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We read with interest the editorial from Zheng et al., 
and in the article, the authors stated that the incidence of 
lung cancer has increased in young non-smoking women 
in China (1). This phenomenon is interesting and has 
important clinical significance. To verify this increase, we 
conducted a retrospective review of 8,668 patients who 
underwent resection for lung cancer from January 1, 1990 
to December 31, 2017.

Al l  pat ients  had undergone surgery,  and their 
clinicopathological information (age, sex, pathology and 
smoking status) was available. All patients provided informed 
consent. The Shandong Provincial Hospitals’ Ethical Review 
committee approved the study (No. 2019-201). Patients 
were classified as never-smokers or smokers based on their 
answering a “yes or no” question, and smokers included 
both former and current smokers. We placed patients in 
groups for every four successive years and used unpaired 
t-tests to analyze the changes using SPSS software 24.0. For 
all analyses, P<0.05 was considered statistically significant.

The cohort included 3,014 squamous cell carcinoma 
cases (34.77%), 4,655 adenocarcinoma cases (53.70%) and 
999 cases of other cancers (11.53%; mainly small cell lung 
cancer, large cell lung cancer, adenosquamous carcinoma 
and carcinoid). The cohort included 2,761 women 
(31.85%) and 5,907 men (68.15%). In total, 2,547 of 2,761 
women (92.25%) and 875 of 5,907 men (14.81%) were 
never-smokers. Table 1 shows all of the patients’ clinical 

features. 

The proportion of never-smokers increased

The proportion of never-smokers was increased compared 
with that of smokers (Figure 1A). This remarkable 
alteration drove us to investigate the changes in lung cancer 
composition over time. For adenocarcinoma, the proportion 
of never-smokers increased significantly (Figure 1B), but for 
squamous cell carcinoma, it did not (Figure 1C).

The proportion of female patients was increased 
for non-small cell lung cancer (NSCLC)

The proportion of female patients also increased for 
NSCLC (Figure 1D). Most female patients had never 
smoked (92.25%; Table 1), and most female patients had 
lung adenocarcinoma (LUAD; Figure 1E). The proportion 
of female adenocarcinoma patients who never smoked 
increased significantly over time (Figure 1F).

The proportions of adenocarcinoma and 
squamous cell carcinoma were reversed

The proportion of women with adenocarcinoma (Figure 1G) 
increased significantly over time, while the proportion of 
women with squamous cell carcinoma (Figure 1H) decreased 
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over time.

The proportion of asymptomatic non-smoking 
female adenocarcinoma patients significantly 
increased

The proportion of women without symptoms when 
diagnosed with lung cancer significantly increased over 
time (Figure 1I) as did the proportion of asymptomatic non-
smoking female adenocarcinoma patients (Figure 1J).

The proportion of elderly patients with lung 
cancer increased

The proportion of lung cancer patients aged 60 years and 
older increased significantly among the patients surveyed 
(Figure 1K). Among those over age 60, the proportion of 
patients with adenocarcinoma increased (Figure 1L).

Global statistics estimate that 25% of all lung cancer 
cases worldwide are not attributable to smoking, indicating 
that if lung cancer in never-smokers was considered a 
separate category, it would rank as the seventh most 
common cause of cancer death worldwide (2). This 
percentage is much higher in Asian lung cancer patients (3).

Why has the proportion of female patients increased 
over these 28 years? Is this proportional change due to an 
actual increased incidence in never-smokers or due to a 
relative reduction in smoking-related lung cancer in the 
overall population? As reported, the incidence of lung 
cancer increased in women, but not in men in China, which 

may have contributed to the proportional changes (4). 
According to an almanac of China’s population, the ratio 
of men to women has not changed significantly in China. 
In the cohort who underwent resection for lung cancer, 
the proportion of women increased significantly, especially 
in those with LUAD, and most female patients had never 
smoked. Are any carcinogenic factors more harmful to 
women? A recent report suggested that environmental and 
behavioral factors, such as smoking and secondhand smoke, 
are important risk factors for cancer (5). New carcinogenic 
factors may have played a key role in these changes, such 
as second-hand smoke, smog and other environmental 
pollution, but this remains difficult to verify.

The increasing number of asymptomatic patients at the 
time of diagnosis suggests that people are placing increased 
importance on physical examinations. We also deduced 
that the appearance of low-dose computerized tomographic 
(LDCT) screens is a factor. More early-stage lung cancer 
patients are being diagnosed because of these screens. Chen 
considered these screens to be small ground glass opacity 
(GGO). However, the data remain difficult to explain.

Although our research had many shortcomings, including 
that it lacked the critical person-time denominator, it still 
provided much information. We must pay more attention 
to the changes in lung cancer proportions. Further studies 
should focus on lung cancer incidence in both ever-smoker 
and never-smoker cohorts. Lung cancer in never-smokers 
may be considered a separate category (2). The prognosis 
and treatment of this patient subset requires further 
investigation.

Table 1 Clinical characteristics of the cohort

Patient characteristics n LUSC, n (%) LUAD, n (%) Others, n (%)

Total 3,014 (34.77) 4,655 (53.70) 999 (11.53)

Sex

Male 5,907 2,785 (92.40) 2,401 (51.58) 721 (72.17)

Female 2,761 229 (7.60) 2,254 (48.42) 278 (27.83)

Age (years) 

≥60 4,223 1,678 (55.67) 2,128 (45.71) 417 (41.74)

<60 4,435 1,336 (44.33) 2,527 (54.29) 572 (57.26)

Smoking status

Smokers 5,246 2,683 (89.02) 1,913 (41.10) 650 (65.07)

Never smokers 3,422 331 (10.98) 2,742 (58.90) 349 (34.93)

LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma. 
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Figure 1 Changes in NSCLC proportions over the past 28 years. (A) The proportion of never-smokers in all lung cancer patients increased 
over time; (B) the proportion of never-smokers increased significantly in those with adenocarcinoma; (C) the proportion of never-smokers 
did not change significantly in those with squamous cell carcinoma; (D) the proportion of female patients has increased over time; (E) most 
female patients had LUAD; (F) the proportion of female adenocarcinoma patients who never smoked increased significantly over time; (G) 
the proportion of lung adenocarcinoma patients increased over time; (H) the proportion of lung squamous cell carcinoma patients decreased 
over time; (I) the proportion of patients diagnosed with lung cancer without symptoms significantly increased; (J) the proportion of 
asymptomatic non-smoking female adenocarcinoma patients significantly increased; (K) the proportion of patients aged 60 years and older 
increased in the lung cancer patients surveyed; (L) among patients aged 60 years and older, the proportion of patients with adenocarcinoma 
increased. NSCLC, non-small cell lung cancer; NSLC, never-smoking non-small cell lung cancer; LUAD, lung adenocarcinoma; LUSC, 
lung squamous cell carcinoma; NSLUAD, never-smoking lung adenocarcinoma; NSLUSC, never-smoking lung squamous cell carcinoma. 
ns, P≥0.05; *, P<0.05; **, P<0.01; ***, P<0.001.
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