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Purpose: To compare clinicopathologic factors including tumor-node-metastasis (TNM) 
stage between young and elderly patients with non-small cell lung cancer (NSCLC).
Methods: This retrospective study compared the following characteristics between 
52 young patients with NSCLC (<50 years of age) and 67 elderly patients with NSCLC 
(>60 years): duration of symptoms before medical consultation, smoking index, family 
history of cancer, Ki-67 index, and pTNM stage. A binary logistic regression analysis was 
used to identify factors predictive of greater stage NSCLC (stage III/IV compared to stage 
I/II) within each age group.
Results: The incidence of adenocarcinoma was higher in the young than in the elderly 
(P=0.006). Smoking index (P=0.002) and Ki-67 index (P<0.001) were lower in the young 
than in the elderly. In young patients with NSCLC, delayed treatment (greater duration from 
symptoms to medical consultation, P=0.050) and active tumor proliferation (higher Ki-67 
index, P=0.003) were predictive of more advanced cancer stage (III/IV), with only symptom 
duration being predictive of stage III/IV NSCLC among elderly patients. Among young 
patients, cough (P=0.021) and chest congestion (P=0.040) were the most significant warning 
symptoms of advanced-stage NSCLC.
Conclusion: High tumor proliferation and delayed treatment are predictive of advanced 
NSCLC on presentation among young individuals. Early diagnosis by imaging, such as with 
the use of low dose computed tomography (LDCT), for young individuals with coughing and 
chest congestion over 1 month might be effectiveto improve prognosis and outcomes.
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Introduction
Lung cancer is the most common and lethal type of cancer worldwide, with 
a morbidity rate of 11.6% and a mortality rate of 18.4%.1 Most new lung cancer 
cases and deaths occur in patients 60–70 years of age.2 However, the incidence rate 
of lung cancer among younger individuals is not insignificant at 5%–10%3 and, 
therefore, should not be ignored. However, current research on non-small cell lung 
cancer (NSCLC) among younger individuals is insufficient. In part, the definition of 
“young” itself is controversial and confusing, with cutoff ages of 40 years,4,5 

45 years,6,7 and 50 years8,9 having been used to define “young.” Therefore, 
a unified age standard to guide research is lacking.

Moreover, tumorigenesis itself is a complicated process with numerous influen
tial factors. The National Comprehensive Cancer Network (NCCN) has suggested 
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that individuals with certain characteristics such as 
a smoking history, family history of lung cancer, and 
radiologic factors should be periodically examined for 
lung cancer prevention.10 Of note, some of these risk 
factors such as smoking and radiation may give rise to 
lung cancer due to years of exposure. As such, the con
tribution of these factors to NSCLC in young and elderly 
individuals needs to be evaluated beyond simply their 
“presence” or “absence.” An objective standard for com
paring clinicopathologic factors between young and 
elderly patients with NSCLC would be desirable in this 
regard.

Human factors influence disease progression and there
fore need to be considered. Specifically, it is well recog
nized that some patients overlook early diseases symptoms 
and, thus, miss the opportunity for early diagnosis. 
Moreover, it is possible that a cancer with onset at 
a young age might reflect genetic susceptibility. These 
human risk factors can influence the tumor proliferation 
rate, playing an important role in oncogenesis and 
prognosis.11,12 Therefore, the aim of this study was to 
compare clinicopathologic factors including tumor-node- 
metastasis (TNM) stage between young and elderly 
patients with NSCLC.

Patients and Methods
Patient Selection
In this single-center retrospective study, patients eligible 
for our study group were those receiving surgical treat
ment for NSCLC in our department, between 
November 2013 (when electronic medical records were 
implemented at our hospital) and March 2019. To balance 
the sample size and subgroup difference, patients <50 
years of age were classified as young patients, with the 
elderly comparison group comprising patients >60 years of 
age, in whom the incidence of NSCLC is the highest (as 
mentioned above). To eliminate the effects of confounding 
symptoms, we excluded patients with chronic respiratory 
and cardiovascular diseases such as chronic obstructive 
pulmonary disease (COPD), tuberculosis, coronary heart 
disease, or heart failure. Patients with incomplete records 
were also excluded.

Information of the following variables was extracted 
from patients’ records in our hospital’s electronic informa
tion system: sex; age at the time of diagnosis; duration of 
symptoms until medical consultation; smoking index 
(cigarettes smoked per day × years of tobacco use); family 

history of cancer; histologic type of tumor; and the Ki-67 
index, described below. The pTNM stage was evaluated 
according to the 8th edition of the lung cancer staging 
classification system.13

Statement of Ethics
This study complied with the Declaration of Helsinki, 
conformed with the relevant regulations and was approved 
by ethics committee of Xuanwu Hospital, Capital Medical 
University. All patients provided informed consent for the 
surgical treatment and for the use of their medical infor
mation for research.

Ki-67 Index Assessment
Surgically resected tissue was made into slices and observed 
under 400-fold high-power field. Positive-nuclear cells were 
counted out of 100 cells in 10 randomly selected fields. Ki-67 
index = (number of positive cells/1000) × 100%.

Statistical Analysis
The Pearson’s chi-squared test and Fisher’s exact test were 
used to analyze patients’ gender, symptoms, family his
tory, histological type and TNM stage. The quantitative 
data were examined under independent-samples t-test 
(normal distribution) or Nonparametric test (abnormal dis
tribution) in corresponding age subgroups. The binary 
logistic regression was used to evaluate meaningful clin
icopathologic characteristics between stage I/II and stage 
III/IV patients. All statistical analyses were conducted in 
the SPSS 20.0 for Windows (SPSS Inc., Chicago, IL, 
USA). P<0.05 was considered statistically significant.

Results
Within our study period, from November 2013 through 
March 2019, 1936 patients received surgical treatment for 
NSCLC. Of them, 119 met our exclusion criteria and were 
enrolled in our study: 52 in the young group and 67 in the 
elderly group. Patients’ clinicopathologic characteristics 
are summarized in Table 1.

A Comparison of Clinical and Pathological 
Characteristics in Young and Elderly 
Patients
The young group included 52 patients, 26 males, with 
a mean age of 44.5±5.48 years and a mean initial 
symptom duration of 3.23±6.95 months. Of them, 
13 were smokers (with a smoking index ranging 
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between 2 and 800), 13 had a positive family history of 
malignant tumors, and 19 had a diagnosis of pTNM 
stage III or IV disease. The mean Ki-67 index was 
18.5±19.0%. Symptoms leading to a medical consulta
tion included: coughing (n=26); hemosputum (n=6); 
chest pain (n=9); chest congestion (n=8); fever (n=3); 
weight loss (n=5); heart palpitations (n=1); night sweat 
(n=1); and one patient reported dizziness and headache, 
with this patient ultimately being diagnosed with brain 
metastases. The pathological classification of tumors 
among patients in this group was as follows: adenocar
cinomas in situ (AIS), n=8; adenocarcinomas (ADC), 
n=39; squamous carcinoma (SCC), n=4; and adenosqua
mous carcinoma (ASC), n=1.

The following characteristics were significantly differ
ent between the young and elderly groups: age (P<0.001), 
smoking index (P=0.002), histological tumor type 
(P=0.006), and Ki-67 index (P<0.001), summarized in 
Table 1.

Binary Logistic Regression Analysis of the 
Relation Between Risk Factors and 
pTNM Stage
Within the young group, compared to patients with stage I/ 
II, those with stage III/IV had longer initial symptom 
duration before consultation, higher rate of smoking, and 
higher Ki-67 index and were predominantly male. The 
same factors were identified between patients with stage 
I/II and stage III/IV in the elderly group. On logistic 
regression analysis, symptom duration (P=0.05) and Ki- 
67 index (P=0.003) were retained as predictive variables 
of stage III/IV cancer for the young group, indicating that 
delayed treatment and active tumor proliferation (higher 
Ki-67 index) are factors associated with advanced cancer 
stage. In the elderly group, only symptom duration was 
identified as a predictive factor (P=0.05). Results are 
shown in Tables 2 and 3.

Symptom Differences Between Stages in 
Age Subgroups
Presenting symptoms were also compared between 
patients with stage I/II and stage III/IV NSCLC within 
each age group (Table 4). Overall, the most common 
presenting symptoms among patients in our study group 
were cough, hemosputum, chest pain, chest congestion, 
fever, and weight loss. Of these, cough and chest conges
tion were more frequent among patients in stage III/IV 
than those in stage I/II (cough, 63.2% versus 30.3%, 
P=0.021; chest congestion, 31.5% versus 6.1%, P=0.040) 
in the young group, which is hemosputum (31.8% versus 
11.1%, P=0.038) in elderly group.

Discussion
Cancer is often considered to be a “senile disease” because 
of its strong correlation with older age. With regard to lung 
cancer, this incidence rate of NSCLC among individuals 
<50 years of age is estimated at 5.6%.14 The 2014 Japan 
Lung Cancer Registry Study15 reported a sharp increase in 
the incidence of lung cancer among patients <50 years of 
age. It is not uncommon for pulmonary lesions in young 
patients to be identified on LDCT, with patients seeking 
further medical consultation after identification. Although 
the predictive clinical characteristics of NSCLC in young 
individuals are still uncertain, specific pathological char
acteristics, smoking status, family history, and TNM stage 
are known factors that influence prognosis. Differences in 
risk factors between young and elderly patients might 

Table 1 Clinical and Pathological Characters in Young Patients 
Comparing with the Elderly

Variables Young 

Patients 

(n=52)

Elderly 

Patients 

(n=67)

P value

Gender (Male/Female, F%) 26/26, 50.00% 41/26, 38.81% 0.222

Age/y (Min-Max, Mean±SD) 25–50, 44.5 

±5.48

60–78, 68.0 

±5.14

Symptoms 

(n,%)

Cough 22, 42.31% 32, 47.76% -

Hemosputum 6, 11.54% 12, 17.91%

Chest Pain 9, 17.31% 6, 8.96%

Chest 

Congestion

8, 15.38% 9, 13.43%

Fever 3, 5.77% 5, 7.46%

Weight Loss 5, 9.62% 5, 7.46%

Others 3, 5.77% 2, 2.99%

Asymptomatic 20, 38.46% 26, 38.80%

Symptom Duration/Mo (Mean 

±SD)

3.23±6.95 1.72±2.87 0.145

Smoking Index (Min-Max, 

Median, %)

0–800, 0, 

25.00%

0–2400, 0, 

49.25%

0.002

Family History(n,%) 13, 25.00% 8, 11.94% 0.064

Histological 

Type

AIS(n,%) 8, 15.38% 3, 4.48% 0.006

ADC(n,%) 39, 75.00% 44, 65.67%

SCC(n,%) 4, 7.69% 20, 29.85%

ASC(n,%) 1, 1.92% 0, 0.00%

pTNM Stage 0/I/II 8/20/4, 33 3/31/11, 45 0.673

III/IV 14/5, 19 20/2, 22

Ki-67 Index (Mean±SD) 18.5%±19.0% 35.3%±26.9% <0.001
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explain differences in the distribution of the types of 
NSCLC between young and elderly patients.

Among young patients, the incidence of ADC was 
higher than any other type of NSCLC (AIS, SCC, and 
ASC) and was specifically higher than the rate of ADC 
in the elderly group (Table 1, 75.00% versus 65.67%, 
respectively, P=0.006). Previous studies have reported the 
high proportion of ADC among young patients with lung 
cancer, with the prevalence being higher in females than in 
males.5,9,16,17 We believe that this SCC-ADC shift may be 
a result of the accumulation of risk factors, one of which is 
tobacco use.

Smoking was more frequent among elderly than among 
young patients (Table 1, P=0.002). As a longer history of 
smoking would increase the accumulation of toxins over 
time, the risk of these toxins inducing gene mutations 
leading to lung cancer would also increase. Smoking has 
been associated with a higher specific risk for SCC (91%), 
compared to ADC (82%).18 We noted, from our findings, 
that the difference in the smoking index between patients 
with early- and late-stage NSCLC was not significantly 
different for both the young (P=0.388) and elderly 
(P=0.276) groups (Table 2). Therefore, smoking may 
have triggered the disease.

Table 2 Single Factor Analysis of the Relation Between Risk Factors and Staging

Variables 0/I/II III/IV P value

Young Gender (Male/Female, F%) 15/18, 54.55% 11/8, 42.11% 0.388
Age/y (Mean±SD) 45.39±5.08 42.84±5.89 0.106

Symptom Duration/Mo (Mean±SD) 1.34±2.67 6.52±10.29 0.044
Smoking Index (Min-Max, Median, %) 0–800, 0, 21.2% 0–600, 0, 31.6% 0.388

Family History(n,%) 9, 27.3% 4, 21.1% 0.746

Ki-67 Index (Mean±SD) 11.2%±15.1% 31.1%±18.8% <0.001

Elderly Gender (Male/Female) 26/19, 42.22% 15/7, 31.82% 0.412

Age/y (Mean±SD) 68.0±5.18 68.0±5.16 0.973
Symptom Duration/Mo (Mean±SD) 1.22±2.15 2.75±3.82 0.091

Smoking Index (Min-Max, Median, %) 0–2400, 0, 42.22% 0–2400, 500, 63.64% 0.276

Family History(n,%) 6, 13.30% 2, 9.10% 1.000
Ki-67 Index (Mean±SD) 31.8%±22.7% 42.5%±24.0% 0.125

Table 3 Binary Logistic Regression Analysis of the Relation Between Risk Factors and Advanced Stage

Variables B S.E. Wald P value OR (95% CI)

Young Symptom Duration (M) 0.172 0.088 3.825 0.05 1.187 (1.000–1.410)
Ki-67 Index 7.311 2.485 8.652 0.003 1496.176 (11.464–195,264.082)

Elderly Symptom Duration (M) 0.19 0.097 3.826 0.05 1.209 (1.000–1.463)

Ki-67 Index 1.671 1.017 2.531 0.112 5.040 (0.687–36.969)

Table 4 Symptoms Differences Between Staging

Variables Symptom Initial Symptom 
Duration/Mo

Cough Hemosputum* Chest 
Pain*

Chest 
Congestion*

Fever* Weight 
Loss*

Young 0+I+II (n=33) 10, 30.3% 3, 9.1% 6, 18.2% 2, 6.1% 2,6.1% 4, 12.1% 1.34±2.67
III+IV (n=19) 12, 63.2% 3, 15.8% 3, 15.8% 6, 31.6% 1, 5.3% 1, 5.3% 6.52±10.29

P value 0.021 0.656 1 0.040 1 0.641 0.044

Elderly 0+I+II (n=45) 20, 44.4% 5, 11.1% 4, 8.9% 5, 11.1% 4, 8.9% 3, 6.7% 1.22±2.15

III+IV (n=22) 12, 54.5% 7, 31.8% 2, 9.1% 4, 18.2% 1, 4.5% 2, 9.1% 2.75±3.82
P value 0.437 0.038 1 0.461 1 1 0.091

Note: *Fisher’s Exact Test.
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Various environmental factors other than smoking have 
been associated with lung cancer. Among these 
factors, second-hand smoking increases the risk for lung 
cancer among non-smokers by 1.31 (95% confidence inter
val (CI) of the odds ratio, 1.17–1.45).19 Air pollution caused 
by PM2.5 or indoor radon20–22 and depression generated 
(identified in 40% of patients with advanced NSCLC)23 

have also been associated with lung cancer. Considering 
the impact of these factors on the incidence of lung cancer, 
we propose that smoking status might be an “optional” 
condition to recommend advanced imaging such as thin- 
slice computed tomography, rather than a “compulsory” 
condition. Further research is warranted to clarify this issue.

Family history was not a specific risk factor to NSCLC 
in the young group, with the presence of a family history of 
cancer not being different between the young and elderly 
groups (Table 1, P=0.064). We do note that a large sample 
study, including 5048 patients with lung cancer, reported 
a significant and marked increase in the risk for lung cancer 
for each additional lung cancer first-degree relative (relative 
risk, 2.57; 95% CI, 2.39–2.76).24 Further research on this 
specific factor is warranted to improve screening algorithms 
for individuals at high risk for lung cancer.

The tumor proliferation characteristics also need to be 
considered. Tumorigenesis, as previously mentioned, is 
influenced by multiple factors and interactions. The high 
proliferation rate activated by these factors can explain 
why some patients, even without typical risk factors for 
lung cancer, are diagnosed with advanced NSCLC when 
first walking into a clinic. The Ki-67 index has been used 
in clinical practice to evaluate proliferative activity in many 
cancers, including lung cancer.25–27 The lower Ki-67 index 
for young than for elderly individuals in our study (P<0.001) 
would explain the higher proportion of early-stage diagnosis 
in the young group than in the elderly group and may be 
predictive of a better disease prognosis as previously 
reported.9,28 The difference in the Ki-67 index between 
patients with early-stage NSCLC than those with late-stage 
NSCLC within the young group (Table 2, P<0.001) may 
indicate that unique risk factors, other than smoking or 
family history, affect tumorigenesis among young patients.

Lastly, human factors must be considered. We note that the 
identification of non-symptomatic pulmonary nodules or 
masses has increased as a function of the increased use of 
LDCT (or other imaging technique) for screening of indivi
duals deemed at high risk for lung cancer. Consequently, this 
has raised the diagnosis rate of lung cancer. Yet, delay in onset 
of symptoms and medical consultation for lung cancer remains 

a problem among young individuals who are more likely to 
ignore early symptoms such as cough or chest congestion.29,30 

A delay in diagnosis results in more advanced stages of cancer 
at the time of presentation and a poor prognosis (Table 4, 
P=0.044). In our research, we identified cough and chest 
congestion for >1 month as symptoms predictive of lung 
cancer among young patients. Therefore, young individuals 
presenting with these symptoms excluded the possibility of 
chronic diseases like COPD, coronary heart disease and 
asthma should be investigated for lung cancer.

Our research has several advantages over previous 
studies on this issue. Exposure to smoking, rather than 
simply a positive or negative history of smoking, should 
be considered in a screening algorithm. The Ki-67 index 
should also be included, based on the finding that the 
tumor proliferation rate itself plays an important role in 
the progression of NSCLC among young patients and, 
ultimately, prognosis. Early diagnosis is necessary to 
improve disease outcomes and survival among young 
patients with typical symptoms.

The limitations of our study also need to be considered. 
Foremost, the study has a retrospective design, which may 
have caused bias in the selection of the study group. This 
was a single-center study, and therefore, the study sample 
may not be comparable to that used in epidemiological 
studies from other regions, which limits comparison of 
findings. We did not evaluate the outcomes of the surgical 
treatment and did not perform a prognostic analysis due to 
the high rate of missing follow-up data.

Conclusion
This is one of the largest studies in China to analyze the 
relationship between clinical-pathological characteristics 
and TNM stage in young NSCLC patients after the 8th 
edition of the lung cancer staging classification system 
was published. It demonstrates that the high tumor pro
liferation and delayed treatment are predictive of 
advanced NSCLC on presentation among young indivi
duals. Early diagnosis by imaging, such as with the use 
of LDCT, for young individuals with cough and chest 
congestion over 1 month might be effective for early 
diagnosis to improve prognosis and outcomes.
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