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Introduction

Lung cancer is currently one of the most common 
malignant tumors in the world and has attracted increasing 
attention because of its high incidence and mortality. An 

estimated 2.1 million new cases of lung cancer (11.6% of all 
new tumors) and 1.8 million deaths (18.4%) were predicted 
for 2018 (1). Lung cancer is commonly diagnosed in elderly 
patients aged 70 years or older, while the incidence of lung 
cancer in young patients under 40 years old is relatively 
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low (1–10%) (2,3). Recent studies have reported that the 
incidence of lung cancer in young people is increasing (4-6). 
Earlier studies have shown that lung cancer patients under 
40 years have a higher malignancy and mortality rate than 
elderly patients (7,8). In cases of advanced lung cancer, the 
prognosis is also poor, perhaps because young people have 
better compensatory ability for their physical functions and 
clinical symptoms are not obvious (9-11). Sugio et al. found 
that the prognosis of young patients was not worse than 
that of lung cancer patients over 40 years old (12) and the 
survival rate after treatment was higher than that of elderly 
patients (13,14). Brian et al. found that the median survival 
time of lung cancer patients under 46 years old in stages 
I–IV was 60, 59.10, 18.4 and 8.8 months, respectively (5). 
Few specialized studies on younger groups of lung cancer 
patients are currently available. Young people under 30 years 
old (including 30 years old) represent upcoming generations 
and potential future contributors to society. Therefore, 
studying the characteristics and prognosis of lung cancer 
patients in the younger population may have significant 
implications. We thus conducted a retrospective study with 
a focus on describing and analyzing the clinicopathological 
features and prognosis of lung cancer patients aged 30 and 
younger. This is the first study specifically aimed at young 
lung cancer patients aged 30 and younger in China. We 
hope to provide constructive suggestions for the prevention 
and treatment of young lung cancer patients in the future 
by studying the clinicopathological characteristics and 
prognostic factors of this special group.

Methods

Study population and data collection

This study retrospectively analyzed lung cancer patients 30 
years old and younger who were admitted to the Cancer 
Hospital of Chinese Academy of Medical Sciences, National 
Cancer Center of China from November 2013 to October 
2018. After excluding patients whose pathological results 
or imaging results were non-retrievable, 103 patients were 
finally included in this study (Figure 1).

The clinicopathological features of the lung cancer 
patients, including sex, age at diagnosis, smoking history, 
family history of cancer, high resolution computed 
tomography results, tumor size and location, histology, 
lymph node status, tumor stage, and expressions of 
endothelial growth factor receptor (EGFR) and anaplastic 
lymphoma kinase (ALK), were reviewed and recorded. 
Tumor staging was mainly based on the classification criteria 
of tumors, lymph nodes and metastases (TNM) in the 7th 
and 8th editions of lung cancer. The immunohistochemical 
expression of EGFR and ALK was determined using 
the CDx sequence of VENTANA ALK (D5F3). Tumor 
histological results were strictly classified according to the 
4th edition of the World Health Organization (WHO) 
Classification of Tumors of the Lung, Pleura, Thymus and 
Heart.

Of the 103 patients included in the study, 95 were 
followed up successfully, mainly by consulting the 
outpatient consultation records or contacting patients or 
family members by telephone and e-mail. This study was 
approved by the ethics committee of our institute.

Statistical analysis

All data in this study were analyzed by SPSS 23.0 (IBM 
Corp., Armonk, NY, USA) software. Statistical significance 
was set as P<0.05. Patients were followed up until May 
2019 or their death date. Total survival was defined as the 
time from the diagnosis date to the last follow-up or death. 
Progressive-free survival was defined as the time from 
surgery to recurrence or the last follow-up. Survival curves 
were plotted using the Kaplan-Meier method. Multivariate 
analyses for OS were performed using the Cox regression 
model. Factors that showed statistically significant 
association with survival in univariate analysis were included 
into multivariate Cox proportional hazards model.

All Patients (N=23,726)

Included (N=150)

Final sample (N=103)

Excluded: 

Not diagnosed between  

2013.11–2018.10 (n=786) 

Not receive surgical treatment (n=93)

Age >30 (n=22,697) 

Excluded: 

Lack of pathological result (n=15) 

Lack of imaging information (n=32) 

Figure 1 Flowchart of exclusion criteria and study design.
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Results

Epidemiological characteristics

From November 2013 to October 2018, a total of 103 lung 
cancer patients under 30 years old were diagnosed and 
treated by the National Cancer Center/Cancer Hospital 
of the Chinese Academy of Medical Sciences. Patient 
characteristics are presented in Table 1. Patient age ranged 
from 11 to 30 years (mean age 26, standard deviation 
2.9). The patient group included 45 males (43.7%) and 
58 females (56.3%), and the ratio of males to females was 
1:1.29. Among the 103 patients, 18 patients (17.5%) had a 
history of tobacco inhalation, including 17 males (94.4%) 
and one female (5.6%). Twenty-three patients (22.3%) had 
a family history of tumor.

Clinicopathological features

The tumors of 55 patients (53.4%) were located at the right 
lung and those of 44 patients (42.7%) were in the left lung. 
The lesions of 22 cases (21.4%) were located at the right 
upper lobe, while lesions in four cases (3.9%) were in the 
right middle lobe, lesions in 22 cases (21.4%) were in the 
right lower lobe, lesions in 14 cases (13.6%) were in the 
left upper lobe and lesions in 28 cases (27.2%) were in the 
left lower lobe. Two cases (1.9%) had lesion in the upper 
and lower lobes of the right lung, and five cases (4.9%) 
had lesion in the middle and lower lobes of the right lung. 
Two cases (1.9%) had lesion in the upper and lower lobes 
of left lung and four cases (3.9%) had tumors in the main 
bronchus and trachea.

The tumors were divided into seven grades according 
to the maximum diameter of the tumors. Among them, 
60 cases (58.3%) had a maximum diameter of 0–2 cm, 17 
cases (16.5%) had a maximum diameter of 2–3 cm, 20 cases 
(19.4%) had a maximum diameter of 3–5 cm, four cases 
(3.9%) had a maximum diameter of 5–7 cm, and two cases 
(1.9%) had a maximum diameter of more than 7 cm.

According to the 4th WHO classification criteria for 
lung, pleura, thymus and cardiac tumors, 51 (49.5%) cases 
were diagnosed as adenocarcinomas, including 7 (13.7%) 
in situ adenocarcinomas and eight (15.7%) minimally 
invasive adenocarcinomas. One case (1.0%) was small 
cell carcinoma, one case (1.0%) was large cell carcinoma, 
two cases (1.9%) were adenoid cystic carcinoma, 11 cases 
(10.7%) were mucoepidermoid carcinoma, eight cases 
(7.8%) were carcinoid, one case (1.0%) was sclerosing 
pneumocytoma, three cases (2.9%) were diagnosed as 

carcinosarcoma, one case (1.0%) was primary bronchial 
alveolar cell carcinoma, two cases (1.9%) were diagnosed 
as atypical adenomatoid hyperplasia, two cases (1.9%) were 
diagnosed as epithelial myoepithelial carcinoma, four cases 
(3.9%) were inflammatory myofibroblastic tumor, and  
16 cases (15.5%) were diagnosed as metastasis.

Only 13 patients (25.5%) of 51 patients with lung 
adenocarcinoma had EGFR and ALK immunohistochemical 
results. Among them, 10 patients (19.6%) had positive 
EGFR immunohistochemical results and three patients 
(5.9%) were negative for EGFR. Three cases (5.9%) were 
positive for ALK immunohistochemistry and 10 cases 
(19.6%) were negative.

According to TNM staging criteria, there were seven 
patients (6.8%) with stage 0, while 36 patients (35.0%) had 
stage IA, 13 patients (12.6%) had stage IB, five patients 
(4.9%) had stage IIA, six patients (5.8%) had stage II B, and 
10 patients (9.7%) had stage IIIA. No patients had stage 
IIIB and IV. Among the patient group, 26 cases failed to 
stage, including two cases (1.9%) of atypical adenomatous 
hyperplasia, three cases (3.9%) of non-typical adenomatous 
hyperplasia, one case of intratracheal carcinoid, four cases 
(3.9%) of interstitial tumors, and 16 cases (15.5%) of 
metastatic tumors.

Treatment and prognostic survival

The treatments for the young lung cancer patients are 
presented in Table 2. All patients (100.0%) received surgical 
treatment. In addition, 36 patients (35.0%) underwent open 
thoracic surgery and 67 patients (65.0%) underwent video-
assisted thoracoscopic surgery (VATS). Nearly half of the 
patients (49, 47.6%) underwent lobectomy (44 cases of 
single lobe and four cases of compound lobe), while 11 cases 
(10.7%) underwent segmental resection, 28 cases (27.2%) 
underwent wedge resection, nine cases (8.7%) underwent 
bronchial sleeve lobectomy, three cases (2.9%) underwent 
total pneumonectomy, and three cases (2.9%) underwent 
standard tracheal resection. Of the patients undergoing 
lobectomy, 44 underwent unilobectomy and five underwent 
combined lobectomy. In addition, two patients underwent 
bilateral surgical treatment. One patient underwent wedge 
resection in stages because of bilateral lung metastasis 
of giant cell tumor of bone. The other case underwent 
sublobectomy combined with wedge resection because of 
bilateral lung metastasis of left temporal chondrosarcoma.

Of the 95 patients who were followed up successfully, 
the median follow-up time was 26 months (range,  
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Table 1 Clinicopathologic characteristics of subjects in this study

Variables N (%)

Number 103

Age, y

Median 26

Mean ± SD 26±2.9

Range 11–30

Sex

Male 45 (43.7)

Female 58 (56.3)

Smoking history

Smoker 18 (17.5)

Male 17 (94.4)

Female 1 (5.6)

Current/former 85 (82.5)

Family history of tumor

Yes 23 (22.3)

No 80 (77.7)

Tumor location

RUL 22 (21.4)

RML 4 (3.9)

RLL 22 (21.4)

LUL 14 (13.6)

LLL 28 (27.2)

RUL + RLL 2 (1.9)

RML + RLL 5 (4.9)

LUL + LLL 2 (1.9)

Main bronchus/trachea 4 (3.9)

Laterality

Left 44 (42.7)

Right 55 (53.4)

Other 4 (3.9)

Tumor size (cm)

0–2 60 (58.3)

2–3 17 (16.5)

3–5 20 (19.4)

5–7 4 (3.9)

>7 2 (1.9)

Table 1 (continued)

Table 1 (continued)

Variables N (%)

Histological type

AC 51 (49.5)

SCLC 1 (1.0)

LCC 1 (1.0)

ACC 2 (1.9)

MC 11 (10.7)

CTs 8 (7.8)

SP 1 (1.0)

CS 3 (2.9)

PBACC 1 (1.0)

AAH 2 (1.9)

EMC 2 (1.9)

IMT 4 (3.9)

MTs 16 (15.5)

EGFR in AC

Positive 10 (19.6)

Negative 3 (5.9)

Unknown 38 (74.5)

ALK in AC

Positive 3 (5.9)

Negative 10 (19.6)

Unknown 38 (74.5)

Clinical stage

0 7 (6.8)

IA 36 (35.0)

IB 13 (12.6)

IIA 5 (4.9)

IIB 6 (5.8)

IIIA 10 (9.7)

Unknown 26 (25.2)

SD, standard deviation; RUL, right upper lobe; RML, right middle 
lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower 
lobe; AC, adenocarcinoma; SCLC, small cell lung cancer; LCC, 
large cell carcinoma; ACC, adenoid cystic carcinoma; MC, 
mucoepidermoid carcinoma; CTs, carcinoid tumors; SP, sclerosing 
pneumocytoma; CS, carcinosarcoma; PBACC, primary bronchial 
acinar cell carcinoma; AAH, atypical adenomatous hyperplasia; 
EMC, epithelial-myoepithelial carcinoma; IMT, inflammatory 
myofibroblastic tumor; MTs, metastatic tumors; EGFR, endothelial 
growth factor receptor; ALK, anaplastic lymphoma kinase.
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5–65 months), 7 (7.4%) patients died and 88 (92.6%) 
patients still alive. The 1-year and 3-year survival rates 
for the 95 cases were 95.6% and 85.9%, respectively  
(Figure 2). Tumor recurrence occurred in eight (8.1%) 
patients, including two (2.3%) patients who had local 
recurrence and six (6.8%) patients who had distant 
metastasis. Two patients with local recurrence also showed 
distant metastasis. Of the seven patients who died, four 
had metastatic lung tumors at first diagnosis and two had 
primary lung cancer at first diagnosis but died of other 
tumors. Only two patients died of lung cancer. One 
survived for 9 months and the other survived for 32 months  
(Table 3). In univariate analyses, only the treatment 
modalities (HR =7.37, 95% CI: 2.49–14.62, P=0.001) 
significantly associated with OS. Multivariate Cox 
regression analyses of OS found that also only treatment 
modalities (HR =14.32, 95% CI: 1.71–120.30, P=0.014) was 
associated with survival (Table 4).

Discussion

In our study group, the proportion of lung cancer in young 
female patients was higher than that in young male patients, 
with a male-to-female ratio of 1:1.29. This trend is mostly 
consistent with previous research results (3,5). However, 
some studies found that the incidence of lung cancer in 
males is higher than that in females, with a male to female 
ratio of 1.03:1–2.4:1 (11,15,16). This difference may be due 
to the younger age of young lung cancer patients included 
in our study. In their study, the upper age limit for patients 
included in the study was greater than 30 years, while the 
oldest age for patients in our study was 30 years. Besides, 
in the study by Liu et al, the ratio of male to female in the 
20–30 age group was 1.03:1 (16). The lowest age of patients 
in their study was 20 years, while the lowest age of patients 
in our study was 11 years. May be the lower age limit is 
different, which also makes the ratio of male-to-female 
different. In addition, in previous studies, young patients 
were defined as 45 years old or under 40 years old. In our 
study, the patient age ranged from 11 to 30 years old, with 
an average age of 26 years. Liu et al. found that the average 
age was 28 years in the 20–30 age subgroup (16), which was 
close to our results.

In this study, the rate of patients with a history of 
smoking was low (17.5%), and only 5.6% were women. 
Previous studies have reported that smoking rates in young 
lung cancer patients range from 92% to 93% (17,18). 
However, with the establishment and enforcement of social 
smoking ban, the smoking rate of young people has also 

Table 2 The treatment for young patients with lung cancer

Variables N (%)

Surgical approach

OTS 36 (35.0)

VATS 67 (65.0)

Surgical treatment

Wedge resection 28 (27.2)

Segmentectomy 11 (10.7)

Lobectomy 49 (47.6)

Bronchial sleeve lobe resection 9 (8.7)

Pneumonectomy 3 (2.9)

Standard tracheal resection 3 (2.9)

Treatment

Surgery 75 (72.8)

Surgery + chemotherapy 15 (14.6)

Surgery + radiotherapy 1 (1.0)

Surgery + CR + MTT 2 (1.9)

Surgery + MTT 2 (1.9)

Lost to follow-up after surgery 8 (7.8)

OTS, open thoracic surgery; VATS, video-assisted thoracic 
surgery; CR, chemoradiotherapy; MTT, molecular targeted 
therapy.

Survival functions
Treatment

1.0

0.8

0.6

0.4

0.2

0.0

0
Time after diagnosis (months)

20 40 60

C
um

 s
ur

vi
va

l

Surgery
Surgery+adjuvant
therapy
Surgery-censored 
Surgery+adjuvant
therapy-censored

Figure 2 Kaplan-Meier curve depicting overall survival according 
to treatment.
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decreased (18). Our results also reflect the effectiveness of 
the comprehensive anti-smoking system.

In young patients, tumors were predominant on the 
right side compared with left side (53.4% vs. 42.7%), which 
was consistent with other findings (19,20). In our study, 
the most common tumors were located at the left lower 
lobe (27.2%), followed by the right upper lobe (21.4%) 
and the right lower lobe (21.4%). In Freise’s study, the 
most common tumors were located at the right upper  
lobe (19). This may be a feature of tumorigenesis in young 
lung cancer patients aged 30 and younger or it may be 
related to the limited sample size in the current group. 
In addition, the majority of patients in our study (58.3%) 
were found to have small lung tumors and the maximum 
diameter of the tumors was 0–2 cm. T stage was earlier and 
the relative prognosis was better, which is also a difference 
between young lung cancer patients and middle-aged and 
elderly patients.

Most studies have shown that adenocarcinoma is the 
most common histopathological type in young lung cancer 
patients (2,3,21). Our study also found that nearly half of 
the patients had adenocarcinoma, which was consistent 
with the reported high incidence of lung adenocarcinoma. 
Surprisingly, although many previous studies reported 
rates of lung squamous cell carcinoma in young patients 
ranging from 3% to 35% (15,16,22,23), no patients with 
squamous cell carcinoma were found in our study. However, 
the patients included in our study were all younger than  
30 years old, and only a few of them had a smoking history. 
Previous studies have shown that squamous cell carcinomas 
are more common in elderly patients, and most of these 
patients have smoking habits (4,6,14). The absence of 
squamous cell carcinoma may also be due to the fact that 
all of our patients were surgically treated. The frequencies 
of small cell lung cancer and large cell lung cancer in our 
patient group were only 1.0%. Yoneyama et al. found that 
1.5% of young patients younger than 49 years old had small 
cell lung cancer (15). In the study by Xia et al., 2.7% of 
young lung cancer patients younger than 45 years old had 
small cell lung cancer, while in the control group, 4.3% 
of lung cancer patients older than 45 years old had small 
cell lung cancer, with no statistical difference between  
groups (24). Shimono et al. reported no type of small 
cell lung cancer in young lung cancer patients, which may 
be related to the relatively small number of cases in their 
study; only 24 young patients were younger than 39 years 
old (25). Although large cell lung cancer is an aggressive 
lung cancer subtype, its proportion in the lung cancer T
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population is relatively low. Fasano et al. reported that large 
cell lung cancer accounts for about 3.0% of all lung cancer  
cases (26). In a large sample analysis of the population, Yang 
et al. reported that large cell lung cancer accounted for 0.9% 
of all non-small cell lung cancer patients from 2004 to 2009, 
while the ratio rose to 1.1% from 2010 to 2014 (27). In our 
study, mucoepidermoid and carcinoid tumors accounted 
for 10.7% and 7.8% of the patient group, respectively. 
Yoneyama et al. also found that carcinoids accounted for 
about 3.4% of lung cancer patients younger than 49 years 
old, but Bryant et al. reported that carcinoid accounted 
for 26% of lung cancer patients under 45 years old, while 
mucoepidermoid cancer accounted for 6% (23), which is 
not consistent with our results. This may be because the 
patients in our study are younger or may be due to racial 
differences, and more research is needed to explore the 
specific reasons.

Many previous studies have shown that lung cancer in 
young people is found late, progresses rapidly and has a 
poor prognosis (10,15). However, some studies reported 
that the prognosis of young lung cancer patients after 
surgical resection is relatively good (28). In this study, only 
15.5% of the patients were classified as stage IIB–IIIA, but 
no patients were identified at stage IV. Early studies by 
Bourke et al. found that most of the tumors in young lung 
cancer patients were diagnosed at advanced stage, with 77% 
of patients in stage III–IV. In Kozielski’s study, four out of 
six patients below 30 years old were stage III and showed 
a poor prognosis (4). Therefore, these results suggest that 
young people’s low vigilance for lung cancer may lead to 
delays in cancer treatment. However, in our study, 47.6% 
of all patients were in clinical stage I, and 59.3% were in 
early stage 0–IIA. Most of the young lung cancer patients 
in our study were found through physical examination or 

Table 4 Univariate and multivariate of OS in 95 cases

Factors No. (%)
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Sex

Male 41 (43.2) Reference

Female 54 (56.8) 3.42 2.44–64.41 0.530

Smoking history

Smoking 16 (16.8) Reference

Never 79 (83.2) 2.03 55.44–63.41 0.844

Tumor size (cm)

≤3 69 (72.6) Reference

>3 26 (27.3) 2.25 1.76–32.24 0.133

Clinical stage

0–I 59 (62.1) Reference

II–III 18 (18.95) 23.35 8.22–67.44 0.041

Unstaged 18 (18.95) 34.22 5.43–87.93 1.000

Surgical approach

OTS 33 (34.7) Reference

VATS 62 (65.3) 17.70 2.10–65.77 0.442

Treatment

Surgery 71 (74.7) Reference

Surgery + adjuvant therapy 24 (25.3) 7.37 2.49–14.62 0.001 14.32 1.71–120.30 0.014

OS, overall survival; HR, hazard ratio; OTS, open thoracic surgery; VATS, video-assisted thoracic surgery.
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screening, which suggests that early detection is important 
for young patients. The study from The National Lung 
Screening Trial Research Team suggests that low-dose 
computed tomography can achieve reduction in mortality 
from lung cancer (29). An Italian multicenter trial showed 
that long-term low-dose computed tomography screening 
programs could reduce lung cancer mortality by 39% (30). 
In addition, young patients had a strong desire for treatment 
and actively accepted surgery as the main treatment. All 
of them had a good prognosis. In the follow-up period, 
except one young woman in stage IB died of breast cancer  
33 months after operation, and all the other patients 
survived.

Current studies have shown that surgical treatment is 
still the preferred treatment for lung cancer. Because young 
lung cancer patients have good compensatory ability of 
organ function and strong ability to withstand surgical 
trauma, the performance of surgical treatment in this 
patient group is advantageous. In our study, except for one 
patient with pleural metastasis who only underwent biopsy, 
the other patients all received standard surgical treatment. 
Nearly half of the patients (47.6%) underwent lobectomy 
with mediastinal lymph node dissection. Lung lobectomy 
with mediastinal lymph node dissection is recommended 
as a standard treatment for patients with early lung cancer. 
The 5-year survival rate of stage IA patients can reach  
70% (31). In our study, 37.9% patients underwent 
sublobectomy (including anatomical segmentectomy 
and wedge resection). Although it is still controversial, 
sublobectomy has the same survival advantage as lobectomy 
in the treatment of early lung cancer, especially stage 
IA lung cancer, and more lung function is preserved for 
patients (31,32).

In our study, 92.6% of patients survived and only 
7.4% (7 patients) died in 95 patients who were followed 
up successfully. The 1-year and 3-year survival rates for 
the 95 cases were 95.6% and 85.9%, respectively. Young 
lung cancer patients showed excellent prognosis, which 
is consistent with the results of Yoneyama et al. Their 
study found that the 5-year survival rate of patients under  
49 years of age was 81.5%, the corresponding survival 
rates were 77.3% and 70.6% (P=0.0001) in patients aged 
50–69 years and 70 or older, respectively (15). Of the seven 
patients in our study who died, only one died of recurrence 
of lung cancer, while the others died of recurrence of 
other tumors or primary tumors. Our study found that 
treatment modalities were significantly associated with the 
prognosis of young lung cancer patients (P<0.05), which 

was also consistent with the clinical stage of lung cancer. 
For early lung cancer, surgical treatment alone can achieve 
satisfactory prognosis. However, most of the patients who 
need adjuvant therapy such as chemoradiotherapy after 
operation are those with advanced stage. Whether they 
are treated with chemoradiotherapy or combined with 
molecular targeted therapy post-operation, the prognosis 
of advanced stage young lung cancer patients is still worse 
than that of patients with early lung cancer.

This study has several limitations, most notably its 
retrospective nature and single-institution design, which 
may lead to bias in patient selection. Another limitation is 
that the follow-up time of some patients was too short to 
fully analyze the long-term prognostic survival of patients, 
which requires a long-term follow-up in the later period 
to further analyze prognosis and its influencing factors. 
Besides, because of the limitations of retrospective study, 
there are some errors in the data collected on survival and 
prognosis, which may lead to statistical analysis deviation.

Conclusions

Our study shows that the main clinical pathological type of 
lung cancer in young patients aged 30 years and younger is 
adenocarcinoma, while low-grade malignant tumors such 
as mucoepidermoid carcinoma and carcinoid tumors also 
account for a certain proportion. Most of the clinical stages 
are in stage 0–IIA. Surgical treatment is the main method, 
while lobectomy is still the main method of surgery, 
and the prognosis is very good. With the popularization 
and importance of early diagnosis, the proportion of 
sublobectomy is increasing, and healthier lung tissues and 
functions are retained for patients. Because our research 
is a retrospective study and the sample size is limited, this 
study also has some limitations. More prospective large-
sample studies for younger lung cancer patients are required 
focusing on early diagnosis and treatment, post-relapse 
treatment and molecular, genetic and other basic aspects of 
research.
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