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Introduction

Lung cancer presented the worst morbidity and mortality 
statistics among all diseases worldwide in 2022, with 
approximately 2.5 million new incidences and 1.8 
million deaths. Furthermore, lung cancer ranks first 
among men and second among women in terms of both 
incidence and mortality (1). Despite the development of 
medical treatments that have led to a gradual decrease 
in mortality rates in recent years, lung cancer continues 

to be the primary cause of cancer-associated deaths  
globally (2). While the median age at diagnosis of lung 
cancer is 71 years, 6.0% of patients are diagnosed at less than 
55 years. Lung cancer in the under 45 and 35 population 
are relatively uncommon, and approximately 1.1% and 
0.2% of all patients with lung cancer, respectively (3). A 
study from the United States reported that the incidence 
of lung cancer in the adolescents and young adults (AYA) 
population decreases in the long term. Specifically, the 
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incidence of lung cancer in the AYA population dropped 
down from 0.9 per 100,000 in 1975 to 0.4 per 100,000 
in 2010 in female patients, and a similar pattern was 
observed in male patients, from 1.1 per 100,000 in 1975 to  
0.4 per 100,000 in 2010 (4). While these statistics provided 
important information, we should treat their information 
carefully because several factors have changed, such as 
improved diagnostic techniques, changes in reporting 
methods, and risk factor exposure. Interestingly, despite its 
rarity in younger populations, the impact of lung cancer 
on patient prognosis is high. Despite being less common 
in younger individuals. The Cancer Statistics 2022 and 
the Surveillance, Epidemiology, and End Results Program 
22 database provides demographics that indicate that 
approximately 14,000 individuals under 45 years of age per 
year are dying from lung cancer in the United States (2,3). 
In addition to poor prognosis, the unique characteristics 
of lung cancer in younger patients, including clinical and 
pathological features and genomic variations, make us aware 
of the importance of innovative research in this area (5-12). 
Considering this background, many studies have focused 
on the unique characteristics of lung cancer, especially non-
small cell lung cancer (NSCLC). Although recent research 
has provided valuable insights into the internal predisposition 
to NSCLC in younger patients, few studies have focused 
on external predispositions to NSCLC in young patients. 
In this review, we summarize the characteristics of cancer in 
younger generations, including its clinical, pathological, and 
genomic status. Furthermore, we investigated the causes of 
early onset, based on internal and external predispositions, in 
young patients with lung cancer.

At the outset, we wish to state an important issue 
in this research area, which is cut-off for defining 
individuals as “young”. “AYA” refers to one of the major 
classifications for a generation and typically indicates 
individuals aged 15 to 39 years at the time of their 
initial cancer diagnosis (13). However, the cut-off age 
for the younger generation remains an issue of ongoing 
discussion and has varied considerably across studies  
(5,8-12,14-17). Notably, approximately 40% studies 
examined using the conventional 40-year threshold 
(15,18-23). However, other studies have used diverse cut-
offs ranging from 30 to 50 years (11,16,17,24-30), which 
indicates a lack of consensus on this issue. In addition to 
age as a continuous variable, risk factors such as clinical and 
pathological characteristics and genetic profiles associated 
with lung cancer may change across different age groups, 
which makes it challenging to establish a universally 

accepted cutoff. Even when the age range of the AYA 
generation has been traditionally defined as 15–39 years, 
notable differences have been observed in previous studies 
(5,8-12,14-17). Indeed, differences have been observed in 
the characteristics of patients with lung cancer, including 
stage, pathological subtype, and prognosis, between cohorts 
under 30 and between 30 and 39 years of age (7). Other 
studies with threshold set at 50 years of age, the incidence 
of genetic alterations was significantly higher in young 
patients (8,11). Although the age threshold has varied 
between studies, these findings have highlighted the critical 
need for age-specific approaches, particularly when studying 
younger patient populations. 

Clinicopathological characteristics

Lung cancer occurs in males more frequently; however, 
several studies that have focused on the younger generation 
have indicated a reversal of this trend in specific populations 
(5,7,31-33). Most recent studies reported a higher 
proportion of young female patients diagnosed with lung 
cancer than young male patients (5,6,31,34). 

Several researches of lung cancer in young individuals 
had been focused on ground glass opacity (GGO) 
component. Qu et al. reported 133 of 165 patients had 
GGO components in surgically resectable patients who 
aged under 40 years (35), and Ma et al. provided compelling 
evidence of increasing the number of teenage patients 
incidentally diagnosed with lung cancer, presenting as 
GGO because of the coronavirus disease 2019 (COVID-19) 
pandemic (36). However, because these studies are limited 
to Asians and not comparative analyses between young and 
elderly patients, further investigation is needed.

When we focused on the histological subtype, there 
were differential patterns between the younger generation 
and other cohorts. Although NSCLC is the most common 
subtype in all age groups, adenocarcinoma has a distinct 
prevalence in younger patients (5-8,18,22). Notably, Rich  
et al. provided compelling evidence for this age-related 
trend in the English National Lung Cancer Audit. They 
divided patients with NSCLC into six age categories, 
ranging from <39 to >80 years, and found that the 
proportion of adenocarcinoma decreased steadily with 
age (37). While adenocarcinoma accounted for 48% of 
lung cancer incidences in patients under 39 years old, 
adenocarcinoma accounted for 31% of lung cancers in 
patients over 80 years of age. This age-related pattern 
raises questions about the novel biological mechanisms 
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that might influence the development of lung cancer at 
different life stages. When we focused on the subtype 
and differentiation, while Zhong et al. reported that 
NSCLC in younger patients frequently diagnosed as well  
differentiated (23), most of prior investigations have 
reported equivalent patterns of differentiation and subtype 
in younger and older patients (9,20,21).

Younger patients with lung cancer often face unique 
diagnostic challenges. Younger patients are frequently 
diagnosed with lung cancer in the late phase and present 
with more severe symptoms and more advanced tumors 
than older patients (38). Several factors contribute to the 
delayed diagnosis in younger patients, and lung cancer is 
often not initially considered when diagnosing lung lesions 
in younger patients. Furthermore, there may be issues with 
both healthcare providers and patients. Although chest pain 
is the most frequent symptom in younger patients (39), 
young people might dismiss early symptoms because they 
are too young for serious illnesses such as cancer, and the 
good physical condition of younger patients may obscure 
early warning signs, thus making symptoms less apparent. 
Previous research has revealed that a higher proportion 
of younger patients are diagnosed with metastatic disease 
than older patients (4,5,14). Furthermore, the younger 
generation has few opportunities for radiography or 
computed tomography; thus, accidental detection during 
the examination of other diseases is extremely valuable and 
effective. Awareness-building activities for pediatricians 
and other specialists, such as general internal medicine 
specialists, are important.

Molecular biomarkers of lung cancer in the AYA 
generation

In this section, we focused on the distinction of molecular 
biomarkers of lung cancer in the AYA generation. 
Considering the differences in exposure to carcinogens, 
radiological characteristics, and differences in histological 
types and their subtypes, it is highly likely that biomarkers 
are expressed differently (5,8,22). A landmark retrospective 
study conducted at the Dana-Farber Cancer Institute 
revealed the frequency and differences in oncogenic 
genomic alterations between these age groups in 2,237 
patients of diverse racial backgrounds. Patients aged 50 or 
younger had a significantly higher frequency of targetable 
genotype mutations, such as mutations in epidermal growth 
factor receptor (EGFR), anaplastic lymphoma kinase 
(ALK), ROS1, human epidermal growth factor receptor 

2 (HER2), and v-Raf murine sarcoma viral oncogene 
homolog B (BRAF) than did older patients (68% vs. 52%, 
P<0.01). This statistically significant difference suggests 
that younger patients with lung adenocarcinoma may 
benefit from targeted therapies, which improves treatment 
outcomes (8). Kohsaka et al. reported that Asian patients 
aged 40 years or younger had a significantly higher 
frequency of EGFR mutations (46.7% vs. 25%), no patient 
had EGFR mutations in patients aged 30 years or younger, 
and most major genotype mutation was HER2 in these 
individuals (40).

When we focused on somatic EGFR mutations, several 
conflicting results have been reported in young patients 
with lung adenocarcinoma (9,10,23,40-42). Three patterns 
have been reported for frequency. As the former described, 
Kohsaka et al. reported that higher incidence of EGFR 
mutations in Asian patients. However, the PIONEER 
study, focused on Asian patients with lung adenocarcinoma, 
found no significant age-related correlation with EGFR 
mutations (42). By contrast, as typified by research on 
Caucasian populations, several reports have revealed a 
notably higher incidence of EGFR mutations in older 
patients (25). Furthermore, the type of EGFR mutation 
can vary with age. For example, EGFR exon deletion 
19 and exon 20 insertions are more common in younger 
patients, whereas the L858R mutation and de novo T790M 
are more prevalent in older patients (9,10,23). Two studies 
by Wu et al. revealed that although common mutations are 
less frequent, uncommon mutations occur more often in 
younger patients than in older individuals (11,12). These 
findings indicate a complex relationship between age and 
somatic EGFR mutation patterns in lung adenocarcinoma, 
thus highlighting the need for age-specific considerations in 
genetic profiling and targeted therapies.

Etiology of lung cancer in young patients

In this section, we describe the risk factors for lung cancer 
in young individuals with respect to two predispositions: 
internal and external (Figure 1) (32,33,43-49). Previous 
studies have reported that lung cancer does not have a 
hereditary predisposition, and the familial clustering of 
lung cancer has varied between studies, ranging from 1% 
to 30% (15,43). Interestingly, only one comparative study 
has identified notable differences in familial incidence 
between younger and older patients with lung cancer. 
Previous research has reported that several germline genetic 
alterations were associated with hereditary lung cancer, such 
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as mutations in EGFR T790M, TP53, BRCA, HER2, YAP1, 
CHEK2, and other genes (43). Despite these findings, it is 
important to note that genetic predispositions cannot fully 
explain the development of lung cancer in young patients.

The etiology of lung cancer in younger patients may 
involve a complex predisposition to genetic, environmental, 
and lifestyle factors. Several external factors have 
been identified as potential contributors to lung cancer 
development in younger patients. Canadian research 
reported that radon, a radioactive noble gas produced 
naturally through the decay of uranium in rocks and soil, is 
a risk factor for lung cancer in younger generations (44). In 
Canada, indoor environments account for approximately 
90% of radon exposure, and cumulative indoor radon 
exposure during childhood has been recognized as a 
significant risk factor for lung cancer in young Canadian 
adults. However, it should be noted that this study is 
highly region specific. Smoking and air pollution, such as 
PM2.5, remain primary risk factors for lung cancer across 
all age groups (45). Recently, the mortality rate of lung 
cancer attributable to PM2.5 has been increasing in Asian 
countries, and this matter affects both older and young 
individuals (46). Lung cancer incidences reflect temporal 
trends in smoking prevalence because cigarette smoking 
causes >80% of lung cancers in the United States (32). 
Although this proportion is gradually attenuating as fewer 

people smoke, 72% of women and 81% of men aged 20 
to 49 years who were recently diagnosed with lung cancer 
had smoking habits (2). However, considering a higher 
proportion of young female patients diagnosed with lung 
cancer than young male patients, this sex gap cannot be 
sufficiently explained by smoking habits. Worldwide, males 
smoke more frequently than females; however, this gap has 
narrowed considerably among the white population born 
in the 1960s and later (31). While smoking remains a risk 
factor for lung cancer (1,2), previous studies have suggested 
that other factors also play important roles. Environmental 
exposure to biomass fuels, arsenic, cannabis, air pollution, 
and occupation exposure such as asbestos, silica, and diesel 
may also partially explain the early onset of lung cancer 
(50,51). Furthermore, the high lung cancer rates among 
Chinese women are postulated to reflect increased outdoor 
ambient air pollution and exposure to the burning of solid 
fuels in households for heating and cooking (33).

These findings suggest that multiple factors may play 
a significant role in young-onset lung cancer. The next 
section focuses on viral infections, which have received little 
attention in young patients with lung cancer thus far.

Viral infection and lung cancer

It has been reported that viral infections contribute 

Proposal schema of causes for early-onset lung cancer

Interaction of internal and external predisposition

Internal predisposition External predisposition
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Figure 1 Schematic representation of the causes of early-onset lung cancer. The diagram illustrates two main categories: hereditary 
predisposition and environmental predisposition. Hereditary predisposition includes germline mutations in genes such as EGFR T790M, 
TP53, BRCA, YAP1, and CHEK2, and unknown. External predisposition factors include environmental and occupational factors and viral 
infection. HPV, human papilloma virus; EBV, Epstein-Barr virus.
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to approximately 20–25% of human cancers (47), and  
cancer-associated viruses include the human papilloma 
virus (HPV) (48), Epstein-Barr virus (EBV) (52), hepatitis  
B virus (53), hepatitis C virus (54), and human T-cell 
leukemia virus type I (55). However, hepatitis B virus and 
human T-cell leukemia virus type I have not been associated 
with lung cancer; therefore, in this section, we focus on 
HPV and EBV.

First, HPV is responsible for an estimated 30% of 
cancer incidences related to viral infections (47). The 
presence of HPV in the lungs is well known through the 
occurrence of respiratory papillomatosis. This uncommon 
benign condition, typically caused by HPV types 6 and 11, 
occasionally progresses to malignancy (56,57). Bloodstream 
and oral transmission have also been mentioned as routes 
of infection, but there is no established evidence (58). 
Oral transmission, such as multiple sexual partners and 
oral-genital contact, has been reported to be a risk factor 
for adult recurrent respiratory papillomatosis, and other 
types of high-risk HPV, such as types 16 and 18, may be 
transmitted through oral transmission (59). Generally, 

HPV oncoproteins E6 and E7 inactivate tumor suppressor 
genes such as p53 and retinoblastoma, which eventually 
cause carcinogenesis (Figure 2) (60). A significant challenge 
in determining whether HPV is a lung carcinogen is 
to identify the function of the virus within lung cancer, 
regardless of whether the same process occurs in other 
cancers. de Oliveira et al. reported the presence of HPV 
in patients with lung cancer, particularly in younger  
patients (48). Their research revealed that HPV was 
detected in 33% of NSCLCs in patients under 55 years old. 
This high prevalence suggests a potential causal relationship 
between HPV infection and lung cancer development in 
younger populations, which warrants further investigation. 
If future studies reveal an association between young people 
with lung cancer and HPV infection, then HPV vaccination 
has the potential to control the prevalence of lung cancer in 
young people.

The EBV was the first viral entity directly linked to 
human cancer development. Subsequent research has 
established EBV’s crucial involvement of EBV in the onset 
and progression of two specific malignancies: Burkitt 

HPV infection

Expression of oncoproteins

E6 and E7

E6 degrades p53 E7 inactivates pRb

Apoptosis inhibition Uncontrolled cell proliferation

Genomic instability

Accumulation of genetic mutations

Carcinogenesis

EBV infection

Expression of LMP1, 

LMP2A, EBNA1, etc

Activation of cell 

proliferation signals

Apoptosis 

inhibition

Immune 
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Cell immortalization

Accumulation of genetic mutations
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Figure 2 Schematic representation of the HPV-induced and the EBV-induced carcinogenesis mechanisms. The flowchart illustrates 
the progression from initial HPV infection (left) and initial EBV infection (right) to carcinogenesis. Arrows denote the sequence and 
relationships between events. HPV, human papilloma virus; EBV, Epstein-Barr virus.
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lymphoma and nasopharyngeal carcinoma (61). EBV 
infects B lymphocytes as well as epithelial cells and NK/
T cells, which results in malignant transformation. EBV 
produces oncoproteins such as LMP1, LMP2A, and 
EBNA1, which stimulate cell proliferation, apoptosis 
inhibition, immune evasion, and genetic mutations and 
eventually lead to carcinogenesis (Figure 2) (52). Although 
EBV is dormant in the respiratory system, evidence of 
an association between EBV infection and lung cancer 
is relatively scarce. Furthermore, although pulmonary 
lymphoepithelioma-like carcinoma associated with EBV 
was reported in 1987 (62) and was classified as NSCLC, the 
World Health Organization’s 2015 histological classification 
recognizes lymphoepithelioma-like carcinoma as an 
exceptionally rare subtype of unclassified lung cancer (63). 
Lymphoepithelioma-like carcinomas tend to have more 
favorable prognoses than other types of lung cancers. 
Furthermore, the mean age of patients diagnosed with 
lymphoepithelioma-like carcinoma is relatively low, and 
Chen et al. reported lymphoepithelioma-like carcinoma 
in a patient aged 15 years (64). Previous research has 
also revealed the presence of EBV in tumor cells in an 
uncommon lymphoepithelioma-like carcinoma subtype as 
well as in NSCLC subtypes, including lung squamous cell 
carcinoma and lung adenocarcinoma (49). This finding led 
us to hypothesize a potential role of EBV in lung cancer 
pathogenesis.

With regards to HPV and EBV, although associations 
have been proposed for both, more reasonable scientific 
evidence is needed to establish causal relationships. Building 
an understanding of these relationships has the potential to 
improve prevention strategies, earlier detection methods, 
and potentially novel treatment approaches, particularly for 
younger patients at a risk of lung cancer.

Prognosis and treatment

While some prior investigations have reported equivalent 
survival rates in younger and older patients with lung cancer, 
others have reported more favorable outcomes in younger 
patients. The National Cancer Database (173,856 patients 
between 2003 and 2009) provides significant insights into 
this topic, by revealing a statistically significant survival 
advantage for younger patients (34). Although the specific 
treatment strategy for lung cancer in young individuals have 
not reached a consensus, multimodal strategies including 

surgery and adjuvant chemotherapy are more common 
than for older patients. Although radical treatment is often 
the priority in younger patients as previously mentioned, 
conservative surgery is sometimes preferred. Ma et al. 
mentioned that sub-lobar resection without lymph node 
dissection may be an acceptable surgical procedure for 
teenage patients with GGO-featured lung cancer, because 
normal lymph node acts important function in anti-tumor 
immunity (36). However, prospective studies are required 
to further verify treatment strategy.

The clinical significance of this advantage varied 
depending on the cancer stage at diagnosis. In stages I and II 
[according to the International Association for the Study of 
Lung Cancer (IASLC) seventh-edition staging system], the 
absolute difference in 5-year overall survival (OS) between 
younger and older patient groups was 25%. However, the 
difference in 5-year OS between the age groups narrowed 
to only 2% for stage IV lung cancer. Although these results 
suggest that younger patients generally have a better 
prognosis, differences in cancer stage should be noted 
moving forward (34). Notably, the minimal difference 
in survival rates for advanced-stage disease indicates the 
importance of early detection and intervention, regardless 
of patient age.

Limitations

This study reviews the epidemiology, clinical, pathological 
and molecular features of lung cancer in young people. In 
addition, this article highlights internal and external risk 
factors for carcinogenesis, providing direction for future 
approaches to lung cancer in young people. However, 
this study presents a key paradox as a major limitation 
that remains unexplained in the current literature; how 
environmental factors that typically require long-term 
exposure significantly affect young patients who have had 
shorter exposure periods compared to older individuals. 
We propose several ways to resolve this issue. First, we 
should focus on the interaction between genetic and 
environmental predispositions. Second, this article focuses 
on viral infections, which have not been previously 
recognized as an external risk factor for lung cancer in 
young people. This is one of the environmental factors, but 
unlike other environmental factors, young people do not 
always have shorter exposure periods. However, there has 
not been sufficient evidence of an association with young 
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age of onset, so this is one of the important issues to be 
investigated in the future.

Conclusions

Lung cancer in young individuals have unique epidemiological 
and clinical characteristics such as predominantly in women, 
nonsmokers with adenocarcinoma histology, higher frequency 
of targetable genotype mutations, and more advanced stages at 
diagnosis. The etiology of lung cancer in younger patients may 
involve a complex predisposition to genetic, environmental, 
and lifestyle factors. Further research is necessary to evaluate 
the etiology and to prevent cancer.
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