

The clinical value of neoadjuvant immunotherapy-based
therapy was assessed in some clinical trials [171]. The

http://clinicaltrials.gov/show/NCT02511106
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TABLE 2 Targeted drugs that approved by the China NMPA, US FDA, and EMA

Drug
The China NMPA-approved
indications

The US FDA-approved
indications

The EMA-approved
indications

Osimertinib (1) EGFR-positive (19del and L858R),
treatment-naïve, metastatic
NSCLC; (2) EGFR T790M-mutant,
previously EGFR-TKI treated,
advanced NSCLC; (3)
EGFR-positive (19del and L858R),
metastatic, resected NSCLC.

(1) EGFR-positive (19del and L858R),
treatment-naïve, metastatic
NSCLC; (2) EGFR T790M-mutant,
previously EGFR-TKI treated,
advanced NSCLC; (3)
EGFR-positive (19del and L858R),
metastatic, resected NSCLC.

(1) EGFR-positive (19del and
L858R), treatment-naïve,
metastatic NSCLC; (2) EGFR
T790M-mutant, locally
advanced/metastatic NSCLC;
(3) EGFR-positive (19del and
L858R), metastatic, resected
NSCLC.

Dacomitinib EGFR-positive (19del and L858R),
treatment-naïve, metastatic
NSCLC.

EGFR-positive (19del and L858R),
treatment-naïve, metastatic
NSCLC

EGFR-positive (19del and L858R),
treatment-naïve, metastatic
NSCLC.

Afatinib (1) EGFR-positive, treatment-naïve,
locally advanced/metastatic
NSCLC; (2) Previously
platinum-based chemotherapy
treated, locally
advanced/metastatic LUSC.

(1) Treatment-naïve, metastatic
NSCLC with EGFR sensitive
mutations; (2) Previously
platinum-based chemotherapy
treated LUSC; (3) EGFR-positive
(19del and L858R), metastatic
NSCLC.

(1) Treatment-naïve, locally
advanced/metastatic NSCLC
with EGFR sensitive
mutations; (2) Previously
platinum-based chemotherapy
treated, locally
advanced/metastatic LUSC.

Gefitinib EGFR-positive (19del and L858R),
treatment-naïve, metastatic
NSCLC.

EGFR-positive (19del and L858R),
treatment-naïve, metastatic
NSCLC.

EGFR-positive (19del and L858R),
treatment-naïve, metastatic
NSCLC.

#Almonertinib (1) EGFR-positive (19del and L858R),
treatment-naïve, locally
advanced/metastatic NSCLC; (2)
EGFR T790M-mutant, previously
first/second-generation
EGFR-TKI treated, NSCLC.

/ /

#Furmonertinib EGFR T790M-mutant, previously
first/second-generation
EGFR-TKI treated, advanced
NSCLC.

/ /

#Icotinib (1) EGFR-positive (19del and L858R),
treatment-naïve, locally
advanced/metastatic NSCLC; (2)
Previously platinum-based
chemotherapy treated, locally
advanced/metastatic NSCLC; (3)
EGFR-positive (19del and L858R),
stage II-IIIA, resected NSCLC.

/ /

Erlotinib (1) EGFR-positive (19del and L858R),
treatment-naïve, locally
advanced/metastatic NSCLC; (2)
Previously platinum-based
chemotherapy treated,
EGFR-positive (19del and L858R),
locally advanced/metastatic
NSCLC; (3) Maintenance therapy
for EGFR-positive (19del and
L858R), locally
advanced/metastatic NSCLC after
4 cycles platinum-based
chemotherapy.

(1) EGFR-positive (19del and L858R),
treatment-naïve, locally
advanced/metastatic NSCLC; (2)
Previously platinum-based
chemotherapy treated,
EGFR-positive (19del and L858R),
locally advanced/metastatic
NSCLC; (3) Maintenance therapy
for EGFR-positive (19del and
L858R), locally advanced/
metastatic NSCLC after 4 cycles
platinum-based chemotherapy;
(4) Plus ramucirumab for
EGFR-positive (19del and L858R),
treatment-naïve, locally
advanced/metastatic NSCLC.

(1) EGFR-positive (19del and
L858R), treatment-naïve,
locally advanced/metastatic
NSCLC; (2) Previously
platinum-based chemotherapy
treated, EGFR-positive (19del
and L858R), locally
advanced/metastatic NSCLC;
(3) Maintenance therapy for
EGFR-positive (19del and
L858R), locally
advanced/metastatic NSCLC
after 4 cycles platinum-based
chemotherapy.

(Continues)
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TABLE 2 (Continued)

Drug
The China NMPA-approved
indications

The US FDA-approved
indications

The EMA-approved
indications

Amivantamab / Second-line therapy for EGFR exon
20 insertion-positive patients.

/

Crizotinib ALK/ROS1-positive,
treatment-naïve, advanced
NSCLC.

ALK/ROS1-positive,
treatment-naïve, advanced
NSCLC.

ALK/ROS1-positive,
treatment-naïve, advanced
NSCLC.

Alectinib ALK-positive, treatment-naïve,
locally advanced/metastatic
NSCLC.

(1) ALK-positive, treatment-naïve,
locally advanced/metastatic
NSCLC; (2) Previously crizotinib
treated, ALK-positive, advanced
NSCLC.

(1) ALK-positive,
treatment-naïve, locally
advanced/metastatic NSCLC;
(2) Previously crizotinib
treated, ALK-positive,
advanced NSCLC.

Ceritinib (1) ALK-positive, treatment-naïve,
advanced NSCLC; (2) Previously
crizotinib treated, ALK-positive,
advanced NSCLC.

(1) ALK-positive, treatment-naïve,
advanced NSCLC; (2) Previously
crizotinib treated, ALK-positive,
advanced NSCLC.

(1) ALK-positive,
treatment-naïve, advanced
NSCLC; (2) Previously
crizotinib treated,
ALK-positive, advanced
NSCLC.

#Ensatinib Previously crizotinib treated,
ALK-positive, advanced NSCLC.

/ /

Brigatinib / Previously crizotinib treated,
ALK-positive, advanced NSCLC.

Previously crizotinib treated,
ALK-positive, advanced
NSCLC.

Lorlatinib / (1) ALK-positive, advanced NSCLC;
(2) Previously ALK inhibitor
treated (crizotinib or alectinib or
ceritinib), ALK-positive,
metastatic NSCLC.

(1) ALK-positive,
treatment-naïve, advanced
NSCLC; (2) Previously ALK
inhibitor treated (crizotinib or
alectinib or ceritinib),
ALK-positive, metastatic
NSCLC.

Pralsetinib Previously treated, RET
fusion-positive NSCLC.

RET fusion-positive NSCLC. /

#Savolitinib Previously platinum-based
chemotherapy treated, MET exon
14-altered, locally
advanced/metastatic NSCLC.

/ /

Capmatinib / MET exon 14-altered, metastatic
NSCLC.

/

Tepotinib / MET exon 14-altered, metastatic
NSCLC.

/

Dabrafenib plus
trametinib

/ BRAF V600E-positive,
treatment-naïve, metastatic
NSCLC.

/

Abbreviations: ALK, anaplastic lymphoma kinase; BRAF, BRaf proto-oncogene, serine/threonine kinase; EGFR, epidermal growth factor receptor; EMA, Euro-
peanMedicines Agency; FDA, Food andDrugAdministration; LUSC, lung squamous cell carcinoma;MET,MET proto-oncogene, receptor tyrosine kinase; NMPA,
National Medical Products Administration of China; NSCLC, non-small cell lung cancer; RET, transfection proto-oncogene gene; ROS1, ROS proto-oncogene
1,receptor tyrosine kinase; 19del, exon 19 deletion; #, domestic drug.

multicenter, open-label, phase III CheckMate-816 study
(NCT02998528) compared the efficacy of neoadjuvant
immunotherapy with neoadjuvant platinum-based
chemotherapy [172, 173]. All 358 patients enrolled in
the CheckMate-816 trial had resectable IB-IIIA NSCLC

without known EGFR/ALK sensitive mutations. When
compared with neoadjuvant chemotherapy, neoadju-
vant nivolumab plus platinum-doublet chemotherapy
had higher pathological complete response (pCR) rate,
major pathological response (MPR) rate, and objective
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response rate (ORR) in the intention-to-treat (ITT) pop-
ulations. The multicenter, single-arm, phase II LCMC3
trial (NCT02927301) evaluated the efficacy of neoadjuvant
atezolizumab monotherapy [174, 175]. The MPR rate
was 21% with neoadjuvant atezolizumab therapy. For
NSCLC patients with PD-L1 TPS ≥ 50%, the MPR rate
was increased to 33%. Chinese experts also evaluated the
neoadjuvant application of sintilimab among patients with
resectable IA-IIIB NSCLC in a phase I study, obtaining
a MPR rate of 40.5%, an ORR of 20% and a pCR rate
in primary tumors of 16.2% [176]. Currently, in terms of
neoadjuvant immunotherapy for NSCLC, the Chinese
expert consensus has been published [177], and the main
consensus are summarized as follows. (i) Neoadjuvant ICI
monotherapy or ICI plus chemotherapy is a promising
regimen for patients with resectable stage IB-IIIA NSCLC.
(ii) Considering the limited predictive performance of
biomarkers in neoadjuvant immunotherapy, it is unneces-
sary to apply biomarker detection for patient selection in
clinic. However, for EGFR/ALK-positive patients, neoad-
juvant ICI monotherapy should be used judiciously. (iii)
It is recommended to perform 2-4 cycles of neoadjuvant
immunotherapy and conduct reviews every 2 cycles to
assess treatment efficacy. (iv) PET-CT plus serum tumor
markers and/or ctDNA load are recommended for the
assessment of efficacy of neoadjuvant immunotherapy. (v)
The appropriate operative opportunity is 4-6 weeks after
the end of neoadjuvant immunotherapy. (vi) The negative
influences of neoadjuvant immunotherapy on surgery
remain ambiguous. (vii) For neoadjuvant immunotherapy,
the main outcome indicators should include MPR and
pCR. (viii) For patients with resectable NSCLC who are
sensitive to neoadjuvant immunotherapy, 1-year mainte-
nance immunotherapy is suitable. (ix) Immunotherapy or
induction chemotherapy may provide surgical chance for
borderline resectable locally advanced NSCLC [177].
The phase III Impower010 (NCT02486718) study estab-

lished the essential position of adjuvant atezolizumab in
NSCLC [178, 179]. In that study, 1,005 patients who had
undergone resection for stage IB-IIIA NSCLC and had
received adjuvant chemotherapy were randomly assigned
to the adjuvant atezolizumab group and the best support-
ive care (BSC) group. In the stage II-IIIANSCLC subgroup,
the median DFS in those who received atezolizumab was
significantly higher than in patients who received BSC
(42.3 months vs. 35.3 months, P = 0.02). Although median
DFS was not available for patients with PD-L1 TPS ≥

1%, among patients with stage II-IIIA NSCLC and all
ITT patients who received adjuvant immunotherapy, the
results of a survival analysis suggested better DFS in the
adjuvant atezolizumab group. In 2021, based on the above
data, atezolizumabwas recommended for the post-surgical
treatment of NSCLC patients by the US FDA. The com-

bination of neoadjuvant immunotherapy plus chemother-
apy and adjuvant immunotherapy is a new attempt in
NSCLC. The NADIM trial (NCT03081689), a multicenter,
single-arm, phase II clinical trial, demonstrated promis-
ing survival benefits with neoadjuvant nivolumab plus
chemotherapy combined with adjuvant nivolumab [180].
After a long-term follow-up, the median DFS was 21.4
months. Moreover, the 3-year OS rate was over 80% in the
ITT cohort.

6.1.4 Neoadjuvant and adjuvant
chemotherapy

For NSCLC patients with resectable disease, several clin-
ical trials indicated the potential benefits of adjuvant
chemotherapy [181–188]. A meta-analysis of 4,584 eligible
cases found that adjuvant platinum-based chemotherapy
significantly prolonged OS in patients with stage IB-III
NSCLC [189]. No significant difference was found among
different platinum-based regimens [189]. The efficacy of
neoadjuvant chemotherapy on NSCLC was controversial
[190–195]. In comparison with surgery, a meta-analysis
involving 15 randomized controlled trials (RCTs) and 2,385
patients showed that the 5-year absolute improvement in
OS, relapse-free survival, and time to distant recurrence
forNSCLCpatients using neoadjuvant chemotherapywere
5%, 6%, and 10%, respectively [195]. Importantly, neoadju-
vant chemotherapy might increase the chances of surgery
for some patients withNSCLC [196]. Among 624 resectable
NSCLCpatients, theNATCH study found that the preoper-
ative chemotherapy arm was not superior to the adjuvant
chemotherapy arm in terms of DFS [192]. After 7.5 years
of follow-up, the IALT study of 1867 resectable NSCLC
patients found that the survival benefits of chemotherapy
decreased over time [181, 182].

6.2 Locally advanced NSCLC

6.2.1 Chemoradiotherapy

Concurrent chemoradiotherapy (CCRT) and sequential
chemoradiotherapy are standard treatments for locally
advanced NSCLC [197–201]. In China, CCRT is used
widely. The phase III RTOG 9410 trial suggested bet-
ter survival in the CCRT group than in the sequential
chemoradiotherapy group [198]. A meta-analysis of 1,205
NSCLC patients also highlighted longer OS in patients
who received CCRT than in those who received sequen-
tial chemoradiotherapy [197]. In the Chinese population,
a phase III trial found that OS did not differ significantly
between stage III NSCLC patients who were assigned to

http://clinicaltrials.gov/show/NCT02486718
http://clinicaltrials.gov/show/NCT03081689
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F IGURE 4 OS and PFS of patients with unresectable NSCLC after first-line immunotherapy in phase 3 randomized controlled trials.
Abbreviations: ITT, intention-to-treat; NR, not reach; NSCLC, non-small cell lung cancer; OS, overall survival; PD-L1, programmed
death-ligand 1; PFS, progression-free survival; #, phase III clinical trials on innovative immune checkpoint inhibitors from China.

the etoposide and cisplatin plus concurrent radiotherapy
arm or the carboplatin and paclitaxel plus concurrent
radiotherapy arm [200].

6.2.2 Immunotherapy plus
chemoradiotherapy

In 2021, the multicenter PACIFIC study (NCT02125461)
of stage III NSCLC reported the 5-year follow-up data
[202]. After CCRT, the median OS and progression-free
survival (PFS) for patients in the durvalumab group were
47.5 months and 16.9 months, respectively (Figure 4). It is
worth noting that more than 40% of patients who received
immunotherapy survived 5 years [202–204].
In Chinese patients with stage III NSCLC, the phase

III GEMSTONE-301 trial (NCT03728556) revealed that
after CCRT or sequential chemoradiotherapy, sugemal-
imab significantly improved patient outcomes (Figure 4)
[205, 206]. Among all enrolled cases, the median PFS
assessed by the blinded independent central reviewwas 9.0
months with sugemalimab and 5.8 months with placebo
(P < 0.05).

In locally advanced NSCLC, the efficacy and safety of
atezolizumab after chemoradiotherapy were explored in
the phase II DETERRED-part 1 study. Two phase II clinical
trials, the Keynote-799 study (NCT03631784) [207] and the
DETERRED-part 2 study [208], were conducted to explore
the use of first-line single ICI plus CCRT in locally unre-
sectable advanced NSCLC. The recent follow-up data of
these trials presented promisingORRs andwell tolerability
with immunotherapy plus chemoradiotherapy.

6.3 Advanced NSCLC with positive
driver alterations

For advancedNSCLC,we summarized treatment regimens
approved by the China NMPA in Figure 5.

6.3.1 EGFR

There are more than 40 subdivisions of EGFR mutations,
among which, EGFR exon 19 deletion (19del) and exon
21 L858R mutation are the two major sensitive mutations.

http://clinicaltrials.gov/show/NCT02125461
http://clinicaltrials.gov/show/NCT03728556


CHEN et al. 15

F IGURE 5 China National Medical Products Administration approved treatment regimens in advanced NSCLC. Abbreviations: ALK,
anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; IC, immune cell; ICI, immune checkpoint inhibitor; MET, MET
proto-oncogene, receptor tyrosine kinase; NSCLC, non-small cell lung cancer; PD-1, programmed cell death protein 1; PD-L1, programmed
death-ligand 1; RET, transfection proto-oncogene gene; ROS1, ROS proto-oncogene 1,receptor tyrosine kinase; sq, squamous; TC, tumor cell.

In an unselected Chinese population with EGFR-mutated
NSCLC, the percentages of exon 21 L858R mutation, 19del,
exon 18 G719X, and exon 20 T790M were 54.5% (n =

278), 36.1% (n = 184), 5.1% (n = 26), and 2.7% (n = 14),
respectively [21]. Similarly, among 855 LUAD cases with
EGFR mutations, L858R comprised the largest proportion
(47.1%, n = 402), followed by 19del (42.2%, n = 361), and
other mutation types (10.8%, n = 92) [22]. EGFR-targeted
therapy mainly includes EGFR-tyrosine kinase inhibitors
(EGFR-TKIs) which could block the intracellular domain
of the EGFR receptor, and anti-EGFR monoclonal anti-
bodies (mAbs) which could deprive specific signaling
pathways by binding to the extracellular domain of the
EGFR receptor.

EGFR-TKI monotherapy
For the first-line therapy, NSCLC patients with sensitive
EGFRmutations could greatly benefit from first-, second-,
and third-generation EGFR-TKIs, with ORRs of 50%-80%
and median PFS of 8.3-19.3 months [209–214]. In the
phase III FLAURA study (NCT02296125), osimertinib sig-
nificantly prolonged both PFS and OS in EGFR-mutated
NSCLC patients compared with comparator EGFR-TKI
(gefitinib or erlotinib) [209, 210]. In a Chinese cohort,
osimertinib also showed advantages over gefitinib in
median PFS (17.8 months vs 9.8 months, P < 0.05) [214].
In 2021, the AENEAS study, a multicenter RCT with 429
Chinese patients, updated the clinical data of aumoler-
tinib, a third-generation EGFR-TKI, in untreated advanced
NSCLC with EGFR-19del or L858R mutations [213]. The
median PFS of the aumolertinib group was significantly
higher than that of the gefitinib group (19.3 months vs
9.9 months, P < 0.05). According to a subgroup analysis,
aumolertinib showed promising antitumor effects in brain
metastasis NSCLC patients, with a HR of 0.38. In China,

domestic aumolertinib has been covered by health insur-
ance areas and was added to the 2021 CSCO Guideline for
NSCLC [127].
However, advanced untreated NSCLC patients with

EGFR exon 20 insertion (20ins) were resistant to gefitinib,
erlotinib, and afatinib, with ORRs of 3%-8% [211, 215]. The
median PFS was just 1.2-2 months in EGFR 20ins patients
who received common EGFR-TKIs. For pretreated NSCLC
patientswithEGFR20ins, three clinical trials exhibited the
clinical availability of amivantamab [216], mobocertinib
[217], and DZD9008 [218]. The ORRs of second-line ami-
vantamab, mobocertinib, and DZD9008 in EGFR 20ins-
positive patients were 40%, 28%, and 37.5%, respectively.
Based on meaningful data from the CHRYSALIS study
(NCT02609776; n = 81) [216] and the phase I/II study
(NCT02716116; n = 114) [217], amivantamab and mobocer-
tinib were approved by the US FDA for the treatment of
EGFR20ins NSCLC patients. In China, amivantamab was
included in the Breakthrough Therapy Program by the
China NMPA and written into the 2021 CSCO Guideline
for NSCLC. For EGFR20ins NSCLC patients, the marketing
authorization applications for mobocertinib and DZD9008
have been accepted by the China NMPA and received the
priority review.
Clinically, resistance to EGFR-TKIs is inevitable. T790M

mutation is one of resistance mechanisms to EGFR-TKIs
in NSCLC [219, 220]. For EGFR T790M mutation, two
clinical studies, the phase III AURA3 study (n = 419)
[221] and the phase II AURA study (n = 201) [222], con-
firmed the encouraging efficacy and safety of osimertinib
in NSCLC patients who had disease progression after the
first-line EGFR-TKI therapy. Results from these two stud-
ies showed that ORR and median PFS were significantly
higher in the osimertinib group than in the chemotherapy
group. Recently, almonertinib was also used for pretreated
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NSCLC patients with EGFR T790M mutations [223]. The
ORR and median PFS of the almonertinib group were
52% and 11 months, respectively. In 2021, almonertinib,
a domestic drug, was approved by the China NMPA for
the second-line treatment of EGFRT790M NSCLC (Table 2).
Furmonertinib is another targeted drug that granted by the
China NMPA for Chinese EGFRT790M patients (Table 2).
A phase IIb trial (NCT03452592) reported an ORR of 94%
when using furmonertinib to treat EGFRT790M patients
[224]. Additionally, NSCLC patients with brain metastases
also benefited from almonertinib and furmonertinib.

EGFR-TKI plus chemotherapy
The addition of chemotherapy to anti-EGFR targeted ther-
apy effectively prevented drug resistance, thus improving
the survival of patients with advanced EGFR-mutated
NSCLC. The encouraging efficacy of the first-line gefi-
tinib plus chemotherapy in advanced NSCLC was shown
in some clinical trials [225–228]. In 2017, a phase II RCT
(NCT02148380) involving 121 Chinese LUAD patients with
sensitive EGFRmutations found that the first-line gefitinib
plus chemotherapy significantly pronged both PFS and OS
in comparison with the chemotherapy group or the gefi-
tinib group (median PFS: 17.5 months vs. 5.7 months vs.
11.9 months; median OS: 32.6 months vs. 24.3 months vs.
25.8 months; both P < 0.05) [225]. Another phase II trial,
the JMIT study (NCT01469000) of 191 advanced EGFR-
mutated patients, also demonstrated higher median PFS
with gefitinib plus chemotherapy compared with gefitinib
alone (15.8 months vs. 10.9 months, P < 0.05) [228]. In the
JMIT study, a total of 52 patients (27.2%) were enrolled
from China. In terms of untreated EGFR-mutated NSCLC,
two phase III studies, the Japan NEJ009 study [226] and
the India NORONHA study [227], further illustrated bet-
ter prognosis in gefitinib plus chemotherapy groups than
in gefitinib monotherapy groups.
According to a prospective RCT (NCT02031601) of 179

Chinese patients with EGFR-mutated NSCLC, the first-
line icotinib combined with chemotherapy significantly
improved PFS, ORR, and disease control rate (DCR) com-
pared with the icotinib group (PFS: 16.0 months vs. 10.0
months; ORR: 77.8% vs. 64.0%; DCR 91.1% vs. 79.8%; both
P < 0.05) [229]. The ENSURE clinical trial highlighted
another promising combination strategy (erlotinib plus
chemotherapy) in the Chinese population [230]. Regard-
less of the sequential order, erlotinib plus chemotherapy
raised the survival benefits of Chinese patients with
advanced NSCLC compared with monotherapy (median
OS: 51.6 months vs. 23.0 months, P < 0.001).
The roles of chemotherapy in combination with EGFR-

mAbs in the first-line therapy were also investigated
in some clinical studies. In non-squamous NSCLC, the
open-label, phase III INSPIRE study (NCT00982111) found

no significant difference in survival between the first-
line chemotherapy plus necitumumab and chemotherapy
alone [231]. On the contrary, in stage IV LUSC, the phase
III SQUIRE trial (NCT00981058) revealed a remarkable
survival improvement in the chemotherapy plus necitu-
mumab group versus the chemotherapy cohort [232].
However, the efficacy and safety of the above EGFR-mAbs
in the Chinese population remain unclear. It is expected
that more clinical trials will be conducted in China.

6.3.2 ALK

Over the past decade (2010-2019), there was an escalat-
ing trend in the ALK screening rate in Chinese patients
with lung cancer (6.4% in 2010 vs. 80.9% in 2019) [129].
Table 2 summarizes the ALK inhibitors that have been
approved by the China NMPA, US FDA, and the Euro-
pean Medicines Agency for lung cancer treatment. Crizo-
tinib, an oral drug, is the first ALK-TKI for ALK-positive
patients [233, 234]. The second-/third-generation of ALK-
TKIs, including ceritinib, alectinib, brigatinib, lorlatinib,
and ensartinib, displayed higher central nervous system
permeability [235–238]. In the 2021 CSCO Guideline for
NSCLC, crizotinib, alectinib, and ceritinib were recom-
mended for the first-line therapy of stage IV ALK-positive
NSCLC (grade I recommendation), while ensartinib was
recommended for previously crizotinib treated, ALK-
positive, advanced NSCLC (grade II recommendation).
For the first-line therapy of ALK-positive NSCLC, the

phase III PROFILE1014 trial indicated better performance
of crizotinib than chemotherapy [233]. The phase III
PROFILE1029 trial enrolled 207 untreated patients with
ALK-positive NSCLC, most of whom were Chinese (n
= 183). The PROFILE1029 trial reached the primary end
point, suggesting that crizotinib significantly prolonged
PFS compared with chemotherapy (11.1 months vs. 6.8
months, P < 0.05) [234]. In Asian patients with ALK-
positive NSCLC, two phase III studies, the ALEX study
and the ALESIA study, compared the efficacy of the
first-line alectinib and crizotinib, indicating that better sur-
vival and intracranial ORRs in the alectinib group [239,
240]. Ceritinib, brigatinib, and lorlatinib had better clin-
ical outcomes when compared with crizotinib [236–238].
In 2021, the eXalt3 study, a phase III RCT, highlighted
the encouraging effect of ensartinib in Asian patients with
NSCLC [241]. The median PFS of ensartinib was supe-
rior to that of crizotinib (25.8 months vs. 12.7months, P <
0.01). Based on the extraordinary performance of ensar-
tinib in phase II and III clinical trials [241, 242], the China
NMPA approved the clinical use of ensartinib in Chi-
nese patients with ALK-positive NSCLC (Table 2). The
approval of ceritinib in Chinese patients was also received

http://clinicaltrials.gov/show/NCT03452592
http://clinicaltrials.gov/show/NCT02031601
http://clinicaltrials.gov/show/NCT00982111
http://clinicaltrials.gov/show/NCT00981058
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from the China NMPA this year. The open label, phase
III, ASCEND-4 RCT (NCT01828099) suggested that the
prognosis of ALK-positive patients was prolonged in the
ceritinib group compared with the chemotherapy group
[237]. The median PFS was 16.6 months in the ceritinib
group and 8.1months in the chemotherapy group. As novel
ALK-TKIs, ensartinib and ceritinib might provide a new
option for ALK-positive NSCLC patients.
For crizotinib-resistant NSCLC, some studies have

demonstrated the considerable effects of ceritinib, alec-
tinib, brigatinib, lorlatinib, and ensartinib [243–246]. How-
ever, the resistance mechanisms of ALK-TKIs are not well
understood, and more investigations are needed. More-
over, only a limited number of clinical trials have been
conducted on drugs for NSCLC patients with progression
after second- and third-generation ALK-TKIs therapy.

6.3.3 KRAS

In a Chinese cohort, the median PFS and median OS
of KRAS-mutated NSCLC patients who received first-line
pemetrexed-based chemotherapy were 6.4 months and
25.4 months, respectively [247]. Emerging KRAS G12C
inhibitors made a breakthrough in targeted therapy, thus
bringing survival benefits for NSCLC with KRAS muta-
tions. In 2021, two KRAS inhibitors, sotorasib and adagra-
sib, were written into the clinical guidelines and approved
by US FDA for use in KRAS-positive NSCLC (Table 2).
The phase II CodeBreaK100 study (NCT03600883) found
that the median PFS was 6.8 months and the median OS
was 12.5 months in KRAS G12C-mutated NSCLC patients
who received sotorasib. In addition, the DCR of sotorasib
was 80.6% in KRAS G12C-positive NSCLC patients [248].
The recent CSCO Guideline recommends the clinical use
of sotorasib in KRAS G12C-positive NSCLC.
The impressive DCR and ORR of adagrasib were found

in the KRYSTAL-1 study (NCT03785249) [249]. About 96%
of patients with KRAS p.G12C-mutant NSCLC experienced
disease control. An objective response was found in more
than 40% KRAS p.G12C-mutant NSCLC patients. Notably,
the median PFS of patients receiving adagrasib was 11.1
months. In NSCLC, targeted therapy for KRAS muta-
tions is both challenging and meaningful. Many KRAS
inhibitors are currently undergoing preclinical experi-
ments and clinical trials.

6.3.4 ROS1

In a Chinese cohort with 226,227 NSCLC patients, the
ROS1 testing rate was lower than 10% between 2010 and
2015 [129]. Remarkably, in 2019, 57.2% of NSCLC patients

underwent ROS1 tests [129]. To date, crizotinib has been
approved by the China NMPA for ROS1-positive NSCLC
patients (Table 2). In NSCLC, targeted therapy for ROS1
has been explored for many years, but its progress is lim-
ited.With high level homology in kinase domains between
ALK and ROS1, ROS1-positive NSCLC patients were also
shown to be sensitive to crizotinib, ceritinib, and lorlatinib
[250–253]. Among 127 East Asian patients with ROS1-
positive NSCLC, a phase II, open-label, single-arm trial
(NCT01945021) reported themedian PFSwith the first-line
crizotinib to be 15.9 months, and the ORR was 71.7% in the
whole cohort and 71.6% for Chinese patients [253].
In 2021, our team reported the latest clinical data of

the TRUST study (NCT04395677), which was a multicen-
ter phase II clinical trial in China [254]. Taletrectinib,
a novel ROS1 inhibitor, exhibited encouraging efficacy
in treatment-naïve patients with crizotinib-resistant and
brain-metastatic patients with ROS1 mutation. The first-
line group had the highest ORR (90.5%), followed by the
brain metastatic group (83.3%) and the crizotinib-resistant
group (43.8%). According to the side effects analysis,
taletrectinib was well tolerated in NSCLC.

6.3.5 BRAF

The most common type of BRAF mutation is BRAF-
V600E, with a frequency of around 50% [255]. BRAF-
G469A/Vmutation accounts for 35% of all BRAFmutation
types, while BRAF-D594G makes up only 7%. BRAF-
V600 mutation occurs more frequently in never-smoking
females [256]. The US FDA approved the use of dabrafenib
plus trametinib in NSCLC patients with BRAF-V600E-
mutation (Table 2). According to the phase II study data,
23 of 36 advanced BRAF-V600E-mutant NSCLC patients
achieved complete or partial response with the first-line
dabrafenib in combination with trametinib (ORR, 64%)
[257]. The median PFS of the dabrafenib plus trametinib
group was 10.9 months. Future clinical trials with a larger
sample size are expected. In the 2021 CSCO Guideline
for NSCLC, the recommendation grade of dabrafenib plus
trametinib in BRAF-V600E-mutant NSCLC patients was
raised from grade III to grade II.

6.3.6 RET

In recent years, two RET inhibitors, selpercatinib and
pralsetinib, have broken the stalemate in the therapy
of RET-mutant NSCLC. Two phase I/II studies, the
LIBR ETTO-001 study (NCT03157128) and the ARROW
trial (NCT03037385), displayed the curative advantages
and promising antitumor activities of selpercatinib and

http://clinicaltrials.gov/show/NCT01828099
http://clinicaltrials.gov/show/NCT03600883
http://clinicaltrials.gov/show/NCT01945021
http://clinicaltrials.gov/show/NCT03157128
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pralsetinib in RET-driven NSCLC [258, 259]. In 2021, the
efficacy and safety of selpercatinib and pralsetinib was
explored in Chinese NSCLC patients with RET fusion.
At the World Conference on Lung Cancer, the phase II
LIBRETTO-321 study (NCT04280081) presented data on
the use of selpercatinib in Chinese populations [260].
The ORR of selpercatinib assessed by an independent
review committee was 69.2%. Notably, over 90% of enrolled
patients remained responsive after a median follow-up of
9.7 months. In terms of pralsetinib efficacy, another clin-
ical trial indicated that the confirmed ORR of pralsetinib
in previously untreated patients with RET-positive NSCLC
was 66.7%, with 80% for pretreated patients [261]. Both
selpercatinib and pralsetinib demonstrated good safety
and tolerability in Chinese NSCLC cohorts. It is note-
worthy that no selpercatinib or pralsetinib-related deaths
were recorded. In the LIBRETTO-321 study, 45.5% of
selpercatinib-related adverse effects occurred at grade1 and
2. The most common selpercatinib-related adverse effect
was alanine aminotransferase increase (62.3%), while
aspartate aminotransferase increase (80.9%) was the most
frequent pralsetinib-related adverse effect. These two US
FDA-approved RET inhibitors have dramatically changed
the treatment landscape for RET-fusion NSCLC. In 2021,
pralsetinib was approved by the China NMPA for the
treatment of RET-positive NSCLC patients (Table 2).

6.3.7 HER2

In China, pyrotinib is the first targeted drug recommended
for HER2-positive NSCLC patients. In amulticenter, open-
label, single-arm, phase II clinical trial (NCT02834936),
our team found satisfactory clinical efficacy of pyrotinib in
HER2-positive NSCLC [262]. The median OS with second-
line pyrotinib therapy was 14.4 months. The median PFS
was 6.9 months. Additionally, our study found tolerable
and manageable adverse events of pyrotinib. Treatment-
related adverse effects ≥ grade 3 occurred in 28.3% of
patients, and no treatment-related deaths were recorded.
Currently, increasing numbers of HER2-targeted drugs for
NSCLC have been developed and have entered clinical
trials.
Ado-trastuzumab emtansine (T-DM1) and trastuzumab

deruxtecan (T-Dxd) were written into the National
Comprehensive Cancer Network (NCCN) Guideline
for advanced NSCLC patients with HER2 mutations.
The encouraging antitumor effect of T-DM1 in NSCLC
was observed in a phase II basket study (NCT02675829)
[263]. In 2021, a multicenter, phase II DESTINY-Lung01
trial (NCT03505710) presented the preliminary results of
T-Dxd, a novel HER2-targeted ADC, in HER2-positive
NSCLC [264]. In HER2-positive NSCLC cohort, the con-

firmed ORR of T-Dxd was 54.9%, and the median PFS was
8.2 months.

6.3.8 MET

For NSCLC with MET exon 14 alterations, the satisfactory
antitumor activities of crizotinib, capmatinib, tepotinib,
and savolitinib were presented in some clinical trials.
Among 65 response-evaluated patients with MET exon 14-
altered NSCLC, the ORR of crizotinib was 32% [265]. In
the crizotinib cohort, the median duration of response
(DoR) and PFS were 9.1 months and 7.3 months, respec-
tively. The multiple-cohort, phase II GEOMETRY mono-1
trial (NCT02414139) indicated the antitumor activity and
safety of capmatinib in MET exon14-mutant and MET-
amplified NSCLC. For the first-line capmatinib therapy,
the ORR was 68% in patients with MET exon 14 skipping
mutations and 40% in those with MET amplification. For
the second-/third-line capmatinib treatment, the ORRwas
41% in the MET exon 14-mutant group and 29% in the
MET amplification group [266]. Results from the open-
label phase II VISION study (NCT02864992) revealed that
tepotinib significantly improved the clinical outcomes of
MET exon14-mutantNSCLCpatients, with anORRof 46%-
71% [267]. According to the above results, the recent NCCN
Guideline recommends the use of crizotinib, capmatinib,
and tepotinib in MET-positive NSCLC. However, capma-
tinib and tepotinib are yet to be approved by the China
NMPA. In China, savolitinib, a domestic drug indepen-
dently developed by Chinese pharmaceutical enterprises,
was approved by the China NMPA in 2021 (Table 2). The
2021 CSCO Guideline for NSCLC also added savolitinib.
The encouraging antitumor activity of savolitinib was ver-
ified in a phase II study (NCT02897479) of pulmonary
sarcomatoid carcinoma and other subtypes of NSCLC
[268]. In the savolitinib group, the DoR was 8.3 months,
with a PFS of 6.8 months. The DCR with savolitinib was
up to 90%. Nowadays, Chinese MET-mutant patients can
benefit from second-line therapy of savolitinib.

6.4 Wild-type (WT) advanced NSCLC

6.4.1 Immunotherapy

With increasing awareness of immune escape mecha-
nisms, immunotherapy has become an effective treat-
ment approach for NSCLC patients (Figure 6). Notably,
the impairment of antigen presentation, neoantigen
loss/silencing, immune suppression-related genes or path-
ways, oncogenic alterations, and immune cells/cytokines
in tumor microenvironments are associated with immune

http://clinicaltrials.gov/show/NCT02834936
http://clinicaltrials.gov/show/NCT02675829
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F IGURE 6 Mechanisms of immune escape in NSCLC.
Abbreviations: ALK, anaplastic lymphoma kinase; CTLA4,
cytotoxic T-lymphocyte-associated protein 4; EGFR, epidermal
growth factor receptor; HLA, human leukocyte antigen; NSCLC,
non-small cell lung cancer; PD-1, programmed cell death protein 1;
PD-L1, programmed death-ligand 1; Treg, regulatory T cell.

escape. In the last decade, immunotherapy has been a
major innovation in the field of lung cancer therapy. Cur-
rently, ICIs used for the treatment of NSCLC include
nivolumab, pembrolizumab, durvalumab, atezolizumab,
tislelizumab, camrelizumab, and sintilimab (Figure 5).

Immunotherapy monotherapy
Several phase III clinical trials emphasized the clinical
importance of the first-line ICI monotherapy in NSCLC
(Figure 4). In the KEYNOTE 024 trial (NCT02142738),
pembrolizumab significantly prolonged both PFS and OS
inNSCLC patients with high PD-L1 expression (PD-L1 TPS
≥ 50%) [269, 270]. After amedian follow-up of 46.9months,
the KEYNOTE-042 study (NCT02220894) reported consid-
erable OS improvement in the first-line pembrolizumab
group regardless of the PD-L1 TPS (median OS: PD-L1 TPS
≥ 1%, 16.7 months; PD-L1 TPS ≥ 50%, 20.0 months) [271].
In advanced NSCLC with PD-L1 TPS ≥ 50%, the phase
III IMPOWER110 study (NCT02409342) showed longer OS
and PFS in the atezolizumab monotherapy group com-
pared with the chemotherapy group (median OS: 20.2
months vs. 13.1 months; median PFS: 8.2 months vs. 5.0
months) [272]. The China NMPA approved atezolizumab
for treatment-naïve NSCLC patients with high PD-L1
expression or tumor-infiltrating immune cells (≥ 10%) in
2021 (Table 3). In the 2021 CSCO Guideline for NSCLC, for
the first-line therapy of lung cancer patients with high PD-
L1 expression or tumor-infiltrating immune cells ≥ 10%,
atezolizumab was added as a grade-1 recommendation
[127].

Immunotherapy plus chemotherapy
Some clinical trials investigated the efficacy of single
ICI plus chemotherapy as the first-line treatment for
advanced NSCLC (Figure 4). Based on the results, the
2021 CSCO Guideline for NSCLC was updated. In non-
squamous NSCLC without driver gene alterations, three
domestic drugs, including camrelizumab, sintilimab, and
tislelizumab, were approved by the China NMPA (Table 3).
We conducted the open-label, multicenter, phase III
CameL study (NCT03134872) to compare the first-line
efficacy and safety of camrelizumab plus chemotherapy
with chemotherapy alone for patients with non-squamous
NSCLC [273]. In the Chinese population, higher PFS
(median: 11.3 months vs. 8.3 months, P = 0.001) and ORR
(60.5% vs. 38.6%) were found in the camrelizumab plus
chemotherapy group compared with the chemotherapy
alone group. In addition, the camrelizumab in combina-
tion with chemotherapy regimen was well tolerated, with
a grade ≥ 3 treatment-related adverse effects proportion
of 38%. In the camrelizumab plus chemotherapy group,
the incidence of reactive cutaneous capillary endothelial
proliferation was the highest (78%). The ORIENT-11 study
(NCT03607539), a phase III RCT, indicated sintilimab
plus chemotherapy slower disease progression in Chi-
nese NSCLC patients versus chemotherapy alone (median
PFS: 8.9 months vs. 5.0 months, P < 0.001) [274]. The
ORR was higher in the sintilimab plus chemotherapy
group than in the chemotherapy group (51.9% vs. 29.8%).
According to the RATIONALE-304 study (NCT03594747),
Chinese NSCLC patients who received tislelizumab plus
chemotherapy demonstrated better prognosis than those
who received only chemotherapy (median PFS: 9.7months
vs. 7.6 months, P < 0.05) [275]. Significantly higher ORR
was observed in the tislelizumab plus chemotherapy group
compared with the chemotherapy group (57.4% vs. 36.9%).
In LUSC, the use of camrelizumab, sintilimab,

and tislelizumab were validated in some clinical
trials (Figure 4). In the phase III CameL-sq study
(NCT03668496), our team found excellent efficacy and
manageable toxicity with camrelizumab plus chemother-
apy in LUSC [276]. The addition of camrelizumab to
chemotherapy significantly prolonged both PFS (median:
8.5 months vs. 4.9 months, P < 0.001) and OS (median:
not reached vs. 14.5 months, P < 0.001) in Chinese popu-
lations with LUSC. The antitumor effect of sintilimab plus
gemcitabine and platinum was validated in the phase III
ORIENT-12 study (NCT03629925) involving 543 Chinese
patients with advanced or metastatic LUSC [277]. The
disease progression risk was significantly declined in
the sintilimab plus chemotherapy group compared with
the chemotherapy group (HR = 0.536, P < 0.001). For
the tislelizumab plus chemotherapy regimen, positive
results were found in the phase III RATIONALE-307 study

http://clinicaltrials.gov/show/NCT02142738
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TABLE 3 Immune checkpoint inhibitors that approved by the China NMPA, US FDA, and EMA

Drug
The China NMPA-approved
indication The US FDA-approved indication EMA-approved indication

Pembrolizumab (1) PD-L1 TPS ≥ 1%, treatment-naïve,
locally advanced/metastatic
NSCLC without EGFR/ALK
aberrations; (2) Plus carboplatin
and paclitaxel or nab-paclitaxel
for treatment-naïve, metastatic
LUSC; (3) Plus pemetrexed and
platinum-based chemotherapy for
treatment-naïve, metastatic,
non-squamous NSCLC.

(1) PD-L1 TPS ≥ 1%, treatment-naïve,
locally advanced/metastatic
NSCLC without EGFR/ALK
aberrations; (2) Plus carboplatin
and paclitaxel or nab-paclitaxel
for treatment-naïve, metastatic
LUSC; (3) Plus pemetrexed and
platinum-based chemotherapy for
treatment-naïve, metastatic,
non-squamous NSCLC; (4)
Previously platinum-based
chemotherapy treated,
advanced/metastatic NSCLC with
PD-L1 positive expression.

(1) PD-L1 TPS ≥ 50%,
treatment-naïve, locally
advanced/metastatic NSCLC
without EGFR/ALK
aberrations; (2) Plus
carboplatin and paclitaxel or
nab-paclitaxel for
treatment-naïve, metastatic
LUSC; (3) Plus pemetrexed and
platinum-based chemotherapy
for treatment-naïve,
metastatic, non-squamous
NSCLC; (4) Previously
chemotherapy treated, locally
advanced/metastatic NSCLC
with PD-L1 TPS ≥ 1%.

Nivolumab Previously platinum-based
chemotherapy treated, locally
advanced/metastatic NSCLC
without EGFR/ALK aberrations.

(1) Previously platinum-based
chemotherapy treated, metastatic
NSCLC; (2) Plus ipilimumab and
chemotherapy for
treatment-naïve,
advanced/relapsed NSCLC; (3)
Plus ipilimumab for
treatment-naïve, metastatic
NSCLC with PD-L1 TPS ≥ 1% and
without EGFR/ALK aberrations.

(1) Previously chemotherapy
treated, locally
advanced/metastatic NSCLC;
(2) Plus ipilimumab and
chemotherapy for
treatment-naïve, metastatic
NSCLC.

Atezolizumab (1) PD-L1 TC ≥ 50% or IC ≥ 10%,
treatment-naïve, metastatic
NSCLC without EGFR/ALK
aberrations; (2) Plus pemetrexed
and platinum-based
chemotherapy for
treatment-naïve, metastatic,
non-squamous NSCLC without
EGFR/ALK aberrations.

(1) PD-L1 TC ≥ 50% or IC ≥ 10%,
treatment-naïve, metastatic
NSCLC without EGFR/ALK
aberrations; (2) Plus carboplatin
and nab-paclitaxel for
treatment-naïve, metastatic,
non-squamous NSCLC without
EGFR/ALK aberrations; (3) Plus
bevacizumab and carboplatin and
paclitaxel for treatment-naïve,
advanced NSCLC without
EGFR/ALK aberrations; (4)
Previously platinum-based
chemotherapy treated, metastatic
NSCLC; (5) Previously
platinum-based chemotherapy
treated, stage II-IIIA, resected
NSCLC with PD-L1 TC ≥ 1%.

(1) Plus carboplatin and
nab-paclitaxel for
treatment-naïve, metastatic,
non-squamous NSCLC
without EGFR/ALK
aberrations; (2) Plus
bevacizumab and carboplatin
and paclitaxel for
treatment-naïve, advanced,
non-squamous NSCLC; (3)
Previously chemotherapy
treated, locally
advanced/metastatic NSCLC.

Durvalumab Stage III, unresectable NSCLC after
concurrent chemoradiotherapy.

Stage III, unresectable NSCLC after
concurrent chemoradiotherapy.

PD-L1 TPS ≥ 1%, unresectable
NSCLC after concurrent
chemoradiotherapy.

#Camrelizumab (1) Plus pemetrexed and carboplatin
for treatment-naïve, advanced,
non-squamous NSCLC without
EGFR/ALK aberrations; (2) Plus
carboplatin and paclitaxel for
treatment-naïve, advanced LUSC
without EGFR/ALK aberrations.

/ /

(Continues)
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TABLE 3 (Continued)

Drug
The China NMPA-approved
indication The US FDA-approved indication EMA-approved indication

#Sintilimab (1) Plus pemetrexed and carboplatin
for treatment-naïve, advanced,
non-squamous NSCLC without
EGFR/ALK aberrations; (2) Plus
gemcitabine and platinum-based
chemotherapy for
treatment-naïve, locally
advanced/metastatic LUSC
without oncogenic aberrations.

/ /

#Tislelizumab (1) Plus pemetrexed and
platinum-based chemotherapy for
treatment-naïve, locally
advanced/metastatic,
non-squamous NSCLC without
EGFR/ALK aberrations; (2) Plus
carboplatin and paclitaxel or
nab-paclitaxel for
treatment-naïve, advanced LUSC;
(3) Previously treated,
non-squamous and squamous
NSCLC.

/ /

#Sugemalimab (1) Plus pemetrexed and carboplatin
for treatment-naïve, metastatic,
non-squamous NSCLC without
EGFR/ALK aberrations; (2) Plus
carboplatin and paclitaxel for
treatment-naïve, metastatic LUSC.

/ /

Abbreviations: ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; EMA, European Medicines Agency; FDA, Food and Drug Adminis-
tration; IC, immune cells; LUSC, lung squamous cell carcinoma; NMPA, National Medical Products Administration; NSCLC, non-small cell lung cancer; PD-L1,
programmed death-ligand 1; TC, tumor cells; TPS, tumor cell proportion score; #, domestic drug.

(NCT03594747) [278]. In Chinese patients with LUSC (n =
355), in comparison with chemotherapy, the tislelizumab
plus chemotherapy regimen was associated with better
PFS (median: 7.6 months vs. 5.5 months, P < 0.001),
DoR (median: 8.2-8.6 months vs. 4.2 months), and ORR
(72.5%-74.8% vs. 49.6%).
Two emerging therapeutics, suglizumab and tori-

palimab, were applied for the first-line treatment of
WT NSCLC patients (Figure 4). Recently, we updated
the follow-up data of the GEMSTONE-302 trial
(NCT03789604), a phase III RCT [279]. The median
PFS was significantly higher in Chinese patients treated
with the first-line sugemalimab plus chemotherapy com-
pared with placebo plus chemotherapy (median PFS: 9.0
months vs 4.9 months, P < 0.05). There was a trend of
higher 2-year OS rate in the combination immunotherapy
group compared with the control group (47.1% vs. 38.1%).
The safety analysis suggested that 23% of individuals in the
sugemalimab plus chemotherapy group and 20% of partic-
ipants in the control group experienced treatment-related
serious adverse events. In December 2021, sugemalimab

was approved by the China NMPA for the first-line treat-
ment ofmetastatic NSCLC patients (Table 3). The phase III
CHOICE-01 trial indicated longer PFS in the toripalimab
plus chemotherapy group compared with the placebo
plus chemotherapy group (median PFS: 8.3 months vs 5.6
months, P < 0.05) [280]. Better ORR (63.4% vs. 41.7%, P <
0.05) and DoR (median: 8.3 months vs. 4.2 months) were
also found in the toripalimab plus chemotherapy group
than the chemotherapy group. In the CHOICE-01 trial, the
addition of toripalimab to chemotherapy did not increase
the adverse effects rate at grade 3 or worse compared with
chemotherapy (76.3% vs. 80.1%). The toxicity of the above
two novel drugs was manageable, further suggesting their
considerable potential for clinical treatment.

6.4.2 Anti-angiogenesis therapy plus
chemotherapy

Since the proposal of tumor angiogenesis in 1971 [281], anti-
angiogenic drugs have been gradually designed and used

http://clinicaltrials.gov/show/NCT03594747
http://clinicaltrials.gov/show/NCT03789604
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TABLE 4 Anti-angiogenic drugs that approved by the China NMPA, US FDA, and EMA

Drug
The China NMPA-approved
indication

The US FDA-approved
indication

The EMA-approved
indication

Bevacizumab Plus platinum-based chemotherapy
for treatment-naïve, unresectable,
metastatic/relapsed,
non-squamous NSCLC.

Plus platinum-based
chemotherapy for
treatment-naïve,
unresectable,
metastatic/relapsed,
non-squamous NSCLC.

Plus platinum-based
chemotherapy for
treatment-naïve,
unresectable,
metastatic/relapsed,
non-squamous NSCLC.

#QL1101 Plus platinum-based chemotherapy
for treatment-naïve, unresectable,
metastatic/relapsed,
non-squamous NSCLC.

/ /

#Anlotinib Third-line therapy for advanced
NSCLC.

/ /

Abbreviations: EMA, European Medicines Agency; FDA, Food and Drug Administration; NMPA, National Medical Products Administration; NSCLC, non-small
cell lung cancer; #, domestic drug.

in NSCLC patients. Angiogenesis inhibitors could effec-
tively inhibit tumor proliferation and metastasis. Some
clinical studies explored the efficacy of anti-angiogenesis
therapy plus chemotherapy in NSCLC. Regretfully, most
of these results were unsatisfactory [282, 283]. It was not
until 2015 that positive results from the phase III BEYOND
trial (NCT01364012) brought new hope for the use of
chemotherapy combined with anti-angiogenesis therapy
in NSCLC [284]. In Chinese non-squamous NSCLC, the
clinical prognosis was improved significantly in the beva-
cizumab plus carboplatin and paclitaxel arm compared
with the placebo plus carboplatin and paclitaxel arm
(median PFS, 9.2 months vs. 6.5 months, P < 0.05; median
OS, 24.3 months vs. 17.7 months, P = 0.0154). A phase
III RCT (NCT03169335) enrolled 535 Chinese patients with
advanced non-squamous NSCLC to compare the efficacy
and safety of QL1101 and bevacizumab [285]. QL1101 is a
domestic bevacizumab analog. In the overall population,
the ORR (52.8% vs. 56.8%), 18-month OS rate (28.3% vs.
33.5%), and safety profile (any treatment-related adverse
effects: 99.26% vs. 99.62%) of first-line therapy with QL1101
plus chemotherapy were similar to that of bevacizumab
plus chemotherapy, respectively. Bevacizumab andQL1101
were approved by the China NMPA for lung cancer treat-
ment (Table 4). In the CSCO Guideline for NSCLC, beva-
cizumab or QL1101 plus chemotherapy was recommended
for the first-line therapy of stage IV, WT, non-squamous
NSCLC. In advanced NSCLC, the encouraging therapeutic
effect of anlotinib was verified in a phase III, multicen-
ter, ALTER 0303 RCT (NCT02388919) [286]. In comparison
with the placebo cohort, the anlotinib cohort of 296 Chi-
nese NSCLC patients demonstrated bettermedian PFS (5.4
months vs. 1.4 months) and median OS (9.6 months vs. 6.3
months). For the third-line therapy of NSCLC, anlotinib
has been approved by the China NMPA (Table 4). In 2021,

a phase Ib, single-arm trial (NCT03628521) firstly presented
considerable efficacy and manageable toxicity of anlotinib
plus sintilimab in treatment-naïve patients with advanced
NSCLC [287]. The median PFS was 15 months, and the
ORR was 72.7%.

6.4.3 Immunotherapy plus angiogenesis
inhibitor and chemotherapy

The IMpower150 study (NCT02366143), an open-label
phase III RCT, explored the efficacy of the first-line
treatment with chemotherapy plus angiogenesis inhibitor
and ICI in advanced, non-squamous NSCLC [288–292].
Compared with the bevacizumab-carboplatin-paclitaxel
(BCP) group (median PFS = 6.8 months, median OS =
14.7 months) and the atezolizumab-carboplatin-paclitaxel
group (median PFS = 6.3 months, median OS = 19.0
months), the PFS andOS in the atezolizumab-BCP (ABCP)
group (median PFS = 8.4 months, median OS = 19.5
months) were the highest. In addition, a subgroup anal-
ysis suggested that metastatic patients, EGFR-mutated
patients, ALK-positive patients, KRAS-mutant patients
could benefit from ABCP therapy. Another phase III RCT,
the IMpower 151 (NCT04194203) study, is aimed at evalu-
ating the efficacy and safety of ABCP and atezolizumab-
bevacizumab-carboplatin-pemetrexed in untreated, stage
IV, non-squamous NSCLC. The clinical data from the
IMpower 151 study are highly anticipated.

6.4.4 Chemotherapy

In NSCLC, several chemotherapy drugs are used fre-
quently, including cisplatin, carboplatin, nedaplatin,

http://clinicaltrials.gov/show/NCT01364012
http://clinicaltrials.gov/show/NCT03628521
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gemcitabine, paclitaxel, pemetrexed, docetaxel, and
vinorelbine. For the first-line therapy, several large
population-based studies(e.g., ECOG 1594, SWOG9509,
TAX326, EORTC 08975, ILCP, JMDB, and WJOG5208L)
suggested the vital roles of doublet chemotherapy in
advanced or relapsed NSCLC patients without driver gene
alterations [293–303]. Paclitaxel liposome (Lipusu R©),
a domestic drug developed by a Chinese pharmaceuti-
cal company, is the world’s first commercial liposomal
formulation of paclitaxel. In 2022, the LIPUSU study
(NCT02996214), a multicenter open-label phase III RCT,
highlighted the significantly lower toxicity of Lipusu
combined with cisplatin than gemcitabine combined with
cisplatin (treatment interruption rate: 10.9% vs. 26.4%;
treatment termination rate: 14.3% vs. 23.1%; both P <

0.05) in the first-line therapy of LUSC [304]. Among all
enrolled Chinese patients (n = 490), PFS (median: 5.2
months vs. 5.5 months), OS (median: 14.6 months vs.
12.5 months), ORR (41.8% vs. 45.9%), and DCR (90.3%
vs. 88.1%) did not differ significantly between the two
arms. Some efficacy-related cytokines were also found in
the LIPUSU trial, such as tumor necrosis factor-alpha,
interferon-gamma, interleukin-6, and interleukin-8.
Lipusu has been approved by the China NMPA for the
first-line treatment of advanced NSCLC.
InChinese patientswith advancedNSCLC, nanoparticle

polymeric micellar paclitaxel showed promising efficacy
and manageable toxicity in a phase III, open-label, mul-
ticenter RCT (NCT02667743) [305]. The median PFS was
significantly longer in the polymeric micellar paclitaxel
plus cisplatin group than the solvent-based paclitaxel
plus cisplatin group (6.4 months vs. 5.3 months, P <

0.05). Notably, the ORR was 50% with polymeric micel-
lar paclitaxel plus cisplatin versus 26% with solvent-based
paclitaxel plus cisplatin. In 2021, polymeric micellar pacli-
taxel was approved by the China NMPA for the treatment
of NSCLC.

6.4.5 Emerging therapies

Several emerging treatments have generated consider-
able research attention in recent years, such as ADCs
and tumor-treating fields (TTFields). Much progress has
been made with ADCs in HER2-mutant NSCLC. The
investigations into other targets, including HER3, TROP2,
CEACAM5 and MET in NSCLC are still ongoing [306].
TTFields, a low intensity, intermediate frequency, alter-
nating electric fields, is one of physical therapy in cancer.
TTFields could promote cancer cell death and inhibit
tumor growth via interfering with the correct alignment
of chromosomes and tubulin [307, 308]. In this therapy,
TTFields mainly attack dividing cells. A phase I/II trial

verified that as a second-line therapy for NSCLC, the
combination of TTFields and pemetrexed was safe and
potentially more effective than pemetrexed alone [309].
Among 42 enrolled patients with stage IIIB-IV NSCLC, 26
(61.9%) experienced partial response (n = 6) or stable dis-
ease (n = 20). The median OS was 13.8 months. Currently,
the prospective phase III LUNAR RCT is underway, and
patients are being recruited (NCT02973789).

7 CONCLUSIONS

Lung cancer remains a devastating disease that is respon-
sible for substantial incidence and cancer-related deaths
in China. In NSCLC, prognostic improvements are closely
associated with multidisciplinary advances in risk factor
prevention, screening, targeted therapy, and immunother-
apy. In recent decades, understanding of the molecular
biology and the clinical characteristics of Chinese NSCLC
patients has increased. However, there are both ongoing
challenges and considerable scope for further progres-
sion in NSCLC in China. The future directions of NSCLC
might lie in precise therapy and individualized therapy.
To maximize the benefits for Chinese patients with lung
cancer, particular efforts should be made in the following
areas: effective tumor prevention strategies, rapid identifi-
cation of oncogenic drivers, broad consensus on screening
programs, increased clinical application of molecular test-
ing, and additional prospective clinical trials of novel
combination regimens and emerging therapeutics.
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