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Treatment, pathological
characteristics, and prognosis of
pulmonary inflammatory
myofibroblastic tumor–a
retrospective study of 8 cases

Xiao Zhu1†, Wen-Bang Chen1†, Fu-Bao Xing1, Shao Zhou1,
Zhen Tang1, Xiao-Jun Li1, Lei Zhang1* and Yu-Chen Huang2

1Department of Cardiothoracic Surgery, The First Affiliated Hospital of Bengbu Medical College,
Bengbu, China, 2Department of Pathology, The First Affiliated Hospital of Bengbu Medical College,
Bengbu, China
Objective: Inflammatory myofibroblastic tumor (IMT) is a rare disease. We

reviewed data from eight patients diagnosed with pulmonary IMT (PIMT) at our

hospital with the aim of summarizing and analyzing the characteristics of PIMT

to improve our understanding of the disease.

Methods: From January 2012 to December 2019, eight patients underwent

surgical intervention for PIMT at The First Affiliated Hospital of Bengbu Medical

Col lege. Resected tumors were subjected to pathological and

immunohistochemical analyses. The follow-up duration for all patients

ranged from 2 years and 3 months to 9 years and 9 months (median: 6 years

and 9 months).

Results: Themale:female ratio was 5:3, and themean age was 48.50 years (21–

74 years). Two patients (25%) with lung disease discovered via chest computed

tomography during physical examinations had not experienced any symptoms.

Six patients (75%) presented at the hospital because of cough, expectoration,

blood in sputum, and chest tightness. Lesions from all eight patients were

surgically removed, and PIMT was confirmed based on pathological

examinations and immunohistochemical results. No patient received

additional treatment after discharge. All cases have been followed up to the

time of writing, without any tumor recurrence or distant metastasis.

Conclusion: The age of onset of PIMT is usually over 40 years, and its clinical

symptoms are easily confused with those of lung cancer. PIMT can only be

diagnosed by histopathology and immunohistochemistry. Complete surgical

resection is the preferred treatment, as patients undergoing surgery require no

additional treatment, such as chemotherapy, and the survival rate is good.

KEYWORDS

lung tumor, lung cancer, pathological characteristics, pulmonary inflammatory
myofibroblastic tumor, prognosis
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Introduction

Inflammatory myofibroblastic tumor (IMT) is a rare disease.

In 2020, the World Health Organization (WHO) identified IMT

as a borderline tumor with potentially recurrent and rare

metastatic properties (1). The most common site of IMT is the

lung, although it can also occur in the abdomen, pelvis, head and

neck, upper respiratory tract, limbs, lumbar tube, uterus, and

other sites (2–6). To date, the etiology of IMT remains

inconclusive, although recent studies have shown that IMT is

associated with anaplastic lymphoma kinase (ALK) gene

rearrangements, as well as overexpression of ALK protein, and

the disease also involves fusion of genes such as ROS1, NTRK3,

and RET (7–10). Furthermore, a fraction of IMT cases are

associated with chromosomal abnormalities (11). The

diagnosis of pulmonary IMT (PIMT) is rare and such cases

account for only 0.04–0.7% of all lung masses (2, 12–14).

Globally, there are very few studies related to PIMT.

Therefore, to analyze and improve the understanding of the

pathological characteristics, treatment modalities, and prognosis

of PIMT, we aimed to review the data collected from a group of

patients diagnosed with PIMT at our hospital and to review the

literature related to such cases published in recent years.
Material and methods

Subjects

We reviewed the data of eight patients diagnosed with PIMT

by histopathology and immunohistochemistry at The First

Affiliated Hospital of Bengbu Medical College between January

2012 and December 2019, including information on clinical

symptoms, treatment modalities, pathological features, and

prognosis. Examinations conducted prior to surgery included

laboratory examinations and computed tomography (CT)

scans.In addition, to determine whether there is distant

metastases of the tumor, we also performed cranial magnetic

resonance imaging (MRI), bone emission computed tomography

(ECT), and abdominal ultrasound on patients. None of these

examination findings were abnormal.
Histology and immunohistochemistry

After surgery, tumor specimens from each case were fixed

with 10% neutral formaldehyde solution, extracted, paraffin-

embedded, cut into 4-mm continuous sections, stained with

hema toxy l i n and eo s i n (HE ) , and sub j e c t e d to

immunohistochemistry (EnVision; Agilent Technologies, Santa

Clara, CA). The follow-up time ranged from 2 years and 3

months to 9 years and 9 months.
Frontiers in Oncology 02
Ethical approval

This study was conducted with approval from the Ethics

Committee of The First Affiliated Hospital of Bengbu Medical

College. Written informed consent was obtained from

the participants.
Results

The clinical data of the eight patients included in the study

are presented in Table 1. Among the eight patients, the male:

female ratio was 5:3, and the mean age was 48.50 years (range:

21–74 years). Two patients (25%) with lung disease discovered

by chest CT during a physical examination had experienced no

symptoms. Six patients (75%) presented to the hospital because

of cough, expectoration, blood in sputum, and chest tightness.

Chest CT of the patients revealed a tumor diameter ranging from

2–4 cm (Figures 1 and 2). None of the patients had a long-term

history of respiratory tract infections.

A lobectomy was performed on all patients, resulting in

successful tumor removal. None of the patients received

additional treatment after discharge. There has been no tumor

recurrence or distant metastasis in any patient to date.

Among these patients, the largest tumor was 4 cm in diameter

and the smallest was 2 cm in diameter, with an average of

2.95 cm. The tumors were mainly composed of spindle cells,

with surrounding chronic inflammatory cell infiltration

(Figure 3). In terms of immunohistochemical results, the

following characteristics were observed: ALK labeling was

positive in five cases (Figure 4), vimentin (VIM) labeling

was positive in all eight cases (Figure 5), seven cases exhibited

positive smooth muscle actin (SMA) labeling (Figure 6), one case

demonstrated positive calponin labeling (Figure 7), and six cases

showed positive Ki67 labeling (Figure 8). All eight patients were

diagnosed with PIMT according to pathological features and

immunohistochemistry results, and there was no lymph

node metastasis.
Discussion

IMT can occur at any age, although it most commonly

occurs in young people, and there is no significant sex bias (2,

15–17). However, the mean age of our patients was 48.5 years,

which is quite different from that reported in the literature. We

believe this may be because the literature reports the mean age of

patients with IMT at all body sites, whereas the present study

only evaluated the characteristics of patients with PIMT

specifically. In addition, in this study, there was no sex bias,

which is consistent with previous reports.
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The presence of cough, hemoptysis, and other symptoms

reported by patients in this study support the view that the

clinical manifestations of PIMT can be easily confused with lung

cancer and tuberculosis (7). In X-ray and CT examinations, most

cases of PIMT manifest as individual masses in the lung. The

density inside the mass is basically uniform, and its boundaries tend

to be clear, although lobulation and burr signs are occasionally seen

(18), which is consistent with the CT characteristics of the patients

in this study. Therefore, CT cannot distinguish PIMT from lung

cancer. Although PIMT has also been reported in studies involving

positron emission tomography (PET)/CT, spectral CT, magnetic

resonance imaging (MRI), and other imaging methods (19, 20),

imaging modalities alone cannot diagnose PIMT. Some scholars

have reported that IMT has been misdiagnosed as lymphoma by

PET/CT (21).

Pathology and immunohistochemistry are the most accurate

methods for diagnosing IMT (20). Under the microscope, IMT is

characterized by a series of myofibroblast proliferations and

different types of inflammatory cell infiltration (14), which is

consistent with the findings of this study. Most IMT

immunohistochemistry has shown that spindle tumor cells were

positively labeled by VIM, SMA, and ALK antibodies; more

specifically, VIM labeling is usually strongly positive and

diffusely observed in the cytoplasm of spindle cells, SMA labeling

is mostly focal or diffusely positive, and ALK protein is expressed in

50–60% of cells (8). These immunohistochemical characteristics

were also observed in the eight patients in this study. Therefore, we

believe that VIM, SMA, and ALK are the three most important

markers for the diagnosis of IMT by immunohistochemistry.

Although there are many ways to treat PIMT, surgical

resection remains the first choice (14, 22). Although

intraoperative frozen sections were collected in all cases,

whether the tumors were benign or malignant could not be

completely determined. At the same time, considering the

clinical characteristics, CT results, and deep locations of the

tumors, lobectomy was performed for all patients. In seven cases,

the result of rapid frozen-section pathology was indicative of

inflammatory myofibroblastoma. Therefore, only lobectomy was

performed. In one case, the result of rapid frozen-section

pathology was indicative of IMT, but the possibility of a

malignant tumor was not ruled out, so a lobectomy with

lymph node dissection was performed. Casanova and

colleagues (23) believe that the prognosis of patients with

PIMT who undergo early surgery is usually ideal, and there is

no need for adjuvant treatment such as chemotherapy. Our

results are consistent with this assertion, and none of the patients

received additional treatment after discharge. To date, there have

been no recurrences or distant metastases.

We performed lymph node dissection in one patient and the

result was negative. There is no definitive conclusion regarding

whether lymph node dissection should be conducted in patients

with PIMT. Some researchers have found the existence of cancer

stem cells in PIMT tissues (24), and some studies have reported
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that the lymph nodes removed during surgery in patients with

PIMT were positive (23). In addition, cervical lymph node

metastasis has occurred 3.5 years post-operation (25).

Moreover, the WHO points out that IMT is a borderline

tumor with the potential for recurrence and rare metastasis.

Based on the above aspects, we suggest that lymph node

dissection should be performed if the pathological results of

intraoperative frozen sectioning suggest PIMT. However, the

current sample size is small, and there is still a lack of research in
Frontiers in Oncology 04
this field. More studies must be conducted in the future to verify

the necessity of lymph node dissection in these patients.

The prognosis of patients with PIMT is good (22, 23), with a

5-year survival rate of 91.3% and a 10-year survival rate of 77%

(2). Studies have found that all metastatic IMTs are ALK-

negative, and ALK positivity may be a good prognostic

indicator of IMT (26). However, the latest research by

Casanova and colleagues (23) shows that even patients who

cannot undergo surgery and those who are ALK-negative have
FIGURE 1

Computed tomography of the chest showing a mass in the right upper lobe of the lung. The mass was approximately 4cm in diameter. Burrs
were present on the edge of the mass. A portion of the mass was connected to the pleura. The mass had uneven enhancement after the
enhancement scan.
FIGURE 2

Mediastinal window of chest computed tomography. There was no abnormal mass in the mediastinum. The hilum on both sides is normal.
There was no pleural effusion on both sides.
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a good prognosis. Regardless of whether ALK labeling was

positive or not, the eight patients whose data we reviewed

experienced no recurrence or metastasis after surgery, which

was consistent with the results of Casanova et al. (23). Some

patients with IMT who have tumor tissue removed still

experience relapse and distant metastasis (25–27). In one

study, researchers followed up 23 patients after PIMT excision

for 2–127 months; in those cases, recurrence only occurred twice

after operation, and there was no recurrence after reoperation
Frontiers in Oncology 05
(28). If only local recurrence occurs and the patient’s physical

condition is good, reoperation is still recommended (7).

Systemic therapy is reserved for patients with unresectable,

progressive or metastatic disease and whose body is unable to

withstand lobectomy. There is controversy regarding the

treatment of PIMT with steroids. On the one hand, as early as

1991, the treatment of PIMT with steroids was reported (29),

and on the other hand there are reports that steroids may have

an enhancing effect on IMT cell proliferation (30). In addition,
FIGURE 3

After staining of a pneumonia myofibroma, optical microscopy of the tumor reveals that it is composed of many spindle tumor cells, with some
instances of plasma cell and lymphocyte infiltration into the stroma (magnification, ×200).
FIGURE 4

Representative image of anaplastic lymphoma kinase (ALK) expression (magnification, ×200).
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there are also some reports on non-steroidal anti-inflammatory

drugs(NSAID) treatment for PIMT that are ALK-negative (31).

Chemotherapy is a valid option for advanced IMT (23). One

study has confirmed that Anthracycline-based and methotrexate

plus/minus vinorelbine/vinblastine (MTX-V) regimens are very

effective in IMT (17). Studies have reported the cases of using

radiotherapy for recurrence of surgical resection (25), but

currently there is no sufficient evidence to prove the efficacy of

radiotherapy. There are reports that gene-targeted drugs are

used to treat IMT (32–40). The US National Comprehensive
Frontiers in Oncology 06
Cancer Network recommends the use of crizotinib as the

standard of care for IMT with ALK-positive (36). Ceritinib, a

second-generation ALK inhibitor, has also been shown to be

effective in IMT (41).
Conclusion

PIMT is a rare tumor type. Due to the lack of specificity

in clinical and imaging manifestations, the diagnosis
FIGURE 5

Representative image of vimentin expression(magnification, ×200).
FIGURE 6

Representative image of smooth muscle actin (SMA) expression (magnification, ×200).
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of PIMT can only be made based on pathology and

immunohistochemistry results. Complete surgical resection

is the preferred treatment in such cases and usually results in

satisfactory outcomes. Because local recurrence and

metastasis is possible in some cases of IMT, we recommend
Frontiers in Oncology 07
close, long-term follow-up. Because the disease is rare and the

sample size of this study is small, the views described in this

paper need to be supported by more research, such as

multicenter and large-sample studies to provide more

concrete clinical recommendations.
FIGURE 7

Representative image of calponin expression (magnification, ×200).
FIGURE 8

Representative image of Ki67 expression (magnification, ×200).
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39. Mossé YP, Voss SD, Lim MS, Rolland D, Minard CG, Fox E, et al. Targeting
ALK with crizotinib in pediatric anaplastic large cell lymphoma and inflammatory
myofibroblastic tumor: a children’s oncology group study. J Clin Oncol (2017) 35
(28):3215–21. doi: 10.1200/JCO.2017.73.4830

40. Farris N, Sampson M. Single-agent rituximab for treatment of multifocal
and multiple relapsed pulmonary inflammatory myofibroblastic tumor in an
adolescent patient. Pediatr Blood Cancer (2021) 68(9):e29131. doi: 10.1002/
pbc.29131

41. Mahajan P, Casanova M, Ferrari A, FordhamA, Trahair T, Venkatramani R.
Inflammatory myofibroblastic tumor: molecular landscape, targeted therapeutics,
and remaining challenges. Curr Probl Cancer (2021) 45(4):100768. doi: 10.1016/
j.currproblcancer.2021.100768
frontiersin.org

https://doi.org/10.1055/s-0036-1593380
https://doi.org/10.1016/j.ejca.2019.12.021
https://doi.org/10.3389/fonc.2020.00673
https://doi.org/10.1097/MD.0000000000019577
https://doi.org/10.1097/01.pas.0000213393.57322.c7
https://doi.org/10.1016/j.wneu.2016.07.060
https://doi.org/10.1002/ped4.12218
https://doi.org/10.1016/0022-3468(91)90674-i
https://doi.org/10.1002/ppul.22977
https://doi.org/10.1097/JTO.0000000000000574
https://doi.org/10.1186/s40792-019-0674-x
https://doi.org/10.1016/S2213-2600(18)30116-4
https://doi.org/10.1016/S2213-2600(18)30116-4
https://doi.org/10.1093/jjco/hyx133
https://doi.org/10.1016/j.ejca.2018.12.013
https://doi.org/10.1016/j.ejca.2018.12.013
https://doi.org/10.1200/PO.18.00297
https://doi.org/10.1016/j.lungcan.2018.12.016
https://doi.org/10.1016/j.lungcan.2018.12.016
https://doi.org/10.1002/pbc.27645
https://doi.org/10.1200/JCO.2017.73.4830
https://doi.org/10.1002/pbc.29131
https://doi.org/10.1002/pbc.29131
https://doi.org/10.1016/j.currproblcancer.2021.100768
https://doi.org/10.1016/j.currproblcancer.2021.100768
https://doi.org/10.3389/fonc.2022.840886
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Treatment, pathological characteristics, and prognosis of pulmonary inflammatory myofibroblastic tumor–a retrospective study of 8 cases
	Introduction
	Material and methods
	Subjects
	Histology and immunohistochemistry
	Ethical approval

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



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

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


