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ABSTRACT

Importance: Pulmonary inflammatory myofibroblastic tumors
(PIMTs) are primary lung tumors in children. Misdiagnosis easily
occurs because of the nonspecific clinical manifestations, laboratory
examination results, and imaging findings in affected patients.
Objective: To summarize the clinical characteristics, diagnosis, and
prognosis of children with PIMTs.

Methods: This retrospective analysis included 23 children with
PIMTs who received treatment in our hospital from January 2008 to
January 2019. The clinical manifestations, laboratory examination
results, and computed tomography findings were retrospectively
analyzed.

Results: The population included 13 boys and 10 girls, with a
median age at onset of 78 months (range, 10—126 months). Fourteen
patients had PIMT lesions in the right lung and nine patients had
PIMT lesions in the left lung. The surgical procedures included
pulmonary wedge resection, pulmonary lobectomy, and total
pneumonectomy. The median operation time was 115 min (range,
45-235 min); the median intraoperative blood loss volume was 30
mL (range, 3—500 mL). During the operation, one patient each had
pulmonary hemorrhage, vena cava hemorrhage, and thoracic duct
injury. Postoperative complications included pulmonary embolism
in one patient and tumor recurrence in two patients; neither of these
complications recurred after reoperation. The median follow-up
period was 49 months (range, 2—127 months).

Interpretation: Children with PIMTs exhibited good prognoses
and primarily underwent surgical resection as treatment. Complete
preoperative evaluation should be performed in affected patients.
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INTRODUCTION

Inflammatory myofibroblastic tumors (IMTs) are
mesenchymal tumors composed of differentiated
myofibroblast spindle cells; they are often accompanied by
large amounts of plasma cells and/or lymphocytes. IMTs

exhibit variable histological morphology, characterized
by low potential malignancy or borderline biological
behavior. IMTs can occur at any age, but are more
common in children and adolescents. They also occur at
any site,' however, they are most commonly observed
in the lung. Pulmonary IMTs (PIMTs) rarely occur in
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children; to the best of our knowledge, there have been
few large sample studies regarding the characteristics
and treatment of pediatric patients with PIMTs. Here,
we investigated the clinical characteristics, diagnosis,
treatment, and prognosis of PIMTs in children admitted to
our hospital, with the aim of improving clinical knowledge
regarding diagnosis and treatment of these tumors.

METHODS
Ethical approval

This study was approved by the Ethics Committee of
Beijing Children’s Hospital. Since this was a retrospective
study and the data analysis were performed anonymously,
the study was exempt from informed consent from
patients’ guardians.

Inclusion criteria

This study included all 23 children with pathologically
confirmed PIMTs who were treated from January 2008 to
January 2019 in Beijing Children’s Hospital.

Analysis of clinical characteristics

The clinical manifestations, laboratory examination
results, and computed tomography (CT) findings of the
patients at the initial visit were retrospectively analyzed to
summarize their clinical features, treatment, and prognosis.

Statistical analysis

Statistical analysis was performed using SPSS version
20.0 (IBM Corp., Armonk, NY, USA). Count data
were expressed as frequencies and proportions, while
measurement data were expressed as medians. The event
free survival (EFS) and overall survival (OS) are estimated
with the Kaplan—Meier method.

RESULTS

Clinical characteristics of patients with PIMT

Contemporaneous cases were reviewed, 85 children
with lung tumors were admitted to our hospital between
2008 and 2019. Following exclusion of 31 patients with
pulmonary metastasis, 23 (43%) patients with PIMTs were
identified; thus, PIMTs were the most common primary
lung tumors in our population. In 81 patients with IMTs
who were admitted to our hospital, 23 had IMTs in the
lung, which constituted the largest subgroup of patients
with IMTs.

The 23 children in this study included 14 boys and
nine girls and median age at onset of 78 months (range,
10-126 months). The primary tumor sites were the right
lung in 14 patients (60.9%) and left lung in 9 patients
(39.1%). In 18 patients, tumors were detected during
imaging examinations because of respiratory tract

symptoms such as pyrexia, cough, and expectoration;
the remaining five patients were asymptomatic and their
tumors were incidentally discovered during clinical
examinations (e.g., the presence of pulmonary space on a
routine physical examination in a child with no obvious
clinical symptoms). Ten (43.4%) children had elevated
preoperative inflammatory indices (e.g., leukocyte count,
C-reactive protein level, and erythrocyte sedimentation
rate), 17 (73.9%) had elevated platelet levels, and 17
(73.9%) had reduced hemoglobin levels. Five are positive
in ALK immunohistochemical analysis (Table 1).

TABLE 1 Demographic and clinical data of children with pulmonary

inflammatory myofibroblastic tumors

Items Number of patients, n (%)
Gender

Male 14.(60.9)

Female 9(39.1)
The primary site of the tumor

Right lung 14 (60.9)

Left lung 9 (39.1)
Symptoms

Fever, cough 18 (78.3)

Asymptomatic 5(21.7)
Laboratory examination

CRP/leukocyte elevate 10 (43.5)

Platelet elevate 17 (73.9)

Hemoglobin decline 17 (73.9)
Immunohistochemical

ALK(+) 521.7)

PIMT, pulmonary inflammatory myofibroblastic tumor

The results of preoperative imaging examinations (B-mode
ultrasound, CT) suggested a pulmonary space-occupying
mass (Figures 1-4). CT examinations revealed that most
masses were indistinct with uneven density; some masses
exhibited calcification. Most masses exhibited uneven
enhancement. One patient had multiple lesions, while the
remaining 22 patients had focal tumors; notably, 18 of the
23 patients exhibited peripheral organ infiltration, which
led to enhanced surgical difficulty.

Surgical procedures and intraoperative complications

All 23 patients underwent surgical treatment; 17 underwent
thoracotomy and six underwent thoracoscopic surgery
(five patients underwent conversion to thoracotomy during
operation). Twenty patients underwent one-stage complete
tumor excision. The surgical procedures were pulmonary
wedge resection (n = 5), pulmonary lobectomy (n = 12),
and total pneumonectomy (n = 3, including one patient
who underwent total pneumonectomy during the initial
surgery; one patient who underwent right lower-middle
lobectomy during the initial surgery and emergency right
upper lobectomy at 3 days postoperatively because of
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FIGURE 1 Lesion in the left lower lobe of a patient, detected during preoperative chest computed tomography. (A) Lung window, (B) Mediastinal

window.

FIGURE 2 Lesion in the hilum of the right lung of a patient, detected during preoperative chest computed tomography. (A) Lung window, (B)

Mediastinal window.

FIGURE 3 Lesion in the hilum of the right lung invading the left atrium
of a patient, detected during preoperative cardiac computed tomography.

an embolism in the right upper pulmonary vein; and one
patient who underwent right upper-middle lobectomy
during the initial surgery and right lower lobectomy at
17 months postoperatively because of recurrence in the
right lower lobe). Three underwent subtotal resection (one
underwent resection of an upper-lobe lesion because of

large lesion range and difficult exposure, whereas two
underwent major tumor resection because of wide invasion
range and extensive adhesion). The median operative time
was 115 min (range, 45-235 min). The median blood loss
volume was 30 mL (range, 3—500 mL).

The pericardium was opened in four patients because
of difficulty dissecting the hilum of the lung during
pulmonary lobe resection. During the operation, one
patient each exhibited pulmonary hemorrhage, vena cava
hemorrhage, and thoracic duct injury. In the patient with
pulmonary hemorrhage, the tumor was closely adhered to
the pulmonary trunk and the pulmonary trunk was torn;
the artery was repaired after distal and proximal ends
were blocked. In the patient with vena cava hemorrhage,
the tumor was closely adhered to the superior vena cava;
local bleeding developed in the superior vena cava during
dissection. The superior vena cava was repaired after
intraoperative application of local pressure to stop the

FIGURE 4 Multiple lesions in the posterior upper lobe of the right lung and dorsal segment of the lower lobe of a patient, detected during preoperative

chest CT. (A) Horizontal position, (B) Coronal position.
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bleeding. In the patient with thoracic duct injury, the tumor
was located in the lower-middle lobe of the right lung;
it was closely adhered to the diaphragm, mediastinum,
esophagus, pericardium, and pulmonary vessels. The
lymph vessels were damaged during tumor separation;
they were repaired and postoperative total parenteral
nutrition was administered. All of these complications
were discovered intraoperatively; all three patients
recovered well after timely treatment. Intraoperative gross
examination revealed incomplete resection in three other
patients. No perioperative death, postoperative bleeding,
or bronchopleural fistula occurred. During the operation,
the texture was found to differ among PIMTs (tumor
specimens are shown in Figure 5). Three exhibited a soft
texture, while most (20/23) exhibited a hard texture.

- ’
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FIGURE 5 Tumor specimen from total pneumonectomy of a patient.
Prognosis

Twenty-two patients received periodic re-examinations for
2 to 127 months postoperatively; one patient was lost to
follow-up. The 5-year event-free survival rate was 86%,
while the 5-year overall survival rate was 100%. Two
patients developed local recurrence at 17 and 33 months
after complete resection, respectively. Reoperations
were performed in both patients; disease-free survival
was achieved at 32 and 54 months relative to the second
operation, respectively, following the second procedure.
Nineteen children achieved disease-free survival, and three
survived with the tumor.

DISCUSSION

Elucidation of the clinical characteristics of IMTs has a
relatively long history. In 1939, Brunn® first described
two patients with spindle cell benign tumors in the
lung. In 1954, Uminker and Iverson’ proposed that
such spindle cell proliferation in the lung constituted a
post-inflammatory tumor. Subsequently, inflammatory
pseudoneoplasms were identified. At that time, the lesions
were widely considered to be non-neoplastic. Since
1953, similar lesions have been identified in the soft
tissue, dura mater, spleen, lymph nodes, heart, bladder,
and kidneys; they have been given different names,
such as inflammatory fibroblast proliferation, plasma

cell granuloma, inflammatory pseudotumor, fibrous
histiocytoma, xanthoma pseudotumor, plasma cell/
histiocytoma syndrome, and inflammatory fibrosarcoma.*’
In 1984, Spencer proposed the possible coexistence of
pulmonary plasma cell granuloma with histiocytoma.
At that time, it was unclear whether an inflammatory
pseudotumor constituted a real tumor. Although some
patients exhibit a benign clinical process, others exhibit
metastasis, invasion, or recurrence. These lesions have
since been evaluated by immunohistochemical and
cytogenetic analyses, which led to identification as true
neoplasms, rather than simple inflammatory processes.
In 2002, the World Health Organization defined these
lesions as inflammatory myofibroblastic tumors. The exact
etiology and pathogenesis of IMTs remain unknown. They
are considered secondary to surgery, trauma, radiotherapy,
infection, steroid hormone use, an autoimmune response,
and abnormal expression and genetic mutation of the
anaplastic lymphoma kinase gene.’

The incidence of PIMTs is low. IMTs reportedly
constituted 0.04% to 1% of all lung tumors.”” These data
are based on findings in the general population®’; the
incidence in children remains unclear. IMTs can occur at
any site, including the head and neck, abdomen, pelvis
(e.g., gastrointestinal tract, mesentery, greater omentum,
posterior peritoneum, hepatobiliary system, and urogenital
tract), soft tissue of the torso and extremities, and the
heart; they are most commonly observed in the lung."
The two common primary lung tumors in children are
pleuropulmonary blastomas and PIMTs. The incidences of
these two tumors have not been reported in the literature.
Our single-center study showed that PIMTs were most
common among all lung tumors, which may have been
related to a higher incidence of PIMT; alternatively, it
might have resulted from the high degree of malignancy
and rapid progression of pleuropulmonary blastomas, such
that children could not wait for an accurate diagnosis.
IMTs can occur at any age, but are more common
in children and teenagers. No significant sex-related
differences have been found in previous studies.

PIMTs have no specific clinical manifestations. Most cases
have insidious onset and are incidentally discovered during
physical examinations. Some children develop symptoms
consistent with respiratory tract infections (e.g., pyrexia,
cough, and expectoration). Laboratory examination results
regarding PIMTs lack specificity. Some patients exhibit
an elevated leukocyte count, C-reactive protein level, red
blood cell count, and platelet count, as well as a reduced
hemoglobin level."" Anti-infective therapy was ineffective
in our study, but inflammatory indicators returned to
normal levels after tumors had been resected. Thus,
PIMTs should be considered in children with symptoms
of respiratory tract disease; elevated leukocyte count,
C-reactive protein level, erythrocyte sedimentation rate,
and platelet count; reduced hemoglobin level; and a poor
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response to anti-inflammatory therapy.

Notably, PIMTs also lack characteristic imaging findings.
The CT manifestations vary and can be divided into
invasive, massive, and nodular types. A single lesion is
most common,’ but multiple lesions are also occasionally
reported." In this study, CT examinations revealed masses
that were indistinct with uneven density; some exhibited
calcification and uneven enhancement (Figures 1—4).
These findings were consistent with literature reports.
Focal tumors can be located in any pulmonary lobe;
infiltrative tumors can invade the chest wall, diaphragm,
trachea, hilum of the lung, esophagus, or heart. The tumor
mass can be located in the margin of lung or near the
central aspect of the hilum (within bronchi). Peripheral
lesions are reportedly more common than central
lesions,"™"* but our findings were not consistent with the
prior literature.

In PIMTs, large amounts of fibroblasts and myofibroblasts
are distributed on a background of inflammatory cells.
In 1995, Coffin et al”’ proposed three pathological types
based on a pathological analysis of 84 cases of IMTs:
mucus blood vessel, spindle cell intensive, and fibrous
scar. However, most studies have shown that this typing
approach has no clinical significance. In the present study,
the pathological diagnosis did not include tumor typing.
To exclude other diagnoses, definitive diagnosis of IMTs
depends on histopathology and immunohistochemistry for
immunotyping of myofibroblasts, such as examination of
vimentin, smooth muscle actin, muscle-specific action,
and anaplastic lymphoma kinase.

PIMTs are tumors with low malignancy, but some
PIMTs may deteriorate and metastasize. Thus, surgical
treatment is needed during early stages of tumor growth.
Surgical intervention for patients with PIMTs include
pulmonary wedge resection, pulmonary lobectomy, and
total pneumonectomy. Resection of PIMTs is relatively
difficult, compared with resection of other tumors. In
particular, aggressive tumor growth causes enhanced
surgical difficulty. Our findings indicated that surgical
difficulty was associated with the tumor’s range, site,
blood supply, and texture.

After complete resection, most patients reportedly have a
good prognosis. Schweckendiek et al'® reported a 5-year
survival rate of 99.0% and a 10-year survival rate of
77.7%. Instances of spontaneous regression have also
been reported.® PIMTs often relapse in patients who
have undergone incomplete resection; 5% of patients
with PIMTs develop distant metastasis.'® However, these
findings were from studies of adult patients with PIMTs;
there have been few reports regarding children with
PIMTs. In the present study, 22 of 23 patients underwent
follow-up for 2 to 127 months; all patients survived
until the end of the study period. Two patients developed
recurrence at 17 and 33 months after the initial surgery,

respectively. Both patients exhibited ALK-negative
tumors and had developed local recurrence after complete
resection in the initial surgery. Neither patient developed
recurrence after the second surgery; both achieved
disease-free survival. Three patients with a residual tumor
survived with their tumors; they did not exhibit tumor
growth, shrinking, or regression during re-examination.
The pathogenesis of PIMT recurrence remains unclear and
requires further investigation.

The role of targeted therapy is unclear based upon our
limited experience. Recent studies have reported that
targeted therapy (i.e., use of ALK inhibitors) efficacious
and safe in trials of children with IMT in the United
States, Europe, and other regions. They put forward this
heterogeneous disease as being largely a kinase fusion
driven neoplasm, and targeted therapeutic may be rational
strategies.'” Several ALK rearrangements have been
identified in IMTs, including TPM-3/4, ATIC, CLTC,
CARS, RANBP2, and several novel ALK gene fusions
(such as LMNA-ALK and PRKARIA-ALK, the latter of
which was detected in a congenital IMT), in addition,
the possibility of targeted therapy with an ALK inhibitor
would have been missed for patients with ALK testing by
IHC alone." Other actionable targets, such as ROSI and
PDGFDb, have been identified in ALK-negative IMTs."
Thus, consideration could be given to the concept of
reducing the risk of surgical morbidity in large, difficult,
multi-focal tumors by treatment with an ALK inhibitor
(e.g., crizotinib) prior to definitive surgical resection of
in ALK-positive tumors. This approach could facilitate
maintenance of excellent outcomes with definitive surgery,
while reducing surgical risk in patients with the most
difficult tumors.

In conclusion, the diagnosis of PIMTs requires
histopathological examination, immunohistochemistry,
and (when possible) NGS analysis. Patients with PIMTs
have good prognoses; however, the difficulty of surgical
intervention varies widely. Thus, complete preoperative
evaluation ensures the success of surgery. New molecular
diagnosis, targeted therapies, or combination therapies
may reduce the extent of surgery and related risks; these
might facilitate better outcomes in future treatment.
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