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Background: Primary lung cancer (LC) is extremely rare in pediatric patients, making diagnosis and
management particularly challenging. Currently, there are no established guidelines for treating LC in this
age group, and both prognosis and treatment experiences are scarcely studied. This study aims to evaluate
prognostic factors and assess the survival benefits of surgical intervention in pediatric LC patients.
Methods: Data were obtained from the Surveillance, Epidemiology, and End Results (SEER) database
spanning from 1988 to 2019, encompassing 337 children aged 0-19 years diagnosed with primary LC.
Clinical characteristics, prognostic factors, and surgical approaches were elucidated. Prognostic markers for
overall survival (OS) were evaluated through univariate and multivariate Cox proportional hazards regression
models. Survival analysis between groups utilized Kaplan-Meier survival curves.

Results: The children indicated a median age of 15 years and the female-to-male ratio was close to 1:1.
The most common pathological type was carcinoid tumor (31.45%). Most of the tumors were <5 cm in
diameter (63.79%) or confined in situ (46.77%). The 5-year OS rate for the entire cohort was 77.9%,
with pathologic classification, SEER stage, surgery, and tumor size identified as independent prognostic
factors. Pulmonary/pleuropulmonary blastoma [hazards ratio (HR): 6.41; 95% confidence interval (CI):
1.69-24.35; P=0.006] or adenocarcinoma (HR: 8.82; 95% CI: 2.20-35.25; P=0.002), no surgery (HR: 2.05;
95% CI: 1.13-3.72; P=0.02), and tumor size >5 cm (HR: 2.87; 95% CI: 1.20-6.89; P=0.02) were associated
with a worse prognosis in pediatric LC patients. In localized of SEER stage (HR: 0.15; 95% CI: 0.04-0.56;
P=0.005) was associated with a better prognosis in pediatric LC patients. Common pathological types
including carcinoid, pulmonary/pleuropulmonary blastoma, and mucoepidermoid carcinoma demonstrated
the most favorable prognosis (P<0.001). Surgery did not significantly benefit patients with American Joint
Committee on Cancer (AJCC) stage IV (HR: 0.83; 95% CI: 0.42-1.62; P=0.58) or distant-stage disease (HR:
0.59; 95% CI: 0.33-1.06; P=0.06). Conversely, children with regional lymph node metastasis (HR: 0.23;
95% CI: 0.06-0.88; P=0.02) or AJCC stage III-IV (HR: 0.40; 95% CI: 0.19-0.87; P=0.02) showed improved
survival following lymph node dissection. Tumor size also influenced surgical decision-making, with smaller
tumors (<5 cm) favoring surgical resection, including lobectomy (P<0.001) or local tumor resection (P=0.03),
while larger tumors exhibited advantages with less specificity regarding surgical approach (P=0.15).
Conclusions: This study identified pathologic classification, SEER stage, surgery, and tumor size as
independent prognostic factors for pediatric LC. For children with advanced-stage LC, surgical intervention
may not extend survival time. This study underscores the importance of tailoring therapeutic strategies based

on histology, disease stage, and tumor size. These findings offer valuable insights into managing pediatric
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LG, enabling more informed clinical decisions and potentially enhancing patient outcomes.
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Introduction

Lung cancer (LC) has increased mortality and morbidity
rates worldwide (1,2). According to the data published
by the American Cancer Society in 2023, LC ranked 2nd
among all new cancer (accounting for ~12%) cases and 1st
major cause of death by cancer (21%). Early-stage LC is
mostly asymptomatic, therefore most patients are already
in the advanced stage at the time of medical treatment after
symptom onset, and the 5-year overall survival (OS) rate of
advanced LC patients is ~20% (3-5). However, in children,
primary LCs are rare with an incidence rate of <1/1,000,000
per year, and account for <0.2% of all pediatric cancers,
making diagnosis and evidence-based treatment decisions

Highlight box

Key findings

¢ Surgical intervention, particularly lobectomy, plays a crucial role
in management, with histological classification of pediatric lung
cancer (LC), Surveillance, Epidemiology, and End Results stage,
surgery, and tumor size identified as independent prognostic
factors guiding personalized treatment decisions for pediatric LC.

What is known and what is new?

e Surgical intervention significantly improves survival rates for
patients with American Joint Committee on Cancer stages I and
11T, those with stage IV do not derive significant survival benefits.
The extent of lymph node dissection should be tailored according
to disease stage, with no significant survival advantage observed in
early-stage disease.

e Tumor size significantly influences the choice of surgical approach,
with lobectomy and local tumor excision showing better outcomes
for tumors smaller than 5 cm in diameter. However, larger tumors
may not exhibit significant survival differences based on the
surgical modality.

What is the implication, and what should change now?

®  Our findings underscore the importance of personalized treatment
strategies in pediatric LC, informed by histology, disease stage,
and tumor size, highlighting the necessity for further prospective
studies to validate these conclusions and explore emerging

therapeutic modalities.
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very difficult (6-8).

A review of past literature on pediatric LC reveals that
most studies are based on case reports and case series (9,10).
Research specifically focusing on the prognosis of pediatric
LC is limited, with very few studies available. Histology,
surgery, tumor site, and stage have been identified as key
prognostic factors influencing the outcomes of pediatric LC
(11,12). Currently, the treatment strategy for pediatric LC
patients involves referring to the standards for adults and
developing treatment plans after discussing with adult LC
patients oncologists (13). Surgical treatment plays a very
important role in the comprehensive treatment of LC in
both adults and children (14). However, because of the low
incidence rate, analyzing the effect and outcome of surgical
treatment of pediatric LC patients in a single medical
center is difficult. Furthermore, studies discussing surgical
strategies and their benefits for pediatric LC patients with
different clinical characteristics remain limited. Therefore,
to address the aforementioned limitations, this research
employed the Surveillance, Epidemiology, and End Results
(SEER) database, which offers an extensive dataset on
various cancers in the American population.

This retrospective study collected general clinical
information, surgical treatment, and prognostic data of
337 pediatric primary LC patients (aged =0-19 years) from
the SEER database between 1988 and 2019 to analyze the
associated prognostic factors. Furthermore, the survival
benefit of surgical treatment among patients with different
clinical characteristics was also assessed. Per our knowledge,
this is the largest population-based study of primary
malignant lung tumors in children to date. We present
this article in accordance with the STROBE reporting
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-24-174/rc).

Methods
Patient selection

The data utilized in this research were acquired from the
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Figure 1 The optimal cutoff values of tumor size identified by X-tile. (A) The heatmap panel provides a visual representation of the

relationship between different cut-off values of a continuous variable and clinical outcomes, helping to identify the most statistically

significant cut-off points. The black dot in the figure marks the optimal cut-off point selected. The colors in the plot indicate the strength

of the association at each division, ranging from low (dark, black) to high (bright, green, or red). Red represents inverse associations, while

green indicates direct associations. (B) The optimal cutoff value of tumor size. (C) The Kaplan-Meier curves for the subgroups of tumor size

(<5, =5 cm) for overall survival.

SEER database, which comprises 18 population-based
cancer registries and covers above 28% of the American
population (15). This study leveraged SEER-Stat version
8.4.2, which offers extensive data on morphological and
histological codes, patient demographics, stage, treatment
methods, and patient survival (16,17). The robustness of
the SEER database ensures that our findings are based on a
large and diverse patient population.

Information on diagnosed LC patients was extracted
based on the following inclusion criteria: (I) site recode
International Classification of Disease for Oncology, 3rd
edition (ICD-0O-3)/World Health Organization (WHO)
2008 = Lung and Bronchus; (II) diagnosed between 1988
and 2019; (IIT) age at diagnosis between 0 to 19 years; (IV)
complete follow-up. Individuals with multiple primary
cancers or unknown survival time were excluded from the
research. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Variable collection

Data on different demographic variables including race,
year of diagnosis, age, primary site, laterality, gender,
tumor size, use of surgery, surgical methods, and histology
were acquired. Furthermore, American Joint Committee
on Cancer (AJCC) stage and survival time data were also
harvested. Tumor size was categorized into two groups

© AME Publishing Company.

based on the optimal cut-off points determined using the
X-tile program (Figure 1), with <5 and >5 cm size. The end
date of follow-up for the SEER cohort was December 31,
2019. The OS was defined as the duration from diagnosis
until the last follow-up or death by any cause.

Statistical analysis

The data are illustrated as frequencies (in %) or median
(Q1, Q3). The demographics and disease features of
different patient groups were compared using a chi-square
test and Fisher’s exact test for categorical variables. The
rank sum test was employed to compare quantitative data
with skewed distribution between the groups. Furthermore,
survival curves were generated with the help of the
Kaplan-Meier method, while for comparing the strata,
a log-rank test was performed. Univariable analysis was
conducted to identify which among those confounders
were potential prognostic factors. Variables which were
of statistical significance (P<0.05) in the univariable Cox
regression model were subsequently incorporated into the
multivariable Cox proportional hazards regression analysis.
For data processing and analysis, R version 4.3.0 (2023-04-21)
was utilized in conjunction with the Storm Statistical
Platform (www.medsta.cn/software). A two-sided P value
of <0.05 was set as the threshold for statistically significant
differences.
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Results
General information

This research included data on 337 children <19 years
old with primary LC, acquired from the SEER database
between 1988 and 2019. The children indicated a median
age of 15 years and an average OS of 68 months. The
female-to-male ratio was close to 1:1. The most common
pathological type was carcinoid tumor (31.45%), followed
by pulmonary/pleuropulmonary blastoma (21.07%) and
mucoepidermoid carcinoma (12.17%). Most of the tumors
were <5 c¢cm in diameter (63.79%) or confined in situ
(46.77%). Furthermore, approximately 80% of all pediatric
LC patients underwent surgical treatment. Moreover,
lobectomy (30.33%) was the predominant surgical modality
employed, followed by excision or resection of less than
one label, or local tumor destruction (ERL) (23.12%),
lobectomy with dissection of lymph nodes (LDLN)
(17.72%), and pneumonectomy (8.41%). In addition,
regional lymph node surgery was performed in 51.16% of
cases (Table 1).

Analysis of prognostic-related factors

For all children and adolescents, the 1-, 3-, 5-, and 10-year
OS was 88.5%, 78.0%, 77.6%, and 73.7%, respectively.
The uni- and multivariate Cox regression revealed four
independent prognostic factors for pediatric primary LC,
including pathologic classification, SEER stage, surgery,
and tumor size (Tuable 2). Figure 2 indicates the survival
curve of different surgery, SEER stages, histological types,
and tumor size. The OS of mucoepidermoid carcinoma,
carcinoid tumors, and pulmonary/pleuropulmonary
blastoma were in the top three, and patients with these
indicated significantly better OS than those with other
histology.

Patients with AJCC stage IV or distant-stage disease did
not indicate significant survival benefit from surgery

Although the AJCC stage was not an independent factor
influencing the prognosis of pediatric primary LC in
multifactorial Cox regression. However, AJCC staging is
an important guide in clinical diagnostic and treatment
decisions. Therefore, the survival curves were used to assess
the survival benefit of surgical treatment at different AJCC
stages. Furthermore, it was revealed that AJCC stage IV
patients had the worst prognosis, while stage I indicated the

© AME Publishing Company.
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best prognosis. Moreover, the difference in survival between
stage II and III was not significant [hazards ratio (HR): 2.93;
95% confidence interval (CI): 2.21-3.87; P<0.001; Figure 34].
For AJCC stage I, the choice of different surgical modalities
did not significantly affect the patient’s survival (P=0.22;
Figure 3B). In addition, for AJCC stages II and III children,
those who underwent lobectomy with or without lymph node
dissection had significantly prolonged survival than those
who did not undergo surgical intervention (HR: 1.52; 95%
CI: 1.07-2.15; P=0.02; Figure 3C). For AJCC stage IV, there
was no significant difference in survival between the children
who underwent surgical intervention and those who did not
(P=0.58; Figure 3D). Furthermore, the survival of children
with distant-stage disease who received surgical intervention
was better than those without surgery, but the difference was
not statistically significant (HR: 0.59; 95% CI: 0.33-1.03;
P=0.06; Figure 3E). The survival time of children with
localized-stage disease who underwent ERL, lobectomy, or
LDLN mono-treatment was markedly higher than those
who did not undergo surgical intervention (Figure 3F).

Patients with AJCC stage I and II or localized-stage
disease did not indicate significant survival benefit from
lymph node dissection

Whether lymph node dissection is required is a
controversial question for surgeons. Here, survival curves
were employed to explore the difference in survival
between clinical subgroups in terms of whether lymph
node dissection should be performed. It was found that
surgical intervention with lymph node dissection did not
notably improve survival in children with AJCC stage I and
II (P=0.27) or N stage 0 (P=0.10) or localized-stage disease
(P=0.68) (Figure 44-4C). However, surgical intervention
with lymph node dissection significantly improved the
survival of children with AJCC stages III and IV (P=0.02)
or regional lymph node metastases (P=0.02) or distant-stage
disease (P=0.04) (Figure 4D-4F).

Patients with tumor diameter less than S cm bhave
significantly increased survival after ERL and lobectomy

Tumor size is also a key factor in determining the choice
of surgical approach. The survival analysis indicated that
surgery could markedly improve the survival of children
with tumor diameters <5 (P=0.008) or >5 cm (P<0.001)
(Figure 5A4). When the tumor diameter was <5 cm, the
survival time of patients who underwent ERL (P=0.03) and
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Table 1 Demographic characteristics and clinicopathological

features of 337 children with lung cancer
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Variable

Value (n=337)

Overall survival (months)
Age (years)
Sex
Female
Male
Year of diagnosis
1988-1999
2000-2009
2010-2019
Race
Black
White
Other/unknown
Primary site
Lower lobe
Main bronchus
Middle lobe
Overlapping lesion
Upper lobe
Unknown
ICD-0-3
Carcinoid tumor
Pulmonary/pleuropulmonary blastoma
Mucoepidermoid carcinoma
Adenocarcinoma
Other
Laterality
Left
Right
Bilateral/unknown
Type of resection
ERL
LDLN
Lobectomy
Pneumonectomy

No

68.00 (13.00, 152.00)
15.00 (6.00, 18.00)

171 (50.74)
166 (49.26)

43 (12.76)
142 (42.14)
152 (45.1)

45 (13.35)
268 (79.53)
24 (7.12)

112 (33.29)
39 (11.57)
31(9.2)
16 (4.75)
97 (28.78)
42 (12.46)

106 (31.45)
71 (21.07)
41 (12.17)
19 (5.64)

100 (29.67)

144 (42.73)
177 (52.52)
16 (4.75)

77 (23.12)
59 (17.72)
101 (30.33)
28 (8.41)
68 (20.42)

Variable Value (n=337)
Tumor size

<5cm 155 (63.79)

>5cm 88 (36.21)
N stage

NO 144 (61.80)

N1 20 (8.58)

N2 29 (12.45)

N3 12 (5.15)

NX 28 (12.02)
AJCC stage

| 86 (41.95)

I 41 (20.00)

11l 23 (11.22)

\% 55 (26.83)
Surgery

No 68 (20.18)

Yes 269 (79.82)
Regional lymph node surgery

No 148 (48.84)

Yes 155 (51.16)
SEER stage

Distant 78 (24.00)

Localized 152 (46.77)

Regional 95 (29.23)

Data are presented as median (Q1, Q3) or n (%). ICD-O-3,
international classification of disease for oncology, 3rd edition;
ERL, excision or resection of less than one label, or local
tumor destruction; LDLN, lobectomy with dissection of lymph
nodes; AJCC, American Joint Committee on Cancer; SEER, the
surveillance, epidemiology, and end results database.

lobectomy (P<0.001) was significantly higher compared

with those who did not undergo surgical intervention, while

the survival time of the patients who underwent lobectomy

was notably enhanced than the patients who underwent
LDLN (P=0.03) and pneumonectomy (P=0.01) (Figure 5B).

For children without distant metastasis and with tumor

Table 1 (continued)
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diameter <5 cm, no significant difference was observed

in survival after different surgical methods (Figure 5C).
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Table 2 Univariate and multivariate Cox regression analysis for overall survival in pediatric lung cancer patients

Univariate analysis

Multivariate analysis

Variables
HR (95% Cl) P HR (95% CI) P
Age 1.01 (0.98-1.05) 0.57
Sex
Female Reference
Male 1.00 (0.64-1.56) >0.99
Year of diagnosis
1988-1999 Reference Reference
2000-2009 0.62 (0.36-1.10) 0.10 1.20 (0.60-2.39) 0.60
2010-2019 0.46 (0.24-0.88) 0.02 0.92 (0.40-2.15) 0.85
Race
White Reference
Black 1.18 (0.62-2.24) 0.62
Other/unknown 1.56 (0.71-3.41) 0.27
Primary site
Upper lobe Reference Reference
Lower lobe 1.12 (0.59-2.13) 0.73 1.14 (0.55-2.36) 0.73
Middle lobe 0.90 (0.33-2.47) 0.84 1.51 (0.44-5.13) 0.51
Main bronchus 0.65 (0.24-1.78) 0.41 0.77 (0.26-2.34) 0.65
Overlapping lesion 2.33 (0.91-5.96) 0.08 2.18 (0.74-6.42) 0.16
Unknown 4.13 (2.19-7.80) <0.001 0.95 (0.41-2.19) 0.91
ICD-0-3
Carcinoid tumor Reference Reference
Pulmonary/pleuropulmonary blastoma 9.86 (2.85-34.13) <0.001 6.41 (1.69-24.35) 0.006
Adenocarcinoma 29.55 (8.10-107.89) <0.001 8.82 (2.20-35.25) 0.002
Mucoepidermoid carcinoma 0.84 (0.09-8.08) 0.88 1.83 (0.17-20.03) 0.62
Other 25.19 (7.84-80.93) <0.001 8.03 (2.37-27.20) <0.001
Laterality
Left Reference Reference
Right 1.19 (0.73-1.92) 0.49 1.42 (0.77-2.60) 0.26
Bilateral/unknown 4.04 (1.96-8.33) <0.001 1.15(0.41-3.18) 0.79
SEER stage
Regional Reference Reference
Localized 0.09 (0.03-0.29) <0.001 0.15 (0.04-0.56) 0.005
Distant 4.98 (2.97-8.35) <0.001 1.76 (0.77-4.00) 0.18
Unknown 0.36 (0.05-2.69) 0.32 0.27 (0.03-2.27) 0.23

Table 2 (continued)
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Univariate analysis

Multivariate analysis

Variables
HR (95% Cl) P HR (95% Cl) P

Surgery

Yes Reference Reference

No 7.45 (4.75-11.67) <0.001 2.05 (1.13-3.72) 0.02
Regional lymph node surgery

No Reference Reference

Yes 0.55 (0.33-0.92) 0.02 0.93 (0.49-1.73) 0.81

Unknown 1.45 (0.81-2.61) 0.21 1.18 (0.61-2.27) 0.62
AJCC stage

| Reference Reference

I 27.83 (3.59-215.62) 0.001 3.18 (0.34-29.40) 0.31

M 39.61 (5.02-312.69) <0.001 2.09 (0.21-21.09) 0.53

Y 109.01 (14.92-796.36) <0.001 2.65 (0.27-26.25) 0.41

Unknown 13.29 (1.78-99.09) 0.01 1.96 (0.21-18.39) 0.56
Tumor size

<5cm Reference Reference

>5cm 8.68 (4.14-18.19) <0.001 2.87 (1.20-6.89) 0.02

Unknown 7.90 (3.80-16.41) <0.001 2.46 (1.01-6.05) 0.049

HR, hazards ratio; ClI, confidence interval; ICD-O-3, International Classification of Disease for Oncology, 3rd edition; SEER, Surveillance,
Epidemiology, and End Results; AJCC, American Joint Committee on Cancer.

However, for patients without distant metastasis and with
tumor diameter >5 cm, the survival rate after ERL(P=0.13)
and lobectomy (P=0.12) was better than that of patients
treated with pneumonectomy, but the difference was not
statistically significant (Figure 5D).

Discussion

Primary LC is very rare in children with an incidence rate of
only 0.03% among all LC cases. Furthermore, the number
of pediatric LC patient cases is much lower than that of
lung metastases of other childhood malignancies (18). The
ratio of primary benign to primary malignant to secondary
malignant neoplasms is 1.4:1:11.6 (19). Therefore, because
of the unique challenges of this malignancy, comprehensive
data and evidence-based treatment guidelines for pediatric
LC patients are still lacking. This investigation addressed
this research gap by using the SEER dataset to analyze the

© AME Publishing Company.

clinical data of 337 children with primary LC and focusing on
the efficiency of surgical treatment in the prognosis of these
patients. The data identified four independent prognostic
factors in pediatric LC patients, including histological
classification, SEER stage, surgery, and tumor size.

In adults, the common LC histological types primarily
include squamous cell carcinoma, adenocarcinoma,
large cell carcinoma, and small cell carcinoma; however,
these are relatively rare in children (11,20). Here, it was
revealed that carcinoid tumors were the most common
histological subtype of pediatric primary LC patients,
followed by pulmonary/pleuropulmonary blastoma and
mucoepidermoid carcinoma, consistent with the previous
reports (21). Furthermore, it was revealed that the prognosis
of the three most common pathological types of pediatric
LC patients was good and significantly better than the other
histological types. However, a quarter of patients indicated
distant metastases at diagnosis, and the 3-year OS was only
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Figure 2 Kaplan-Meier Analysis of overall survival stratified by histological types (A), SEER stages (B), surgery (C), and tumor size (D).

ICD-O-3, International Classification of Disease for Oncology, 3rd edition; HR, hazards ratio; CI, confidence interval; SEER, Surveillance,

Epidemiology, and End Results.

35.6%. Moreover, no substantial difference was observed
in survival between primary LC patients with distant
metastases who did or did not receive surgical intervention.
Much research has been conducted for decades to achieve
early diagnosis and LC treatment by screening to reduce
related mortality (15). Current risk factors for LC in
adults include advanced age, history of smoking, history of
occupational carcinogen exposure, genetic mutations, and
history of chronic lung disease (12,22). Experts around the
world suggest that high-risk people should be screened for
LC. However, early screening for pediatric LC is difficult
due to its great rarity, unspecific symptoms, and lack of
relevant risk factor analysis data. It is currently believed
that childhood lung malignancies may be associated with
underlying congenital lesions, such as cystic adenomatoid
malformations (23). Therefore, both the removal of lesions

© AME Publishing Company.

and the examination of the tissue should be considered to
confirm the elimination of all abnormal areas. Additionally,
persistent symptoms of respiratory infections and coughing
up blood should prompt a comprehensive diagnostic process
involving imaging and possibly bronchoscopy (20).

Surgical treatment, a cornerstone of LC management in
adults, plays a significant role in pediatric cases as well (24).
Here, about 80% of pediatric primary LC patients
underwent surgery, with lobectomy being the most
common surgical procedure. For choosing the extent of
surgical resection, although lobectomy is still considered
the gold standard for surgical treatment of stage I LC,
this research indicated that stage I pediatric LC patients
who underwent segmental resection or wedge resection
had comparable long-term survival rates to those who
underwent lobectomy. Therefore, in pediatric primary LC

Transl Pediatr 2024;13(10):1671-1683 | https://dx.doi.org/10.21037/tp-24-174



Translational Pediatrics, Vol 13, No 10 October 2024 1679
A1.00- . — B 1.00 C 1.00 7
Pvalue AJCC stage
Seemi
2 0.75 - 2 0.75 20.75
o] o o)
[ © ©
) 8 )
S 0.50 5 0.50 5 0.50 7
© © ©
2 2 =2
= = = Type of résect
@ 0.25 3 0257 Prag | Type o resecton @ 0257 P e ooy
Ny oo ! | omLobectomy I
g WPneumonectomy -
0.00 P2l o) 258 0.00 47°%# 0.00 rYsp, 95% i (1.07, 2.1
‘ l;h:mber atrisk I 1 ] o g‘umber atrisk 3 1 2 - ereumonectomy | Gimber at nsk3 + :
11|39 13 10 i Lobectomy |21 20 12 4 1 Lobectomy |16 6 i 1
23 6 4 1 C i ¢ ] i ERL 2 2 1
Pneu 0 [ 3 1 1 No i1 3 i 1
T T T T T T T T T T T T
0 91 182 273 364 0 86 172 258 344 0 90 180 279 360
Overall survival, months Overall survival, months Overall survival, months
D F
1.00
1.00 4 Surgery f LI —
| mNo
W Yes >
> z E 0.75 A
= 3 8
el Qo
8 S g
—8 ° a 0.50 ~
8 & s
= © s P value Type of resection
> 2 0 25 n secem
= = ooe eMERL
oo obectomy
0.00 {HR=1.01,95% CI (0.78, 1.32)
. [INumber at risk | |
- _|P=0.08
0.00 ~{FR -5, 95% Gi 0.42, 1.62) 0.00 7" Fes,95% 01 033,109 erL lés o £ i {
Number at risk Numberatrisk [ [ L] No |11 i 3 { 1
N 2 i 1 No 4! k) 2 1 Pneumonectomy |23 9 6 2 1
Yes b4 3 1 1 Yesp i 3 1 Lobectomy qg P i 5 1
T T T T T T T T T T T T
0 91 182 273 364 0 91 182 273 364 0 92 184 276 386

Overall survival, months

Overall survival, months

Overall survival, months

Figure 3 Survival analysis according to AJCC stages and surgical interventions. (A) Survival analysis across AJCC stages. (B) Effect of

surgical modalities on AJCC stage I patients. (C) Survival outcomes for AJCC stages II and III. (D) Impact of surgical intervention on

AJCC stage IV. (E) Survival comparison for distant-stage disease with and without surgery. (F) Survival benefits of surgical intervention for

localized-stage disease. AJCC, American Joint Committee on Cancer; HR, hazards ratio; CI, confidence interval; LDLN, lobectomy with

dissection of lymph nodes; ERL, excision or resection of less than one label, or local tumor destruction.

patients, the extent of resection should be appropriately
reduced when necessary for safety reasons. Furthermore,
total pneumonectomy should be avoided as much as
possible, as it has been associated with an elevated rate of
postoperative complications and risk of death in elderly LC
patients (25,26). Moreover, this investigation also suggested
that in AJCC stages II and III pediatric LC patients, surgical
intervention, particularly lobectomy, significantly improves
the survival rate. However, for children with AJCC stage
IV, surgery did not provide a significant survival benefit.
Currently, for treating stage IV pediatric LC patients, a
treatment regimen for adult LC patients is referred, the
principle of comprehensive treatment based on systemic
therapy is adopted, and an individualized treatment strategy
is developed according to the patient’s pathological type,
molecular genetics characteristics, and organismal status.

© AME Publishing Company.

Whether lymph node dissection should be performed
for treating LC remains a controversial issue. Here,
51.2% (155/303) of the patients had a lymphadenectomy.
Furthermore, the long-term survival rate of children with
AJCC stage III-IV or regional lymph node metastases
substantially increased after lymph node dissection
compared to those without lymph node dissection.
However, in children with AJCC stage I-1I or those without
lymph node involvement, lymph node dissection had no
significant effect on survival. In addition, it was observed
that the extent of lymph node dissection can be tailored
according to the patient’s clinical stage. In studies of adult
LC patients, lymph node dissection did not indicate a
significant postoperative survival advantage over stage I-
IIT LC patients without lymph node metastasis detected by
preoperative standardized mediastinal lymph node staging.
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Figure 4 Impact of lymph node dissection on survival in pediatric lung cancer patients. (A-C) Survival curves for children with AJCC stage

I and IT (A), N stage 0 (B), or localized-stage disease (C) demonstrate no significant improvement in survival with lymph node dissection.

(D-F) Conversely, in children with AJCC stages IIT and IV (D), regional lymph node metastases (E), or distant-stage disease (F), surgical

intervention with lymph node dissection significantly enhances survival rates. HR, hazards ratio; CI, confidence interval; AJCC, American

Joint Committee on Cancer.

However, lymph node dissection is still recommended for
those who do not have preoperative clear mediastinal lymph
node staging (27).

Tumor size is a key factor in determining an appropriate
surgical strategy. Here, it was indicated that surgery
substantially improved the survival of pediatric LC patients
regardless of whether the tumor diameter was greater or
smaller than 5 cm. When the tumor diameter was <5 cm,
children who underwent ERL, lobectomy, and LDLN
indicated markedly prolonged survival time than those who
did not undergo surgical intervention. In addition, children
who received lobectomy had a notably longer survival time
than those who underwent LDLN and pneumonectomy.
Although no significant difference was observed in survival
rates between surgical modalities in children without distant
metastases and with tumors >5 cm in diameter, patients who
received ERL and lobectomy had better survival than those

© AME Publishing Company.

who underwent pneumonectomy. These data highlight
the importance of surgical interventions based on specific
clinical features of the disease, including disease stage,
tumor size, and lymph node involvement.

Although this study has the largest sample size, there are
still certain limitations. First, because of the retrospective
nature of the SEER database, particularly the inability to
distinguish subtypes within diagnoses, selection bias could
not be avoided. Therefore, further prospective studies
and clinical trials are required to confirm the findings and
provide stronger evidence for treatment recommendations
for pediatric primary LC patients. Furthermore, while
our study provides broad insights into surgical outcomes,
it should not replace individualized clinical decision-
making. The role of comprehensive diagnostic evaluations
remains paramount in guiding surgical decisions. Second,
the available chemotherapy and radiotherapy data do
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distant metastasis. (D) Survival comparison for tumor diameter >5 cm without distant metastasis. HR, hazards ratio; CI, confidence interval;
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not encompass details such as whether the treatment is
neoadjuvant or adjuvant, the specific regimen used, or the
dosage administered. Thus, although this research explores
the prognostic surgical differences between different clinical
subgroups, it lacks an analysis of the synergistic effects of
chemotherapy and radiotherapy with surgical treatment.
Moreover, the development of targeted- and immune
therapies may provide new therapeutic options for these
rare tumors, and their role in pediatric LC deserves further
investigation.

Conclusions

In summary, pediatric primary LC is a very rare and

© AME Publishing Company.

heterogeneous disease with different histological subtypes.
This research highlights the significance of individualized
treatment strategies based on specific features of the disease,
such as histology, disease stage, lymph node involvement,
and tumor size. Furthermore, this investigation provides
valuable evidence for clinicians for the management
of pediatric primary LC and further research in this
challenging area.
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