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Abstract. Adenocarcinoma is the most common histological
type of lung cancer in adolescents and young adults (AYAs;
˂50 years of age). However, few clinical trials that have inves‑
tigated systematic treatments regard AYAs as a special cohort,
and the differences in progression‑free survival (PFS) and
overall survival (OS) between AYAs and older adults is still
unclear. The present study compared clinical characteristics,
targetable genomic mutations, toxicity, efficacy and prognostic
response to systematic treatments in AYAs (n=251) and older
adults (n=1,098) who were diagnosed with lung adenocarci‑
noma between January 2013 and December 2017 at YueBei
People's Hospital (Shaoguan, China). Compared with older
adults, AYAs with lung adenocarcinoma were more frequently
female and non‑smokers, with a higher ratio of patients
receiving chemotherapy and targeted therapy, and fewer
untreated. More AYAs harbored targetable genomic muta‑
tions, including epidermal growth factor receptor (EGFR) and
anaplastic lymphoma kinase (ALK) mutations, while more
older adults harbored KRAS proto‑oncogene GTPase muta‑
tions. EGFR L858R was significantly more prevalent among
older adults, while 19Del was common in AYAs. AYAs showed
a higher objective response rate (ORR) and a lower grade 3‑4
treatment‑related adverse event (TRAE) percentage following
systematic chemotherapy, but shared a similar ORR and grade
3‑4 TRAE percentage with older adults following targeted
therapies. AYAs experienced a shorter progression‑free
survival time following EGFR‑tyrosine kinase inhibitor (TKI)
treatment due to the higher number of metastatic organs at
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the time of the initial cancer diagnosis. However, there was a
survival advantage of AYAs over older adults in terms of the
response to systemic chemotherapy, and an age of ˂50 years
was indicated as one of the positive predictors for OS time.
Overall, AYAs with lung adenocarcinoma harbored distinc‑
tive clinical and genomic characteristics, and exhibited PFS
and OS disadvantages following first‑line EGFR‑TKIs and
advantages following systematic chemotherapy. However, the
age‑related difference in prognosis existed solely in patients
who received systematic chemotherapy.
Introduction
Lung cancer is one of the most common malignant tumors
in the world. GLOBOCAN 2020 cancer statistics estimate
2.2 million new lung cancer cases and 1.8 million new lung
cancer‑associated deaths worldwide (1). With the increase of
age, the exposure to carcinogenic factors, such as smoking,
increases, and carcinogenic mutations accumulate, leading
to an increased risk of suffering from lung cancer. However,
according to cancer statistics in the United States and Japan,
4.5‑9.0% of lung cancer patients are <50 years old at the time
of the initial cancer diagnosis (2‑4). Due to the low proportion
of AYAs in lung cancer, there have been few studies (5‑7) on
the clinical characteristics, incidence of targetable genomic
mutations and prognosis in this group. In addition, conclusions
from these studies are not completely consistent.
Although previous studies used different ages for the
cut‑off value defining AYA patients, the results consistently
suggested that AYAs with lung cancer consisted of cases
predominantly with adenocarcinoma, a higher proportion of
females and patients who tended to present with advanced
disease (8‑10). Nevertheless, there were conflicting conclusions
on targetable genomic mutations and the prognosis of AYAs.
Some reports have shown that a significantly higher percentage
of young patients present with metastatic disease, resulting in
a shorter OS time compared with older adults (11,12), while
others showed that overall survival time was significantly
better or similar for younger patients compared with older
adults (2‑4,7,13‑15). The inconsistent conclusions on prognosis
between AYAs and older adults with lung cancer may be
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attributed to ethnic differences, pathological types, targetable
genomic mutations, treatment patterns and economic factors.
To date, most European and American lung cancer
screening guidelines recommend 55 years as the starting age
for lung cancer screening by low‑dose computed tomography,
while China's National Lung Cancer Screening Guideline with
Low‑dose Computed Tomography (2015 and 2018 version)
recommends starting in high‑risk individuals at 50 years of
age (16,17). Therefore, the present study used 50 years as the
age cut‑off value for defining AYA patients. In this study, the
incidence and clinical characteristics of AYAs in patients
with lung adenocarcinomais comprehensively investigated.
Additionally, since targeted therapy and systematic chemo‑
therapy were found to be the main treatment patterns for lung
adenocarcinoma, the study also analyzed whether age influ‑
enced toxicity, efficacy and prognostic response to treatment.
Materials and methods
Data source. The data for all patients with lung malignancies
treated in YueBei People's Hospital (Shaoguan, China) between
January 2013 and December 2017 were extracted by identi‑
fying the diagnostic code C34 (ICD‑10‑CM) in the discharged
patients database. This hospital is the biggest tertiary hospital
in Shaoguan. The number of outpatient and inpatient visits is
~1.45 million and ~0.12 million per year, respectively. Patients
admitted to this hospital are mainly residents of this city.
Lung adenocarcinoma had been pathologically diagnosed
according to pathological morphology and positive thyroid
transcription factor‑1, NapsinA or Alcian blue, and periodic
acid Schiff staining in tumor cells. Patients included in this
study were staged according to the eighth edition of the
Tumor‑Node‑Metastasis (TNM) criteria of the American Joint
Committee on Cancer in conjunction with The American
College of Radiology Appropriateness Criteria (18). This study
was a retrospective analysis of patient medical records, and
ethical approval was obtained from the Institutional Ethics
Committee of YueBei People's Hospital and is not considered
subject to the Medical Research Involving Human Subjects
Act.
Patients. Inclusion criteria for patients with lung malignancy
or lung adenocarcinoma were as follows: Age of ≥18 years;
and pathological diagnosis of de novo lung cancer between
January 2013 and December 2017. Exclusion criteria:
Concomitant cancer at the time of or within 5 years of the
lung cancer diagnosis (except for cancers in situ). For multiple
hospital visits by the same patient, the first visit that met the
inclusion and exclusion criteria was selected.
A total of 3,218 patients coded C34 were registered in the
discharged patients database. Patients who were diagnosed
and treated at other hospitals before January 2013 (n=297),
were without original pathological data (n=21), were <18 years
old (n=1), had mixed tumors (n=36) or tracheal tumors
(n=3), and those suffering from other malignant tumors in
the past 5 years (n=65) were excluded from the analysis. In
total, this study included 2,795 eligible lung malignancies,
among which 1,349 cases were of lung adenocarcinoma.
There were 807 males and 542 females, with a median age
of 61 years (range, 52‑68 years). Eligible patients with lung

adenocarcinoma were grouped by their age at the time of
the initial cancer diagnosis. Targetable genomic mutation
sequencing, including that for epidermal growth factor
receptor (EGFR), anaplastic lymphoma kinase (ALK), ROS
proto‑oncogene 1 receptor tyrosine kinase (ROS1) and KRAS
proto‑oncogene GTPase (KRAS), was recorded as performed
in 637 patients. First‑line systemic treatments were categorized
as targeted therapy [EGFR‑tyrosine kinase inhibitors (TKIs)
and ALK/ROS1‑TKIs] and systematic chemotherapy with
or without radiotherapy. In a subsequent analysis of toxicity,
efficacy and prognostic response to treatments, those who had
received targeted therapy without targetable genomic muta‑
tions sequencing and those who had not completed at least two
cycles of chemotherapy were excluded.
Clinical assessments and follow‑up. Generally, radiographic
assessments were performed at baseline, then every 3 months
for patients receiving targeted therapy, every two or three
cycles for chemotherapy, and every 3 months thereafter until
the progression of disease (PD). Response Evaluation Criteria
in Solid Tumors v.1.1 guidelines were used for the assessment
of response, progression or stability of disease resulting from
systematic treatments (19). Treatment‑related adverse events
(TRAEs) were graded according to the Common Terminology
Criteria for Adverse Events, version 4.0 (20). After PD,
survival information was obtained from the medical records
or by telephone interview. The follow‑up data cut‑off was set
as December 1, 2021.
Statistical analysis. Categorical variables were presented as
counts (percentage) and were compared using Pearson's χ2 or
Fisher's exact test, as appropriate. All continuous variables
were tested with Kolmogorov‑Smirnov and the Shapiro‑Wilk
tests, continuous variables of normal distribution are expressed
as the mean ± standard deviation and were analyzed using a
unpaired t‑test, and partial distribution is expressed as the
median (inter‑quartile‑range) and was analyzed using the
Mann‑Whitney U test. The survival probability was estimated
by the Kaplan‑Meier method and compared between the two
groups using log‑rank tests. Multivariate Cox regression models
were applied to evaluate predictors of survival. Statistical
analyses were performed using SPSS software (version 26.0;
IBM Corp.). The results were based on two‑sided tests and
P<0.05 was considered to indicate a statistically significant
difference.
Results
Epidemiological characteristics. A total of 2,795 patients
were pathologically diagnosed with primary lung malig‑
nancy during the 5 years, among who 410 (14.7%) were aged
<50 years at the time of the initial cancer diagnosis. Notably,
overall stability in the ratio of AYAs was observed from the
year 2013 to 2017 (χ2=5.271, P=0.261) (Fig. 1A). Subsequently,
the percentage of pathological types over different age groups
was analyzed (Fig. 1B). It was shown that rare pathological
types (others), such as carcinoid, lymphoepithelial carcinoma
and sarcoma, were common in patients <30 years of age (5/12;
41.7%), but the sample size was very small. The percentage
of adenocarcinoma peaked at 30‑39 years of age (71.2%;
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Figure 1. (A) The ratio of AYAs in patients with lung malignancy presenting between 2013 and 2017. (B) Incidence of various histological types of lung
malignancy in each age group. (C) The proportion of femalesamong the patients with lung malignancy in each age group. (D) The number of AYAs among the
patients with lung adenocarcinoma per year between 2013 and 2017. (E) The proportion of femalesamong the patients with lung adenocarcinoma in each age
group. AYAs, adolescents and young adults; ADC, adenocarcinoma; SCC, squamous cell carcinoma; SCLC, small cell lung cancer.

37/52), then decreased with increasing age. The incidence of
squamous cell carcinoma increased with age until 60 years
old, then slowly decreased with increasing age. The ratio of
small cell lung cancer (SCLC) decreased from 16.7% (2/12)
in patients under 30 years of age to 3.8% (2/52) in the group
aged 30‑39 years, then increased with age until 60 years old
and slowly decreased again with increasing age. During the
study period, 10.5% (293/2,795) of patients had not been
accurately diagnosed by immunohistochemical staining due

to insufficient tumor cells in the biopsy, bronchoalveolar fluid
or hydrothorax, and refused another invasive examination due
to the lack of treatment willingness. The ratio of females was
also analyzed over the five age groups, and it was shown that
the proportion of females dropped markedly in the groups
>50 years of age, with the exception of the group >80 years of
age (Fig. 1C).
During the 5 years, 1,349 of the 2,795 lung malignancies
(48.3%) were diagnosed as adenocarcinoma, with AYAs
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Table I. Clinical characteristics and treatment patterns of AYAs and older adults with lung adenocarcinoma.
Variables

AYAs (n=251)

Older adults (n=1,098)

Median age (range), years
45 (41‑48)
63 (58‑70)
Sex, n (%)			
Male
120 (47.8)
687 (62.6)
Female
131 (52.2)
411 (37.4)
Smoking status, n (%)			
Now/ever
83 (33.1)
644 (58.7)
Never
168 (66.9)
454 (41.3)
Lobe, n (%)			
Right
143 (57.0)
677 (61.7)
Left
105 (41.8)
398 (36.2)
Bilateral
3 (1.2)
23 (2.1)
Location, n (%)			
Central
24 (9.6)
149 (13.6)
Peripheral
227 (90.4)
949 (86.4)
Maximal lesion size, n (%)			
≤3 cm
86 (34.3)
322 (29.3)
˃3 and ≤5 cm
116 (46.2)
575 (52.4)
˃5 and ≤7 cm
41 (16.3)
172 (15.7)
˃7 cm
8 (3.2)
29 (2.6)
TNM stage (8th AJCC), n (%)			
I
24 (9.6)
81 (7.4)
II
27 (10.8)
138 (12.6)
III
47 (18.7)
225 (20.5)
IV
153 (60.9)
654 (59.5)
First‑line treatment strategies, n (%)			
Surgery
61 (24.3)
220 (20.0)
Chemotherapy
74 (29.5)
235 (21.4)
Targeted therapy
77 (30.7)
193 (17.6)
Other treatments
2 (0.8)
21 (1.9)
Untreated
37 (14.7)
429 (39.1)

P‑value
<0.001a,b
<0.001a
<0.001a
0.192

0.087
0.329

0.535

0.133
0.006a
<0.001a
0.336
<0.001a

P<0.05. All categorical variables were compared using χ2 or Fisher's exact test, as appropriate. bThe median age was compared using
Mann‑Whitney U test. AYAs, adolescents and young adults; AJCC, American Joint Committee on Cancer; TNM, Tumor‑Node‑Metastasis.
a

accounting for 18.6% (251/1,349) of cases. Similarly, the
percentage of AYAs in lung adenocarcinoma remained stable
between 2013 and 2017 (χ2=3.965; P=0.411) (Fig. 1D). In each
of the three groups aged <50 years, the proportion of females
was ≥50%; the group aged 30‑39 years reached the highest
percentage of 62.2% (23/37), then the rate dropped to <40%
until the group aged >80 years, in which the ratio of females
was >50% again (Fig. 1E).
Clinical features. Clinical characteristics and treatment
patterns of lung adenocarcinoma were compared between
AYAs and older adults (Table I). Compared with older
adults, AYAs had a significantly higher proportion of females
(52.2 vs. 37.4%; P<0.001) and non‑smokers (66.9 vs. 41.3%;
P<0.001). More AYAs were treated with first‑line chemo‑
therapy (29.5 vs. 21.4%; P=0.006) and targeted therapy (30.7
vs. 17.6%; P<0.001), while more older adults did not receive

any antitumor therapy (39.1 vs. 14.7%; P<0.001). There was
no difference in tumor stage between the two age groups.
Targetable genomic mutation sequencing and targeted drugs
were not covered by basic medical insurance until 2017 in
China, and cisplatin‑containing chemotherapy was the main
available systematic treatment for lung cancer for 5 years. Our
previous study (21) showed that old age was one of the factors
independently associated with patients being untreated, and
fear of the TRAEs of chemotherapy was the top reason.
In comparing pathological characteristics of the two age
groups that received complete resection (Table SI), AYAs were
similar to older adults in terms of main microscopic pattern,
T stage, N stage, Tumor‑Node‑Metastasis stage, and the ratio
of patients with >5% of the micropapillary subtype in tumor
tissue.
Information on targetable genomic mutations was obtained
in 637 patients (124 AYAs and 513 older adults) (Table II).
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Table II. Targetable genomic mutations of lung adenocarcinoma in AYAs and older adults.
Variables

AYAs (n=124)

Older adults (n=513)

Sex, n (%)			
Male
49 (39.5)
295 (57.5)
Female
75 (60.5)
218 (42.5)
EGFR, n (%)			
Mutation
76 (61.3)
168 (32.7)
19Del
41 (53.9)
72 (42.9)
L858R
28 (36.8)
87 (51.8)
Others
7 (9.2)
9 (5.4)
Wild‑type
48 (38.7)
345(67.3)
ALK, n (%)			
Mutation
14 (11.3)
28 (5.5)
Wild‑type
110 (88.7)
485 (94.5)
ROS1, n (%)			
Mutation
1 (0.8)
3 (0.6)
Wild‑type
123 (99.2)
510 (99.4)
KRAS, n (%)			
Mutation
6 (4.8)
65 (12.7)
Wild‑type
118 (95.2)
448 (87.3)

P value
<0.001a
<0.001a
0.080b
0.108
0.030a
0.260
‑
0.019a
NA
0.013a

P<0.05. All categorical variables were compared using χ2 or Fisher's exact test, as appropriate. bMultiple comparisons were performed to
analyze the distribution of 19Del, L858R and other EGFR mutations between AYAs and older adults. AYAs, adolescents and young adults;
NA, not available; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; ROS1, ROS proto‑oncogene 1 receptor
tyrosine kinase; KRAS, KRAS proto‑oncogene GTPase.
a

EGFR mutations (61.3 vs. 32.7%; P<0.001) and ALK rear‑
rangements (11.3 vs. 5.5%; P=0.019) were more prevalent in
AYAs, while KRAS mutations (12.7 vs. 4.8%; P=0.013) were
more prevalent in older adults. Further analysis showed that
EGFR 19Del was more prevalent in AYAs (53.9 vs. 42.9%;
P= 0.108), but the difference was not statistically significant,
while EGFR L858R was more common in older adults (51.8
vs. 36.8%; P=0.030). The analysis revealed that the incidence
of targetable genomic mutations was age‑dependent and
showed a clear decrease with increasing age (Fig. 2). In the
youngest AYA patient group between 18 and 29 years of age,
all 4 patients harbored targetable genomic mutations, while
only 25% of patients 80 years and older harbored targetable
genomic mutations.
Efficacy and toxicity of systematic treatment. The objective
response rate (ORR) of the two groups of patients strati‑
fied by first‑line anti‑EGFR, anti‑ALK/ROS1 (crizotinib
was the only drug approved for first‑line use during the
study period) and at least two cycles of cisplatin‑containing
chemotherapy was compared, as shown in Table III.
There was no significant difference in ORR between the
two groups after first‑line anti‑EGFR (70.3 vs. 76.8%;
P=0.307) and anti‑ALK/ROS1 (84.6 vs. 96.6%; P=0.222),
while there was a higher ORR in AYAs than that of older
adults (35.1 vs. 22.6%; P= 0.030) in response to first‑line
cisplatin‑containing chemotherapy.
There was no difference in the occurrence of grade 3‑4
TRAEs between AYAs and older adults following anti‑EGFR

Figure 2. Incidence of L858R, 19Del, rare EGFR, ALK, ROS1 and KRAS
mutations in each age group. EGFR, epidermal growth factor receptor; ALK,
anaplastic lymphoma kinase; ROS1, ROS proto‑oncogene 1 receptor tyrosine
kinase; KRAS, KRAS proto‑oncogene GTPase.

(32.8 vs. 27.4%; P=0.421) and anti‑ALK/ROS1 (23.1 vs.
27.6%; P=0.942) treatment. Following treatment with cispl‑
atin‑containing chemotherapy, older adults more frequently
developed grade 3‑4 TRAEs than AYAs (52.7 vs. 66.4%;
P=0.033) (Fig. 3). Furthermore, older adults more frequently
developed grade 3‑4 neutropenia than AYAs (14.9 vs. 28.9%;
P=0.016), but the difference in the incidence of other grade 3‑4
TRAEs between the two groups was not significant (Table SII).
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Table III. Clinical response following systemic treatment in
AYAs and older adults.
Treatment

AYAs

Older adults

P‑value

Anti‑EGFRa			
CR
8 (12.5)
10 (6.1)
PR
37 (57.8)
116 (70.7)
SD
15 (23.4)
17 (10.4)
PD
4 (6.3)
21 (12.8)
ORR
45 (70.3)
126 (76.8)
0.307
b
Anti‑ALK/ROS1
		
CR
2 (15.4)
6 (20.7)
PR
9 (69.2)
22 (75.9)
SD
2 (15.4)
1 (3.4)
PD
0 (0.0)
0 (0.0)
ORR
11 (84.6)
28 (96.6)
0.222
c,d
Chemotherapy
		
CR
2 (2.7)
4 (1.7)
PR
24 (32.4)
49 (20.9)
SD
19 (25.7)
76 (32.3)
PD
26 (35.1)
84 (35.7)
ORR
26 (35.1)
53 (22.6)
0.030e
AYAs, n=64; older adults, n=164. bAYAs, n=13; older adults, n=29.
AYAs, n=74; older adults, n=235. dWith or without radiotherapy or
antiangiogenic agents such as bevacizumab. eP<0.05. ORRs between
AYAs and older adults for response to different systemic treatments
were compared using the χ2 test. AYAs, adolescents and young adults;
CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease; ORR, objective response rate; EGFR, epidermal
growth factor receptor; ALK, anaplastic lymphoma kinase; ROS1,
ROS proto‑oncogene 1 receptor tyrosine kinase.
a
c

Prognosis and predictors of systematic treatment. The
prognosis of AYAs was significantly worse than that of older
adults treated with first‑line anti‑EGFR, as shown in Fig. 4A.
The PFS time was significantly shorter in AYAs than in older
adults (median, 9 vs. 11 months; P=0.011). The OS time was
also shorter in AYAs than in older adults (median, 17 vs.
21 months; P=0.040). In the multivariate survival analysis
(Table IV), bone metastasis (HR, 2.021; 95% CI, 1.471‑2.762;
P<0.001), liver metastasis (HR, 5.154; 95% CI, 3.005‑8.838;
P<0.001) and the number of metastatic organs (HR, 1.772;
95% CI, 1.482‑2.119; P<0.001) were negative predictors of
PFS following first‑line EGFR‑TKI treatment, rather than age
<50 years. Previous studies have indicated sex‑based differ‑
ences in survival in lung cancer (22‑24). Therefore, sex was
added to the multivariate model, but it was found to have a
negligible impact on the results of the sex‑adjusted multivariate
model (Table IV). The metastasis patterns of the two groups
were further compared. The results showed that there was
no significant difference in the incidence of bone metastasis
(53.1 vs. 45.1%; P=0.277) and liver metastasis (7.8 vs. 7.3%;
P=0.898); however, the number of metastatic organs in AYAs
was greater than that in older adults (P=0.015) (Table SIII).
After first‑line anti‑ALK/ROS1 treatment, there was
no significant difference in PFS and OS time between the
two groups, as shown in Fig. 4B. The median PFS time was
9 months (95% CI, 5.9‑12.5) in the AYAs and 12 months
(95% CI, 8.5‑15.5) in older adults (P=0.085). The mOS
time was 16 months (95% CI, 14.3‑17.8) in the AYAs and
17 months (95% CI, 10.0‑24.0) in the older adults (P=0.351).
Due to the small sample size, predictors of survival of first‑line
anti‑ALK/ROS1 treatment could not be evaluated.
Compared with older adults, AYAs exhibited PFS and OS
advantages following first‑line cisplatin‑containing chemo‑
therapy (Fig. 4C), with a longer PFS time (median, 9 vs.
6 months; P=0.001) and OS time (median, 15 vs. 12 months;
P<0.001). As patients may receive different cycles and chemo‑
therapy regimens, multivariate Cox regression was performed
to evaluate predictors of OS rather than PFS following
cisplatin‑containing chemotherapy. The results showed that
liver metastasis (HR, 2.635; 95% CI, 1.542‑4.504; P<0.001),
brain metastasis (HR, 1.571; 95% CI, 1.058‑2.332; P=0.025)
and the number of metastatic organs (HR, 1.723; 95% CI,
1.500‑1.979; P<0.001) were negative predictors of OS, while
age <50 years was a positive predictor (HR, 0.706; 95% CI,
0.539‑0.925; P=0.012) (Table V). The sex‑adjusted results also
showed that sex had no impact on the multivariate analysis
of OS in patients who received first‑line cisplatin‑containing
chemotherapy (Table V).
Discussion

Figure 3. Incidence of grade 3‑4 TRAEs following first‑line systemic
treatment for lung adenocarcinoma in AYAs and older adults. TRAEs, treat‑
ment‑related adverse events; AYAs, adolescents and young adults; EGFR,
epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; ROS1,
ROS proto‑oncogene 1 receptor tyrosine kinase.

Adenocarcinoma is the most common pathological type of
lung cancer, accounting for about one‑half of all lung cancer
cases (25,26). Together with the other pathological types of
lung cancer, lung adenocarcinoma mainly occurs in older
patients, but it is not uncommon in adolescents or young
adults <50 years old (27,28). The present study observed that
AYAs accounted for 18.6% of lung adenocarcinoma, with a
stable tendency between 2013 and 2017. This study, with its
large cohort of patients with lung adenocarcinoma, explored
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Figure 4. Survival curves were created by Kaplan‑Meier survival analysis. PFS and OS of patients following (A) first‑line EGFR‑TKI treatment, (B) first‑line
ALK/ROS1‑TKI treatment and (C) first‑line systemic chemotherapy. The red line indicates AYAs and the blue line indicates older adults. P‑values were
calculated using the log‑rank test. AYAs, adolescents and young adults; OS, overall survival; PFS, progression‑free survival; EGFR, epidermal growth factor
receptor; ALK, anaplastic lymphoma kinase; ROS1, ROS proto‑oncogene 1 receptor tyrosine kinase; TKI, tyrosine kinase inhibitor.

the incidence, clinical characteristics, targetable genomic
mutations and prognosis of AYAs. Furthermore, the large
number of patients in the cohort provided statistical power of

data analysis on predictors of survival stratified by first‑line
treatment patterns. AYAs with lung adenocarcinoma were
more frequently female and non‑smokers. Targetable genomic

a

P<0.05. Multivariate analysis adjusted variables: Age <50 years, location of tumor, uncommon EGFR mutations (others), bone metastasis, lung metastasis, pleura metastasis, liver metastasis, renicapsule
metastasis and number of metastatic organs.

Age (<50 vs. ≥50 years)
1.385 (1.028‑1.866)
0.032a
1.276 (0.938‑1.737)
0.121		
Sex (male vs. female)
0.939 (0.711‑1.240)
0.657				
EGFR mutation site						
19del
1.091 (0.834‑1.428)
0.524				
L858R
0.829 (0.633‑1.086)
0.173				
Others
1.600 (0.944‑2.712)
0.081				
Location of tumor (central vs. peripheral)
1.491 (0.966‑2.303)
0.071				
Smoking behavior (yes vs. no)
0.865 (0.634‑1.181)
0.361				
Maximal lesion size, n (%)						
≤3 cm
Reference					
˃3 and ≤5 cm
0.875 (0.420‑1.822)
0.721				
˃5 and ≤7 cm
0.715 (0.348‑1.470)
0.362				
˃7 cm
0.748 (0.346‑1.619)
0.461				
Metastatic organs						
Bone
2.686 (2.017‑3.576)
<0.001a
2.021 (1.471‑2.762)
<0.001a
2.074 (1.506‑2.858)
<0.001a
a
Lung
1.395 (1.062‑1.833)
0.017
1.275 (0.925‑1.758)
0.138		
Pleura
1.272 (0.967‑1.674)
0.085				
Liver
3.519 (2.090‑5.923)
<0.001a
5.154 (3.005‑8.838)
<0.001a
5.285 (3.075‑9.085)
<0.001a
Brain
1.103 (0.823‑1.479)
0.511				
Renicapsule
1.694 (1.000‑2.872)
0.050				
Number of metastatic organs (reference=0 metastatic organs)
2.021 (1.721‑2.373)
<0.001a
1.772 (1.482‑2.119)
<0.001a
1.764 (1.474‑2.112)
<0.001a

			Sex‑adjusted
Univariate Cox regression
Multivariate analysis
multivariate analysis
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑
Variables
HR (95% CI)
P‑value
HR (95% CI)
P‑value
HR (95% CI)
P‑value

Table IV. Multivariate Cox regression analysis for predictors of progression‑free survival of patients following EGFR‑tyrosine kinase inhibitor treatment.
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<0.001a

<0.001a
0.025a

0.015a

a

P<0.05. Multivariate analysis adjusted variables: Age <50 years, sex, smoking behavior, bone metastasis, lung metastasis, pleura metastasis, liver metastasis, brain metastasis, renicapsule metastasis and
number of metastatic organs.

Age (<50 vs. ≥50 years)
0.720 (0.550‑0.941)
0.016a
0.706 (0.539‑0.925)
0.012a
0.708 (0.536‑0.934)
Sex (male vs. female)
1.259 (0.958‑1.654)
0.098				
Location of tumor (central vs. peripheral)
1.174 (0.834‑1.653)
0.357				
Smoking behavior (yes vs. no)
1.663 (1.320‑2.094)
<0.001a
0.960 (0.725‑1.272)
0.778		
Maximal lesion size, n (%)						
≤3 cm
Reference					
˃3 and ≤5 cm
0.607 (0.299‑1.234)
0.168				
˃5 and ≤7 cm
0.992 (0.505‑1.948)
0.980				
˃7 cm
1.727 (0.867‑3.442)
0.120				
Metastatic organs						
Bone
2.177 (1.676‑2.829)
<0.001a
1.262 (0.817‑1.950)
0.237		
Lung
2.104 (1.617‑2.737)
<0.001a
1.378 (0.906‑2.096)
0.134		
Pleura
1.823 (1.352‑2.458)
<0.001a
0.958 (0.723‑1.268)
0.762		
a
Liver
5.408 (3.238‑9.034)
<0.001
2.635 (1.542‑4.504)
˂0.001a
2.639 (1.542‑4.517)
a
Brain
2.914 (2.043‑4.157)
<0.001
1.571 (1.058‑2.332)
0.025a
1.572 (1.058‑2.337)
Renicapsule
1.557 (1.052‑2.305)
0.027a
1.286 (0.820‑2.017)
0.272		
Number of metastatic organs (reference=0 metastatic organs)
1.890 (1.676‑2.132)
<0.001a
1.723 (1.500‑1.979)
<0.001a
1.721 (1.496‑1.980)

			Sex‑adjusted
Univariate Cox regression
Multivariate analysis
multivariate analysis
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables
HR (95% CI)
P‑value
HR (95% CI)
P‑value
HR (95% CI)
P‑value

Table V. Multivariate Cox regression analysis for predictors of overall survival of patients following systematic chemotherapy.
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mutations were more prevalent in AYAs, while KRAS muta‑
tions were more prevalent in older adults. There was no
difference in efficacy and toxicity response to targeted therapy
between AYAs and older adults, but older adults experienced
a higher incidence of grade 3‑4 TRAEs and a lower ORR
following chemotherapy. Genomic profiling, efficacy and
toxicity response to chemotherapy translated into distinct
first‑line treatment patterns, where more AYAs were treated
with targeted therapy and systematic chemotherapy, while
more older adults refused medical treatment. Patients with
lung adenocarcinoma and co‑existing bone metastasis, liver
metastasis and a larger number of metastatic organs, rather
than those of a younger age, experienced a shorter PFS time
following first‑line EGFR‑TKI treatment. By contrast, there
were PFS and OS advantages for AYAs over older adults in
terms of the response to chemotherapy, and an age <50 years
was shown to be a positive predictor of OS.
To date, the historical pattern of a higher incidence of lung
cancer among men has never reversed, which is an attribute
likely to be associated with differences in smoking behaviors.
Consistent with most previous reports (29‑31), the present
study found that there was a significantly higher proportion
of females among the AYAs than among the older adults, and
nearly all of the females in this cohort were non‑smokers.
Therefore, this sex difference could not be explained by
smoking behavior at all. Some studies have indicated the
potential contribution of second‑hand smoke, residential
radon gas and cooking oil fumes to the early onset of lung
cancer in females (30‑32), but these hypotheses lack direct
evidence. Some hypotheses have proposed that women may be
more susceptible to the deleterious effects of tobacco carcino‑
gens (33). However, several prospective studies have not been
able to replicate any results showing that women were at a
higher risk of lung cancer than men at comparable levels of
exposure to cigarette smoking (34,35). Zhang et al (36) also
found that no smoking‑related genomic changes were detected
in lung cancer from passive smoking. Therefore, it is necessary
to further explore other etiologies that could be responsible for
the higher incidence of lung adenocarcinoma in young women
compared with young men.
The present study did not detect a significant difference in
the distribution of histological subtype in completely resected
lung adenocarcinoma between the two age groups studied.
However, the genomic profiling of AYAs was significantly
different from that of older adults. AYAs more frequently
harbored EGFR and ALK mutations compared with older
adults, while more older adults presented with KRAS muta‑
tions. Furthermore, the study revealed that the presence of
targetable genomic mutations was age‑dependent and that
the incidence decreased with increasing age. Previous studies
have shown conflicting results on the incidence of EGFR
mutation in young patients when compared with the older
population. Some previous Asian studies showed that the
incidence of EGFR mutations in young patients with lung
adenocarcinoma was higher than that of old patients (37,38).
However, a prospective epidemiological survey on EGFR
mutations in Asian patients with lung adenocarcinoma did not
find any significant correlation with age (39). Nevertheless,
the study included patients from seven Asian regions, among
which the incidence of EGFR mutations fluctuates from

22.2% in India to 64.2% in Vietnam. Therefore, the results
of the univariate analysis of age might be influenced by
ethnicity. There were also very few studies that showed that
the incidence of EGFR mutations in young patients was lower
than that in old patients (11,40). The striking finding of these
studies was that the ALK mutation was the most common
targetable genomic mutation in young patients, with signifi‑
cantly higher levels than those of older patients. In addition,
the present study demonstrated a different distribution of
EGFR mutation genotypes of lung adenocarcinoma between
the two age groups. The study showed that EGFR‑19del
was comparatively common in AYAs (but not significantly
different), while EGFR‑L858R was more prevalent in older
adults, consistent with previous Asian estimates (11,40,41).
The IPASS and ENSURE studies have shown that a subset
of tumors with EGFR‑19del had better clinical outcomes
than L858R tumors following EGFR‑TKI treatment (42,43).
Nevertheless, the present study did not find a PFS advantage
for AYAs benefiting from EGFR‑19del. The statistically
non‑significant difference in the incidence of EGFR‑19del
between the two age groups and the fact that AYAs more
frequently presented with uncommon EGFR mutations (9.2
vs. 5.4%) might weaken the advantages from the genomic
subset. The prevalence of ALK rearrangement is as much
as 3‑6% in lung adenocarcinoma, ranking only second to
EGFR (44,45). The present findings support those of most
previous studies that found ALK mutation to be more abun‑
dant in AYAs than in older adults. Mutations in EGFR and
ALK may generally be early events during the carcinogenesis
of lung adenocarcinoma, appearing several years before the
tumors are clinically evident (32,46). A possible explanation
for targetable genomic mutations being more prevalent in
AYAs than in older adults may be that mutations of EGFR
and ALK are not only the characteristic of young patients but
also the genomic etiologies of the early onset of cancer.
Due to the lower ratio of patients with targetable genomic
mutations in older adults, cisplatin‑containing chemo‑
therapy is supposed to be a standard treatment according to
clinical practice guidelines. However, in the present study,
a lower proportion of patients receiving chemotherapy
and a significantly higher proportion of untreated patients
was observed in older adults compared with that in AYAs.
Stinchcombe et al (47) previously indicated that chemo‑
therapy was more toxic to older patients, with shorter OS
time and a higher mortality rate during treatment compared
with that of young patients. The finding of the present study
indicated a similar conclusion that older adults suffered from
more grade 3‑4 TRAEs resulting from chemotherapy, which
may be responsible for a considerable number of patients
remaining untreated. In addition, the study indeed showed
that an age of ≥50 years was one of the negative predictors of
OS response to chemotherapy. A total of 28.9% of older adults
suffered from grade 3‑4 neutropenia following chemotherapy,
suggesting that older patients receiving chemotherapy should
be cautious of hematotoxicity. Conventional cytotoxic chemo‑
therapeutic agents suffer from extensive toxicity (48), which
in numerous instances has limited their clinical utilization. In
the past decade, conventional cytotoxic drugs have gradually
been supplanted by chemotherapy‑free regimens comprising
diverse immunotherapy and/or targeted agents (49,50).
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It has been reported that KRAS signaling may stabilize
programmed death‑ligand 1 mRNA by post‑transcriptional
regulation; therefore, it was identified as a positive predictive
biomarker for tumor response to first‑line immune checkpoint
inhibitors, especially when co‑existing with tumor protein
p53 mutation (51,52). Moreover, small molecule antiangio‑
genic drugs, such as arotinib, combined with programmed
cell death protein 1 blockade, have achieved encouraging
efficacy and manageable toxicity in negative driver gene
mutation non‑SCLC (NSCLC) (53). This indicates that
chemotherapy‑free regimens should be performed in first‑line
rather than second‑ or later‑line treatments of relapsed cancer
in old patients.
Prognosis in young patients with lung adenocarcinoma
compared with that in older patients is controversial. This is
probably influenced by treatment patterns according to the
stage and genomic profiling. In the current study, most of
the patients with lung adenocarcinoma presented with meta‑
static disease; thus, systematic treatments, such as targeted
therapy and chemotherapy, were the main first‑line treatment
patterns. The present study investigated the predictors and
prognosis of lung adenocarcinoma stratified by treatment
patterns. A significantly worse prognosis was observed for
AYAs treated with first‑line EGFR‑TKIs compared with
older adults. Between 2013 and 2017, only one generation of
EGFR‑TKIs, including gefitinib, erlotinib and icotinib, were
approved for first‑line treatment in lung cancer with EGFR
mutations. Therefore, the differences in drugs could not be
responsible for the discrepancy in survival. These results
were consistent with previous studies. Although these studies
used different age cut‑off values to define AYA patients, their
results showed that young patients with lung cancer have a
poor prognosis even if they harbor EGFR mutations (5,10,12).
The same phenomenon was observed in patients with other
tumors. Panian et al (54) observed that, although OS time
was similar between age groups, younger individuals with
advanced renal cell carcinoma treated with targeted therapy
had a shorter PFS time. The present study showed that bone
metastasis, liver metastasis and the number of metastatic
organs, rather than age, were independent predictors of PFS
following EGFR‑TKI treatment. Further analysis revealed
that a higher number of metastatic organs at the time of the
initial cancer diagnosis in AYAs indirectly contributed to a
shorter PFS time. A study by Bryant and Cerfolio (55) not
only found that young patients were more likely to be symp‑
tomatic at the time of diagnosis, which generally indicated
an advanced disease stage, but also emphasized a greater
delay in seeking medical treatment in this population. In
addition, Zhang et al (36) and Durham et al (56) revealed
that cells with activating receptor tyrosine kinase have an
incomparable advantage in terms of growth. Accordingly,
the delay in diagnosis and rapid progress of cancer with
EGFR mutations predisposed patients to a high tumor load,
which led to a worse prognosis. This indicates that more
aggressive treatments should be added to EGFR‑TKIs to
improve the prognosis of AYAs. Adding the use of immuno‑
therapy in patients harboring targetable genotypes remains
controversial. However, most published reports found that
compared with EGFR‑TKIs alone, EGFR‑TKIs combined
with platinum plus pemetrexed improved the PFS and OS
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time of untreated advanced NSCLC with EGFR mutations,
but possibly increased the toxicity (57‑59). The present study
indicated that EGFR‑TKIs combined with chemotherapy
should be given higher priority in AYAs for the following
two reasons: i) A worse prognosis of AYAs with EGFR muta‑
tions resulted in a demand for more aggressive treatments;
and ii) the lower incidence of grade 3‑4 TRAEs in AYAs
receiving chemotherapy resulted in more favorable toler‑
ability (57,60,61).
There are certain limitations to the present study. Firstly,
there are several limitations inherent to a real‑world retrospec‑
tive study, including potential misclassification of diagnostic
records, non‑standard clinical data on disease staging and
dose reduction in chemotherapy‑treated patients to avoid
medical risks. Secondly, this study was conducted at a single
institution, and a single geographic and demographic loca‑
tion limits the representativeness of the results. Thirdly, in
second‑line and subsequent line treatments, the crossover of
targeted therapy and chemotherapy was not taken into account
in this study, which may result in potential unreliability in OS
data. Fourthly, targetable genomic alteration sequencing was
not performed in all patients during the 5 years. Furthermore,
some patients with lung cancer were excluded due to an inac‑
curate pathological diagnosis. The proportion of AYAs may
have been overestimated, as older patients were more likely to
abandon treatment.
In conclusion, lung adenocarcinoma in young patients
<50 years of age is a common entity that harbors distinctive
clinical and genomic characteristics. Although targetable
genomic mutations have a higher prevalence in young patients,
the AYAs frequently presented with multi‑organ metas‑
tasis indirectly responsible for a worse prognosis following
EGFR‑TKI treatment. An age of <50 years is the predominant
positive factor that is associated with OS time in patients
receiving first‑line chemotherapy. The present study results
support the combination of EGFR‑TKIs and chemotherapy
as a potential treatment pattern for young patients with lung
adenocarcinoma and EGFR mutations.
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