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ABSTRACT
There is still limited comprehensive genotyping data about young patients with lung adenocarcinoma.
Herein, next generation sequencing (NGS) data of lung adenocarcinoma patients was retrospectively
analyzed to evaluate the relationship between young age at diagnosis and the comprehensive molecular
characteristics. The cBioPortal for Cancer Genomics databasewas queried for cancer genomic studies of lung
adenocarcinoma and a cohort of 773 patientswith complete cancer genomics datawas selected from2 of 11
studies. The relationship between age at diagnosis and frequency of targetable genotypes was analyzed and
verified in another cohort composed of 177 Chinese lung adenocarcinoma patients undergoing NGS assay.
Of the 773 eligible lung adenocarcinoma patients, younger age was associated with an increased likelihood
of a targetable genotype (P < .001). Specifically, a higher prevalence of EGFR mutations (P =
.005), ALK arrangements, ROS1 arrangements (P = .035) and RET arrangements (P < .001) were identified
in younger patients. The frequency of KRAS mutations (P < .001) was significantly associated with older age
at diagnosis and a similar trend existed for MET (P = .057) but not BRAF-V600E (P = .686) and ERBB2 (P = .083).
Additionally, an age at diagnosis of 45 years was found to be a feasible cutoff point to differentiate the
younger from the older patients by comprehensive molecular characteristics. These results indicated that
younger patients with lung adenocarcinoma were associated with an increased likelihood of harboring
a targetable genotype. Distinctivemolecular characteristics were identified in patients younger than 45 years
with lung adenocarcinoma, which highlights the importance of the NGS assay and personalized therapy in
this subpopulation.
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1. Introduction

Lung adenocarcinoma usually occurs in people at older age
and patients diagnosed at younger age account for less than
5% of the total cases.1–3 Notably, the incidence rate of lung
adenocarcinoma among young adults has shown an increas-
ing trend in China.4,5 The prognosis of young patients with
lung adenocarcinoma is poor especially for those with
advanced-stage disease.1,2 Even when a targetable genotype
was present, the survival of young patients with lung adeno-
carcinoma was unexpectedly poor, which suggested a more
aggressive disease biology.6 Currently, the clinicopathological
and molecular characteristics of young patients with lung
adenocarcinoma have not been well studied. Given the great
societal and economic effects caused by premature mortality,
more investigations are needed for young cancer patients
including those with lung adenocarcinoma.7

Previous studies have demonstrated that certain clinical char-
acteristics could enrich driver mutations, such as EGFR muta-
tions in Asian female nonsmokers.8,9 Younger age and no or
light history of smoking were stated to be the primary clinical
features of patients with ALK-positive lung adenocarcinoma.10

Interestingly, another study confirmed that ALK arrangement
examinations could be more effectively performed by selecting
young non-small cell lung cancer (NSCLC) patients, whereas
selection based on a nonsmoking or adenocarcinoma history
may not correctly identify the patient groups with potential
ALK arrangements.11 Lung adenocarcinoma patients harboring
ALK or ROS1 arrangements are more likely to be younger and
present with highly aggressive disease.12–16 These findings sug-
gest that young age might be an under-appreciated clinical
marker of novel genomic subtypes to be discovered. Recently,
several reports revealed that younger patients with lung adeno-
carcinoma had a distinctly unique prevalence of targetable geno-
mic alterations, and younger age was associated with an
increased likelihood of harboring a targetable genotype.6,17

Although controversial findings exist, multiple targetable geno-
mic alterations, including EGFR, ALK, ROS1, RET, and HER2
were more prevalent in a young subpopulation, which under-
scores the necessity of comprehensive genomic profiling such as
NGS in young patients with lung adenocarcinoma.3,6,17–22

Compared with the low-throughput assays used by the
aforementioned research, the NGS assay could identify all
the molecular alterations matching to the approved and
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emerging therapies.23 Due to the rarity of young patients with
lung adenocarcinoma and the difficulty in acquiring enough
tissue samples for genetic testing, there are few studies on the
comprehensive profiling of young patients with lung adeno-
carcinoma. Via the targeted NGS assay, potentially targetable
genomic alterations were detected in 90.8% of younger
patients (≤45 years) with lung adenocarcinoma in our pre-
vious study.24 Young patients with lung adenocarcinoma har-
bored high prevalence of ALK arrangements, ERBB2-targeted
alterations, and concurrent EGFR/TP53 mutations.24 In
another study, whole genome sequencing was conducted to
characterize the genomic alterations of 36 never-smoker
Chinese patients who were diagnosed with lung adenocarci-
noma at 45 years or younger. Lower mutation burden, fewer
classic driver substitutions and higher frequency of several
germline mutations were found, which provided insights
into the molecular pathogenesis of this distinct subgroup.25

However, all these studies only contained small sample size
and not all driver genes recommended for molecular detec-
tion by National Comprehensive Cancer Network (NCCN)
guidelines were analyzed simultaneously.

In this study, the association between comprehensive
targetable genotypes matching NCCN approved targeted
therapies and young age were retrospectively analyzed in
a large-scale study of lung adenocarcinoma genomic data
derived from the cBioPortal for Cancer Genomics database.
A high prevalence of targetable genotype and distinctive
molecular characteristics were identified in patients
younger than 45 years with lung adenocarcinoma. Rather
than pooling all lung adenocarcinoma patients together,
young patients should be recognized as a unique clinical
subgroup to seek the greatest chance of deriving benefit
from targeted treatments.

2. Material and methods

2.1. Definition of targetable genotypes

This study focused on an analysis of driver genes recom-
mended for molecular detection by NCCN guidelines, for
which approved targeted agents exist. The targetable geno-
mic alterations of these genes were defined as EGFR muta-
tions in the kinase domain, ALK rearrangements, ROS1
rearrangements, RET rearrangements, BRAF-V600E muta-
tions, MET amplification or MET exon14 skipping muta-
tions and ERBB2 mutations in the kinase domain.
Mutations in KRAS have been associated with reduced
responsiveness to EGFR tyrosine kinase inhibitors (EGFR-
TKIs) and these were also analyzed as a single genotype.
However, targetable genotype positivity was defined as har-
boring at least one targetable genomic alteration in the
above genes, excluding KRAS. Pretreatment EGFRT790M
found in rare NSCLC patients with concurrent EGFR-
activating mutations was also defined as a targetable geno-
mic alteration. Additionally, potentially targetable genomic
alterations, including EGFR exon 20 insertions, BRAF non-
V600E mutations and ERBB2 amplification, for which
approved targeted therapies are still unavailable, were not
studied.

2.2. Data source and patient selection

The cBioPortal for Cancer Genomics (http://www.cbioportal.org),
originally developed at Memorial Sloan Kettering Cancer Center,
is an open-access resource for the interactive exploration of multi-
dimensional cancer genomics data sets.26,27 It can provide visua-
lization, analysis and downloads of large-scale cancer genomics
data sets. Eleven cancer genomic studies of lung adenocarcinoma
were found in the cBioPortal for Cancer Genomics (Table S1). In
the next analysis, the selected cohort was limited to patients with
adenocarcinoma, data on age at diagnosis and complete analysis
of mutation types (including single nucleotide variants, insertion/
deletion, amplification, and arrangement). Those patients receiv-
ing prior treatment, selected to be treated with immunotherapy,
diagnosed with multiple synchronous lung cancers and missing
detailed sequencing data were excluded.

In addition, the targeted NGS assay data of 177 Chinese
patients with lung adenocarcinoma were re-analyzed accord-
ing to the previously mentioned criteria of a targetable geno-
type. The details of the NGS assay and clinical characteristics
of these patients can be found in our previous report.24

2.3. Statistical analysis

The Mann–Whitney U test was used to analyze the gene
mutation status and patient characteristics among age rank
groups. Pearson’s chi-squared test and Fisher’s exact test were
used to analyze the gene mutation status and patient character-
istics between the two groups. The correlation between gene
mutation status and age was analyzed using the linear-by-linear
association chi-squared test. For all the tests, P values were two-
tailed. Statistical significance was defined as P < .05.

3. Results

3.1. Patients characteristics

Patient selection for the study cohort obtained from the
cBioPortal for Cancer Genomics database is depicted in
Figure 1. The genotypes EGFR, ALK, ROS1, RET, BRAF-
V600E, MET, ERBB2 and KRAS are exclusive of each other in
the cohort except for five cases. These five concomitant genetic
alterations included 3 MET/KRAS mutations, 1 KRAS/EGFR
mutation and 1 EGFR/MET mutation (Table S2). According to
the previously reported treatment response, these genotypes
were classified into MET, KRAS and EGFR mutation types,
respectively.28–30 Patients harboring no driver genomic altera-
tion apart from these 8genes were considered to be wild-type.

A total of 773 eligible lung adenocarcinoma patients with
complete cancer genomics data were identified from 2 of 11
studies (Table S2). Of the 773 patients, 442 (57.18%) were
female patients, 188 (24.32%) had never smoked and 511
(66.11%) had stage IIIB/IV disease (Table 1). The median
age of lung adenocarcinoma patients included in the study
cohort was 64 years (range, 9–93 years). Younger age was
associated with an increased likelihood of being female
(P < .001), having never smoked (P = .028)and being initially
diagnosed with stage IIIB/IV disease(P = 0 .001). Overall, 42
(5.43%) patients were diagnosed with lung adenocarcinoma at
age 45 or younger (Table 1).
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3.2. Association between targetable genomic alterations
and age

Across the study cohort, 35.19% (272/773) of lung adenocarci-
noma patients were found to harbor at least one targetable geno-
mic alteration. The age categories of patients used in this analysis
were 40 years or younger, 41 to 45, 46 to 50, 51 to 55, 56 to 60, 61
to 65, 66 to 70, 71 to 75, 76 to 80 and 80 years or older. The
mutation prevalence of 8 driver genes is shown in Figure 2(a).The
likelihood of harboring a targetable genomic alteration with
approved agents was associated with age (P < .001) and increased
with younger age at diagnosis (Figure 2(b)). Furthermore, asso-
ciation analysis of the relationship between the presence of an
individual targetable genomic alteration and age was performed.
Lung adenocarcinoma patients diagnosed at a younger age had
increased likelihoods of EGFR kinase mutations(P = .005), ALK
rearrangements (P = .009), ROS1 rearrangements (P = .035) and
RET arrangements (P < .001) (Figure 3). No significant association
with age at diagnosis was found for BRAF-V600E and ERBB2
mutations. Although an increasing trend toward older age at
diagnosis was observed for MET, the result was no significant
(P = .057). Finally, KRAS was significantly associated with older
age at diagnosis (P < .001) (Figure 3).

3.3. Defining a proper cutoff for young patients
harboring a distinctive genomic type

To identify a proper age cutoff point for young patients with
lung adenocarcinoma who have a unique genetic profile, the
frequency of targetable genomic alterations across all age groups

was studied. As shown in Figures 2(b) and 3, obvious turning
points were found in the frequency of a targetable genotype,
EGFR mutations, ALK arrangements, RET arrangements and
KRAS mutations in patients younger than 45 years. We, there-
fore, studied whether an age at diagnosis of 45 years might be
a cutoff point to differentiate the younger and older patients
based on comprehensive molecular characteristics. As expected,
the dramatic difference of targetable genotypes was found
between the patients at age 45 or younger and the patients
older than 45 years(P < .001) (Figure 4). Additionally, the
above comparison analysis was confirmed in 177 Chinese lung
adenocarcinoma patients, which also revealed a distinctive geno-
mic genotype in patients diagnosed at 45 or younger (P < .001).
Specifically, significant differences were found in EGFR muta-
tions, ALK arrangements, RET arrangements and KRAS muta-
tions between the younger and older patients derived from the
cBioPortal database (Table 2), while in the Chinese lung adeno-
carcinoma subpopulation, a significant difference was only
found in ALK arrangements and KRAS mutations (Table 2).

4. Discussion

With the development of precision medicine, a young age at
diagnosis has been increasingly reported to be associated with
distinctive targetable genotypes in lung adenocarcinoma.6,17

However, these studies only focused on a few targetable
genetic alterations and lacked a comprehensive analysis of
molecular characteristics in young patients with lung adeno-
carcinoma. In this study, targeted genetic alterations of 8

Figure 1. Profile summarizing the study cohort derivation.
A total of 773 eligible lung adenocarcinoma patients with complete NGS data and clinical information were selected from 2 of 11 studies in the cBioPortal for Cancer
Genomics database.
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genes recommended for molecular detection by the NCCN
guidelines were retrospectively analyzed in773 lung adenocar-
cinoma patients derived from the cBioPortal for Cancer
Genomics database. Younger age was identified to be signifi-
cantly associated with an increased likelihood of a targetable
genotype. Young patients with lung adenocarcinoma were
a specific subpopulation who tended to have more targetable
genomic alterations matching existing targeted therapies. This

study provided knowledge on the comprehensive molecular
characteristics of young patients with lung adenocarcinoma,
laying the groundwork for personalized therapy of this
subpopulation.

Multiple factors, especially the various genetic testing assays
complicates the research on themolecular characteristics of young
patients with lung adenocarcinoma. Targeted NGS could detect
rare targetable alterations missed by those low throughput

Figure 2. The prevalence of a targetable genotype in different age groups.
(a). The frequency of targetable genomic alterations in different age groups of patients with lung adenocarcinoma. (b). The correlation between the likelihood of
harboring a targetable genotype and age was analyzed. Statistical significance was defined as P < .05.

Table 1. Clinical and molecular characteristics of lung adenocarcinoma patients.

Diagnosis age groups (No.)

Characteristics ≤40 41-45 46-50 51-55 56-60 61-65 66-70 71-75 76-80 >80 Total P value

Patients 18 24 43 64 117 125 136 115 80 51 773 /
Sex

Male 5 10 8 15 45 60 64 55 44 25 331 <.001
Female 13 14 35 49 72 65 72 60 36 26 442

Smoking status
Never 9 7 13 19 30 27 32 19 17 15 188 .043
Former/current 9 17 30 45 85 98 102 92 62 35 575†

Stage
I-IIIA 0 6 8 19 38 42 57 43 22 22 257 .005
IIIB-IV 18 18 35 45 78 83 77 71 57 29 511‡

Targetable genotype
Positive 13 12 16 28 40 51 41 39 16 16 272 <.001
Negative 5 12 27 36 77 74 95 76 64 35 501

EGFR
Mutant 7 6 9 12 22 28 22 20 6 8 140 .008
Nonmutant 11 18 34 52 95 97 114 95 74 43 633

ALK
Mutant 2 2 2 3 5 3 3 3 2 0 25 .017
Nonmutant 16 22 41 61 112 122 133 112 78 51 748

ROS1
Mutant 2 0 1 4 1 4 0 3 1 0 16 .055
Nonmutant 16 24 42 60 116 121 136 112 79 51 757

RET
Mutant 2 2 0 3 3 1 1 0 0 0 12 <.001
Nonmutant 16 22 43 61 114 124 135 112 80 51 758

BRAF-V600E
Mutant 0 1 0 1 2 3 5 1 2 1 16 .686
Nonmutant 18 23 43 63 115 122 131 114 78 50 757

MET
Mutant 0 1 2 3 4 8 4 8 5 6 41 .067
Nonmutant 18 23 41 61 113 117 132 107 75 45 732

ERBB2
Mutant 0 0 2 2 3 4 6 4 0 1 22 .720
Nonmutant 18 24 41 62 114 121 130 111 80 50 751

KRAS
Mutant 1 1 10 23 34 31 46 33 39 20 238 <.001
Nonmutant 17 23 33 41 83 94 90 82 41 31 535

Note: †10 patients with unknown smoking history were excluded from analysis. ‡5 patients with unknown stage at diagnosis were excluded from analysis. P < .05
was used to define statistical significance.
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Figure 3. Frequency of eight targetable genomic alterations across age groups.
The frequencies of EGFR kinase mutations(a), ALK rearrangements (b), ROS1 rearrangements (c) and RET arrangements (d) gradually decrease with age. The
frequencies of BRAF-V600E, MET, ERBB2 and KRAS across age groups are, respectively, shown in E, F, G and H. Notably, an increasing trend toward older age at
diagnosis was observed for MET and KRAS. Statistical significance was defined as P < .05.
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standard genotyping in lung adenocarcinoma, which suggests that
comprehensive genomic profiling, such as NGS might be a better
tool for studying molecular characteristics.31 Recently, the mole-
cular characteristics of young patients with lung adenocarcinoma
were studied using targeted NGS and whole genome
sequencing.25,32 However, both studies only enrolled small num-
bers of patients, which limited the statistical power of the analyses.
Here, we provided the first large-scale retrospective study on the
comprehensive molecular characteristics of young patients with
lung adenocarcinoma who underwent the NGS assay. Consistent
with previous studies, we demonstrated an association between
young age and specific targetable genomic alterations, including
EGFR, ALK, and ROS1.6,12,17 It was noteworthy that a high pre-
valence of the rare genotype RET was identified in young patients
in this study, as reported in previous studies.33–35 In contrast, the
frequency of KRAS mutations was significantly associated with
older age at diagnosis and a similar trend existed forMET but not
BRAF-V600E and ERBB2. All these results revealed
a comprehensive mutational profile of young patients with lung
adenocarcinoma.

Due to the rarity of young patients with lung adenocarci-
noma, it is difficult to define a proper age cutoff point for young
patients with lung adenocarcinoma who have a unique genetic
profile. Using a cohort of 2237 patients with NSCLC, researchers
found that patients diagnosed at younger than 50 years have
a 59%-increased likelihood of harboring a targetable genotype.6

Consequently, their findings suggested that the age of 50 years
constitutes a useful age cutoff by which NSCLC in the young
may be defined. However, given the obvious turning points
found in the frequency of multiple targetable genomic altera-
tions in patients younger than 45 years, we discovered that an
age at diagnosis of 45 years might be a feasible cutoff point to
distinguish the younger from older patients by molecular char-
acteristics. This result was confirmed by one of our previous
studies on the comprehensive molecular characterization of
young Chinese patients with lung adenocarcinoma.24 The
above controversy on defining the criteria for young age at
diagnosis might result from pathology and age categories,
which calls for a further prospective study. We also noted that
the frequency of comprehensive targetable genotypes, such as
EGFR and ERBB2, varied significantly between the younger and
older patients derived from the cBioPortal database and Chinese
patients.24,36 This implied that patients’ race is also an important
factor to be considered in the future research.

It has been stated that the survival of young patients with
NCSLC is unexpectedly poor compared with other age groups,
despite harboring a higher frequency of potentially targeted
genetic alterations.6 However, a survival analysis was not con-
ducted due to incomplete follow-up data, which was a major
limitation of this study. Additionally, other genetic alterations
such as TP53 and CDKN2A, usually concurring with the afore-
mentioned 8 genes, were not included in this analysis. These
concomitant mutations might be involved in the resistance to
targeted therapies and the prognosis of young patients with lung
adenocarcinoma.24,37 Consequently, the unique characteristics
and role of concurrent mutations in young patients with lung
adenocarcinoma, except for the targetable genomic alterations
calls for additional research.

5. Conclusions

In conclusion, our study further confirmed young age at diagnosis
as a genomically enriched subtype of lung adenocarcinoma using
NGS data from the cBioPortal for Cancer Genomics database.
Young patients with lung adenocarcinoma are preferred

Figure 4. Targetable genotypes of different study cohorts.
Comparative analysis of the targetable genotypes between the patients aged 45
years or less and more than 45 years derived from different study cohorts.

Table 2. The targetable genotype in different study populations.

Targetable genomic alterations
The cBioportal data base

(n = 773)
Chinese lung adenocarcinoma

(n = 177)

Age groups ≤45, y, No.(%) >45, y, No.(%) P ≤45, y, No.(%) >45, y, No.(%) P
Total 42 731 / 87 90 /
EGFR 13 30.95 127 17.37% .037 49 56.32 40 44.44 .134
ALK 4 9.52 21 2.87% .041 14 16.09 1 1.11 .001
ROS1 2 4.76 14 1.92% .214 0 0.00 3 3.33 .246
RET 4 9.52 8 1.09% .003 1 1.15 1 1.11 1.000
BRAF-V600E 1 2.38 15 2.05% .595 1 1.15 0 0.00 .492
MET 1 2.38 40 5.47% .719 0 0.00 2 2.22 .497
ERBB2 0 0.00 22 3.01% .626 5 5.75 2 2.22 .272
KRAS 2 4.76 236 32.28% <.001 3 3.45 17 18.89 .002
Wide type 15 35.71 248 33.93% .867 14 16.09 24 26.67 .101

Note: P < .05 was used to define statistical significance.
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candidates for precision cancer medicine, whom should not miss
out on-tailored targeted treatments guided by NGS assay.
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