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Abstract

Context and Aims: Inflammatory myofibroblastic tumour (IMT) is a rare mesenchymal neoplasm with intermediate malignant potential.
The aim of this study is to describe and compare the clinical presentation, computed tomography (CT) findings and anaplastic lymphoma
kinase -1 (ALK-1) expression of IMT of the thorax in children and adults. We also sought to study the tumour behaviour after treatment
on the follow-up imaging. Materials and Method: This is a retrospective observational study of 22 histopathologically proven cases
of IMT in the thorax. The clinical parameters, CT findings, biopsy results, treatment received and follow-up were recorded. Statistical
analysis was performed using Fisher’s exact test. Results: IMT of the thorax had diverse imaging appearances, presenting either as large
invasive lung masses with or without calcifications or as smaller endobronchial lesions. Children commonly presented with long duration
fever (P = 0.02) and large invasive lung masses (P = 0.026), whereas adults presented with long duration haemoptysis (P = 0.001)
and endobronchial lesions or smaller lung parenchymal lesions. Calcifications were more common in children (P =0.007). ALK-1 was
positive in 40% of children and 18.2% of adults (P = 0.547). Endobronchial lesions showed a trend for ALK-1 negativity. Patients with
bronchoscopic excision had local recurrence and patients with surgical wedge resection had metastatic brain lesions as compared
to those with lobectomy and pneumonectomy (P = 0.0152). A patient with unresectable lung mass had malignant transformation to
spindle cell sarcoma after 9.5 years. Conclusions: Thoracic IMT presents with some distinct clinical and CT findings in adults and
children. The CT findings and management options have implications for prognosis. If resectable, lobectomy is a better option than
wedge resection or bronchoscopic excision for preventing local recurrence and metastasis. IMT can undergo malignant transformation.
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Introduction

An inflammatory myofibroblastic tumour (IMT) is a
mesenchymal neoplasm with myofibroblastic spindle
cells and inflammatory infiltrates.'! IMT has intermediate
malignant potential with the chance for local recurrence
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and rarely, metastasis. The most known and common site
of involvement is the lungs.”! Other sites include the bowel,
mesentery, liver, spleen, bladder, mediastinum, breast, bone
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and soft tissues. Approximately 50% of cases show anaplastic
lymphoma kinase (ALK) gene rearrangement (2p23).B! It is
a rare tumour with mostly single case reports or small case
series described in the literature.”* The aim of this study is
to describe and compare the clinical presentation, computed
tomography (CT) findings and anaplastic lymphoma
kinase -1 expression (ALK-1) of IMT of the thorax in children
and adults. We also sought to study the tumour behaviour
after treatment on the follow-up imaging.

Materials and Method

This is a retrospective observational study of 22
histopathologically proven cases of IMT of thorax from
December 2000 to December 2017 from a single institution
identified through pathology database. The contrast
enhanced CT at presentation was assessed for location and
size of the mass, calcification, intensity of enhancement,
and presence of invasion of mediastinum or pleura. The
CT images were reviewed by a thoracic radiologist with
more than 10 years of experience. The size of the lesion
in its maximum dimension was noted. For patients with
multiple lesions, only the size of the largest lesion was taken.
The intensity of enhancement was reviewed subjectively
as minimal to mild, moderate and intense enhancement
on visual comparison with chest wall muscles. Invasion of
mediastinum or pleura was considered definite, if the mass
overtly extends into it. Invasion of mediastinum or pleura
was considered possible, if there is more than 3 cm of contact
or 180 degrees or more encasement of mediastinal vessels
with no intervening plane. The age, presenting symptoms
of patients, histopathology of biopsy or surgical specimens
and immunohistochemistry were recorded by chart review.
Treatment received and available clinical and imaging
follow-up were noted to look for the presence or absence of
local recurrence, transformation to sarcoma and metastasis
to assess malignant potential. Patients with multiple
lesions at presentation were presumed to be multifocal in
origin. Subsequent presentation with a new focal lesion at
a different site was considered metastatic. Our study was
approved by the institutional review board (IRB#11406).

Statistical analysis was performed using Fisher’s exact
test (SPSS version 25) to look for the significance of the
relationship between age, CT findings, clinical parameters,
ALK-1 expression and malignant potential as evidenced by
recurrence, sarcomatous transformation or development of
metastasis on follow-up. P value of <0.05 was considered
significant.

Results

The age of 22 patients in our study varied from 4 years to
47 years with a mean age of 23 years. Nine patients (41%) were
children less than 18 years of age and 13 (59%) were adults
ranging from 20 to 47 years. 54.5% of the patients were females.

IMT was pure lung parenchymal in 23%, lung parenchymal
with mediastinal or pleural invasion in 36%, endobronchial
in 27% and presumed multifocal involvement in 14%. The
maximum size of the lesions varied from 1 cm to 15 cm.
Calcifications were present in 32% cases. Minimal to mild
enhancement was seen in 85% of cases, and the rest showed
moderate enhancement. None had intense enhancement.
None of our patients showed cavitation within the mass.
Table 1 highlights the differences between children and
adults with IMT of thorax with respect to presenting
symptoms, CT findings and ALK-1 positivity. Children
and adults showed statistically significant differences in
presenting symptoms with 87.5% of children presenting
with fever of 3 months to 2 years duration and 75% of the
adults presenting with haemoptysis for a few months to
one year. 50% of children and 58.3% of adults had cough.
Other less common symptoms were loss of weight, fatigue,
breathing difficulty, dysphagia and chest pain.

On CT, 66.7% of children had large lung masses ranging from
7 to 12 cm with definite or possible mediastinal [Figure 1]
or pleural invasion and median size of 8.9 cm, whereas
69.2% of adult patients showed endobronchial lesions or
lung parenchymal lesions ranging from 1 to 7 cm without
mediastinal or pleural invasion and median size of 4.0
cm. There was no predilection for any lobe or bronchus.
A child had a small endobronchial lesion similar to adults
and another child had presumed multifocal involvement
with lytic vertebral lesion and enlarged mediastinal lymph
nodes [Figure 2]. 38.5% of the adults had well-defined round,
ovoid orbranching endobronchial lesions [Figure 3] and 30.8%
of adults had single well-defined pure lung parenchymal
lesions ranging from 1 to 7 cm in size. A 23-year-old patient
had a 15 cm lung mass with extensive calcifications similar
to childhood presentation. Two adult patients (15.4%) had
presumed multifocal involvement, one with simultaneous
masses in the lungs and liver and the other with bilateral
multiple lung masses. Calcifications were present in 77.8%
of children [Figures 1A and 2A] and 15.4% of adults and

Table 1: Presenting symptoms, CT findings and ALK -1 positivity in
patients with IMT

Fever 7 (87.5%) 3(25%) 0.02
Cough 4 (50%) 7 (58.3%) 1.00
Haemoptysis 0(0%) 9 (75%) 0.001
Loss of weight and appetite 3(37.5%) 3(25.0%) 0.642
Size >7 cm 6 (66.7%) 2(15.3%) 0.026
Minimal to mild enhancement 7 (87.5%) 10 (83.3%) 1.000
Presence of calcification 6 (66.7%) 1(7.7%) 0.007
Lung mass with definite or possible 6 (66.7%) 2 (15.3%) 0.027

mediastinal invasion or pleural invasion
ALK-1 2 (40%) 2(18.2%)  0.547

*Non-available data were excluded from the analysis. Presenting symptoms of two patients were
not available. Two patients had non-contrast CT study. Six patients did not have staining for ALK-1
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Figure 1 (A and B): CT images of a 10-year-old male with IMT. Axial
images in mediastinal and lung window (A and B) show a large soft
tissue mass with extensive calcifications in the right lung (arrows) with
possible mediastinal invasion

the difference was statistically significant (P = 0.007).
Calcifications were absent in endobronchial lesions and
lung parenchymal masses less than 7 cm. Clusters of chunky
nodular and irregular ring like calcifications were seen in
the masses which displayed calcification.

Diagnosis of IMT was confirmed by open biopsy in 8 cases
and CT or ultrasound or bronchoscopy-guided biopsy in
11 cases. In 3 patients, information regarding the mode
of the biopsy was not available. In 42% cases, initial
image-guided or bronchoscopic biopsy did not reveal a
definite histopathological diagnosis and, open biopsy or
excision was required to arrive at the diagnosis. In a patient,
a third biopsy after two inconclusive bronchoscopic biopsies
yielded the diagnosis. ALK-1 was not assessed in 6 patients
who presented before 2005. Children showed ALK-1 positivity
in 40% and adults in 18.2% (P = 0.547) and all the 6 patients

Figure 2 (A and B): CT images of a 10-year-old female with presumed
multifocal IMT of the mediastinal lymph nodes and L1 vertebra. Axial
image (A) show lytic lesion in L1 vertebra with adjacent paravertebral soft
tissue component showing foci of calcifications (arrow). Axial image (B)
show subcarinal lymph nodal mass without calcification (arrow)

with endobronchial lesions were ALK-1 negative (P = 0.234);
however, these findings were not statistically significant.

The treatment received and follow-up data are given in
Table 2. Fifteen patients (68.2%) had follow up with CT
thorax or chest radiograph with median follow-up of 23
months (range 6 to 114 months). Seven patients (32%) were
lost to follow-up prior to initiating treatment. One adult and
one child developed localising symptoms and metastatic
multifocal brain parenchymal lesions [Figure 4], 6 months
and 3 years, respectively after surgical excision of the lung
mass. None of the patients with endobronchial tumours
presented with metastasis. Three adults with endobronchial
lesion and two adults with less than 7 cm lung parenchymal
lesions had lobectomy with no recurrence on follow-up
imaging (median 15 months). Three patients with
endobronchial lesions had bronchoscopic excision of
tumour, however, two of these had local recurrence on
follow-up imaging (median 18 months) [Figure 5]. Patients
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Figure 3 (A and B): CT images of a 37-year-old female with
endobronchial IMT. Coronal image in lung window (A) and axial image
in mediastinal window (B) show an oblong and branching, mildly
enhancing 6.3 x 2.3 cm, endobronchial mass (arrows) in the posterior
basal segmental and subsegmental bronchi of left lower lobe

with bronchoscopic excision and surgical wedge resection
showed significantly worse prognosis as compared to those
with lobectomy and pneumonectomy (P = 0.015).

Four patients with unresectable tumours who had follow-up
imaging (median 25 months) were treated with steroids. Two
of these patients were additionally on cyclophosphamide. One
of these patients had biopsy proven malignant transformation
to high-grade spindle cell sarcoma after 9.5 years [Figure 6].
Another patient on steroids showed improvement with mild
reduction in the size of the mass after 15 months and yet

Figure 4 (A-D): CT thorax and MRI brain images of a 35-year-old
male with metastases to the brain after 36 months of surgical wedge
resection of IMT in the right upper lobe. Axial CT thorax (A) shows the
right lung mass (arrow). Axial post contrast MRI brain images (B and
C) done a few years after resection of IMT in lung showed a dominant
mass in the right frontal region (arrow) and another in the left parietal
region (arrow). Axial post contrast MRI brain after radiation showed
reduction in size (arrow) and number of lesions (D)

Table 2: Treatment received and follow-up data of our patients
with IMT

Bronchoscopic excision 3(13.6%) 2
Wedge excision 2(9.1%) 2
Lobectomy 5(22.7%) 0
Pneumonectomy 1 (4.5%) 0
Medical management with steroids, 4 (18.2%) 1
cyclophosphamide or crizotinib

Lost to follow up 7 (32%) Not available
Total 22 (100%)

another patient who was ALK-1 positive had symptomatic
improvement with crizotinib. Two patients did not show any
change in the size of the masses on follow-up.

Discussion

Inflammatory myofibroblastic tumour, previously under
the umbrella of the inflammatory pseudotumour, is a
distinct myofibroblastic neoplasm with infiltrates of plasma
cells, lymphocytes and eosinophils.®' IMT has an incidence
of 0.04% to 1% among all pulmonary neoplasms!'® and
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Figure 5 (A-F): CT images of a 20-year-old male with recurrence
of endobronchial IMT after 20 months of bronchoscopic therapeutic
removal of tumour. Axial images in mediastinal (A) and lung window (D)
shows the endobronchial mass (arrows) and axial images in
mediastinal (B) and lung window (E) after endoscopic removal of tumour
shows clear bronchus (arrows). CT thorax images after 20 months (C
and F) showed recurrent tumour (short arrows) with narrowing of the
bronchus (long arrow)

occurs mostly in children and young adults. The underlying
aetiology of IMT is not certain. Various proposed causes
of IMT include trauma, infection and immunological
causes.”! Patients may be asymptomatic or present with
fever, haemoptysis, cough, loss of weight, dyspnoea, chest
painP® or dysphagia. Haemoptysis was the commonest
presentation of adults in our study unlike children who
mostly presented with fever and this is similar to what is
described in the literature.!"!

We observed distinct CT imaging patterns in majority of the
adults and children with thoracic IMT. Young adults present
with a solitary, well-defined, minimal to mildly enhancing
endobronchial lesion or lung parenchymal lesion with a
size of less than 7 cm, whereas children present with larger
minimal to mildly enhancing lung masses more than 7 cm
with definite or possible pleural or mediastinal invasion
rendering them often unresectable. Calcifications are
reported more commonly in children than adults occurring
in 15% to 29%.7% Although cavitation was not present in our
series, it can be rarely seen in IMT."1Multifocal involvement
can be seen in 5% of patients.['”

Depending on the age and CT findings, IMT may resemble
other benign or malignant lesions. Endobronchial IMT
can mimic carcinoid tumours; however, IMT shows less
intense enhancement, unlike carcinoid tumours. Atypical
carcinoids and a few typical carcinoids can have mild
to moderate enhancement similar to IMT and hence the
diagnosis of carcinoid cannot be excluded on the basis of
enhancement.!™ Carcinomas such as mucoepidermoid
carcinoma, adenoid cystic carcinoma and bronchogenic
carcinoma should also be considered in the differential
diagnosis, when the location is endobronchial. CT is helpful
in differentiating mucus plugging from tumour as it is

Cd . \

Figure 6 (A-D): CT images and CXR of a 23-year-old male with
malignant transformation of IMT to sarcoma after 9.5 years of initial
diagnosis. Axial CT thorax images (A and B) shows a large right lung
mass with chunky calcifications (short arrows) infiltrating the right
pulmonary artery (long arrow). CXR taken after 9.5 years showed
considerable increase in size of the mass (arrow) (C) as compared
to mass (arrow) at initial presentation (D). Note the elevated right
hemidiaphragm in C, which is likely due to combination of infiltration
of right main bronchus and phrenic nerve involvement

non-enhancing and usually fluid density.™ Solitary lung
mass and multiple lung lesions in young adults can resemble
lymphoma, carcinoma, infection and IgG4 disease. Large
masses with lung parenchymal involvement and chunky
calcifications seen commonly in children may resemble
hamartoma, sarcoma and metastasis such as osteosarcoma
metastasis. Pleuropulmonary blastoma is another differential
consideration of IMT in a child presenting with a large lung
mass, especially if less than 6 years of age."** Type 1 and
type 2 pleuropulmonary blastomas are cystic or solid-cystic,
unlike IMT. Type 3 pleuropulmonary blastomas, which are
solid tumours with areas of haemorrhage and necrosis can
resemble IMT.!"! Calcifications are usually absent in type 3
pleuropulmonary blastoma, although small foci of peripheral
calcifications have been reported.!™™ Multisite involvement
with lytic bone lesions, calcifications and lymphadenopathy
can mimic tuberculosis. Hence, histopathology is essential
for diagnosis, although the possibility of IMT can be
considered on CT. Open biopsy may be required for
diagnosis in approximately one-third to one-half of patients
as image-guided or bronchoscopy-guided biopsy may not
reveal the diagnosis.

The classical cases in this study were tumours containing
loosely arranged or compact fascicles of spindle cells in
an oedematous or collagenous background with admixed
moderate to dense infiltrates of lymphocytes and plasma
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cells [Figure 7A]. Cytoplasmic reactivity for ALK-1 was seen
in about 50% to 60% of cases [Figure 7B]. Though definite
histological features, tumour size or cellularity are not reliable
prognostic indicators, ALK-1 negative cases are known to
have a higher likelihood of metastasis.®®'? One patient in our
study with metastatic brain lesions was ALK-1 negative. The
other patient with brain metastasis was not tested for ALK-1.
In our cases, ALK-1 positivity was more common in children
with large infiltrating lung mass, and all the endobronchial
lesions were ALK -1 negative; however, the results were
not statistically significant. Siminovich et al. studied eight
paediatric patients with pulmonary IMT and found that all
were ALK-1 negative by the traditional method. However,
one case showed ALK locus rearrangement by fluorescence
in situ hybridization.'"”! Larger sample size is required
to evaluate the association of ALK-1 status with tumour
morphology and behaviour, which is difficult to obtain due
to the rare nature of the disease.

The treatment for IMT depends on the location and extent
of disease. Complete surgical excision is the recommended

Figure 7 (A and B): Photomicrographs of histopathology and
immunohistochemical staining for ALK-1 in inflammatory myofibroblastic
tumour. Spindle cells with mild pleomorphism admixed with lymphocytes
and plasma cells in a collagenised background (H and E 200x) (A).
Granular cytoplasmic staining for ALK-1 in the spindle cells (200x) (B)

treatment, which gives long-term survival benefits. Our
follow-up data suggests that whenever mass is resectable,
lobectomy and pneumonectomy are better options
than wedge resection or endobronchial resection for
preventing local recurrence and metastasis. The mass may
be unresectable due to invasion of adjacent structures or
multifocal involvement. Corticosteroids may be of some
benefit in unresectable tumours as in one patient of our
study. Chemotherapeutic drugs have been found to be of
little use. If ALK-1 positive, crizotinib, an ALK inhibitor has
been documented to be effective.!'¥! Radiation also has been
used.[) One of our patients who presented 3 years later with
multiple brain metastases after wedge resection of the lung
mass, had excision of the dominant right frontal mass and
received whole brain radiation therapy for other smaller
focal brain lesions. At 7-year follow-up, the patient showed
a reduction in size and number of the non-resected focal
brain lesions [Figure 4C and D]. Jehangir et al. suggested
that patients with IMT in the lungs should be screened for
brain lesions even if asymptomatic.”” In our study, 12.5% of
cases with follow-up data developed brain metastasis. Very
rarely, IMT may show sarcomatous transformation, as in one
patient of our study [Figure 8]. The malignant transformation
showed markedly atypical cells with hyperchromatic to
smudged nuclei, increased proliferative rate, atypical mitotic
figures and necrosis [Figure 8B]. The underlying molecular
and cellular mechanisms are still unclear. The rare possibility
of biphasic tumour composed of classic IMT juxtaposed to
a high-grade sarcoma in the primary site and classic IMT in
the metastasis is also known.!

There are many limitations in this study. The initial contrast
enhanced CT scan was performed outside our institution in
most of the cases and only limited images in the provided
film were available for interpretation. ALK -1 was not
assessed in one-fourth of our patients. The sample size
was small; however, this is expected given the rarity of the
disease. Although the majority of patients had follow-up
imaging, the duration and modes of follow up imaging were
different based on the presence or absence of new symptoms
and the treating clinician’s decision.

Conclusions

Thoracic inflammatory myofibroblastic tumours have distinct
presenting symptoms and CT findings in children and adults.
Wedge resection of the lung lesion and bronchoscopic removal
of endobronchial lesions are associated with a higher chance
of recurrence and metastasis compared to lobectomy and
pneumonectomy when the lesion is resectable. IMT can
present with multifocal lesions with lung, liver, bone and
lymph nodal involvement. Metastatic brain lesions and
malignant transformation can occur in IMT. Corticosteroids
and crizotinib may be of some benefit in unresectable
tumours. Studies with larger sample size and longer follow-up
are needed to establish the natural history of the disease.
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Figure 8 (A and B): Photomicrographs of inflammatory myofibroblastic
tumour with sarcomatous transformation. Spindle cells display
moderate hyperchromasia and pleomorphism in initial biopsy
(H and E 200x) (A). Marked atypia with hyperchromasia and
mitosis - sarcomatous transformation in biopsy of the same mass after
9.5 years (H and E 400x) (B)
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