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Abstract

Background: Inflammatory myofibroblastic tumors in the head and neck (HNIMTs)

sometimes show aggressive clinical features and can be diagnosed as HNIMT with

malignant transformation.

Methods: The clinicopathological features of 45 HNIMTs with or without malignant

transformation were retrospectively investigated. Logistic regression and receiver

operating characteristic analysis were used to establish the predictive model.

Results: HNIMT with malignant transformation was associated with worse prognosis.

HNIMT with a tumor size of >4.4 cm, tumors located in the maxillary sinus, or a

preoperative neutrophil-to-lymphocyte ratio (NLR) greater than 1.958 were associ-

ated with higher chance of malignant transformation, with an AUC value of 0.9189.

Postoperative radiotherapy could benefit HNIMT patients with high risk of malignant

transformation.

Conclusions: HNIMT patients with a tumor size of >4.4 cm, tumors located in the max-

illary sinus, and a preoperative NLR over 1.958 were associated with a higher risk of

malignant transformation. These patients can benefit from postoperative radiotherapy.
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1 | INTRODUCTION

According to the 2020 World Health Organization (WHO) classifica-

tion, an inflammatory myofibroblastic tumor (IMT) is a mesenchymal

neoplasm of intermediate malignancy (rarely metastasizing). Although

rare, IMT in head and neck (HNIMT) accounts for nearly 18% of

extrapulmonary IMT cases.1 There are sporadic case reports about

IMT originating from the mastoid,2 neck,3 maxillary sinus,4,5 larynx,6

oral cavity,7,8 and skull base.9 Unlike IMTs originating from other sites

that are associated with better disease-free and overall survival

rates,10,11 HNIMT patients have a worse prognosis,1,12 which may

partially be explained by anatomical complexity.

Moreover, IMT can be accompanied by malignant transformation

during tumor progression, which has been reported for IMT located in

the bladder,13 kidney,14 and hypopharynx.15 Histologically, IMT is

characterized by spindle cell proliferation, and malignant transforma-

tion is marked by the transition from uniform spindled cells to atypical

polygonal cells and atypical mitoses.16,17 More importantly, IMTs withCangbang Peng, MingTao Chen, and Yu Zhang were contributed equally to this work.
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malignant transformation pursue an aggressive course with rapid local

recurrences and are frequently fatal.17 Unveiling the clinicopathologi-

cal features of HNIMT with malignant transformation may help sur-

geons to make predictions, evaluate the surgical resection range

preoperatively, and provide adjuvant therapies.

In the current study, the clinicopathological features of HNIMT

with or without malignant transformation were retrospectively inves-

tigated and compared in a single cohort. Logistic regression and

receiver operating characteristic (ROC) analysis were used to establish

the predictive model of HNIMT with malignant transformation.

2 | MATERIALS AND METHODS

Ethical approval was granted by the Ethical Committee of the Shang-

hai Ninth People's Hospital affiliated with the Shanghai Jiaotong Uni-

versity School of Medicine. Data on all 45 histologically proven

HNIMTs treated between 2005 and 2017 were retrieved from a data-

base from the Department of Oral and Maxillofacial Head Neck

Oncology in Shanghai Ninth People's Hospital affiliated with the

Shanghai Jiaotong University School of Medicine. The data acquired

include demographic details, medical history, clinical features, histo-

pathologic characteristics, and follow-up information.

According to the WHO soft tissue classification, all 41 specimens

were divided into three histopathologic types: myxoid, compact, and

hyalinized, as we earlier reported.12 The inflammation degree of tumor tis-

sues was determined according to the research of Bennett.18 The immu-

nohistochemistry staining of anaplastic lymphoma kinase (ALK) was

reported in our earlier research.12 The histopathological diagnosis of

HNIMT with malignant transformation was described in our earlier

report12 and other studies.16,17

The overall and disease-free survival rates were determined by

the Kaplan–Meier (KM) method. The constituent ratio of HNIMT

patients with different clinicopathological features was compared

using Pearson's χ2 test and Fisher's exact test. Prognosis prediction

performance was calculated by the area under the ROC curve (AUC).

Youden's index was calculated for the prognostic models.

Statistical analysis was performed utilizing GraphPad Prism 6.0

software and SPSS 20.0 Statistics software. P < .05 was considered

statistically significant.

3 | RESULTS

3.1 | HNIMT patients with malignant
transformation had worse prognosis

Among the 45 cases, 13 died at follow-up (28.9%). The 1-, 3-, and 5-year

survival rates were 100%, 71.1%, and 71.1%, respectively. Fifteen

patients were diagnosed with HNIMT with malignant transformation. His-

tologically, HNIMT with malignant transformation showed atypical polyg-

onal cells and atypical mitoses (Figure 1A,B). Radiologically, HNIMT with

malignant transformation showed obvious local aggression similar to

malignant neoplasm. As shown in Figure 1C, HNIMT with malignant

transformation could invade the orbits, masticator space, and skull base.

The overall survival rate of HNIMT with or without malignant transforma-

tion was 40% and 86.7%, respectively. HNIMT patients with malignant

transformation had worse overall survival (P = .004) and disease-free sur-

vival rates (P = .0237) (Figure 2A,B).

3.2 | Different clinical features between HNIMT
with or without malignant transformation

We next explored the potential clinicopathological features which are

correlated with the malignant transformation of HNIMT. The average

tumor size of HNIMT with and without malignant transformation was

4.980 cm versus 3.55 cm (P = .0017). The ROC analysis revealed that

the best cutoff was 4.4 cm, which yielded a Youden index of 0.5667

with a sensitivity of 80% and a specificity of 76.67%. As expected,

HNIMT patients with a tumor measuring >4.4 cm in diameter had a

higher incidence of malignant transformation (63.2% vs. 11.5%,

P = .0004) (Figure 3A). Tumor location was also closely correlated with

the biological behavior of cancer cells. Among all 45 cases, there were

5 primary tumors located in the infratemporal fossa, 9 in the maxilla,

12 in the maxillary sinus, 5 in the mandible, 4 in the parotid gland, 4 in

the pterygopalatine fossa, and 6 in the neck. Using our previously

reported classification method based on the ala-tragus line, there was

no significant correlation between malignant transformation and tumor

location (Figure 3B). To our surprise, HNIMT patients with the tumor

located in the maxillary sinus had a much higher incidence of malignant

transformation (83.3% vs. 15.2%, P < .0001) (Figure 3C).

3.3 | ALK expression and inflammation in tumor
tissues was not correlated with malignant
transformation of HNIMT

We have recently reported that the ALK level and inflammation in

HNIMT tumor tissues are independent prognostic factors of the

disease-free survival rate. Here, we analyzed whether these two

important pathological features are correlated with the malignant

transformation of HNIMT. We found that the malignant transforma-

tion rate in the high ALK group was 42.9%, compared to 25% in the

low ALK group; this difference was not statistically significant

(P = .2263) (Figure 3E). Similarly, the inflammation grade (P > .999)

and histological type (P = .8544) were not correlated with the

malignant transformation of HNIMT (Figure 3F,G).

3.4 | Elevated neutrophil-to-lymphocyte ratio
represented a phenotype of inflammation in HNIMT
with malignant transformation

We then evaluated the inflammation grade based on preoperative

peripheral immune cells. The mean number of preoperative

146 PENG ET AL.



F IGURE 1 The
histopathological and radiological
features of inflammatory
myofibroblastic tumor in the head
and neck (HNIMT) with malignant
transformation. (A) Hematoxylin–
eosin staining of HNIMT with
malignant transformation showed
atypical polygonal cells and

atypical mitoses.
(B) Hematoxylin–eosin staining of
HNIMT without malignant
transformation. (C) CT images of
HNIMT with malignant
transformation showing great
local invasion

F IGURE 2 Inflammatory myofibroblastic tumor in the head and neck (HNIMT) patients with malignant transformation had worse prognosis.
(A) HNIMT patients with malignant transformation were associated with worse overall survival compared to those without malignant
transformation (P = .0004). (B) HNIMT patients with malignant transformation had a worse disease-free survival rate compared to those without
malignant transformation (P = .0237)
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F IGURE 3 Different clinical features between inflammatory myofibroblastic tumor in the head and neck (HNIMT) patients with or without
malignant transformation. (A) HNIMT patients with a tumor measuring >4.4 cm in diameter had a higher incidence of malignant transformation
(63.2% vs. 11.5%, P = .0004). (B) There is no significant correlation between malignant transformation and tumor location based on the ala-tragus
line. (C) HNIMT patients with the tumor located in the maxillary sinus had a higher incidence of malignant transformation (83.3% vs. 15.2%,
P < .0001). (D) There were no significant correlations between malignant transformation and tumor tissue ALK expression, histological type, and
patient age. (E–G) There were no significant correlations between the malignant transformation and (E) tumor ALK expression, (F) tumor tissue

inflammation grade, and (G) the histologic type. (H) HNIMT patients with preoperative lymphocyte counts below 1.75 � 109 cells/ml had a higher
incidence of malignant transformation (50.0% vs. 17.4%, P = .0004). (I) There is no significant correlation between malignant transformation and
the preoperative neutrophil count. (J) HNIMT patients with preoperative neutrophil-to-lymphocyte ratio (NLR) >1.958 had a higher incidence of
malignant transformation (48.3% vs. 6.2%, P = .0004)

148 PENG ET AL.



lymphocytes in HNIMT with or without malignant transformation was

1.547 versus 2.137 � 109 cells/ml (P = .0127). The best cutoff value

is 1.75 � 109 cells/ml. The mean number of preoperative neutrophils

in HNIMT with or without malignant transformation was 5.553 versus

4.400 � 109 cells/ml (P = .0653). The best cutoff value is 4.85 � 109

cells/ml. To our surprise, HNIMT patients with preoperative lympho-

cyte counts below 1.75 � 109 cells/ml had a significantly higher inci-

dence of malignant transformation (50.0% vs. 17.4%, P < .0001)

(Figure 3H). There was no significant correlation between malignant

transformation and the preoperative neutrophil count (Figure 3I). Fur-

thermore, we used the preoperative neutrophil-to-lymphocyte ratio

(NLR) to evaluate the system immune status of HNIMT patients. The

best cutoff value is 1.958, and the NLR was significantly higher in

HNIMT patients with malignant transformation (Figure 3J).

3.5 | Predictive model for HNIMT with malignant
transformation

We next established a predictive model for HNIMT with malignant

transformation. First, univariate logistic regression was used. The

tumor size (≥4.4 cm) (OR = 13.143, P = .001), tumor site (maxillary

sinus) (OR = 28, P < .0001), preoperative lymphocyte count

(≤1.75 � 109 cells/ml) (OR = 4.750, P = .025), and preoperative NLR

(≥1.958) (P = .016) were significant risk factors of the malignant trans-

formation of HNIMT. We next used ROC analysis to explore the pre-

dictive power of these clinicopathological features. Tumor size alone

yielded an AUC value of 0.7833 (P = .0021), but the positive predic-

tive power (PPP) was only 0.6361. The preoperative NLR alone

yielded an AUC value of 0.7167 (P = .0189). The preoperative lym-

phocyte level alone yielded an AUC value of 0.6833 (P = .0470). The

clinicopathological feature that showed the strongest predictive value

is tumor location. Tumors located in the maxillary sinus yield an AUC

value of 0.8000, with a negative predictive power (NPP) of 0.8485

and a PPP of 0.8333 (Figure 4A). We next combined the three clinico-

pathological features to establish predictive models. The combination

of tumor size, tumor location, and NLR yielded an AUC value of

0.9189 (P < .0001), with an NPP of 85.29% and a PPP of 90.91%,

which revealed that HNIMTs located in the maxillary sinus with a

tumor size of >4.4 cm and a preoperative NLR greater than 1.985 had

a high chance of malignant transformation (Figure 4B). We thus com-

bined the three indices as one signature. The logistic value was calcu-

lated, and cases with a value above the median were classified as the

high-risk group and the others as the low-risk group. The KM analysis

revealed that HNIMT patients in the high-risk group had a signifi-

cantly worse overall survival (P = .0025) (Figure 4C).

F IGURE 4 Receiver operating
characteristic (ROC) analysis for
inflammatory myofibroblastic
tumor in the head and neck
(HNIMT) with malignant
transformation. (A) The tumor size,
tumor location, preoperative
lymphocyte count, and
preoperative neutrophil-to-
lymphocyte ratio (NLR) yielded
AUC values of 0.7878, 0.8000,
0.6833, and 0.7167, respectively,
to predict malignant
transformation. (B) The
combination of tumor size, tumor
location, and preoperative NLR
yielded an AUC value of 0.9189
with a negative predictive value of
0.8529 and a positive predictive
value of 0.9091. (C) HNIMTs with
the high-risk signature of
malignant transformation had a
worse overall survival rate
(P = .0025)
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3.6 | Postoperative radiotherapy benefits HNIMT
patients with high risk of malignant transformation

After describing the clinicopathological features and establishing the

predictive model of HNIMT with malignant transformation, we explored

the treatment strategy which might benefit HNIMT with malignant

transformation. All 45 patients underwent radical surgical resection,

and 20 patients also received postoperative radiotherapy. According to

the KM analysis, postoperative radiotherapy did not benefit the HNIMT

patients (P = .3526), but in patients with malignant transformation,

postoperative radiotherapy significantly improved overall survival

(P = .045) (Figure 5A–C). Consistently, postoperative radiotherapy

improved the overall survival of HNIMT patients with a high risk of

malignant transformation (P = .016) (Figure 5D).

4 | DISCUSSION

HNIMT has features of both tumor and inflammation.12 Recent

advances in image-guided fine needle aspiration biopsy have made

the preoperative diagnosis more accurate, giving the clinician the

chance to perform radical excision immediately. However, the re-

section extents of HNIMT are usually not as radical as in other sites due

to the esthetic needs of patients and adjacent vital anatomical structures

such ad eyes, skull bases, and carotid arteries. Normally, these compro-

mises are acceptable due to the relatively good prognosis of IMT. How-

ever, there are sporadic case reports about IMT with malignant

transformation at different sites, including HNIMT, which does not

receive much attention although it is associated with a high rate of

recurrence.13–15 Here, we retrospectively explored the clinicopathological

features of HNIMT and found that HNIMT patients with a tumor size of

>4.4 cm, with a tumor located in the maxillary sinus, and with a preopera-

tive NLR above 1.958 had a higher risk of malignant transformation.

These patients can benefit from postoperative radiotherapy.

To our knowledge, we are the first to report that IMT in the max-

illary sinus is associated with a worse prognosis. The maxillary sinus is

adjacent to many vital anatomical structures in the head and neck

region. Tumors derived from the maxillary sinus can break through its

superior wall into orbital contents, through its interior wall into the

nasal cavity, or through its back wall into the pterygopalatine space.

As shown by our present results, IMT located in the maxillary sinus

also showed obvious local invasion. It remains unknown whether this

F IGURE 5 Postoperative radiotherapy benefits inflammatory myofibroblastic tumor in the head and neck (HNIMT) patients with a high risk
of malignant transformation. (A) Postoperative radiotherapy did not improve the overall survival rate of HNIMT patients. (B) Postoperative
radiotherapy benefited HNIMT patients with malignant transformation. (C) Postoperative radiotherapy did not improve the overall survival rate of
HNIMT patients without malignant transformation. (D). Postoperative radiotherapy benefited HNIMT patients with a high risk of malignant
transformation
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worse prognosis was due to the special biological behavior of the

tumor cells or the complexity of the maxillary sinus. Further studies

should use single-cell sequencing and protein mass spectrometry to

analyze the heterogeneity of IMT originating from different anatomi-

cal sites.

We also found that the preoperative NLR was closely correlated

with the malignant transformation of HNIMT. The NLR has been

proved to be associated with the survival rates and responses to che-

motherapy in many cancers, such as prostate cancer,19 colorectal

cancer,20,21 and non-small cell lung cancer.22 The NLR, to some

extent, reflects the inflammation degree in the tumor microenviron-

ment, represented by enhanced nonspecific inflammation and

impaired antitumor immunity.23 Because the NLR often has a signifi-

cant meaning in malignant tumors, we argue that the inflammation

status of HNIMT may also significantly affect the biological behavior

of HNIMT, thus making immune therapy feasible for HNIMT. More

importantly, we argue that differences in the levels of different types

of immune cells in preoperative blood and postoperative tumor tissue

may help surgeons to stratify risk before and after surgery.

Furthermore, based on our results, postoperative radiotherapy

can benefit HNIMT with malignant transformation as well as patients

with a high risk of malignant transformation. Although surgery

remains the main option for IMT treatment,1 there are sporadic case

reports about successful treatment by radiotherapy in IMT located in

the maxillary sinus24 and trachea.25 However, the effectiveness of

radiotherapy for IMT treatment has not been verified through ran-

domized controlled trials. Our retrospective study strongly recom-

mends that treatment of HNIMT with a high risk of malignant

transformation should include postoperative radiotherapy.

5 | CONCLUSIONS

Overall, we found that HNIMT patients with a tumor size of >4.4 cm,

a tumor located in the maxillary sinus, and a preoperative NLR over

1.958 had a higher risk of malignant transformation. These patients

can benefit from postoperative radiotherapy.
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