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Imaging findings of primary lung tumors in children

H. Nursun Ozcan'

Firat Atak? PURPOSE
Berna Oguz1 Pediatric lung tumors are primarily discussed in the surgical literature. However, limited research
Tezer Kutluk3 has been reported on their imaging findings, and only a few tumor types have been documented.
: . Therefore, the aim of this article is to describe the imaging features of primary lung tumors in chil-
Mithat Haliloglu? chen
THacettepe University Faculty of Medicine, METHODS
Department of Radiology, Division of Pediatric The archives of the pediatric radiology unit were reviewed for primary lung tumors documented
Radiology, Ankara, Tiirkiye between 2007 and 2023. In total, 24 patients (9 girls and 15 boys; aged 5 months to 16 years) were
2Hacettepe University Faculty of Medicine, included in the study. Their demographic characteristics, clinical presentation, and histopathologic
Department of Radiology, Ankara, Tiirkiye results were obtained. All imaging studies were reviewed by two radiologists for various findings

(e.g., lymphadenopathy, atelectasis, pleural effusion, calcification, multiplicity, pneumothorax, axial
and lobar location, laterality, tumor margin, mediastinal shift, contrast enhancement pattern, signal
intensity on T1- and T2-weighted images, and diffusion pattern), and a final decision was made by
consensus. The mean tumor size was compared between the benign and malignant groups using
a t-test.

3Hacettepe University Faculty of Medicine,
Department of Pediatrics, Division of Pediatric
Oncology, Ankara, Tirkiye

RESULTS

There were 15 (62.5%) benign tumors, as follows: inflammatory myofibroblastic tumor (IMT; n = 10,
41%), hemangioma (n = 2, 8%), pneumocytoma (n = 2, 8%), and mature cystic teratoma (n = 1, 4%).
Moreover, there were 9 (37.5%) malignant tumors, as follows: pleuropulmonary blastoma (PPB; n
= 6, 25%), adenocarcinoma (n = 2, 8%), and lymphoepithelioma-like carcinoma (LELC) (n = 1, 4%).
The most frequently reported symptoms were cough, fever, dyspnea, chest pain, and recurrent in-
fection; six patients reported no clinical symptoms. Fifteen tumors (62%) were located in the right
lung. The mean tumor diameter at the time of diagnosis was 6.4 + 3 cm (benign group: 6.7 + 3.4 cm;
malignant group: 6 + 2.3 cm, P > 0.050). Calcification was present in 80% of the patients with IMT. At
the time of diagnosis, two (8.3%) patients were found to have metastasis: one was diagnosed with
adenocarcinoma and the other with LELC. Tumors were located peripherally in 18 (75%) patients.

CONCLUSION

The symptoms associated with lung masses are non-specific. There is no correlation between tumor
size and malignancy. The most common tumors observed in this study were IMT and PPB, respec-
tively. IMT is highly associated with calcification.

CLINICAL SIGNIFICANCE
Primary lung tumors are rarely seen in children, and they have different histopathological types.
Calcification might be an important radiological clue for the diagnosis of IMT, which is the most
common lung tumor in children.
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rimary lung tumors are uncommon

in children, have a different histologic

spectrum than adult lung tumors, and
change with age."® Metastases and con-
genital lung masses constitute a substantial
proportion of lung neoplasms in children.
The incidence of primary, metastatic, and
congenital/inflammatory lesions is report-
ed to be 1:5:60.* The most prevalent meta-
static tumors in the lungs are Wilms tumor
and osteosarcoma.® Primary lung masses
may be located in the tracheobronchial tree
or parenchyma. Furthermore, parenchymal
involvement may occur secondarily via lo-
cal invasion of mediastinal or chest wall
masses.

Patients typically present with non-specif-
ic and indistinct clinical symptoms. Delayed
diagnosis is common due to the lack of spe-
cific symptoms and diverse imaging findings
at presentation. The mortality rate for prima-
ry benign lung neoplasms in children is low
(8.7%), and that for primary malignant tu-
mors is approximately 30% overall.? It is par-
amount that radiologists have a comprehen-
sive understanding of the histopathological
spectrum of primary lung masses, enabling
them to identify relevant imaging findings,
make accurate differential diagnoses, and
provide appropriate guidance, particularly
considering the relatively low survival rates
and often unremarkable clinical presenta-
tion.

Research on pediatric lung tumors is pri-
marily found in surgical literature.?’” Howev-
er, few studies have been conducted on the
imaging findings of primary lung tumors
in the pediatric population, and only a few
tumor types have been reported.™® The pur-
pose of this paper is to report on our expe-
rience with primary lung tumors in children.
We have reviewed our cases over the past
16 years and provided a detailed overview
of their imaging findings with computed
tomography (CT) and magnetic resonance
imaging (MRI).

* Primary lung tumors in children are rare.
Patients generally present with non-specific
symptoms, and imaging features are highly
variable.

* The majority of inflammatory myofibroblas-
tic tumors are observed as well-defined, pe-
ripheral, and calcified masses.

* Persistent consolidation and atelectasis
should alert the radiologist to neoplastic
conditions.

Methods

The archive of the pediatric radiology unit
was retrospectively reviewed for lung tumors
documented between 2007 and 2023. The
inclusion criteria were an available CT and/or
MRI scan and pathologic diagnosis of a lung
tumor. Tumors of metastatic and tracheo-
bronchial origin were excluded. The search
yielded 25 patients, 1 of whom did not have
imaging studies available. Therefore, only the
remaining 24 patients (9 girls and 15 boys;
aged between 5 months and 16 years, medi-
an age: 7.5 years) were included in the study
(Figure 1). The demographic features, imag-
ing findings, and pathological results were
documented. Informed consent was waived
due to the retrospective nature of the data
analysis. Approval was obtained from the
Hacettepe University Non-Interventional
Ethics Committee for this retrospective study
(decision no: SBA 23/377; date: 30.11.2023).

Chest X-rays were evaluated for several
potential findings, including the presence
of pleural effusion, pneumothorax, focal
abnormal opacity, and asymmetric density
(radiolucency or radiopacity) of the hemi-
thorax. No pleural effusion or pneumotho-
rax was detected among the patients with
available chest X-rays. Chest CTs and MRIs
were assessed for the following characteris-
tics: anatomic location of the tumor, tumor
size, margins (smooth or lobulated), tumor
pattern (cystic, solid, or mixed), contrast
enhancement pattern (homogeneous or
heterogeneous), presence of calcification,
atelectasis, pleural effusion, pneumothorax,
mediastinal shift, lymphadenopathy, local
invasion, and metastasis at the time of diag-
nosis. A cystic component was considered
present if septation or a fluid—fluid level
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was visible in any region within the mass,
irrespective of the imaging study. Note that
when an MRl scan is performed, regions with
typical fluid intensity are classified as cystic.
Furthermore, if post-gadolinium series were
available, they were checked for contrast
enhancement in these areas. In patients
with only CT scans available, areas without
marked contrast enhancement and densito-
metric measurements less than 20 HU were
considered cystic. Contrast enhancement
was determined by comparing the density
of the solid component of the lesion with
the muscle density in single-phase studies. It
was considered positive if the densitometric
value of the solid part was equal to or great-
er than the muscle density. In cases where
at least a two-phase pre- and post-contrast
image was obtained or two separate acquisi-
tions were performed at different time points
with and without contrast (if the acquisition
parameters were the same), a change in
tissue density greater than 20 HU was con-
sidered positive for contrast enhancement.
The tumor size was determined via mea-
suring the two greatest axial dimensions. In
group analyses, the largest axial diameter
was used. Pleural effusion or pneumothorax
was considered positive if seen only on the
ipsilateral side with the mass. Mediastinal
lymph nodes were considered pathologic if
the axial short axis diameter was larger than
7 mm.? Radiologic detection of local invasion
can be challenging. Thus, in patients who un-
derwent surgery, we checked whether local
invasion was confirmed by the pathological
findings. In cases where no pathology report
was available, we used predefined imaging
criteria for local invasion and deemed all
suspicious cases as negative. For central tu-
mors, local invasion was considered positive
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Figure 1. Flowchart of our study.
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if, for example, there was an endobronchi-
al nodular lesion, soft tissue density in the
mediastinum showing continuity with the
main lesion, intracardiac soft tissue lesion,
or the presence of at least 180 degrees of
surrounding hilar structures. In peripheral le-
sions, local invasion was considered positive
if there was pleural thickening or nodularity,
osseous destruction, and/or chest wall mus-
cle involvement. If two radiologists could not
reliably determine the presence of invasion,
it was reported as negative. If the mass was
located within the inner one-third of the
concentric imaginary lines drawn from the
hilum, it was considered central.'’ If the mass
was within the borders of any two parts, the
site that contained the majority of the tumor
was reported as the tumor location.

Statistical analysis

The data were presented as the mean
+ standard deviation or median (25%-75%
percentile), as appropriate. Categorical vari-
ables were reported as the frequency (per-
centage). The normality assumption of the
numerical variables was assessed with the
Shapiro-Wilk goodness-of-fit test. Differ-
ences between groups were analyzed using
the independent t-test, Mann-Whitney U
test, or chi-squared (X?) test. The statistical
significance was set as P < 0.050.

Results

The patient demographics and clinical
characteristics are summarized in Table 1.
The chest X-ray and CT findings for the be-
nign and malignant subgroups and the
different histopathologic entities are pre-
sented in Tables 2 and 3. In total, 15 (62.5%)
patients had benign neoplasms, comprising
inflammatory myofibroblastic tumor (IMT;
n = 10, 41.7%), hemangioma (n = 2, 8.3%),
pneumocytoma (n = 2, 8.3%), and mature
cystic teratoma (n = 1, 4.2%). The remaining
9 (37.5%) patients had malignant tumors, in-
cluding pleuropulmonary blastoma (PPB; n =
6, 25%), adenocarcinoma (n = 2, 8.3%), and
lymphoepithelioma-like carcinoma (LELC;
n =1, 4.2%). The most common presenting
symptoms were cough (n =12, 50%), fever (n
=7,29.2%), dyspnea (n =5, 20.8%), and chest
pain (n =5, 20.8%). There was no statistically
significant difference in the demographics
and clinical symptoms between the malig-
nant and benign groups, except for regard-
ing chest pain (P = 0.03; Table 4).

In total, 19 (79.2%) patients had available
chest radiographs, 22 (91.7%) underwent CT
scans, 2 (8.3%) underwent MRI scans, and 4

(16.7%) underwent both CT and MRI scans.
Three (13.6%) CT examinations were per-
formed without contrast material at other
hospitals. The mass was found incidentally
in six (25%) patients. Fifteen (62%) tumors
were in the right lung and nine (37%) in the
left lung. The frequencies of the involved
lobes were as follows: right upper (n = 6,
25%), right lower (n = 6, 25%), left lower (n
=5, 20%), left upper (n = 4, 16%), and right
middle (n = 3, 12%). The mean tumor size at
the time of diagnosis was 6.4 + 3 cm (6.7 +
3.4 cmin the benign group and 6 + 2.3 cm in

the malignant group). The analysis revealed
that there were no statistically significant
differences in terms of tumor size between
the malignant and benign groups (P = 0.48).
Additionally, there was no statistically signif-
icant difference in the X-ray and CT findings
between malignant and benign diseases, ex-
cept for a higher prevalence of calcification
in the benign tumors (P=0.01).

Calcifications were present in eight pa-
tients with IMT (80%), one patient with PPB
(16.6%), and one patient with mature cys-

Table 1. Demographics and clinical findings according to the benign and malignant

subgroups

Benign (n =15) Malign (n=9) Total (n = 24) P
Demographics
Age (y) 8 4 7 092
(Median, 25p - 75p) (11 months - 12) (25-12) 2-12)
Sex (F:M) 6:9 3:6 9:15 0.74
Clinical findings, n (%)
Incidentally detected 4(26.7%) 2(22.2%) 6 (25%) 0.81
Cough 7 (46.7%) 5 (55.6%) 12 (50%) 0.67
Fever 4 (26.7%) 3(33.3%) 7 (29.2%) 0.73
Recurrent infections 1(6.7%) 0 1(4.2%) 0.43
Neck swelling 0 1(11.1%) 1 (4.2%) 0.19
Dyspnea 4 (26.7%) 1(11.1%) 5 (20.8%) 0.36
Chest pain 1(6.7%) 4 (44.4%) 5 (20.8%) 0.03
Dysphagia 1(6.7%) 0 1(4.2%) 0.43

Numbers in brackets are column percentages. F, female; M, male.

Table 2. Comparison of imaging features between the benign and malignant lesions

Imaging features Benign (n=15) Malign (n=9) Total (n =24) P
X-ray*

Abnormal opacity 9 (81.8%) 5 (62.5%) 14 (73.7%) 0.83
Asymmetrical lung opacity 1%(9.1%) 0 1(5.3%) 0.70
cT

Size (cm) (mean + SD) 6.7+3.4 6+23 6.4+3 0.48
Multiplicity 2(13.3%) 1(11.1%) 3(12.5%) 0.87
Lobulated margin 9 (60%) 6 (66.6%) 15 (62.5%) 0.74
Contrast enhancement®?

Heterogeneous 5 (45.4%) 6 (75%) 11 (57.9%) 087
Homogeneous 6 (54.5%) 1(12.5%) 7 (36.8%)
Calcification 9 (60%) 1(11.1%) 10 (41.7%) 0.01
Atelectasis 8(53.3%) 7 (77.8%) 15 (62.5%) 0.23
Pleural effusion 8(53.3%) 3(33.3%) 11 (45.8%) 0.34
Local invasion 7 (46.6%) 3(33.3%) 10 (41.7%) 0.52
Lymphadenopathy 4 (26.7%) 2(22.2%) 6 (25%) 0.81
Metastasis 0 2(22.2%) 2 (8.3%) 0.06

Numbers in brackets are column percentages. *No preoperative radiographs were available for four patients in the
benign group and one patient in the malignant group. *An asymmetric radiolucent hemithorax was present on the
contralateral side of the mass. PTwo patients in the benign group and one patient in the malignant group did not

have IV contrast studies. The mature cystic teratoma had a mildly enhancing solid nodule, and one pneumocytoma
did not have apparent contrast enhancement. SD, standard deviation.

Imaging findings of primary lung tumors in children « 421



tic teratoma. The location of the tumor was
peripheral in 18 patients (75%) and central
in 6 patients (25%). Eleven tumors (57.9%)
showed heterogeneous and seven (36.8%)
homogeneous contrast enhancement. One
(4.8%) pneumocytoma did not show any
contrast enhancement, and the mature cys-
tic teratoma presented with only a mildly en-
hancing solid nodular element. Notably, one
adenocarcinoma (4.2%) and one LELC (4.2%)
were found to be metastatic at the time of
diagnosis.

Inflammatory myofibroblastic tumor

Ten children (four girls and six boys; mean
age: 8.1 years) were diagnosed with IMT.
Eight (8/10) tumors had calcification (Fig-
ure 2). The CT scans of two patients were
performed without intravenous contrast.
Five (62.5%) tumors showed heterogeneous
enhancement, while three showed homog-
enous enhancement. Eight (80%) tumors
were located peripherally, and seven (70%)
were located at the lower zones. Six (60%)
tumors had lobulated borders, while four
(40%) had fine borders. Seven (70%) patients
had pleural effusion, six (60%) had atelecta-
sis, and four (40%) had lymphadenopathies.
Moreover, seven patients (70%) had local
invasion findings, with two showing pulmo-
nary artery and vein invasion, two esopha-
geal invasion, two pericardial invasion, and
one left atrial invasion. No metastasis was
detected. On MRI, both tumors were hetero-
geneous on T2- and T1-weighted images,

hyperintense on T2-weighted images, and
isointense/hyperintense on T1-weighted im-
ages. Both tumors showed heterogeneous
contrast enhancement and diffusion restric-
tion on MRI. Four of these tumors were previ-
ously reported.®

Hemangioma

Two (8.3%) children (a nine-month-old
girl and a five-month-old boy) had heman-
giomas. The CT scans revealed that both
tumors were located peripherally, with
lobulated margins and homogeneous con-
trast enhancement. The patient with giant
hemangioma also demonstrated mediasti-
nal shift. Due to the risk of bleeding, biopsy
was not performed on either patient. Both
patients were diagnosed as having heman-
gioma according to their radiologic findings,
and they showed dramatic involution after
propranolol treatment (Figure 3).

Pneumocytoma

Two (8.3%) children (a 13-year-old girl
and a 15-year-old boy) had pneumocyto-
ma. Both patients had single tumors. The
tumors had different imaging features in the
contrast-enhanced series, with one showing
no apparent contrast enhancement and the
other having homogeneous enhancement
(Figure 4). One (50%) tumor was central. The
two tumors had different margin character-
istics: one was lobulated, and the other was
smooth. The two CTs were unremarkable in
terms of the other investigated parameters.

Table 3. The imaging features of different histopathological entities

However, ground-glass opacities resembling
a“halo sign” were observed to surround one
of the tumors. MRI was undertaken for only
one patient and showed that the tumor
was isointense to the paraspinal muscles on
T1-weighted images and hyperintense on
T2-weighted images. No restricted diffusion
signal was observed on the diffusion-weight-
ed imaging series.

Mature cystic teratoma

An 11-year-old boy was diagnosed with
a mature cystic teratoma. The tumor had a
maximum diameter of 15 cm and smooth
margins and was located peripherally. It had
a fluid density and calcification. Atelectasis
and pleural effusion were also noted. A 1-cm
mildly enhancing hyperdense nodule was
detected within the tumor (Figure 5).

Pleuropulmonary blastoma

Six (25%) children (two girls and four
boys; mean age: 3.3 years) were diagnosed
with PPB. There were three (50%) type 2
tumors, two (33.3%) type 3 tumors, and
one (16.7%) type 1 tumor. Calcification
was found in only one (16.7%) patient. Five
(100%) tumors (excluding a patient imag-
ing performed without intravenous con-
trast) exhibited heterogeneous contrast
enhancement. Four (66.6%) tumors had
irregular margins. All six patients had atelec-
tasis, three (50%) had pleural effusion, and
one (16.7%) had pneumothorax. The MRI
showed two (33.3%) tumors with solid and

IMT PPB Adenocarcinoma Hemangioma Pneumocytoma MCT LELC Total
N of cases 10 (41.6%) 6 (25%) 2(8.3%) 2 (8.3%) 2 (8.3%) 1(4.2%) 1(4.2%) 24
ﬁ?\:ﬁgm Pa— (6%51 o . 9,15* 5 mo, 9 mo* 13,15% 1Mmo* 16 (27_'51 .
L:R 4:6 3:3 0:2 1:1 1:1 0:1 0:1 9:15
Peripheral location 8 (80%) 6 (100%) 0 2 (100%) 1 (50%) 1(100%) 0 18 (75%)
(Gnvrieeadt;sr:az)ggl—d ;isr;)eter e (5.57;91 0) (6.; '—759.2) 4,442 4.82¢ 23,24 15 28 (4.222—59.6)
Calcification 8 (80%) 1(16.7%) 0 0 0 1 (100%) 0 10 (41.6%)
Atelectasis 6 (60%) 6 (100%) 1 (50%) 1 (50%) 0 1 0 15 (62.5%)
:::;’:ii:‘:g;‘s 5(625%)F 5 (100%)* 1(50%) op 0b NE NA 11 (57.9%)
Lobulated margin 6 (60%) 4 (66.6%) 2 (100%) 2 (100%) 1 (50%) 0 0 15 (62.5%)
Pleural effusion 7 (70%) 3 (50%) 0 0 0 1 (100%) 0 11 (45.8%)
Lymphadenopathy 4 (40%) 1(50%) 0 0 0 1(100%) 6 (25%)
Local invasion 7 (70%) 2(33.3%) 1 (50%) 0 0 0 0 10 (41.6%)
Metastasis 0 1 (50%) 0 0 0 1(100%) 1 (4.2%)

Numbers in brackets are column percentages. *Patients’ ages are given separately. “Tumor sizes are given separately.FTwo patients with IMT and one with PPB did not undergo
preoperative CT or MRI with intravenous contrast. Homogeneous contrast enhancement was observed in two patients with hemangioma and one patient with pneumocytoma.
IMT, inflammatory myofibroblastic tumor; PPB, pleuropulmonary blastoma; CT, computed tomography; MRI, magnetic resonance imaging; MCT, mature cystic teratoma; LELC,
lymphoepithelioma-like carcinoma; NE, no enhancement; NA, not available; mo, months; L:R: left lung:right lung.
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Figure 2. A 15-year-old boy with inflammatory
myofibroblastic tumor. The axial contrast-enhanced
computed tomography image shows a lobulated
mass with heterogeneous enhancement and
calcifications (dashed arrow) in the left upper lobe.
Note the subpleural atelectasis (arrow).

Figure 3. (a, b) A nine-month-old girl with
hemangioma. (a) The axial contrast-enhanced
computed tomography (CT) image shows large,
homogenous contrast-enhanced tumor in the
left lower lobe (arrows). (b) Following one year of
propranolol treatment, a contrast-enhanced chest
CT showed a significant decrease in the overall
tumor size (arrows).

Figure 4. A 15-year-old girl with pneumocytoma.
The axial contrast-enhanced T1-weighted image
demonstrates a homogenously enhancing mass
lesion (arrow).

cystic parts. The cystic parts were hyperin-
tense on both T2- and T1-weighted imag-
es, indicating the presence of hemorrhage.
The solid parts were heterogeneous due
to cystic/necrotic areas and had lobulated
margins. Both tumors had marked enhance-
ment and diffusion restriction in the solid
components (Figure 6). One type 2 tumor
had local invasion into the mediastinum,
and one type 3 tumor had right pulmonary
vein thrombosis extending to the left atri-
um at the time of diagnosis. One patient
with type 3 PPB developed brain metastasis
during follow-up.

Adenocarcinoma

Two (8.3%) children (a 15-year-old girl
and a 9-year-old boy) were diagnosed with
adenocarcinoma. Both patients underwent
CT, and one patient had both CT and MRI
exams. One patient presented with bilateral
and multifocal lesions along with interlobu-
lar septal thickening compatible with lym-
phatic spread. There were also visceral and
lymph node metastases. The other patient

Figure 5. (a, b) An 11-month-old boy with mature
cystic teratoma. (a) The chest X-ray shows large
opacity in the lower zone of the right lung. (b)
The axial chest computed tomography image
demonstrates a large cystic mass with calcification
(black arrow) and a nodular solid component (not
shown).

424 . november 2024 - Diagnostic and Interventional Radiology

had a central solitary tumor without atelec-
tasis, lymphadenopathy, or local invasion.
Neither tumor showed calcification. The tu-
mor was hyperintense on T2-weighted imag-
es, isointense/hypointense on T1-weighted
images, and had restricted diffusion signal
(Figure 7).

Lymphoepithelioma-like carcinoma

A 16-year-old boy was diagnosed with
LELC after a mass-like opacity was incidental-
ly found on a chest X-ray in the right upper
zone. The tumor measured 2.8 cm and was
centrally located, with smooth margins and
no calcification on CT.There was also medias-
tinal and ipsilateral hilar lymphadenopathy.
It was not possible to comment on contrast
enhancement due to the lack of pre-contrast

Figure 6. (a-c) A four-year-old boy with type 2
pleuropulmonary blastoma. (a) The coronal post-
contrast magnetic resonance image shows a large
and heterogeneous tumor with a lobulated margin
consisting of solid (black arrow) and cystic (white
arrow) parts. (b) The diffusion-weighted image (b
=800 s/mm?2) and (c) apparent diffusion coefficient
map show the diffusion restriction of the solid
components of the tumor (arrows).
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Figure 7. (a, b) A nine-year-old boy diagnosed with
lung adenocarcinoma. (a) The axial T1- weighted
image shows a well-circumscribed and isointense
tumor in the right upper lobe (arrow). (b) Note the
heterogenous enhancement on the T1-weighted
post-contrast image (arrow).

b) A
lymphoepithelioma-like carcinoma. (a) The chest
X-ray taken prior to the orthopedic surgery shows a
nodule with smooth contours (arrow). (b) The axial
contrast-enhanced chest computed tomography
scan shows a uniform mass lesion (arrow).

Figure 8. (a, 16-year-old boy with

images. There was neither pleural effusion
nor atelectasis (Figure 8).

Discussion

This study yielded two major findings.
First, pediatric patients with lung tumors
generally have non-specific and indistinct
clinical presentations, which can lead to mis-
diagnosis. Second, the most common lung
tumors in children are benign, specifically
dominated by IMT.

Previously known as inflammatory
pseudotumor, plasma cell granuloma, or in-
flammatory fibrosarcoma, IMT is a rare mes-
enchymal tumor that may occur throughout
the body, where the lung is the most affect-
ed organ." The World Health Organization’s
fifth edition of Thoracic Tumors classifies
IMT as having “borderline or uncertain be-
havior,” possibly due to its potential for local
invasion, tumor recurrence, and metastasis,
despite previously being considered a be-
nign entity.'>* Similar to the literature, in
our series, the most common primary lung
tumor was IMT.? However, in some patient
cohorts, the most commonly reported tumor
is carcinoid.>' Among our patients, the most
common presenting symptoms were cough
and fever. IMT was predominantly located
in the lower lung zones, consistent with the
available literature.’>” Our study identified
three major imaging findings suggestive of
IMT, including calcification, peripheral loca-
tion, and lobulated margins. In our series,
calcification was present in four-fifths of the
patients, whereas the literature reports vary-
ing rates (15%-77.8%) depending on the
patient demographics and anatomic origins
involved.’®'” The inclusion of only parenchy-
mal IMTs in our study may have contributed
to this difference.'” Additionally, calcification
is reported to be more common in pediatric
cases.'" Atelectasis, pleural effusion, and
local invasion were relatively common in
our series, while lymphadenopathy was rare,
which is consistent with the literature."

Hemangioma, pneumocytoma, and ma-
ture cystic teratoma were the other benign
tumors found in our patients. Pulmonary
hemangioma is a rare tumor that typical-
ly presents as a solitary, well-defined lesion
in the early neonatal period. Co-occurrence
with other sites, such as the skin or liver, may
be observed.” According to the classification
system developed by the International Society
for the Study of Vascular Anomalies, heman-
giomas are categorized as either infantile or
congenital based on the age of presentation
and the presence of endothelial cell glucose

transporter 1 (GLUT-1)." Infantile hemangio-
mas tend to grow after birth and are GLUT-1
positive. Dynamic CT and MRI studies may
help to differentiate hemangiomas from oth-
er pulmonary tumors. Hemangiomas typically
show early, peripheral and strong enhance-
ment have sharply defined borders, and do
not cause a mass effect.” Other presentations,
such as multifocal masses, lesions with cystic
spaces, and endobronchial lesions, may be
seen.! Additionally, pulmonary artery or vein
enlargement may be present due to increased
supply.' Pneumocytoma (previously known as
pulmonary sclerosing hemangioma) is a rare
benign neoplasm of the lung and is frequent-
ly seen as a well-defined intraparenchymal
nodular mass (often peripherally). Although
size variability has been reported, most pneu-
mocytomas are <3.5 cm in largest diameter,?'
which is compatible with our results. Although
mediastinal teratomas are far from rare, pri-
mary pulmonary teratomas are extremely
uncommon. Pulmonary teratomas present as
encapsulated masses with a thin wall contain-
ing liquid tissue, fat, calcifications, or any such
combination. In our single patient, the tumor
was cystic with a mildly enhancing mural nod-
ule and had calcified components.

PPB is the most common malignant prima-
ry lung tumor in the pediatric age group. Most
patients are younger than six years old. Like-
wise, in our series, all patients except one (a
nine-year-old boy) were under six years of age
at the time of diagnosis.” PPB has three histo-
pathological subtypes: type 1 is purely cystic
(mean age: 10 months), type 2 is cysticand sol-
id (mean age: 34 months), and type 3 is pure-
ly solid (mean age: 44 months)." Of note, the
age at initial diagnosis is known to correlate
with the subtype. In our series, there were
three patients with type 2, two patients with
type 3, and one patient with type 1. PPB has
an association with DICERT gene mutations,
and approximately 65%-70% of children with
PPB display heterogeneous mutations.?? Other
tumors associated with DICERT mutations in-
clude cystic nephroma, pineoblastoma, pitu-
itary blastoma, differentiated thyroid cancer,
ovarian sex cord-stromal tumor, and embry-
onal rhabdomyosarcoma.”?? In the current
study, due to the fact that these mutations
have only been evaluated in very recent litera-
ture, our patients unfortunately did not under-
go pertinent analyses. While most PPB cases
are reported in the right hemithorax, in our se-
ries, three patients had left-sided lesions. At CT
and MR, type 1 tumors might appear as single
or multicystic lesions. Type 2 tumors have air-
or fluid-filled cavities with possible air—fluid
levels along with solid internal nodules. Type
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3 tumors are solid lesions. Pleural effusion and
pneumothorax are frequently associated find-
ings in PPB. In our series, three patients had
pleural effusion, and only one had pneumo-
thorax. One of our type 3 patients had right
pulmonary vein thrombosis extending to the
left atrium at the time of diagnosis, which is a
rare but significant complication of PPB.

Adenocarcinoma is the most common
subtype of non-small-cell lung cancer and is
extremely rare in children and adolescents.
Primary lung adenocarcinoma of children
has the poorest prognosis, with a high prev-
alence of distant metastases.” Imaging find-
ings are associated with histopathological
classification and vary from a focal ground-
glass nodule to a solid nodule or a mass.?
They may present as mass-like consolida-
tions and mimic pneumonia.

LELC is a large-cell carcinoma with prom-
inent lymphocyte infiltration and is mostly
seen in the nasopharynx. Similar to naso-
pharyngeal tumor, primary pulmonary LELC
has a documented strong relationship with
Epstein-Barr virus infection in Asian pop-
ulations.?” It usually presents with solitary
pulmonary nodule or mass. However, prima-
ry pulmonary LELC in the pediatric popula-
tion is extremely rare. During his preopera-
tive workup for an orthopedic surgery, our
patient was diagnosed with a chest X-ray
incidentally. A subsequent chest CT was
performed to confirm the presumptive diag-
nosis of a benign lesion, such as a broncho-
genic cyst. Thus, it is important to note that
small size or smooth appearance of a lesion
does not exclude a malignant tumor.

Our study had some limitations. First,
due to the retrospective design, the imag-
ing studies were heterogenous. Second, we
reviewed only the radiology archives of our
institute and could therefore enroll a relative-
ly small sample.

In conclusion, primary lung tumors are
rarely seen in children, and they have differ-
ent histopathological types. Patients gener-
ally have non-specific and indistinct clinical
presentations, possibly delaying the initial
diagnosis. It is noteworthy that calcification
might be an important radiological clue for
the diagnosis of IMT. Moreover, PPB is the
most common malignant lung tumor in the
pediatric age group and displays a wide
range of imaging findings. Persistent con-
solidation and atelectasis should necessarily
alert the radiologist regarding malignancy.
Lastly, small size or smooth contouring of a
lesion does not rule out a malignant tumor.
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