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Introduction

Inflammatory myofibroblastic tumor (IMT) is a distinctive 
lesion composed of myofibroblastic and fibroblastic spindle 
cells accompanied by an inflammatory infiltration of plasma 
cells, lymphocytes, and eosinophils. IMT typically exhibits 
benign clinical behavior, although aggressive behavior and 
recurrences occur occasionally (1). IMT has been reported 

to occur in multiple anatomical locations, including the 
abdominopelvic region, lung, retroperitoneum, bone, 
somatic soft tissues, and central nervous system (2). It has 
thus far been referred to as an inflammatory pseudotumor, 
plasma cell granuloma, inflammatory myofibrohistiocytic 
proliferation, inflammatory fibrosarcoma, etc. (3). IMT is 
a rare mesenchymal tumor that mainly affects children and 
young adults. However, it is also seen among elderly men (4).
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Although conventional surgical treatment is the major 
treatment for IMT (5-8), it is not suitable for elderly 
patients or those with severe cardiopulmonary insufficiency 
and nutritional disorders. For these patients, microwave 
ablation (MWA) can be used as a new treatment strategy. 
In the process of percutaneous MWA, a needle-like 
antenna is inserted percutaneously into the tumor under 
the image guidance of computed tomography (CT) or 
magnetic resonance imaging (MRI), and local microwave 
electromagnetic radiation is emitted from the probe’s active 
tip, producing frictional tissue heating in a short time period 
that is capable of causing cell death by coagulation necrosis 
(9,10). Usually, MWA systems use a 915 or 2,450 MHz  
generator (11). To date, MWA monotherapy (12,13) 
or the combination of MWA with chemotherapy (14),  
radiotherapy (15), or targeted therapy (16) has been 
widely applied in the treatment of lung cancer. However, 
the clinical application of MWA for the treatment of 
IMT has been rarely reported due to the rarity of IMT. 
Saenghirunvattana et al. (17) reported the case of a young 
patient (29 years old) with pulmonary IMT who achieved 
partial remission after receiving multiple treatments, 
including (but not limited to) three rounds of percutaneous 
MWA. Furthermore, no significant complications were 
observed during the perioperative period, which indicated 
that MWA monotherapy is probably applicable for the 
treatment of elderly patients with pulmonary IMT. 

Herein, we report the case of an 80-year-old patient with 
pulmonary IMT. The maximum diameter of the tumor 

was >5 cm. The patient was successfully treated with three 
rounds of percutaneous MWA monotherapy and has no 
evidence of recurrence nearly 3 years later. We present the 
following article in accordance with the CARE reporting 
checklist (available at https://dx.doi.org/10.21037/tcr-21-
1885).

Case presentation

An 80-year-old man presented to the hospital with a main 
complaint of fatigue for 2 months. Chest CT demonstrated 
a pulmonary mass in the right lower lobe and pleural 
effusion in the right thoracic cavity (Figure 1). The patient 
was in good physical condition previously; he had a history 
of hypertension and his blood pressure was well controlled 
by a hypotensor. He had been a heavy smoker for over 
30 years and had quit smoking for nearly 20 years. His 
elder brother died of lung cancer; one sister had colon 
cancer; and one daughter had lung cancer. In addition to 
an anemic appearance, the physical examination results 
were non-specific. Laboratory findings revealed severe 
anemia (hemoglobin, 79 g/L), hypoproteinemia (albumin, 
27.7 g/L), high erythrocyte sedimentation rate (ESR)  
(97 mm/h), elevated hypersensitive C-reactive protein 
(CRP) (99.4 mg/L), and normal serum tumor marker levels. 
Red blood cell transfusion supplemented with albumin 
improved the patient’s anemia and hypoalbuminemia. 
Meanwhile, B-ultrasound-guided thoracic tube placement 
and drainage of pleural effusion in the right thoracic cavity 

Figure 1 First enhanced chest CT. (A) The cross-section of contrast-enhanced chest CT in the prone position showed a solitary mass near 
the chest wall in the right lower pulmonary lobe. The maximum diameter of the mass was 53.76 mm. The mass was slightly and uniformly 
enhanced after enhancement, and a medium amount of effusion was seen in the right thoracic cavity; (B) three-dimensional reconstruction 
intuitively showed the relative relationship between the tumor in the right lower pulmonary lobe, the ribs, and the spine. CT, computed 
tomography.
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was performed, and approximately 900 mL of hemorrhagic 
effusion was removed. The fluid subsequently became light 
yellow in color and clear, and the levels of carcinoembryonic 
antigen (CEA) in the pleural fluid (3.67 ng/mL) were 
normal. A pleural fluid smear showed that no cancer cells 
were present in the pleural fluid.

This patient could not underwent surgery due to his 
advanced age, anemia, and hypoproteinemia. The medical 
technology management committee of the Shaoxing Second 
Hospital approved this study of the MWA treatment. When 
his levels of hemoglobin (95 g/L) and albumin (29.9 g/L)  
were improved, CT-guided lung biopsy and MWA of 
the right lower lobe pulmonary mass were conducted on 
January 9th, 2018 (Figure 2).

Preoperative analgesia was performed by intramuscular 
injection of 100 mg of pethidine 30 minutes before MWA. 
The patient was placed in the prone position and subjected 
to local anesthesia using a 1% lidocaine injection layer 
by layer up to the parietal pleura. A 16-G biopsy needle 
was used to obtain four pieces of 1.8 cm long dense lesion 
tissue for pathological examination. The ECO-100AL5 
MWA needle was used, which was then connected to an 
ECO-100A1 Microwave Ablation System (ECO Medical 
Instrument Co., Ltd., Nanjing, Jiangsu, China). Multi-point 
ablation was performed; according to the manufacturer’s 
instructions combined with texture of tumor, 55-W 
radiation was applied and the total duration of ablation was 
20 minutes. A water circulation cooling system was used 
to cool the surface temperature of the ablation needles. At 
the end of the procedure, the withdrawal path was ablated 
(Figure 2).

Subsequent histopathological examination revealed 
spindle cell proliferation and a mixed inflammatory 
infiltrate of lymphocytes and plasma cells (Figure 3A). 
The immunohistochemical staining showed that the cells 
were positive for vimentin, epithelial membrane antigen 
(EMA), actin (weakly+) and Ki-67 (1%+), but negative 
for anaplastic lymphoma kinase (ALK) protein, smooth 
muscle actin (SMA), desmin, CD117, CD34, DOG-1, P53, 
pan-cytokeratin, high molecular weight cytokeratin (CK-
HMW), low molecular weight cytokeratin (CK-LMW) and 
S-100 protein (Figure 3B). The EML4-ALK fusion gene 
was also determined to be negative by real time polymerase 
chain reaction (PCR). Based on the biopsy pathology and 
clinical manifestations, the patient was diagnosed with 
pulmonary IMT. He was treated with glucocorticoids 
and diuretics to reduce tissue exudation, antibiotics to 
prevent infection, and expectorants and human blood 
albumin to correct hypoproteinemia. No complications 
occurred during the perioperative period and the patient 
was subsequently discharged (hemoglobin, 103 g/L; serum 
albumin, 35.0 g/L).

Regular follow-up was performed after MWA (Figure 4),  
and re-examination by enhanced chest CT indicated 
incomplete ablation of the tumor. CT-guided multi-point 
MWA of residual tumor in the right lower lobe were 
performed at 2 and 6 months (March 9th, 2018, and July 
3th, 2018, respectively) after the initial MWA procedure. 
The ablation power was 55 w and the total duration 
of ablation was 24 and 18 minutes, respectively. The 
anesthesia method, ablation needle, ablation therapeutic 
instrument, and ablation position was identical to those 

Figure 2 Needle CT images of the tumor in the right lower pulmonary lobe during the first MWA. Double-point ablation was adopted 
in the area below the tumor (A) and single-point ablation was adopted in the area above the tumor (B). The white arrow points to MWA 
needle. CT, computed tomography; MWA, microwave ablation.
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of the first ablation. No complications occurred during 
the perioperative period. The patient was followed up in 
the thoracic surgery outpatient department, and the latest 
enhanced chest CT (Figure 5) was conducted 35 months 
after the third ablation (June 18th, 2021). The contrast 
agent showed no signs of enhancement, suggesting that the 
tumor in the right lower pulmonary lobe was completely 
ablated. The patient was in good condition with stable 
weight, and had no fatigue, fever, cough, sputum, chest 
distress, shortness of breath, or other uncomfortable 

symptoms (hemoglobin, 134 g/L; serum albumin, 40.0 g/L; 
hypersensitive CRP, 5.8 mg/L) (Figure 6).

All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and/or national research committee(s) 
and with the Helsinki Declaration (as revised in 2013). 
Written informed consent was obtained from the patient for 
publication of this case report and accompanying images. 
A copy of the written consent is available for review by the 
editorial office of this journal.

Figure 3 Pathological examination reconfirming pulmonary IMT. (A) Histological examination showed a spindle cell tumor with infiltration 
of lymphatic and plasma cells. Hematoxylin and eosin staining, original magnification ×100. (B) Immunohistochemistry showed Vimentin 
positive, original magnification ×100. IMT, inflammatory myofibroblastic tumor.

Figure 4 The enhanced chest CT was re-examined after WMA. CT images (A) and (B) were 2 months after the first ablation and 3 months 
after the second ablation, respectively. The contrast agents in the venous phase were locally enhanced without exception, suggesting 
incomplete local tumor ablation. (C) and (D) were conducted 3 months after the third ablation, while (E) and (F) were conducted 12 months 
after the third ablation. There was no enhancement of contrast agents during the venous phase, suggesting complete tumor ablation. CT, 
computed tomography; MWA, microwave ablation.
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Discussion

IMT was previously considered a benign and inflammatory 
disease with good prognosis in most cases. However, IMT 
is currently considered a rare neoplastic disease due to its 
characteristics of aneuploidy cells (18), possession of tumor 
stem cells (19), and multiple types of gene mutations. 
Therefore, although IMT generally presents benign 
biological behavior, some IMT patients may develop local 
recurrence or even distant metastasis. The recurrence 
rate of IMT at different anatomical sites varies, ranging 
from less than 2% for pulmonary lesions to 25% for 
extrapulmonary lesions, and the rate of distant metastasis 

is less than 5% (2). The lungs and brain are the most 
common sites for metastasis, followed by bone and liver (2). 
It has been reported that the tongue (20), kidney (21), and  
uterus (22) are also target organs for metastasis in IMT. ALK 
gene 2p23 rearrangement occurs in approximately 50% of 
metastasis cases (23), resulting in overexpression of the ALK 
protein, but the pathogenesis of ALK expression-lacking 
IMT remains unknown. A study based on next-generation 
sequencing (NGS) assays reported that two of nine ALK-
negative patients harbored PDGFRβ kinase fusions, and 
four of them harbored ROS1 kinase fusions, suggesting  
that IMT is likely a kinase fusion-driven tumor (24).

Clinically, it is very difficult to distinguish pulmonary 
IMT from lung cancer (25). The clinical manifestations of 
IMT are not specific. Most patients with pulmonary IMT 
have no obvious symptoms. Some patients may develop 
cough, sputum, chest tightness, chest pain and other non-
specific respiratory symptoms. Some patients may also 
present with fever, anemia, fatigue, poor appetite, dizziness, 
weight loss, and other systemic symptoms. Laboratory 
examination demonstrates elevated hypersensitive CRP, 
elevated ESR, anemia, and hypoproteinemia. In most 
cases, chest CT images exhibit clear edges and uniform 
density of masses in the periphery of lung. Enhanced 
chest CT images demonstrate mild, moderate, or even 
significant enhancement, as well as a marked increase in 
fluorodeoxyglucose (FDG) metabolism (25). It has been 
reported that 15–30% of patients probably present with 
“inflammatory syndrome”, which is characterized by fever, 
fatigue, and weight loss, while laboratory evaluation shows 
anemia, elevated ESR and CRP, thrombocytosis, and/or 
polyclonal hypergammaglobulinemia, which is considered 
to be related to secretion of interleukin (IL)-6 (23). This 

Figure 5 The latest re-examination of enhanced chest CT 35 months after the third ablation, suggesting complete ablation of the tumor in 
the right lower lobe. CT, computed tomography.

Figure 6 Timeline and dynamic changes of major laboratory 
examinations.
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syndrome disappears after tumor resection, but reoccurs 
with tumor recurrence (1). 

Our patient reported fatigue at admission, and the 
laboratory examination suggested anemia (79 g/L) and 
increased hypersensitive CRP (99.4 mg/L). After treatment, 
the fatigue symptom disappeared, and hemoglobin and 
hypersensitive CRP return to normal (hemoglobin, 134 g/L; 
hypersensitive CRP, 5.8 mg/L). On admission, our patient 
had right pleural effusion, and approximately 900 mL of 
bloody pleural effusion was removed after thoracic catheter 
drainage. The bloody pleural effusion related to the local 
invasion of tumor cells in the chest wall was consistent with 
the biological behavior of a malignant neoplasm.

In 2013, the World Health Organization (WHO) 
defined IMT as a tumor composed of myofibroblastic and 
fibroblastic spindle cells, accompanied by a large amount of 
inflammatory cells (such as plasma cells, lymphocytes, and/or 
eosinophils) (1). For this patient, a 16-G biopsy needle was 
used to obtain four pieces of 1.8 cm long dense lesion tissue 
for pathological examination. Histological examination 
showed a spindle cell tumor with infiltration of lymphatic 
and plasma cells. Immunohistochemistry indicated vimentin 
positive and actin weakly positive. Combined with patient’s 
clinical features and local aggressiveness, he was diagnosed 
with pulmonary IMT.

Previously, conventional surgery (thoracotomy or video-
assisted thoracoscopic surgery) was the main therapeutic 
strategy for pulmonary IMT (5,6,26,27). Complete resection 
probably results in cure (7,8). For patients with unresectable 
IMT, a variety of palliative methods can be adopted for 
tumor control, including glucocorticoids (28,29), non-
steroidal anti-inflammatory drugs (30,31), macrolide 
antibiotics (32), chemotherapy/radiotherapy (33-35),  
anti-angiogenic drugs (36), targeted therapy (24), etc. For 
approximately 50% patients with anaplastic lymphoma 
kinase (ALK) positive IMT, ALK inhibitor (crizotinib) 
treatment is suitable (23,34,37,38). Furthermore, treatment 
of pulmonary IMT accompanied by ROS1 rearrangement 
with crizotinib can achieve sustained remission (5). This 
suggests the need for more extensive molecular diagnostics, 
including NGS, to identify more potential therapeutic 
targets for the treatment of ALK-negative pulmonary IMT.

Since the Chinese scholar Feng et al. (39) took the lead 
in the application of MWA for the treatment of lung cancer 
in 2002, percutaneous MWA has been widely applied 
to treat medically inoperable patients with lung cancer, 
and the relevant expert consensus and standards has been 
published (40,41). Wang et al. (42) compared the efficacy 

and treatment expense between percutaneous MWA and 
thoracoscopic lobectomy in patients with stage I non-small 
cell lung cancer (NSCLC).They reported that the 1-year 
overall  survival (OS) rates of the MWA and lobectomy 
groups were 97.82% and 96.65%, respectively, and the 
2-year OS rates were 91.30% and 90.59%, respectively. 
Thus, there were no significant differences between these 
two methods, while MWA could shorten the duration of 
hospitalization and reduce  the medical  costs. Pusceddu  
et al. (43) evaluated the clinical outcome of CT-guided 
MWA in patients with large-lesion NSCLC (tumor size: 
5.0±1.8 cm). They found that 18.5% of patients achieved 
complete tumor necrosis after two rounds of MWA, and 
4.6% of patients achieved complete tumor necrosis after 
three rounds of MWA. The 1-, 2-, 3-, and 5-year OS rates 
were 78.2%, 48.3%, 34.8%, and 18.3%, respectively.

In this case, our patient was not able to undergo 
conventional lobectomy surgery due to his advanced age, 
anemia, and hypoalbuminemia. After extensive treatment, 
CT-guided percutaneous multipoint MWA was conducted 
under local anesthesia three rounds with an ablation power 
of 55 w. The total ablation time of the first, second, and 
third rounds were 20, 24, and 18 minutes, respectively. 
The ablation power used for our patient was equivalent to 
that used for conventional lung cancer patients, and the 
ablation time was even longer than that for conventional 
lung cancer patients, which might be attributed to the high-
density of the lesion tissue rich in myofibroblastic spindle 
cells, suggesting that higher ablation power and longer 
ablation time may be needed for complete ablation of dense 
tumors. For tumors with the maximum diameter of over  
5 cm, more rounds of treatment and multiple ablation points 
are required for curative ablation. The treatment period 
for our patient was 6 months long and no distant metastasis 
occurred during the treatment, which was consistent with 
previous reports showing that IMT has of low degree of 
malignance and most patients have a good prognosis (27).  
For our patient, although the diameter of the tumor 
was over 5 cm, he was successfully treated with MWA 
monotherapy and has no evidence of recurrence nearly  
3 years since the last treatment according to the follow-up 
chest enhancement CT images, laboratory examination, and 
clinical manifestations. This result suggests that low-grade 
malignant tumors, such as pulmonary IMT, are likely cured 
by multiple ablations (even large volume tumors), which 
expands the indications of curative ablation (40).

Because of its advantages of ultra-minimal invasion, 
repeatability, no bone marrow suppression, lower cost, 
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shorter ablation times, larger ablation zones and lower heat 
sink effect, microwave ablation achieves good efficacies of 
the tumor patients with poor cardiopulmonary function, 
advanced age, refusing surgical resection or recurrent single 
lesions. However, when the tumor is too large, closing 
to the large airway or blood vessel, the application of 
microwave ablation is limited because of its high risk and 
easy residue.

Conclusions

In conclusion, pulmonary IMT is a rare neoplastic lesion, 
which has a potential for recurrence and metastasis. 
Percutaneous MWA monotherapy may be an important 
alternative strategy for medically inoperable patients.
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