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Background: Representative prognostic data by clinical characteristics for lung cancer is not yet available 
in China. This study aimed to calculate the survival of lung cancer patients with different pathological 
evaluations, explore their predictive effects and provide information for prognosis improvement. 
Methods: In this multicenter cohort study, primary lung cancer patients diagnosed in 17 hospitals at three 
distinct levels in China between 2011–2013 were enrolled and followed up till 2020. Overall survival and 
lung cancer specific survival were calculated by Kaplan-Meier method. Cox proportional hazards model was 
applied to assess the effects of predictors of lung cancer survival. 
Results: Of all the 7,311 patients, the 5-year overall and lung cancer specific survival rates were 37.0% 
and 41.6%, respectively. For lung cancer patients at stages I, II, III, and IV, the 5-year overall survival rates 
were 76.9%, 56.1%, 32.6%, and 21.4%, respectively; the lung cancer specific survival rates were 82.3%, 
59.7%, 37.2%, and 26.4%, respectively. Differences of survival for each stage remained significant between 
histological classifications (P<0.01). The 5-year overall survival rates for patients with squamous cell 
carcinoma, adenocarcinoma (AC), and small cell carcinoma were 36.9%, 43.3% and 27.9%, respectively; the 
corresponding disease-specific rates were 41.5%, 48.6% and 31.0%, respectively. Such differences were non-
statistically significant at advanced stages (P=0.09). After multivariate adjustments, stage and classification 
remained independent predictors for the survival of lung cancer. 
Conclusions: The prognosis of lung cancer varied with the pathological stages and histological 
classifications, and had room for improvement. Stage was the strongest predictor, so efforts on early detection 
and treatment are needed. 
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Introduction

Lung cancer ranks first in both incidence and mortality 
among all cancers in China (1), and has caused heavy 
disease and economic burden on the Chinese population 
(2,3). The prognosis of lung cancer patients was poor, 
with the 5-year survival rates less than 20% (4-6). By 
reflecting the development of tumor, pathological stage 
and histological classification were considered as important 
tools for physicians to make comprehensive decision and 
to predict the patients’ prognosis (7-9). The 5-year survival 
rate serves as a key indicator for evaluating the severity of 
disease, as well as the local medical level (6,10,11). Thus, 
monitoring the survival of patients with different clinical 
characteristics will be able to evaluate the prognosis of local 
cancer patients, provide reference for health policy makers 
to understand the disease structure of local lung cancer 
patients and assess the effectiveness of current measures on 
cancer prevention and control.

Up to now, there have been several reports on the survival 
of lung cancer patients in Chinese population (12-17)  
but they were mostly single-center studies with poor 
representativeness. A survival analysis based on 17 cancer 
registries in China with long-term follow-up (6) assessed 
the 5-year survival rates and the trends for all cancer 
types in recent years, but it lacked the specific survival 
in pathological stages and histological classifications. 
Hence, there is still a lack of large-scale survival analysis by 
pathological evaluation for Chinese lung cancer patients.

The purpose of this study was to describe the survival 
of lung cancer patients in China based on data from 17 
hospitals, as well as to compare the 5-year survival rates 
among patients with different pathological stages and 
histological classifications, and to investigate the possible 
factors of the prognosis among lung cancer patients. The 
findings in this study may help to provide basic data for 
evaluating the prognosis of Chinese cancer patients and for 
cancer control strategies. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://tlcr.amegroups.com/article/view/10.21037/tlcr-
22-240/rc) (18).

Methods

Study design and study population

This multi-center, prospective cohort study was conducted 
in 17 hospitals from 6 provinces of China (3 in North 
China: Beijing, Henan, Hebei provinces; and 3 in South 

China: Guangdong, Zhejiang, and Hubei provinces), 
covering 6 provincial hospitals, 7 municipal hospitals, and 4 
county hospitals. Considering that cancer patients tended to 
visit specialized or large general hospitals for treatment (19), 
we chose the local largest specialized hospitals and general 
hospitals and also selected corresponding county-level 
hospitals to cover patients first diagnosed with lung cancer 
as many as possible. 

All the patients met the following criteria were included: 
(I) diagnosed with primary lung cancer (according to the 
third edition of the International Classification of Diseases 
for Oncology topography, ICD-10: C34.0-C34.9) in 
the selected hospitals; (II) the date of first diagnosis was 
between January 1st, 2011 and December 31st, 2013; (III) 
local residents. The patients were excluded if meeting 
any of the exclusion criteria: (I) diagnosed with multiple 
primary cancer or metastatic cancer; (II) having received 
any treatment before admission to the selected hospitals; 
(III) incomplete requiring information for defining the 
survival status and survival time. The study was conducted 
in accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the Institutional Review 
Board of the Cancer Hospital, Chinese Academy of Medical 
Sciences (No. NCC-006288) and informed consent was 
taken from all the patients.

Clinical data collection and definition

For all lung cancer patients, personal and clinical information 
were extracted from medical records of the involved hospitals 
by trained investigators, including sociodemographic 
information (e.g., age, sex), investigation on risk factors 
(smoking, alcohol assumption, related disease history, family 
history of lung cancer), and clinical information (pathological 
stage, histological classification, lesion site, the size and 
extent of the primary tumor, lymph node involvement, 
status of distant metastasis, and treatment). This process was 
carried out through health information system (HIS) using 
EpiData software (Version 3.1). 

Individual who had smoked ≥100 cigarettes in lifetime 
but had quitted smoking was defined as a former smoker, 
and drinkers were individuals who had alcohol assumption 
≥1 time per week. Participants were defined as having 
related disease history if they were diagnosed with 
respiratory diseases, such as tuberculosis, chronic bronchitis, 
emphysema, asthma, and silicosis/pneumoconiosis. Having 
family history refers to participants with first-degree or 
second-degree relatives diagnosed with any type of lung 
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cancer. Body Mass Index (BMI) was calculated based on 
the height and weight values, and was categorized into 
3 groups according to the World Health Organization 
(WHO) standard, which were underweight (<18.5 kg/m2), 
normal (18.5–24.9 kg/m2), and overweight (≥25 kg/m2) (20). 
Histological classification was confirmed by pathological 
examination and classified according to the histological 
classification criteria of lung and pleural tumors issued by 
the WHO in 2015 (21). Cancer stages were ascertained 
based on the 7th American Joint Committee on Cancer 
(AJCC) TNM classification (22). Treatments included but 
were not limited to surgery, chemotherapy, radiotherapy 
and targeted therapy.

Follow-up of the enrolled lung cancer patients

All patients were followed up to December 31st, 2020. The 
vital status of each patient was confirmed annually, and 
detailed information on all deaths was collected, including 
the death date, primary cause of death and its ICD-10 
coding. If patients cannot be found through the medical 
records, data was obtained by referring to the national 
cancer registry system and death cause registry system. 
Finally, the survival status and survival time of each patient 
were calculated. Survival time referred to the span between 
the diagnosis date and the date of last contact or deaths. 

Statistical analysis

Baseline characteristics of involved patients were described 
by subgroups of pathological stage and histological 
classification. Also, associations of these pathological 
evaluations with above-mentioned features were examined 
using Chi square (or Fisher’s exact test), respectively. The 
5-year cumulative survival rates for each pathological stage 
and histological classification were calculated by Kaplan-
Meier method, and the differences between the survival 
curves were tested by log rank test. A multivariable Cox 
proportional hazards regression model was applied to 
explore the predictive effects of the two key variables on the 
prognosis of lung cancer. Before all the statistical analysis, 
missing data were dealt with depending on its proportion. 
For variables containing less than 15% of missing values, 
analysis was conducted after exclusion of patients with 
incomplete information. For variables with large but 
acceptable missing data, results were reported after multiple 
imputation (with 5 imputations) by the chained equations 
method (MICE). Furthermore, two sensitivity  analyses 

were conducted, by treating missing values through 
excluding patients with a less than 6- and 12-month 
follow-up, to verify the reliability of primary findings in 
this article. All statistical analysis was conducted using R 
software (Version 4.1.0). P<0.05 (two-sided) was considered 
statistically significant. 

Results

Characteristics of enrolled lung cancer patients

A total of 7,419 participants were diagnosed with lung 
cancer in the involved hospitals between 2011 and 2013. 
After excluding patients with incomplete follow-up 
information (n=86), logical error (n=1), duplicate records 
(n=10), or a diagnosis of stage 0 (n=11), 7,311 participants 
were included for the present analysis (Figure 1). The 
median age at diagnosis of all the patients was 60 with 
a range of 20 to 96. Males, smokers (including current 
smokers and former smokers), drinkers, and overweight 
participants accounted for 67.2%, 54.2%, 31.2%, and 
20.6%, respectively. As for health status, there were 1,654 
(22.6%) patients having lung-related diseases and 283 
(3.9%) with relatives diagnosed with lung cancer. 

Among those reporting specific pathological stage, there 
were 1,067 (19.2%), 374 (6.7%), 1,431 (25.8%), and 2,674 
(48.2%) lung cancer patients diagnosed with stage I, stage 
II, stage III and stage IV, respectively. Moreover, as is shown 
in Table 1, in comparison with patients in the early stages 
(stage I and stage II), those in advanced stages (stage III 
and stage IV) tended to be males, current smokers, alcohol 
consumers, underweight, participants with a diagnosis 
of small cell lung carcinoma (SCLC), or not receiving 
treatment. Age, disease history, family history, and lesion 
sites also varied in different pathological stages (P<0.01).

Among the patients with definite histological classification, 
adenocarcinoma (AC, 52.4%) was the most common type, 
followed by squamous cell carcinoma (SCC, 24.8%), SCLC 
(14.7%) and other types of lung cancer (8.1%). Except for 
the family history (P=0.55), the distributions of the above-
mentioned characteristics varied in subgroups of histological 
classification among enrolled lung cancer patients (P<0.01; 
Table S1). 

OS and LCSS by pathological stage and histological 
classification

During a median of 100.5 months of follow-up, we 
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8,081 lung cancer patients enrolled from 17 hospitals in  
6 provinces across four geographical regions in China

7,419 lung cancer patients diagnosed between 2011 and 2013 in  
17 hospitals of 6 provinces across four geographical regions in China

662 cases diagnosed outside of 2011–2013 were excluded 
because only two provinces enrolled participants after 2013

108 patients (1.5%) were excluded due to:
• 1 logical error
• 86 missing detailed outcome information 
• 10 duplicate records
• 11 stage 0 cases

7,311 lung cancer patients included in study and were followed up 
until December 31st, 2020

Table 1 Baseline characteristics of 7,311 enrolled lung cancer patients by pathological stage

Characteristic Total†
Pathological stage

P value§

Stage I Stage II Stage III Stage IV Unknown‡

Age  <0.01 

<60 years 3,401 (46.5) 459 (43.0) 166 (44.4) 680 (47.5) 1,346 (50.3) 750 (42.5)

≥60 years 3,910 (53.5) 608 (57.0) 208 (55.6) 751 (52.5) 1,328 (49.7) 1,015 (57.5)

Sex <0.01 

Male 4,912 (67.2) 582 (54.5) 256 (68.4) 1,052 (73.5) 1,751 (65.5) 1,271 (72.0)

Female 2,399 (32.8) 485 (45.5) 118 (31.6) 379 (26.5) 923 (34.5) 494 (28.0)

Smoking <0.01 

Never-smoker 3,283 (44.9) 624 (58.5) 150 (40.1) 554 (38.7) 1,249 (46.7) 706 (40.0)

Current-smoker 3,148 (43.1) 330 (30.9) 166 (44.4) 696 (48.6) 1,118 (41.8) 838 (47.5)

Former-smoker 812 (11.1) 108 (10.1) 54 (14.4) 175 (12.2) 275 (10.3) 200 (11.3)

Unknown‡ 68 (0.9) 5 (0.5) 4 (1.1) 6 (0.4) 32 (1.2) 21 (1.2)

Alcohol assumption <0.01 

No 4,968 (68.0) 797 (74.7) 241 (64.4) 891 (62.3) 1,861 (69.6) 1,178 (66.7)

Yes 2,281 (31.2) 259 (24.3) 127 (34.0) 533 (37.2) 790 (29.5) 572 (32.4)

Unknown‡ 62 (0.8) 11 (1.0) 6 (1.6) 7 (0.5) 23 (0.9) 15 (0.8)

Table 1 (continued)

Figure 1 Flowchart of the study population.
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Table 1 (continued)

Characteristic Total†
Pathological stage

P value§

Stage I Stage II Stage III Stage IV Unknown‡

Disease history <0.01 

No 5,547 (75.9) 648 (60.7) 278 (74.3) 1,115 (77.9) 2,169 (81.1) 1,337 (75.8)

Yes¶ 1,654 (22.6) 411 (38.5) 93 (24.9) 301 (21.0) 470 (17.6) 379 (21.5)

Unknown‡ 110 (1.5) 8 (0.7) 3 (0.8) 15 (1.0) 35 (1.3) 49 (2.8)

Family history <0.01 

No 6,553 (89.6) 916 (85.8) 325 (86.9) 1,222 (85.4) 2,432 (90.9) 1,658 (93.9)

Yes†† 283 (3.9) 77 (7.2) 13 (3.5) 52 (3.6) 87 (3.3) 54 (3.1)

Unknown‡ 475 (6.5) 74 (6.9) 36 (9.6) 157 (11.0) 155 (5.8) 53 (3.0)

Body mass index‡‡ <0.01 

Underweight 342 (4.7) 28 (2.6) 15 (4.0) 75 (5.2) 136 (5.1) 88 (5.0)

Normal 3,372 (46.1) 398 (37.3) 163 (43.6) 602 (42.1) 1,242 (46.4) 967 (54.8)

Overweight 1,508 (20.6) 280 (26.2) 94 (25.1) 289 (20.2) 440 (16.5) 405 (22.9)

Unknown‡ 2,089 (28.6) 361 (33.8) 102 (27.3) 465 (32.5) 856 (32.0) 305 (17.3)

Histological classification <0.01 

Squamous cell 
carcinoma

1,579 (21.6) 201 (18.8) 130 (34.8) 430 (30.0) 388 (14.5) 430 (24.4)

Adenocarcinoma 3,335 (45.6) 704 (66.0) 183 (48.9) 558 (39.0) 1,344 (50.3) 546 (30.9)

Small cell carcinoma 938 (12.8) 51 (4.8) 20 (5.3) 212 (14.8) 310 (11.6) 345 (19.5)

Others§§ 518 (7.1) 71 (6.7) 32 (8.6) 115 (8.0) 178 (6.7) 122 (6.9)

Unknown‡ 941 (12.9) 40 (3.7) 9 (2.4) 116 (8.1) 454 (17.0) 322 (18.2)

Lesion site <0.01 

Right 3,971 (54.3) 636 (59.6) 200 (53.5) 800 (55.9) 1,414 (52.9) 921 (52.2)

Left 3,184 (43.6) 428 (40.1) 168 (44.9) 625 (43.7) 1,192 (44.6) 771 (43.7)

Both 49 (0.7) 1 (0.1) 5 (1.3) 5 (0.3) 26 (1.0) 12 (0.7)

Unknown‡ 107 (1.5) 2 (0.2) 1 (0.3) 1 (0.1) 42 (1.6) 61 (3.5)

Treatment <0.01 

No 954 (13.0) 42 (3.9) 18 (4.8) 158 (11.0) 365 (13.6) 371 (21.0)

Yes¶¶ 6,307 (86.3) 1,023 (95.9) 356 (95.2) 1,268 (88.6) 2,289 (85.6) 1,371 (77.7)

Unknown‡ 50 (0.7) 2 (0.2) 0 (0.0) 5 (0.3) 20 (0.7) 23 (1.3)

Sample size 7,311 1,067 374 1,431 2,674 1,765

Categorical data are shown as n (%). †, the total proportion may not be 100 due to the rounding; ‡, unknown data were not included in the 
statistical tests; §, P values were calculated by Chi square/Fisher exact test; ¶, referring to lung diseases, such as tuberculosis, chronic 
bronchitis, emphysema, asthma, and silicosis/pneumoconiosis; ††, referring to participants with first-degree or second-degree relatives 
diagnosed with any type of lung cancer; ‡‡, body mass index was calculated based on the height and weight values, and was categorized 
in to 3 groups according to the WHO standard, which were underweight (<18.5 kg/m2), normal (18.5–24.9 kg/m2), and overweight  
(≥25 kg/m2); §§, including large cell carcinoma, carcinoid, sarcomatoid carcinoma, and adenosquamous carcinoma; ¶¶, Including surgery, 
chemotherapy, radiotherapy and targeted therapy.
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documented 4,842 all-cause deaths till December 31st, 2020, 
among which 4,185 patients died from lung cancer. There 
were 912 participants lost to follow-up, and the follow-
up rate was 87.5%. The median survival time of all the 
included participants was 32.1 months [95% confidence 
interval (95% CI): 30.6–33.4 months]. Of the 7,311 patients, 
the 5-year OS rate was 37.0% (95% CI: 35.9–38.1%), and 
the 5-year LCSS rate was 41.6% (95% CI: 40.5–42.8%). 

As is shown in Figure 2, the Kaplan-Meier curves among 
pathological stages were different significantly (P<0.01). For 
patients diagnosed with stage I, II, III, and IV lung cancer, 
the 5-year OS rates were 76.9% (95% CI: 74.4–79.5%), 
56.1% (95% CI: 51.3–61.4%), 32.6% (95% CI: 30.2–
35.1%), and 21.4% (95% CI: 19.9–23.0%), respectively; 
the 5-year LCSS rates were 82.3% (95% CI: 79.9–84.6%), 
59.7% (95% CI: 54.9–65.0%), 37.2% (95% CI: 34.7–
40.0%), and 26.4% (95% CI: 24.7–28.3%), respectively. 

There were significant variations between the Kaplan-
Meier curves of each histological classification (P<0.01). 
For patients diagnosed with SCC, AC, SCLC and other 
types of lung cancer, the 5-year OS rates were 36.9% (95% 
CI: 34.6–39.3%), 43.3% (95% CI: 41.7–45.0%), 27.9% 
(95% CI: 25.2–31.0%), and 36.1% (95% CI: 32.2–40.5%), 
respectively; the 5-year LCSS rates were 41.5% (95% 
CI: 39.0–44.1%), 48.6% (95% CI: 46.8–50.4%), 31.0% 
(95% CI: 28.0–34.2%), and 39.9% (95% CI: 35.7–44.5%), 
respectively. 

Among patients with each classification of lung cancer, 
the prognosis at early stages was better than at advanced 
stages (P<0.01, Table 2). Except for the 5-year OS rates 
at advanced stages, the survival rates between different 
histological classifications varied significantly in the 
subgroups (P<0.05). Besides, for both the 5-year OS and 
LCSS rates, there were also significant differences between 
patients with other clinical characteristics (Detailed 
information was presented in Table 3).

Multivariate Cox regression analysis 

Multivariate cox regression analyses for OS and LCCS 
are shown in Figure 3. After adjustments by demographic 
characteristics, lifestyles and information on diagnosis and 
treatment, the pathological stage proved to be the strongest 
factor in predicting the risk level of mortality among all the 
considered variables [hazard ratios (HRs) of other variables 
were not shown]. Compared with the stage I patients, 
patients with a diagnosis of stage II, stage III and stage IV 
lung cancer had a 1.50-fold (HR =2.50, 95% CI: 2.03–3.07), 

3.82-fold (HR =4.82, 95% CI: 4.14–5.62), and 6.36-fold 
(HR =7.36, 95% CI: 6.36–8.51) increased risk of all-cause 
death, respectively. Similar associations were also observed 
for LCSS. The risks of LCSS for more advanced stages 
were higher than stage I, with HR values of 2.80 (95% CI: 
2.22–3.54), 5.48 (95% CI: 4.58–6.55), and 8.24 (95% CI: 
6.93–9.79), respectively.

In comparison with SCLC, the risks of OS and LCSS 
decreased for non-SCLCs. Such association remained in 
different multivariable cox models. Specifically, SCC and 
AC faced a 0.13-fold (HR =0.87, 95% CI: 0.76–1.00) and 
0.19-fold (HR =0.81, 95% CI: 0.71–0.92) declined risk of 
lung cancer specific death, respectively. Meanwhile, the 
risks of OS for AC were lower than SCLC, with an HR 
of 0.85 (95% CI: 0.76–0.96), while such associations were 
not-statistically significant for SCC. In addition, age and 
smoking were also identified as independent prognostic 
factors for OS and LCSS of lung cancer patients. 

Sensitivity analysis

If the patients being followed up less than six or twelve 
months were excluded, for both pathological stages and 
histological classifications, the values of 5-year OS and 
LCSS rates did not vary materially from findings of the 
primary analysis among each group, which suggests the 
robustness of the reported results in this study (See details 
in Figure S1).

Discussion

To our knowledge, this is the first large-scale multicenter 
hospital-based study reporting survival of primary lung 
cancer among Chinese patients with different pathological 
evaluations. Although several published studies have 
reported the survival of each pathological stage (16,23-27)  
for Chinese patients with lung cancer, they were based on 
data from a single region or target on specific population. 
Also, studies on the prognosis of each histological 
classification were limited, and most were focused on one 
type of lung cancer (28,29). In this work, the estimated 
overall 5-year observed survival rates of 7,311 lung 
cancer patients were 37.0% and 41.6%, respectively. The 
prognosis of patients diagnosed with different cancer stages 
and classifications varied significantly, with the 5-year 
observed survival rates increasing with lower stages and a 
diagnosis with non-SCLCs. In addition, aging, smoking, 
advanced stages and SCLC were considered independent 

https://cdn.amegroups.cn/static/public/TLCR-22-240-supplementary.pdf
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Figure 2 Survival curves of lung cancer patients with specific diagnosis of pathological stage/histological classification. (A) Overall survival 
curves of patients by pathological stage. (B) Lung cancer specific survival curves of patients by pathological stage. (C) Overall survival 
curves of patients by histological classification. (D) Lung cancer specific survival curves of patients by histological classification. AC, 
adenocarcinoma; SCC, squamous cell carcinoma; SCLC, small cell lung carcinoma.
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Table 2 Subgroup survival analysis for lung cancer patients with early- and advanced stages

Stages
Sample 

sizes

OS LCSS

All death 
cases

5-year OS rates† P value‡ Lung cancer 
death cases

5-year LCSS rates† P value‡

Early Stages¶ 1,392 444 <0.01 348 <0.01 

Small cell carcinoma 71 39 47.9 (37.6–61.0) 33 51.9 (41.2–65.5)

Squamous cell carcinoma 331 151 60.4 (55.4–65.9) 116 66.6 (61.5–72.0)

Adenocarcinoma 887 217 79.0 (76.4–81.8) 166 83.5 (81.1–86.0)

Others†† 103 37 69.9 (61.6–79.3) 33 73.1 (64.9–82.3)

Advanced Stages ‡‡ 3,535 2725 0.09 2,306 <0.05 

Small cell carcinoma 522 404 24.3 (20.9–28.3) 350 28.7 (24.8–33.1)

Squamous cell carcinoma 818 604 28.0 (25.1–31.2) 515 33.1 (29.8–36.6)

Adenocarcinoma 1,902 1496 25.6 (23.7–27.6) 1,249 30.7 (28.6–33.0)

Others 293 221 25.6 (21.1–31.1) 192 29.6 (24.6–35.7)

Overall 4,927§§ 3169 37.0 (35.9–38.1) – 2,654 41.6 (40.5–42.8) –
†, survival rates were calculated by Kaplan-Meier method and were shown as rate (%) and its 95% CIs; ‡, P values were calculated by 
Log Rank test; ¶, including stage I and stage II; ††, including large cell carcinoma, carcinoid, sarcomatoid carcinoma, and adenosquamous 
carcinoma; ‡‡, including stage III and stage IV; §§, patient with specific information on both pathological stage and histological classification. 
OS, overall survival; LCSS, lung cancer specific survival; CIs, confidence intervals.

risk factors for all-cause or cause-specific mortality based on 
multivariate analysis.

This study showed higher 5-year survival rates and 
longer median survival time, in comparison with previously 
reported data on Chinese patients in the same period 
(13,14,17,30). There may be several reasons for such 
findings. First, among the enrolled patients without unclear 
clinical information, those who smoked without quitting, 
diagnosed with advanced stages, and had a pathological 
diagnosis of SCLC accounted for 43.5%, 74.0% and 14.7%, 
which were less than the corresponding values in other 
studies. The smaller proportion of risk factors for prognosis 
might have led to the increase in survival rates reported in 
this study. Second, a systematic survey (2) on death causes 
conducted in 31 provinces in mainland China demonstrated 
distinct regional discrepancies in cause-specific mortality 
across provinces. For all the covered provinces, the 
mortality from lung cancer was no higher than the national 
level, which was consistent with the better survival found 
in this study. It might be because Beijing, Zhejiang, and 
Guangdong provinces were in the high tier of economic 
development across China, which were equipped with the 
soundest medical insurance system and more well-educated 
local residents (31). Third, compared with data obtained 

from cancer registries (12,14,32-34), hospital-sourced 
studies tended to overestimate the overall survival rates 
because there was an inevitable selection bias in hospital-
based study where the diagnostic and treatment rates were 
significantly higher than in the general population. For 
example, those who went to the hospital were more likely 
to have a stronger willingness to treatment and capacity 
to pay, and thus to receive better medical consultation and 
rehabilitation guidance, which emphasized the significance 
of active treatment. In addition, some studies reported 
higher survival in other regions (15,35,36), and the leading 
reason might be the decreases in the proportions of 
advanced lung cancer (stage III and stage IV).

According to cancer statistics from the third cycle of 
Global surveillance of trends in cancer survival program 
(CONCORD-3), 5-year age-standardized net survival 
among most countries was in the range of 10–19%, while 
it peaked in Japanese patients diagnosed with lung cancer 
during 2010–2014 (32.9%) (37). The corresponding rate 
was 28.1% for the Chinese-American, based on 18 registries 
of the Surveillance, Epidemiology, and End Results 
Program (SEER) between 2011 and 2017 (5). Nevertheless, 
direct comparisons of survival of lung cancer patients 
among countries should be treated with caution considering 
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Table 3 Univariate analysis on associations between considered variables and survival status of lung cancer patients

Variables Person-years

OS LCSS

5-year OS rate† All death 
cases

P value‡ 5-year LCSS rate† Lung cancer 
death cases

P value‡

Age <0.01 <0.01 

<60 years 176,909.9 40.2 (38.6–41.9) 2,135 44.5 (42.8–46.3) 1,865

≥60 years 179,394.0 34.1 (32.7–35.7) 2,707 39.0 (37.5–40.7) 2,320

Sex <0.01 <0.01 

Male 227,239.9 34.2 (32.9–35.6) 3,373 38.9 (37.5–40.3) 2,912

Female 129,064.0 42.6 (40.7–44.6) 1,469 47.1 (45.1–49.2) 1,273

Smoking <0.01 <0.01 

Never-smoker 171,811.2 41.2 (39.6–43.0) 2,043 46.9 (45.2–48.7) 1,708

Current-smoker 146,038.2 34.2 (32.6–35.9) 2,155 37.0 (35.3–38.7) 1,978

Former-smoker 35,534.8 30.8 (27.8–34.1) 595 39.0 (35.5–42.9) 453

Alcohol assumption <0.01 <0.01 

No 246,121.2 38.0 (36.7–39.4) 3,242 43.4 (42.0–44.8) 2,746

Yes 107,441.1 34.9 (33–36.9) 1,554 38.1 (36.1–40.2) 1,394

Disease history 0.1 0.3

No 270207.1 36.1 (34.8–37.4) 3,708 40.8 (39.5–42.2) 3,189

Yes§ 81363.5 40.4 (38.1–42.8) 1,055 45.1 (42.7–47.7) 920

Family history <0.01 0.08

No 315,133.9 36.6 (35.5–37.8) 4,369 41.7 (40.4–42.9) 3,734

Yes¶ 15,075.9 43.5 (38.1–49.6) 169 46.6 (41.0–52.9) 154

Body mass index†† <0.01 <0.01 

Underweight 14,755.4 30.4 (25.9–35.7) 244 31.3 (26.7–36.7) 237

Normal 161,445.8 36.0 (34.4–37.7) 2,263 37.4 (35.8–39.1) 2,160

Overweight 79,770.3 42.6 (40.2–45.2) 929 43.7 (41.3–46.3) 885

Lesion site 0.04 0.03 

Right 198,403.0 38.5 (37.0–40.1) 2,565 43.2 (41.6–44.8) 2,215

Left 152,796.7 35.8 (34.2–37.5) 2,149 40.5 (38.8–42.3) 1,855

Both 2,205.1 30.6 (20.1–46.7) 36 32.5 (21.5–49.1) 34

Pathological stage <0.01 <0.01 

Stage I 85,813.9 76.9 (74.4–79.5) 287 82.3 (79.9–84.6) 211

Stage II 24,711.0 56.1 (51.3–61.4) 185 59.7 (54.9–65.0) 161

Stage III 67,019.1 32.6 (30.2–35.1) 1,013 37.2 (34.7–40.0) 879

Stage IV 94,143.8 21.4 (19.9–23.0) 2,166 26.4 (24.7–28.3) 1,804

Table 3 (continued)
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Table 3 (continued)

Variables Person-years

OS LCSS

5-year OS rate† All death 
cases

P value‡ 5-year LCSS rate† Lung cancer 
death cases

P value‡

Histological classification <0.01 <0.01 

Squamous cell 
carcinoma

78,571.7 36.9 (34.6–39.3) 1,046 41.5 (39.0–44.1) 906

Adenocarcinoma 179,832.5 43.3 (41.7–45.0) 2,029 48.6 (46.8–50.4) 1,716

Small cell 
carcinoma

38,329.6 27.9 (25.2–31.0) 692 31.0 (28.0–34.2) 626

Others‡‡ 24,842.3 36.1 (32.2–40.5) 344 39.9 (35.7–44.5) 304

Treatment <0.01 <0.01 

No 37,202.7 26.2 (23.6–29.1) 719 28.2 (25.5–31.3) 672

Yes§§ 317,004.6 38.7 (37.5–39.9) 4,087 43.8 (42.5–45.1) 3,479

Grade of the hospital 0.04 <0.01 

Provincial hospital 316,787.4 39.4 (38.2–40.6) 3,944 40.5 (39.2–41.7) 3,792

Municipal hospital 34,900.3 27.4 (24.7–30.5) 702 60.7 (56.8–64.9) 272

County hospital 4,616.2 8.1 (5.1–12.7) 196 19.1 (13.0–27.9) 121

Area of the hospital 0.02 <0.01 

North China 222,431.3 38.3 (36.9–39.8) 2,886 39.7 (38.3–41.2) 2,747

South China 133,872.5 34.8 (33.1–36.6) 1,956 45.1 (43.2–47.2) 1,438
†, survival rates were calculated by Kaplan-Meier method and were shown as rate (%) and its 95% CIs; ‡, P values were calculated by 
Log Rank test; §, referring to lung diseases, such as tuberculosis, chronic bronchitis, emphysema, asthma, and silicosis/pneumoconiosis; 
¶, referring to participants with first-degree or second-degree relatives diagnosed with any type of lung cancer; ††, BMI was calculated 
based on the height and weight values, and was categorized in to 3 groups according to the WHO standard, which were underweight  
(<18.5 kg/m2), normal (18.5–24.9 kg/m2), and overweight (≥25 kg/m2); ‡‡, including large cell carcinoma, carcinoid, sarcomatoid carcinoma, 
and adenosquamous carcinoma. §§, Including Surgery, chemotherapy, radiotherapy and targeted therapy. OS, overall survival; LCSS, lung 
cancer specific survival; CIs, confidence interval.

the differences in the applied indexes. Five-year OS rates by 
pathologic stage, reported by the International Association 
for the Study of Lung Cancer (IASLC) based on 94,708 
cases from 16 countries (38), were close to the results in this 
study. The former rates were adjusted to simulate database 
from registries, indicating that there was still a gap between 
China and the developed regions since the proportion of 
receiving treatment was much higher than the general 
population.

Although the overall prognosis of lung cancer patients 
remained unsatisfactory in China, patients diagnosed with 
early stages had a relatively acceptable survival. Such a trend 
has been observed by some studies conducted in China, 
but most focused on the specific types of lung cancer (23),  

young patients (24), or single-centered studies (25), which 
suggests a lack of evidence based on a representative 
population in China. Similar results were also reported 
by national surveys in developed countries (4,5,39), 
demonstrating an over 50% improvement in the 5-year age-
standardized survival from Stage IV to Stage I. Given that 
pathological stage was the strongest factor for the prediction 
of prognosis among all the considered variables, health-
policy makers can alleviate the death burden caused by lung 
cancer through multiple efforts on raising the early detection 
rate. For example, given that the proportion of patients 
with a diagnosis of stage I lung cancer in the LDCT-based 
screening group could be twice times higher than in the 
non-screening group (40,41), as well as that lung cancer 
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Figure 3 Cox regression analysis on associations between clinical characteristics and the survival of enrolled lung cancer patients. [Notes: 
The forest plot refers to the HRs in the cox regression analysis adjusted by all the considered variables (adjusted HR2). Adjusted HR1: 
Cox proportional hazards models were adjusted by age at diagnosis, sex, smoking, alcohol assumption, history of respiratory diseases, 
family history of lung cancer, and BMI. Adjusted HR2: Cox proportional hazards models were further adjusted by pathological stage (for 
histological classification)/histological classification (for pathological stage), lesion site, treatment, grade of the hospital and location of the 
hospital. LCSS, lung cancer specific survival; OS, overall survival; HR, hazard ratio.

cases at stage I only accounted for 17.3% in China (19), 
there was still a great potential to improve the OS of lung 
cancer patients by early interventions through screening.

The prognosis of SCLC was worse than that of AD 
and SCC, mainly due to its tendency of dissemination (9), 
limited breakthrough agents and rapid development of 
resistance (7,42), which was consistent with findings in the 
published articles (9,28,43). In this study, the 5-year OS 
and LCSS rates varied significantly in each histological 
classification among patients at early stages, while it 
remained non-statistically significant for advanced stages. It 
was likely that efficient treatments were available for non-
SCLCs at earlier stages, including surgery and stereotactic 
body radiation therapy, but the survival of SCLC and non-

SCLCs approached at late stages caused by the restricted 
choices of treatment, increasing toxicity, and worse tolerance 
of patients (7). Hence, to achieve significant progress in 
improving patients’ prognosis, effective measures should 
be adopted to detect cancer in early stages and timely 
interventions should be taken to inhibit the progression 
of the tumor, which has become one of the consensuses in 
the aspect of cancer diagnosis and treatment. In addition, 
age was also an independent predictor, possibly due to 
the decline in physical function and poor tolerance in the 
elders, which have been proved in former studies (44-46). 
Continued smoking was an essential adverse predictor for 
prognosis by increasing risks of second primary tumors and 
poorer quality of life (47). Although former smokers faced 

0.50               1.0                 2.0                4.0                8.0 9.0

0.50              1.0                2.0               4.0               8.0      10.0
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a higher risk of OS, smoking cession after diagnosis would 
improve the survival(48) and the duration of cessation should 
be long enough (49), suggesting an urgency to quit smoking. 

This study was based on 17 hospitals from six provinces 
in different classes. The management of participants 
enrolled from hospitals was easier because of the 
completeness and integrity of requiring information, 
contributing to a high response rate. Also, the patients 
were followed up by both active and passive methods to 
achieve an acceptable follow-up rate. Meanwhile, the data 
on the cancer staging was not routinely collected by cancer 
registries (19), so the stage information at population level 
was only available from multi-centered hospital-based 
surveys. The main findings in this work implies the vital 
significance to promote early detection and early treatment. 

There are also some limitations in this study. First, 
the hospitals located in Western China were not covered, 
and the selected hospitals were mostly core hospitals 
with the aim of enrolling local lung cancer patients as 
many as possible. The diversity in the level of economic 
development, health care conditions and the proportion 
of patients receiving treatment might result in the survival 
reported being overestimated. Besides, the results of this 
work provided valuable information of the survival situations 
in Central and East China, but was not able to reflect a 
national-level data. Second, it was not a population-based 
study, so the relative survival rates have not been calculated. 
Considering the possible differences in the life expectancy 
of study population at baseline, direct comparisons on the 
prognosis of lung cancer patients between this work and 
other studies should be treated with caution. Third, missing 
values existed in the raw data, which might lead to bias in 
the HR estimations. Nevertheless, similar associations were 
detected in different cox regression models, which verified 
the predictive effects of pathological evaluations. 

Conclusions

In summary, this study estimated the 5-year survival 
rates of the Chinese lung cancer patients by pathological 
characteristics. It demonstrates that both the OS and 
LCSS rates decreased significantly with the advance 
of cancer stages, and stage at diagnosis was the most 
influential prognostic factor for lung cancer. Histological 
classification was also associated with the prognosis, with 
the SCLC facing higher risks at early stages. These findings 
suggest that more attention should to be paid on the early 
diagnosis and reasonable treatment of lung cancer patients. 
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Table S1 Baseline characteristics of 7,311 lung cancer patients by histological classification

Characteristic Total a

Histological Classification

P value d
Small cell 
carcinoma 

Squamous cell 
carcinoma 

Adenocarcinoma Others b Unknownc

Age <0.01 

<60 3,401 (46.5) 470 (50.1) 609 (38.6) 1,695 (50.8) 267 (51.5) 360 (38.3)

≥60 3,910 (53.5) 468 (49.9) 970 (61.4) 1,640 (49.2) 251 (48.5) 581 (61.7)

Sex <0.01 

Male 4,912 (67.2) 725 (77.3) 1,431 (90.6) 1,759 (52.7) 362 (69.9) 635 (67.5)

Female 2,399 (32.8) 213 (22.7) 148 (9.4) 1,576 (47.3) 156 (30.1) 306 (32.5)

Smoking <0.01 

Never-smoker 3,283 (44.9) 321 (34.2) 298 (18.9) 1,997 (59.9) 216 (41.7) 451 (47.9)

Current-smoker 3,148 (43.1) 502 (53.5) 1,002 (63.5) 1,025 (30.7) 239 (46.1) 380 (40.4)

Former-smoker 812 (11.1) 106 (11.3) 268 (17) 280 (8.4) 59 (11.4) 99 (10.5)

Unknownc 68 (0.9) 9 (1.0) 11 (0.7) 33 (1.0) 4 (0.8) 11 (1.2)

Alcohol assumption <0.01 

No 4,968 (68.0) 573 (61.1) 840 (53.2) 2,541 (76.2) 343 (66.2) 671 (71.3)

Yes 2,281 (31.2) 359 (38.3) 726 (46.0) 767 (23.0) 172 (33.2) 257 (27.3)

Unknownc 62 (0.8) 6 (0.6) 13 (0.8) 27 (0.8) 3 (0.6) 13 (1.4)

Disease history <0.01 

No 5,547 (75.9) 725 (77.3) 1,201 (76.1) 2,449 (73.4) 419 (80.9) 753 (80.0)

Yese 1,654 (22.6) 202 (21.5) 338 (21.4) 856 (25.7) 98 (18.9) 160 (17.0)

Unknownc 110 (1.5) 11 (1.2) 40 (2.5) 30 (0.9) 1 (0.2) 28 (3.0)

Family history =0.55

No 6,553 (89.6) 829 (88.4) 1,382 (87.5) 3,005 (90.1) 485 (93.6) 852 (90.5)

Yesf 283 (3.9) 36 (3.8) 62 (3.9) 152 (4.6) 18 (3.5) 15 (1.6)

Unknownc 475 (6.5) 73 (7.8) 135 (8.5) 178 (5.3) 15 (2.9) 74 (7.9)

Body Mass Indexg <0.01 

Underweight 342 (4.7) 39 (4.2) 94 (6.0) 121 (3.6) 24 (4.6) 64 (6.8)

Normal 3,372 (46.1) 459 (48.9) 719 (45.5) 1,561 (46.8) 233 (45.0) 400 (42.5)

Overweight 1,508 (20.6) 207 (22.1) 275 (17.4) 767 (23.0) 128 (24.7) 131 (13.9)

Unknownc 2,089 (28.6) 233 (24.8) 491 (31.1) 886 (26.6) 133 (25.7) 346 (36.8)

Pathological stage <0.01 

Stage I 1,067 (14.6) 51 (5.4) 201 (12.7) 704 (21.1) 71 (13.7) 40 (4.3)

Stage II 374 (5.1) 20 (2.1) 130 (8.2) 183 (5.5) 32 (6.2) 9 (1.0)

Stage III 1,431 (19.6) 212 (22.6) 430 (27.2) 558 (16.7) 115 (22.2) 116 (12.3)

Stage IV 2,674 (36.6) 310 (33.0) 388 (24.6) 1,344 (40.3) 178 (34.4) 454 (48.2)

Unknownc 1,765 (24.1) 345 (36.8) 430 (27.2) 546 (16.4) 122 (23.6) 322 (34.2)

Table S1 (continued)

Supplementary
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Table S1 (continued)

Characteristic Totala
Histological Classification

P valued
Small cell 
carcinoma 

Squamous cell 
carcinoma 

Adenocarcinoma Othersb Unknownc

Lesion site <0.01 

Right 3,971 (54.3) 459 (48.9) 803 (50.9) 1,930 (57.9) 287 (55.4) 492 (52.3)

Left 3,184 (43.6) 459 (48.9) 755 (47.8) 1,362 (40.8) 225 (43.4) 383 (40.7)

Both 49 (0.7) 4 (0.4) 11 (0.7) 23 (0.7) 1 (0.2) 10 (1.1)

Unknownc 107 (1.5) 16 (1.7) 10 (0.6) 20 (0.6) 5 (1.0) 56 (6.0)

Treatmente <0.01 

No 6,307 (86.3) 849 (90.5) 1,366 (86.5) 3,061 (91.8) 451 (87.1) 580 (61.6)

Yesh 954 (13) 86 (9.2) 196 (12.4) 257 (7.7) 67 (12.9) 348 (37.0)

Unknownc 50 (0.7) 3 (0.3) 17 (1.1) 17 (0.5) 0 (0.0) 13 (1.4)

Sample size 7,311 938 1579 3335 518 941

Categorical data are shown as n (%). a, The total proportion may not be 100 due to the rounding. b, Including large cell carcinoma, 
carcinoid, sarcomatoid carcinoma, and adenosquamous carcinoma. c, Unknown data were not included in the statistical tests. d, P values 
were calculated by Chi square/Fisher exact test. e, Referring to lung diseases, such as tuberculosis, chronic bronchitis, emphysema, 
asthma, and silicosis/pneumoconiosis. f, Referring to participants with first-degree or second-degree relatives diagnosed with any 
type of lung cancer. g, BMI was calculated based on the height and weight values, and was categorized in to 3 groups according to 
the WHO standard, which were underweight (<18.5 kg/m2), normal (18.5–24.9 kg/m2), and overweight (≥25 kg/m2). h, Including surgery, 
chemotherapy, radiotherapy and targeted therapy. , 
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Figure S1 The 5-year survival rates (95% CIs) of lung cancer patients, by pathological stage (A,B) and by histological classification (C,D). 
Group 1: Red represents the findings of primary analysis in the manuscript. Group 2: Green represents the results based on the patients 
without follow-up within 6 months (Sensitivity analysis 1). Group 3: Blue represents the results after excluding the patients without follow-
up within 12 months (Sensitivity analysis 2). 
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