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Abstract: Objective: To investigate whether features of lung cancer in young patients differ from those of elderly
patients. Method: A retrospective analysis was made to compare clinicopathological and molecular characteristics
between 272 young patients under 40 years old (young Group) with lung cancer and 167 elderly patients over 60
years old (elderly group). Results: The young group had significantly higher proportions of females, adenocarcinoma,
and were well differentiated, without lymph node metastasis, and were of lower clinical stage as compared with the
elderly group (P<0.05). The positive rate of ALK in the young group was significantly higher than in the elderly group
(17.01% vs. 4.17%, P<0.05), but there was no significant difference between the mutation rate of EGFR and ROS1
in two groups. However, the distribution of EGFR mutation sub-types in the two groups was significantly different,
with the proportion of 19del in the young group being significantly higher than that in the elderly group. Conclusions:
The young patients with lung cancer have distinct features compared with elderly patients, and may have different
mechanisms of tumorigenesis.
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Introduction

Materials and methods

Lung cancer is one of the most lethal cancers in
the world [1, 2], and the age of onset of lung
cancer is around 60 years old. Lung cancer in
young adults under 40 years old is uncommon,
but the number of young patients is increasing.
It has been suggested that young patients with
lung cancer are a higher proportion of females
with adenocarcinomas, and are more aggressive and therefore have a poorer prognosis
compared with elderly patients in early studies
[3-5]. However, we found that more and more
young lung cancer patients tend to be in early
stages. Whether the features of lung cancer in
young patients have new changes is unclear. In
this study, the clinicopathological and part of
molecular data of 272 patients under 40 years
old were retrospectively analyzed by comparing
with 167 cases of lung cancer patients aged
over 60 years old.

Patients
The clinicopathological data of 272 young
patients under 40 years old (young group) and
167 patients over 60 years old (elderly group)
with lung cancer was collected in the First
Affiliated Hospital College of Medicine, Zhejiang
University, Zhejiang University from January
2013 to October 2016. Part of the data was not
available. In the young group, there were 98
males and 174 females. In the elderly group,
there were 107 males and 60 females. All
cases were confirmed by histopathology or
cytology. The data is shown in Table 1.
Histological evaluation
The histological type was classified according
to 2015 WHO classification of lung neoplasm
[6] Carcinoma in situ and atypical hyperplasia,
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Table 1. Clinicopathological characteristics of patients with
lung cancer in young and elderly group

Total
Specimen type
Surgery
Biopsy
Gender
Males
Females
Smoking
Non-smokers
Smokers
Histology
Premalignant
Adenocarcinoma
Squamous cell carcinoma
Small cell carcinoma
Other
Differentiation
Well
Moderate
Poor
Lymph node metastasis
Without
With
Unknow
Clinical stage
Premalignant
I
II
IIIA
IIIB
IV
Clinical symptom
Cough
Dyspnea or chest pain
Fever
Hemoptysis
None

Young group Elderly group
No.
(%)
No.
(%)
272
167

<0.01
198 (72.8)
74 (27.8)

78
89

(46.7)
(53.3)
<0.01

98 (36.0) 107 (64.1)
174 (64.0) 60 (35.9)
<0.01
231 (86.8)
35 (13.2)
38
198
16
6
14
121
55
96
172
79
21
38
102
21
19
9
71
113
75
16
26
94

71
96

(42.5)
(57.5)

<0.01
(14.0) 1
(0.6) <0.01
(72.8) 90 (53.9) <0.01
(5.9) 49 (29.3) <0.01
(2.2) 20
(12) <0.01
(5.1)
7
(4.2) 0.65
<0.01
(44.5) 47 (28.1)
(20.2) 26 (15.6)
(35.3) 94 (56.3)
<0.01
(63.2) 55 (32.9)
(29.0) 94 (56.3)
(7.7) 18 (10.8)
<0.01
(14.6) 1
(0.7)
(39.2) 44 (28.9)
(8.1) 13 (8.6)
(7.3) 21 (13.8)
(3.5) 18 (11.8)
(27.3) 55 (36.2)
0.02
(41.5) 103 (61.7) 0.48
(27.6) 50 (30.0) 0.59
(5.9)
7
(4.2) 0.44
(9.6) 40 (24.0) <0.01
(34.6) 32 (19.2) <0.01

Part of data was not available.

which have been proven to have 100% diseasefree survival and no recurrence of survival after
surgical resection, were considered to be the
same disease in this study. The clinical stage of
the disease was determined based on the TNM
classification of the Union for International
Cancer Control (UICC) [7].
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Molecular detection
Formalin fixed and paraffin embedded tissue blocks were cut in 3 or 5
μm thickness. 10 slices of 5 μm were
collected for DNA and RNA isolation.
All extraction were carried out using
DNA/RNA extraction kit (AmoyDx,
Xiamen). EGFR mutation and ROS1
fusion were tested using ARMS
Detection kit (AmoyDx, Xiamen). 1
slice of 3 μm was tested for EML4ALK fusion by immunohistochemitry
(Roth, Germany, 1:500).
Statistical analysis
Statistical analysis was performed
using the SPSS statistics software
(Version 17.0, Chicago). The correlation of young and elderly groups with clinicopathological characteristics
were studied via Chi-square test. P
value <0.05 was considered as to be
statistically significant.
Results
General character
In the young group, there were 98
males and 174 females, 35 smokers
and 231 non-smokers. In the elderly
group, there were 107 males and 60
females, 96 smokers, and 71 nonsmokers. The male to female ratio
and the proportion of smokers in the
young group was significantly lower
than the elderly group (1.78:1 vs.
0.56:1; 13.2% vs. 57.5%).
Clinicopathological characteristics

The young group comprised 11 atypical hyperplasia, 27 adenocarcinomas in situ, 198 adenocarcinomas,
16 squamous cell carcinomas, 4
adenocarcinoma of squamous cell
carcinoma, 6 small cell carcinomas,
5 undifferentiated carcinomas, 4 adenoid cystadenocarcinomas, and 1 mucoepidermoid carcinoma. There were 121 cases of well differentiated, 55 cases of moderately differentiated
and 96 cases of poorly differentiated tumors.
In comparison to the elderly group, adenocarcinoma was more frequently found, whereas
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Table 2. Molecular characteristics of patients with
lung cancer in young and elderly group
Young group Elderly group
No.
(%)
No.
(%)
EGFR
Mutation
Wild type
ALK
Positive
Negative
ROS1
Positive
Negative
EGFR mutation types
19DEL
L858R
Other types
Wild type

P
0.76

38
54

(41.3)
(58.7)

25
32

(43.9)
(56.1)

25 (17.0)
122 (83.0)

4
94

(4.1)
(95.9)

0
75

(0.0)
(100)

1
46

(2.1)
(97.9)

28
8
2
54

(30.4)
(8.7)
(2.2)
(58.7)

8
12
5
32

(14.0)
(21.1)
(8.8)
(56.1)

<0.01

0.45

Discussion
0.01

squamous cell carcinoma was less frequently
observed in the young group. The differentiation of tumors in the young group was also better than the elderly group.
There were 79 cases with lymph node metastasis and 172 cases without lymph node metastasis in the young group. According to the clinical TNM classification, there were 38 patients
with preinvasive lesions, 102 with stage I disease, 21 with stage II, 19 with stage IIIA, 9 with
stage IIIB, and 71 with stage IV. The proportion
of advanced-stage patients (stage III and IV) in
the young group was significantly higher than
that in the elderly group (Table 1).
Clinical symptom
Most patients were symptomatic at the time of
diagnosis. There were 13.2% patients had no
symptoms at initial presentation in the elderly
group, whereas there were 34.6% patients that
had no symptoms in the young group which was
significantly more than in the elderly group.
Cough was the most common presenting symptom in both the young and elderly groups, followed by dyspnea, or chest pain. Hemoptysis
was more frequently in the elderly group than
the young group (P<0.01).
Molecular characteristics
EGFR, ALK, and ROS1 were detected in 92,
147, and 75 patients respectively in young
1033

group, corresponding to 57, 96, and 47
patients in elderly group. Results by Chi
square test showed that the positive rate of
ALK in young group was significantly higher
than the elderly group (17.01% vs. 4.17%,
P<0.01), but there was no significant difference between the mutation rate of EGFR and
ROS1 in two groups. However, the distribution
of EGFR mutation stypes in two groups was
significantly different, and the proportion of
19del in young group was significantly higher
than that in elderly group (Table 2).

Lung cancer is commonly considered to occur
in people over the age of 40, and most scholars define young lung cancer as lung cancer
patients under the age of 40 [3, 4, 8]. The proportion of young lung cancer is very low, mostly below 10%. Similar to previous findings [3,
5, 8], our study showed that the proportion of
females in the young group was significantly
higher than the elderly group. However, the
number of female patients was more than male
patients in young group. It was different from
other studies. We considered that the difference may be caused by smoking, because
females were more sensitive to tobacco, and
the risk of smoking induced lung cancer was
higher than that of males [9, 10]. In western
countries, smoking rates among young patients
were as high as 73.6%-91% [5, 8], and 29.4%63.3% was also reported in china [11-13]. In
this study, only 13.2% of young patients
smoked, one was female, significantly less than
the elderly group. So the evidence for this
hypothesis is not very strong. Of course, this
may be related to second-hand smoke and the
more severe air pollution in recent years, but
there is no definite evidence.
Adenocarcinoma was the most frequent tissue
type in the both groups, but there were more
precancerous lesions and adenocarcinomas in
the young group than the elderly group, otherwise, there were more squamous cell carcinoma and small cell carcinoma in the elderly
group, similar to previous reports [4, 5, 8]. Early
studies showed that most of young patients
with lung cancer have poor differentiation, faster progress, and higher clinical stage. However,
in this study, there were 35.3% cases with poor
differentiation in young group which was significantly less than the elderly group. The lymph
Int J Clin Exp Pathol 2018;11(2):1031-1035
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node metastasis and advanced stage in the
young group were also significantly less than
what in the elderly group. There were 18% of
the young patients that were diagnosed and
treated at the time of atypical hyperplasia or
carcinoma in situ, which is the result of the
young people’s attention to physical examination in recent years, the prevalence of CT
screening for lung cancer detection, and
improved computed tomography (CT) images
with higher resolution were aslo contributed to
found the early tumors.
As the elderly patients, young patients with
lung cancer also had cough, chest pain, and
other respiratory symptoms. However, 34.6% of
the young patients asymptomatic, and the ratio
was significantly higher than in the elderly
group. Nearly half of the young patients (41.8%)
were found by examination of the tumor mass.
Hemoptysis was more frequently in the elderly
group than the young group. Most tumors were
located in the upper lobe of lung in both groups
(data was not shown).
Epidermal growth factor receptor (EGFR), ALK,
and ROS1 are important therapeutic targets of
lung cancer. The features of EGFR mutation,
which is frequently found in women, non-smokers, and those with adenocarcinoma, are well
described [14-16]. We compared the EGFR
mutation rates between young and elderly
patients and found no significant difference
between the two groups. As the most common
mutation types of EGFR, patients with 19Del
and L858R have different survival outcomes in
response to both EGFR-TKIs and chemotherapy
[17-19]. The mutation rates of 19Del and
L858R were basically the same in an unselected population. However, the distribution of the
two mutation types in young patients had an
obvious difference compared with elderly
patients. The mutation rate of 19Del was significantly higher than that of L858R in young
group, while the 19Del mutation rate was lower
than L858R in elderly group, and the results
are consistent with the Zhang’ report [20].
ALK and ROS1 rearrangement were frequently
found in young female patients [21, 22]. In this
study, we found that the positive rate of ALK in
young patients was significantly higher than
that in elderly patients, which was consistent
with previous studies. But we did not find any
young patients with ROS1 rearrangement, and
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no statistically significant difference with elderly group was observed which may be due to
small sample size.
Similar to earlier studies, young patients with
lung cancer in this study also showed different
features from the elderly patients, but the proportion of adenocarcinoma, well-differentiated
tumors, and females were more prevalent.
Lung cancer symptoms in young patients tend
to be hidden, so we should improve awareness
and vigilance in order to reduce misdiagnosis,
while calling on young people to realize the
importance of physical examination. In addition, young patients have different molecular
characteristics compared to elderly patients,
suggesting that both may have different mechanisms of tumorigenesis.
Disclosure of conflict of interest
None.
Address correspondence to: Zhen Chen, Department
of Pathology, The First Affiliated Hospital of Medical
College, Zhejiang University, Hangzhou 310003,
China. Tel: 86-0571-87236362; E-mail: 1512072@
zju.edu.cn

References
[1]
[2]

[3]

[4]

[5]

[6]
[7]

Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J and Jemal A. Global cancer statistics,
2012. CA Cancer J Clin 2015; 65: 87-108.
Chen W, Zheng R, Baade PD, Zhang S, Zeng H,
Bray F, Jemal A, Yu XQ and He J. Cancer statistics in China, 2015. CA Cancer J Clin 2016; 66:
115-132.
Kuo CW, Chen YM, Chao JY, Tsai CM and Perng
RP. Non-small cell lung cancer in very young
and very old patients. Chest 2000; 117: 354357.
Maruyama R, Yoshino I, Yohena T, Uehara T,
Kanematsu T, Kitajima M, Teruya T and Ichinose Y. Lung cancer in patients younger than
40 years of age. J Surg Oncol 2001; 77: 208212.
Awadh-Behbehani N, Al-Humood K, Ayed A,
Memon A and Ali A. Comparison between
young and old patients with bronchogenic carcinoma. Acta Oncol 2000; 39: 995-999.
Cancer IAfRo. WHO classification of tumours of
the lung, pleura, thymus and heart. 2015.
Goldstraw P, Chansky K, Crowley J, Rami-Porta
R, Asamura H, Eberhardt WE, Nicholson AG,
Groome P, Mitchell A, Bolejack V; International
Association for the Study of Lung Cancer Staging, Prognostic Factors Committee Advisory

Int J Clin Exp Pathol 2018;11(2):1031-1035

Clinicopathological and molecular features of young patients with lung cancer

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Boards, and Participating Institutions; International Association for the Study of Lung Cancer
Staging and Prognostic Factors Committee Advisory Boards and Participating Institutions.
The IASLC lung cancer staging project: proposals for revision of the TNM stage groupings in
the forthcoming (eighth) edition of the TNM
classification for lung cancer. J Thorac Oncol
2016; 11: 39-51.
Prasad R, Verma SK and Sanjay. Comparison
between young and old patients with bronchogenic carcinoma. J Cancer Res Ther 2009; 5:
31-35.
Zang EA and Wynder EL. Differences in lung
cancer risk between men and women: examination of the evidence. J Natl Cancer Inst
1996; 88: 183-192.
Shriver SP, Bourdeau HA, Gubish CT, Tirpak DL,
Davis AL, Luketich JD and Siegfried JM. Sexspecific expression of gastrin-releasing peptide receptor: relationship to smoking history
and risk of lung cancer. J Natl Cancer Inst
2000; 92: 24-33.
Chen TF, Jiang GL, Fu XL, Wang LJ, Qian H and
Zhao S. [Clinico-pathologic and prognostic
studies on lung adenocarcinoma patients under 40 years of age]. Zhonghua Zhong Liu Za
Zhi 2003; 25: 157-159.
Gong S, Sang C, Xu Z and Wang Y. [Clinicopathological characteristics of 130 cases of lung
cancer in the youth]. Zhongguo Fei Ai Za Zhi
2014; 17: 465-468.
Qu L, Qin H, Liu X, Gao H, Li J, Wang W, Tang C,
Guo W and Li X. [Clinic characteristics and
prognosis in 102 non-small cell lung cancer
patients less than 40 years old]. Zhongguo Fei
Ai Za Zhi 2013; 16: 73-77.
Shigematsu H, Lin L, Takahashi T, Nomura M,
Suzuki M, Wistuba, II, Fong KM, Lee H, Toyooka S, Shimizu N, Fujisawa T, Feng Z, Roth JA,
Herz J, Minna JD and Gazdar AF. Clinical and
biological features associated with epidermal
growth factor receptor gene mutations in lung
cancers. J Natl Cancer Inst 2005; 97: 339346.
Kosaka T, Yatabe Y, Endoh H, Kuwano H, Takahashi T and Mitsudomi T. Mutations of the epidermal growth factor receptor gene in lung
cancer: biological and clinical implications.
Cancer Res 2004; 64: 8919-8923.
Riely GJ, Pao W, Pham D, Li AR, Rizvi N, Venkatraman ES, Zakowski MF, Kris MG, Ladanyi M
and Miller VA. Clinical course of patients with
non-small cell lung cancer and epidermal
growth factor receptor exon 19 and exon 21
mutations treated with gefitinib or erlotinib.
Clin Cancer Res 2006; 12: 839-844.

1035

[17] Liu Y, Ren Z, Wang J and Zhang S. Epidermal
growth factor receptor-tyrosine kinase inhibitor
therapy is especially beneficial to patients with
exon 19 deletion compared with exon 21
L858R mutation in non-small-cell lung cancer:
Systematic review and meta analysis. Thorac
Cancer 2016; 7: 406-414.
[18] Furuyama K, Harada T, Iwama E, Shiraishi Y,
Okamura K, Ijichi K, Fujii A, Ota K, Wang S, Li H,
Takayama K, Giaccone G and Nakanishi Y.
Sensitivity and kinase activity of epidermal
growth factor receptor (EGFR) exon 19 and others to EGFR-tyrosine kinase inhibitors. Cancer
Sci 2013; 104: 584-589.
[19] Koyama N, Watanabe Y, Iwai Y, Kawamura R,
Miwa C, Nagai Y, Hagiwara K and Koyama S.
Distinct benefit of overall survival between patients with non-small-cell lung cancer harboring EGFR exon 19 deletion and exon 21 L858R
substitution. Chemotherapy 2017; 62: 151158.
[20] Zhang Y, He D, Fang W, Kang S, Chen G, Hong
S, Sheng J, Zhan J, Chen N, Hu Z, Xue C, Yang
Y, Ma Y, Qin T, Zhou T, Huang Y and Zhang L.
The difference of clinical characteristics between patients with exon 19 deletion and
those with L858R mutation in nonsmall cell
lung cancer. Medicine (Baltimore) 2015; 94:
e1949.
[21] Bergethon K, Shaw AT, Ou SH, Katayama R,
Lovly CM, McDonald NT, Massion PP, SiwakTapp C, Gonzalez A, Fang R, Mark EJ, Batten
JM, Chen H, Wilner KD, Kwak EL, Clark JW, Carbone DP, Ji H, Engelman JA, Mino-Kenudson M,
Pao W and Iafrate AJ. ROS1 rearrangements
define a unique molecular class of lung cancers. J Clin Oncol 2012; 30: 863-870.
[22] Soda M, Choi YL, Enomoto M, Takada S, Yamashita Y, Ishikawa S, Fujiwara S, Watanabe
H, Kurashina K, Hatanaka H, Bando M, Ohno
S, Ishikawa Y, Aburatani H, Niki T, Sohara Y,
Sugiyama Y and Mano H. Identification of the
transforming EML4-ALK fusion gene in nonsmall-cell lung cancer. Nature 2007; 448: 561566.

Int J Clin Exp Pathol 2018;11(2):1031-1035

