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Background: The incidence of primary lung cancer (LC) in children and
adolescence was rare. We analyzed data from a SEER database to better define
the incidence, clinical characters, pathology, treatment, and outcomes of rare
primary malignant pulmonary tumors in childhood and adolescence.

Methods: Patients were chosen from the SEER database (SEER*Stat 8.4.0
software) from 2000 to 2019 and all patients were pathologically diagnosed
with primary malignant tumors of the lung and bronchus. Demographic
characteristics of patients (age, gender, race, primary site, laterality, location,
differentiation grade, operation methods, histology, and history of radiotherapy
and chemotherapy), as well as TNM stage and survival time, were collected.

Results: A total of 301 cases of children <19 years of age with a primary malignant
pulmonary tumor were reported to the SEER database from 2000 to 2019. There
were 143 men (47.5%) and 158 women (52.5%). Whites represented majority of
patients (79.7%), followed by Black (13.6%) and others (6.7%). As for the primary
site, the main site was the lower lobe (33.2%), followed by the upper lobe (26.9%).
Most of the patients (80.4%) underwent surgery. Lobectomy (39.9%) is the main
operation method. Only 28 (9.3%) patients received radiotherapy and 112 (37.2)
patients received chemotherapy. Carcinoid tumor was the most common
histology (29.6%), followed by pulmonary blastoma (PB) (22.3%),
mucoepidermoid carcinoma (MEC) (12.3%), adenocarcinoma (10.3%),
neuroendocrine tumor (NET) (5.7%), squamous cell carcinoma (SCC) (5.3%),
atypical carcinoma (2.3%). The mean follow-up time was 100 months. For the
entire group of children and adolescents, the 1-year OS was 89.1%, and the 3-
year overall survival (OS) was 79.7%. the 5-year OS was 77.9%, the 10-year OS was
75.7%, and the 15-year OS was 73.9%. And 1-year lung cancer specificity survival
(LCSS) was 89.8%, and the 3-year LCSS was 80.4%. the 5-year LCSS was 79.4%,
the 10-year LCSS was 77.7%, and the 15-year LCSS was 75.9%. The OS of atypical
carcinoma, carcinoid tumor, and MEC were in the top three.

Conclusions: Primary LC in children and adolescent were rare and
histopathological diverse. Fortunately, children and adolescents with LC had an
overall favorable outcome after treatment. Histology, differentiation grade,
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surgery, TNM stage, and therapeutic modalities have important influence on OS.
The further treatment experience of each pathological type would make better
evidence-based practice possible.
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Introduction

Lung cancer (LC) is the leading cause of cancer-related
mortality worldwide and is estimated to contribute to 26% of
cancer deaths in men and 25% in women in 2018 (1). However,
the incidence of primary LC in children and adolescents is rare,
estimated to be 1 in 2 million, or 0.2% of all childhood malignancies
(2). Although the disease spectrum for pediatric pulmonary tumors
is identical to that of adults, the various lesions have different
prevalence, rates, and outcomes (3). The pathologic spectrum seen
in children and adolescents with lung or endobronchial tumors is
more diverse, including neuroendocrine tumor (NET),
mucoepidermoid tumors (MEC), adenocarcinoma, pulmonary
blastoma (PB), squamous cell carcinoma (SCC), and sarcomas
(4). Survival rates vary considerably depending on tumor type,
location, and stage. At present, the pediatric literature mainly
includes case reports and case series (5-7). Only two population-
based studies have been published using the Surveillance,
Epidemiology, and End Results (SEER) database and National
Cancer Data Base (NCDB), respectively (2, 4). Therefore,
we analyze data from a SEER database to better define the
incidence, clinical characters, pathology, treatment, and outcomes
of rare primary malignant pulmonary tumors in childhood
and adolescence.

Methods
Ethics statement

The research data files were obtained from the SEER database
using the reference number 14796-Nov2021. Because there was no
access to patient identity, it was not necessary to obtain
informed consent.

Patient selection

Patients were chosen from the SEER database. (SEER*Stat
8.4.0 software) (Suggested citation for the selected database:
Surveillance, Epidemiology, and End Results (SEER) Program
(www.seer.cancer.gov) SEER*Stat Database: Incidence - SEER
Research Plus Data, 17 Registries, Nov 2021 Sub (2000-2019) -
Linked to County Attributes - Time Dependent (1990-2019)
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Income/Rurality, 1969-2020 Counties, National Cancer Institute,
DCCPS, Surveillance Research Program, released April 2022, based
on the November 2021 submission.) All patients were
pathologically diagnosed with primary malignant tumors of the
lung and bronchus. The inclusion codes and criteria from the SEER
database were as follows: histological type (exclude lymphoma and
leukemia (M9590-M9993) and Kaposi sarcoma (M9140)), and
primary site (C33.9-C34.3, C34.8-C34.9).

Demographic characteristics of patients (age, gender, race,
primary site, laterality, location, differentiation grade, operation
methods, histology, and history of radiotherapy and
chemotherapy), as well as TNM stage and survival time, were
collected. Survival time was considered as the time between
diagnosis and death or the last follow-up time according to the
SEER program definition. Overall survival (OS) was defined as the
time from diagnosis to death from any cause and patients alive were
censored at the time of the last recording. Lung cancer specific
survival (LCSS) was defined as the time from diagnosis to death
from LC cause and patients alive were censored at the time of the
last recording.

Statistical analysis

Data were presented as frequencies (percent) or median deviation
(range). Comparisons of continuous variables were performed using
one-way analysis of variance (ANOVA). Chi-square bivariate analysis
was used for the association of binary qualitative variables. The OS and
LCSS were analyzed using the Kaplan-Meier method and the log-rank
test comparing survival in two or more groups. A multivariable Cox
regression analysis was performed to determine the impact of these
prognostic factors on OS. A two-sided P value < 0.05 was considered
statistically significant.

Results

Incidence, clinical characteristics,
and treatment

A total of 301 cases of children <19 years of age with a primary
LC were reported to the SEER database from 2000 to 2019. During
the same period, 962, 944 LC patients were registered in SEER
database. The incidence rate of LC is as low as 0.03% in children.
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There is no obvious regularity in the number of cases per year,
about 15 cases occurred every year. The epidemic trend was shown
in Figure 1 in these years and the incidence rate of different ages was
shown in Figure 2. The peak period of incidence was in the 0-4 age
group and 15-19 age group. The demographics for the 301 patients
at the presentation were described in Table 1. There were 143 men
(47.5%) and 158 women (52.5%). Whites represented majority of
patients (79.7%), followed by Black (13.6%) and others (6.7%). As
for the primary site, the main site was the lower lobe (33.2%),
followed by the upper lobe (26.9%). There was little lateralized
specialization because the right lung accounted for 51.5% of all the
study groups, and the left accounted for 42.5%. And specifically, the
right lower lobe (RLL), left upper lobe (LUL), and left lower lobe
(LLL) ranked in the top three respectively. Most of the patients
(80.4%) underwent surgery. We found many operation methods in
SEER database, including local tumor destruction (laser ablation or
cryosurgery, electrocautery, and fulguration), bronchial sleeve
resection, wedge resection, segmental resection, lobectomy with
mediastinal lymph node dissection, Lobe or bilobectomy extended,
pneumonectomy with mediastinal lymph node dissection, extended
pneumonectomy plus pleura or diaphragm. Lobectomy with
mediastinal lymph node dissection (39.9%) is the main operation
method, followed by sublobar resection (18.6%) and
pneumonectomy with mediastinal lymph node dissection (7.0%).
Part of the patients did not have surgery (19.6%). Most patients did
not receive surgery because they were in stage IV, but more than
half of the patients did not provide complete TNM stage.
Pathological differentiation degree and TNM staging were
shown in Table 1, but the “unknow” were more than 50%. Only
28 (9.3%) patients received radiotherapy. 112 (37.2%) patients
received chemotherapy.

As summarized in Table 2, there were 75 in the 0-4 age group,
26 in the 5-9 age group, 61 in the 10-14 age group, and 139 in the
15-19 age group. The incidence of pulmonary blastoma in the 0-4
age group was the highest, accounting for 78.7%; In the 5-9 age
group, the incidence rate of MEC was the highest. The incidence of
carcinoid tumor in the 10-14 age group was the highest, accounting
for 37.7%, followed by adenocarcinoma (19.7%) and MEC (14.8%);
In the 15-19 age group, the incidence rate of carcinoid tumor was
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FIGURE 1
Number of primary lung cancer diagnosed each year from 2000 to
2019 in SEER database.
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FIGURE 2

Number of primary lung cancer diagnosed each age group in SEER
database.

Pathology

Carcinoid tumor was the most common histology (29.6%),
followed by PB (22.3%), MEC (12.3%), adenocarcinoma (10.3%),
NET (5.7%), SCC (5.3%), atypical carcinoma (2.3%). There are
still many rare LC pathological types in children, which are
not listed in Table 3, such as: primitive neuroectodermal
tumor, fibromyxosarcoma, malignant teratoma, malignant
hemangioendothelioma, neuroblastoma, nuclear protein in testis
(NUT) associated carcinoma, lymphoepithelial carcinoma,
desmoplastic small round cell tumor, pseudosarcomatous
carcinoma, spindle cell sarcoma. We listed the biological
characteristics and treatment plans (surgery (different operation
methods),
pathological types in Table 3.

chemotherapy, and radiotherapy) for different

Survival

Table 1 shows the 1-year, 3-year, and 5-year survival rate of
various variables and their impact on OS. Primary site, laterality,
location, histology, grade, surgery or not, TNM stage, and
chemotherapy have significant effects on OS. The mean follow-up
time was 100 months. For the entire group of children and
adolescents, the 1-year OS was 89.1%, and the 3-year OS was
79.7%. the 5-year OS was 77.9%, the 10-year OS was 75.7%, and
the 15-year OS was 73.9%. And 1-year LCSS was 89.8%, and the 3-
year LCSS was 80.4%. the 5-year LCSS was 79.4%, the 10-year LCSS
was 77.7%, and the 15-year LCSS was 75.9%. Surgery was associated
with improved 5-year OS (90.1% versus 23.4% for no surgery,
P<0.01). Tumor histology was also an important factor, and there
were significant differences in survival rates among different types of
tumors (P<0.01).

Table 4 summarized the results of the multivariable analysis
using the Cox regression model. Multivariable analysis of the entire
cohort revealed that for OS, chemotherapy (P<0.01), surgery
(P<0.01), tumor location(P=0.02)and grade (P=0.03) were an
independent predictors of prognosis.
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Figure 3 showed the survival curve of different histological
types. The OS of atypical carcinoma, carcinoid tumor, and MEC
were in the top three. Patients with that had a significantly better OS
compared to patients with other histology.

Discussion

Primary LC was quite rare in children and adolescence (2).
Given the low incidence, it was difficult to study the treatment and
outcomes of these tumors at an institutional level. To our
knowledge, the current study represents the largest (number of

TABLE 1 Demographics, Clinical Characteristics, and OS.

10.3389/fonc.2023.1053248

patients was 301) and latest (Year of diagnosis: 2000-2019)
population-based study to date of primary malignant pulmonary
tumors in children and adolescence.

In our research, from the 0-4 age group with the highest
incidence rate of PB to the 15-19 age group with the highest
incidence rate of carcinoid tumor, the histological types of lung
cancer were different in different age groups. Age at presentation
was one of the variables to consider when deciding the diagnostic
workup. Signs and symptoms at presentation were non-specific and
similar to other, more prevalent, infectious diseases or congenital
lesions (8, 9). It was difficult to consider a primary LC when
consulted upon a child with cough and fever, and almost

Survival Rate

Variable Number Percentage 1-year 3-year P-value
Age, years 0.55 0.96
0 20 6.6 82.6 82.6 82.6
1—4 55 18.3 89 70.7 70.7
5—9 26 8.6 79.2 69.3 69.3
10—14 61 20.3 96.2 75 75
15—19 139 46.2 94.9 82.5 78.8
Gender 0.46 0.5
Male 143 475 97.2 86.3 81.2
Female 158 52.5 94.8 87.2 79.2
Race 3.48 0.48
White 240 79.7 97.5 92.5 86.4
Black 41 13.6 79.3 65.7 65.7
Al 2 0.7 50 — J—
API 15 5.0 73.3 — —
Unknown 3 1.0 J— _ _
Primary site 44.5 <0.01
Upper lobe 81 26.9 94.7 842 78.3
Middle lobe 27 9.0 85 85 85
Lower lobe 100 332 94.9 85.9 84.1
T and B 40 13.3 88.4 85 85
Overlapping 16 53 54.5 54.5 54.5
NOS 37 12.3 79.8 26.9 26.9
Laterality 26.2 <0.01
Left 128 42.5 98.4 86.9 84
Right 155 51.5 94.2 84.4 76.9
Bilaterality 14 4.7 70.1 60.1 33.4
NOS 4 1.32 — — —
(Continued)
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TABLE 1 Continued

Survival Rate

Variable Number Percentage 1-year 3-year 5-year A2
Location 60.5 <0.01
LUL 48 15.9 93.1 87.7 84.8
LLL 43 14.3 97.5 89.8 89.8
RUL 31 10.3 92.9 89 89
RML 27 9.0 88.9 85 85
RLL 57 18.9 87.4 83.1 83.1
Trachea 4 1.3 100 100 100
Bilaterality 7 2.3 57.1 57.1 38.1
LM 24 8.0 95.8 87.1 87.1
RM 12 4.0 100 88.9 77.8
NOS 32 10.6 80.2 45.1 39.4
overlapping 16 5.3 81.3 54.5 54.5
Histology 110 <0.01
Carcinoid tumor 89 29.6 97.6 97.6 97.6
MEC 37 12.3 97.1 97.1 _
Adenocarcinoma 31 10.3 78.3 55.4 e
SCC 12 4.0 20.8 —_ —
NET 16 53 48.7 _ _
Pulmonary blastoma 67 223 93.7 77.2 70.5
Atypical carcinoma 7 23 100 —_ —_
other, NOS 42 14.0 84.9 434 34.7
Grade 67.2 <0.01
I 53 17.6 96.2 96.2 _
11 30 10.0 76.2 —_ —
11T 18 6.0 36.1 113 —_
v 10 33 77.8 444 44.4
Unknown 190 63.1 97.3 93.3 85.8
Surgery 100 <0.01
no 59 19.6 89.4 472 234
yes 242 80.4 97.5 94.4 90.1
operation methods 111 <0.01
Local tumor destruction or excision 9 3.0 88.9 76.2 76.2
sublobar resection 56 18.6 98.2 94.2 89.6
Bronchial sleeve resection 13 43 100 100 100
lobectomy 120 39.9 96.6 89.8 872
Pneumonectomy 21 7.0 75.4 _ _—
Lobe or bilobectomy extended 16 53 100 100 100
resection NOS 7 2.3 100 40 40
(Continued)
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TABLE 1 Continued

Survival Rate

Variable Number Percentage 1-year 3-year 5-year A2

TNM stage 105 <0.01
I 65 21.6 100 97.9 97.9
1I 20 6.6 100 100 100
111 24 8.0 59.7 — —
v 33 11.0 74.6 344 13.1
unknown 159 52.8 97.5 87.1 81.8

Radiotherapy 1.43 0.23
yes 28 9.3 75 — I
no 273 90.7 97.8 93.2 88

Chemotherapy 108 <0.01
yes 112 372 75.9 51.7 48.1
no/unknown 189 62.8 98.9 96.9 96.1

AL American Indian/Alaska Native; AP, Asian or Pacific Islander; T and B, Trachea and Main bronchus; Overlapping, Overlapping lesion of lung; LUL, left upper lobe; LLL, left lower lobe; RUL,
right upper lobe; RML, right middle lobe; RLL, right lower lobe; LM, left main bronchus; RM, right main bronchus; MEC, mucoepidermoid carcinoma; SCC, squamous cell carcinoma; NET,
neuroendocrine tumor.

TABLE 2 Demographics and Clinical Characteristics by age group.

Age, years
Variable 10—14 P value
Gender 0.46
Male 40 10 31 62
Female 35 16 30 77
Race 0.6
White 62 17 46 115
Black 7 7 9 18
Al 0 0 1 1
API 5 2 4 4
Primary site 0.65
Upper lobe 25 6 16 34
Middle lobe 5 3 4 15
Lower lobe 24 6 18 52
Overlapping 4 2 3 7
T and B 6 6 9 19
NOS 11 3 11 12
Laterality 0.37
Right 36 12 30 77
Left 37 11 27 53
Bilaterality 1 3 2 8
(Continued)
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TABLE 2 Continued

10.3389/fonc.2023.1053248

Age, years
Variable 10—14 P value
NOS 1 0 2 1
Histology <0.01
Carcinoid tumor 1 1 23 64
MEC 3 11 9 14
Adenocarcinoma 2 5 12 12
scc 0 1 1 10
NET 0 0 2 14
Pulmonary blastoma 59 3 3 2
Atypical carcinoma 0 0 1 6
other 10 5 10 17
Grade 0.02
I 4 7 11 31
11 2 3 10 15
11T 3 2 4 9
v 4 0 2 4
Unknown 62 14 34 80
Surgery 0.03
Yes 69 21 48 104
No 6 5 13 35
TNM stage <0.01
I 4 10 21 30
11 1 1 5 13
III 1 3 3 17
v 1 2 7 23
Unknown 68 10 25 56
Radiotherapy 0.12
yes 6 0 4 18
no 69 26 57 121
Chemotherapy <0.01
yes 50 5 13 44
no/unknown 25 21 48 95

Al, American Indian/Alaska Native; API, Asian or Pacific Islander; T and B, Trachea and Main bronchus; Overlapping, Overlapping lesion of lung; MEC, mucoepidermoid carcinoma; SCC,

squamous cell carcinoma; NET, neuroendocrine tumor.

impossible to do it if the patient presents with seizures. Numerous
reports in the literature have suggested that primary malignant
pulmonary tumors in children and adolescents present with a more
aggressive disease and had a poorer prognosis than adults (10, 11).
The outcome for children with pulmonary malignancies was
different from adults. In adults, the 5-year OS for all patients with
lung cancer was 15%. The 5-year OS rates of early-stage NSCLC
patients were in the range of 40% to 70% following standard
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surgical treatment or stereotactic body radiation therapy (12, 13).
Different from previous studies, the 5-and 10-year OS of children
and adolescents in this study were 77.9% and 75.7%, respectively. In
addition, we summarized the 15-year of OS and LCSS. It might be
due to the different clinical and biological characteristics of different
types of histology (3).

Although histologic variants of lung cancer remain identical
between pediatric and adult patients, the frequency of occurrence
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TABLE 3 Demographics and Clinical Characteristics by histopathologic tumor type.

10.3389/fonc.2023.1053248

Variable Caicinoid MEC AD ScC NET Blastoma Atypical Other P value
89 37 31 12 16 67 7 42
Gender 0.64
Male 39 17 12 6 6 34 4 25
Female 50 20 19 6 10 33 3 17
Race 0.29
White 79 25 25 7 12 58 5 29
Black 8 6 4 4 4 5 2 8
Al 0 1 0 0 0 0 0 1
API 1 5 2 1 0 0 0 1
Primary site <0.01
Upper 20 10 7 2 5 23 2 12
Middle 11 6 1 2 0 6 0 1
Lower 36 9 15 5 4 21 2 8
Overlapping 4 1 1 1 2 3 0 4
T and B 16 11 2 0 2 3 2 4
NOS 2 0 5 2 3 11 1 13
Laterality <0.01
Right 55 21 14 6 6 30 3 20
Left 33 15 13 3 9 36 4 15
Bilaterality 0 0 3 3 1 1 0 6
NOS 1 1 1 0 0 0 0 1
Grade <0.01
I 22 14 4 3 5 2 2 1
11 2 15 5 2 2 1 1 2
III 0 1 5 1 2 3 0 6
v 0 1 0 0 1 2 0 6
Unknown 65 6 17 6 6 59 4 27
Surgery <0.01
Yes 83 27 22 5 7 63 6 19
No 6 0 9 7 9 4 1 23
Local tumor destruction or excision 2 1 2 0 0 2 0 2
sublobar resection 10 2 10 1 2 26 0 5
Bronchial sleeve resection 8 3 0 0 0 1 1 0
lobectomy 50 20 9 3 2 25 3 8
Pneumonectomy 7 8 1 0 1 2 1 1
Lobe or bilobectomy extended 6 1 0 1 2 4 1 1
resection NOS 0 2 0 0 0 3 0 2
TNM stage <0.01
I 24 24 9 0 3 0 5 0
(Continued)
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TABLE 3 Continued

10.3389/fonc.2023.1053248

Variable Caicinoid MEC AD ScC NET Blastoma Atypical Other P value
I 8 4 4 0 2 0 1 1
111 4 3 5 5 4 1 0 2
v 1 0 12 7 6 0 0 7
Unknown 52 6 1 0 1 66 1 32
Radiotherapy <0.01
Yes 2 2 5 3 5 7 1 3
NO 87 35 26 9 11 60 6 39
Chemotherapy
yes 1 1 17 9 9 46 1 28 <0.01
no 88 36 14 3 7 21 6 14

Al American Indian/Alaska Native; API, Asian or Pacific Islander; T and B, Trachea and Main bronchus; Overlapping, Overlapping lesion of lung; MEC, mucoepidermoid carcinoma; SCC,

squamous cell carcinoma; NET, neuroendocrine tumor.

TABLE 4 Multivariable analysis OS.

chemotherapy 0.06
surgery ‘ 0.29
location ‘ 1.10
grade ‘ 0.81

OS, overall survival; OR, odds ratio; CI, confidence interval.

was different (14). Carcinoid and less common subtypes of
bronchogenic tumors appeared more common in the pediatric
age group. SCLC and SCC common in adults, were rare (3).
There are other rare case reports, such as Ewing’s Sarcoma/
Primitive Neuroectodermal Tumor of the Lung (15), malignant
hemangioendothelioma (16), nuclear protein in testis (NUT) (17),
and so on.

NETs of the lung were classified into well-differentiated, typical,
and atypical carcinoids and a poorly differentiated subgroup which
includes LCLC and SCLC (18). Carcinoid tumors accounted for 2%

Survival curve

95%Cl

0.03-0.12 <0.01
‘ 0.17-0.50 <0.01
‘ 1.02-1.20 0.02
‘ 0.67-0.98 0.03

of all lung tumors and 50% - 80% of lung cancer diagnosed in
children and adolescents (3, 7, 19). In our study, it accounted for
29.6% and was the highest incidence rate of histological type.
Carcinoid tumors were classified as neuroendocrine tumors, and
the vast majority were characterized as typical carcinoids while the
remainder were atypical carcinoids. Even though these tumors were
malignant, their behavior was usually benign and was rarely
responsible for the death of patients even after an extended
period of follow-up. We found that it was a histological type with
the best prognosis. However, LCLC and SCLC, they have the lowest

histology
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FIGURE 3
Survival curve of patients with different histological tumor types.
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incidence rate, the worst prognosis, and the lowest OS. The results
were similar to the previous literature (2, 20).

MEC was defined by the World Health Organization as a tumor
characterized by a combination of mucus-secreting, squamous, and
intermediate cell types and was not an uncommon tumor in general
(21). MEC of the lung, however, was rare with a reported frequency
of 0.1% to 0.2% of primary lung tumors (22). But MEC was the
second most common primary malignant epithelial pulmonary
tumor seen in children (20). In this study, the rate of MEC was
12.3% and all patients received surgical treatment. The incidence
was similar to that of Yesenia Rojas (4). Histologically, these tumors
were divided into high and low grades based on mitotic activity and
cellular differentiation. 83.3% of patients were well-differentiated
(Grade I) and moderately differentiated (Grade II); There was only
one poorly differentiated (Grade III) and one undifferentiated
(Grade IV) case respectively. The survival time was less than 12
months. The present study explored this association and found
significantly better survival in patients with histologically low-grade
tumors than in patients with high-grade tumors. On the whole, the
3-year OS of MEC was excellent and in our study was 97.1%.

Adenocarcinoma was the most common type of lung cancer in
adults, but the true incidence has not been established in childhood
and adolescence (4, 23). Our analysis showed that adenocarcinoma
represents 10.3% of cases in the study population. Neville et al.
reported that the 5-year OS in their series was 26% (2). In our study,
it might be the emergence of new drugs and the progress of
technology that promoted the 3-year OS of adenocarcinoma
to 55.4%.

SCC represents 12% of cases in children compared with 35% in
the adult population (23, 24). In the study, the incidence rate was
4.0%. There were 10 (83.3%) cases in the 15-19 age group. Perhaps
because of the delayed diagnosis, 7 (58.3%) patients did not receive
surgical treatment. Of the lung SCC in children, metastatic tumors
far exceed the number of primary lesions. Delayed diagnosis may
have a role in the higher prevalence of metastatic disease at
presentation (2). SCC had a poor prognosis in children and
adolescents. Based on our study, the l-year OS for SCC in
pediatric patients was 20.8%.

PB was a rare malignant embryonal mesenchymal neoplasm of
the lung occurring almost exclusively in children and adolescents
(25). We retrieved 67 (22.3%) of these patients. There were 59
(88.1%) cases in the 0-4 age group. Surgical treatment was the
primary choice for PB. In our research, 64(94.0%) patients received
surgical treatment. The 5-year OS was 70.5%, which was higher
than that of adenocarcinoma.

Multivariate analysis has demonstrated that chemotherapy,
surgery, tumor location and grade were independent predictors
for OS. But more than half of the patients did not provide complete
pathological differentiation degree and TNM staging. Therefore, we
believe that the positive results in the multivariate analysis do not
have significance for promotion.

The advantage of this study was that the sample size was
relatively large, and by extracting data from the SEER database in
real-world clinical practice. Inevitably, there were some limitations
in our study. Firstly, as a retrospective study, although the sample
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size was relatively large, we could not avoid selection bias.
Furthermore, Clinical symptoms, imaging data, accurate staging,
and specific treatment regime were not available in the
SEER database.

Conclusion

Primary lung cancer in children and adolescent were rare and
histopathological diverse. Fortunately, children and adolescents
with lung cancer had an overall favorable outcome after
treatment. The further treatment experience of each pathological
type would make better evidence-based practice possible.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Author contributions

WS, HG: research ideas and drafting drafts. WS, JL: statistical
analysis. WS, BL: data extraction and manuscript writing. WS, JL,
XG, JS: conception of research. WS, JS, HL, HG: review of the draft.
WS, HG: quality control. All authors contributed to the article and
approved the submitted version.

Acknowledgments

We acknowledge the efforts of the Surveillance, Epidemiology,
and End Results (SEER) Program tumor registries for creating the
SEER database (https://seer.cancer.gov/).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://seer.cancer.gov/
https://doi.org/10.3389/fonc.2023.1053248
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Shao et al.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin (2018) 68
(1):7-30. doi: 10.3322/caac.21442

2. Neville HL, Hogan AR, Zhuge Y, Perez EA, Cheung MC, Koniaris LG, et al.
Incidence and outcomes of malignant pediatric lung neoplasms. J Surg Res (2009) 156
(2):224-30. doi: 10.1016/j.js5.2009.03.100

3. Lal DR, Clark I, Shalkow J, Downey RJ, Shorter NA, Klimstra DS, et al. Primary
epithelial lung malignancies in the pediatric population. Pediatr Blood Cancer (2005) 45
(5):683-6. doi: 10.1002/pbc.20279

4. Rojas Y, Shi YX, Zhang W, Beierle EA, Doski JJ, Goldfarb M, et al. Primary
malignant pulmonary tumors in children: A review of the national cancer data base. |
Pediatr Surg (2015) 50(6):1004-8. doi: 10.1016/j.jpedsurg.2015.03.032

5. Mareng AS, Langer SW, Bodtger U. Primary pulmonary adenocarcinoma in a 16-
year-old boy - a five-year follow-up. Eur Clin Respir J (2016) 3:32633. doi: 10.3402/
ecrj.v3.32633

6. Afghani R, Hajimohammadi A, Azarhoush R, Kazemi-Nejad V, Yari B, Rezapour
Esfahani M, et al. Massive malignant pleural effusion due to lung adenocarcinoma in
13-year-old boy. Asian Cardiovasc Thorac Annals (2016) 24(4):389-92. doi: 10.1177/
0218492316633011

7. Al-Qahtani AR, Lorenzo M, Yazbeck S. Endobronchial tumors in children: An
institutional experience and review of the literature. J Pediatr Surg (2003) 38:722-36.
doi: 10.1016/S0022-3468(0-5)00039-3

8. Buyukavci M, Altas S, Salman B, Eren S. An aggressive childhood tumor
mimicking pleural empyema: Pleuropulmonary blastoma. J Pediatr Hematol Oncol
(2006) 28(4):257-9. doi: 10.1097/01.mph.0000212917.24051.6f

9. Giuseppucci C, Reusmann A, Giubergia V, Barrias C, Kriiger A, Siminovich M,
et al. Primary lung tumors in children: 24 years of experience at a referral center.
Pediatr Surg Int (2016) 32(5):451-7. doi: 10.1007/s00383-016-3884-3

10. Vitale GC. Endoscopic retrograde cholangiopancreatography (ERCP) and the
surgeon. interventional endoscopy in the management of complex hepatobiliary and
pancreatic disease. Surg Endoscopy (1998) 12(5):387-9. doi: 10.1007/5004649900687

11. Smith A, Steinmaus C, Liaw ], Marshall G, Yuan Y, Ferreccio C, et al. Early
childhood carcinogenic exposures causing lung cancer in young adults. Epidemiology
(2006) 17(17):8316-S7. doi: 10.1097/00001648-200611001-00833

12. Hirsch FR, Scagliotti GV, Mulshine JL, Kwon R, Curran WJJr., Wu YL, et al.
Lung cancer: Current therapies and new targeted treatments. Lancet (2017) 389
(10066):299-311. doi: 10.1016/S0140-6736(16)30958-8

Frontiers in Oncology

11

10.3389/fonc.2023.1053248

13. Custodio A, Castro JD. Strategies for maintenance therapy in advanced non-
small cell lung cancer: Current status, unanswered questions and future directions. Crit
Rev Oncology/Hematology (2012) 82(3):338-60. doi: 10.1016/j.critrevonc.2011.08.003

14. Hartman GE, Shochat SJ. Primary pulmonary neoplasms of childhood: A review.
Ann Thorac Surgery (1983) 36(1):108-19. doi: 10.1016/S0003-4975(10)60664-9

15. Takigami A, Yamasawa H, Kurosaki A, Sakamoto N, Onuki T, Mato N, et al.
Pazopanib confers a progression-free survival in a patient with ewing’s Sarcoma/
Primitive neuroectodermal tumor of the lung. Intern Med (2019) 58(9):1335-9.
doi: 10.2169/internalmedicine.1549-18

16. Mucientes P, Gomez-Arellano L, Rao N. Malignant pleuropulmonary
epithelioid hemangioendothelioma - unusual presentation of an aggressive
angiogenic neoplasm. Pathol - Res Practice (2014) 210(9):613-8. doi: 10.1016/
j.prp.2014.04.011

17. LiuX, LiY, Yu M, Zhou L. A case report of primary pulmonary NUT carcinoma
and literature review. Chin ] Lung Cancer (2021) 24(1):63-8. doi: 10.3779/j.issn.1009-
3419.2020.102.44

18. Divisi D, Crisci R. Carcinoid tumors of the lung and multimodal therapy. Thorac
Cardiovasc Surgeon (2005) 53(3):168-72. doi: 10.1055/5-2005-837539

19. Chughtai TS, Morin JE, Sheiner NM, Wilson JA, Mulder DS. Bronchial
carcinoid-twenty years’ experience defines a selective surgical approach. Surgery
(1997) 122(4):801-8. doi: 10.1016/S0039-6060(97)90090-8

20. Kuruvilla MKD, Kuruvilla S. Primary and metastatic lung tumors in the
pediatric population: A review and 25-year experience at a large children’s hospital.
Arch Pathol Lab Med (2008) 132(7):1079-103. doi: 10.1043/1543-2165(2008)132[1079:
PAMLTI]2.0.CO;2

21. Wagner MS. Tumors of the lower respiratory tract (CD-ROM). Arch Pathol Lab
Med (2000) 124(5):783.

22. Liu X, Adams AL. Mucoepidermoid carcinoma of the bronchus: A review. Arch
Pathol Lab Med (2007) 131(9):1400-4. doi: 10.5858/2007-131-1400-MCOTBA

23. McCahon E. Lung tumours in children. Paediatr Respir Rev (2006) 7(3):191-6.
doi: 10.1016/j.prrv.2006.05.002

24. Lewis DR, Check DP, Caporaso NE, Travis WD, Devesa SS. US Lung cancer
trends by histologic type. Cancer (2015) 120(18):2883-92. doi: 10.1002/cncr.28749

25. Manivel JC, Priest JR, Watterson ], Steiner M, Woods WG, Wick MR, et al.
Pleuropulmonary blastoma so-called pulmonary blastoma childhood. Cancer (1988) 62
(8):1516-26. doi: 10.1002/1097-0142(19881015)62:8<1516::aid-cncr2820620812>3.0.c0;2-3

frontiersin.org


https://doi.org/10.3322/caac.21442
https://doi.org/10.1016/j.jss.2009.03.100
https://doi.org/10.1002/pbc.20279
https://doi.org/10.1016/j.jpedsurg.2015.03.032
https://doi.org/10.3402/ecrj.v3.32633
https://doi.org/10.3402/ecrj.v3.32633
https://doi.org/10.1177/0218492316633011
https://doi.org/10.1177/0218492316633011
https://doi.org/10.1016/S0022-3468(0-5)00039-3
https://doi.org/10.1097/01.mph.0000212917.24051.6f
https://doi.org/10.1007/s00383-016-3884-3
https://doi.org/10.1007/s004649900687
https://doi.org/10.1097/00001648-200611001-00833
https://doi.org/10.1016/S0140-6736(16)30958-8
https://doi.org/10.1016/j.critrevonc.2011.08.003
https://doi.org/10.1016/S0003-4975(10)60664-9
https://doi.org/10.2169/internalmedicine.1549-18
https://doi.org/10.1016/j.prp.2014.04.011
https://doi.org/10.1016/j.prp.2014.04.011
https://doi.org/10.3779/j.issn.1009-3419.2020.102.44
https://doi.org/10.3779/j.issn.1009-3419.2020.102.44
https://doi.org/10.1055/s-2005-837539
https://doi.org/10.1016/S0039-6060(97)90090-8
https://doi.org/10.1043/1543-2165(2008)132[1079:PAMLTI]2.0.CO;2
https://doi.org/10.1043/1543-2165(2008)132[1079:PAMLTI]2.0.CO;2
https://doi.org/10.5858/2007-131-1400-MCOTBA
https://doi.org/10.1016/j.prrv.2006.05.002
https://doi.org/10.1002/cncr.28749
https://doi.org/10.1002/1097-0142(19881015)62:8%3C1516::aid-cncr2820620812%3E3.0.co;2-3
https://doi.org/10.3389/fonc.2023.1053248
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Primary lung cancer in children and adolescents: Analysis of a surveillance, epidemiology, and end results database
	Introduction
	Methods
	Ethics statement
	Patient selection
	Statistical analysis

	Results
	Incidence, clinical characteristics, and treatment
	Pathology
	Survival

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


