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Abstract

Background: Inflammatorymyofibroblastic tumors (IMT) are rare, intermediatemalig-

nant tumors harboring frequent somatic molecular rearrangements. Themanagement

of IMT has not been standardized.

Methods: A retrospective multicenter study was conducted on all pediatric patients

treated for IMT between 2000 and 2019.

Results: This series included 39 cases of IMT, with amedian age at diagnosis of 7 years

(range 20 days to 16 years). Tumor location included pelvis-abdomen (n = 16), tho-

rax (n = 14), head and neck (n = 7), and limbs (n = 2). One patient had metastatic

disease. Immunochemistry showed 21/39 (54%) anaplastic lymphoma kinase (ALK)-

positive tumors. Somatic tyrosine kinase rearrangement was present in 31/36 (86%)

of the tumors analyzed: 21 ALK, five ROS1, and five NTRK. Immediate surgery was

performed in 24 patients (62%), with adjuvant therapy for three patients. Delayed

surgery after neoadjuvant therapywas possible in 10 cases. Exclusive systemic therapy

was delivered to four patients; one patient with orbital IMT was managed by watch-

ful waiting. After a median follow-up of 33 months (range 5–124), eight (20%) recur-

rences/progressions occurred after surgery (seven after primary surgery and one after

delayed surgery), after a median interval of 7 months (range 2–21), all in thoracic loca-

tions. The3-year overall anddisease-free survivalswere96.8% (95%CI: 79.2%–94.0%)

and 77.4% (95% CI: 59.6%–88.1%), respectively. Relapses/progressions were more

common in patientswith a thoracic primary (p< .001) or after incomplete surgerywith

no adjuvant therapy (p= .027).

Conclusion: Surgery is effective in most cases of pediatric IMT. Systematic analysis

of tyrosine kinase rearrangement is recommended. When the tumor is deemed only

partially resectable to preserve organs and function, neoadjuvant therapymay be pro-

posed to allow adequate conservative surgery.

Abbreviations: ALK, anaplastic lymphoma kinase; CR, complete remission; CT, conventional chemotherapy; DFS, disease-free survival; FISH, fluorescence in situ hybridization; FU, follow-up; IHC,

immunohistochemistry; IMT, inflammatorymyofibroblastic tumor; NSAID, nonsteroidal anti-inflammatory drug; OS, overall survival; PR, partial remission; TKI, tyrosine kinase inhibitors.
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1 INTRODUCTION

Inflammatory myofibroblastic tumors (IMTs) are rare tumors of inter-

mediatemalignancywith a risk of local recurrence, but a lowmetastatic

potential (<5%).1–4 While IMTmay occur in any site, themain locations

are abdominal and thoracic, but the head and neck, central nervous

system, or the limbs may also be involved.4,5 IMTs mainly affect chil-

dren and young adults.6 Histologically, these lesions are characterized

by the presence of a myofibroblastic mesenchymal spindle cell prolif-

eration associated with inflammatory infiltration, predominantly.1,5 In

more than 50%–75% of cases, somatic molecular analysis reveals the

presence of a translocation involving the “anaplastic lymphoma kinase

(ALK)” gene.4,7,8 Other chromosomal fusion transcripts have been

reported in this disease, includingROS1and,more recently, NTRK.9–12

While the cornerstone of treatment of IMT remains surgical excision

for localized tumors, the place of neoadjuvant or adjuvant therapy and

the impact of the quality of resection remain unclear.6,13–15 Systemic

therapies for large unresectable tumors consist of steroids and nons-

teroidal anti-inflammatory drugs (NSAIDs), conventional chemother-

apy (CT), and, more recently, tyrosine kinase inhibitors (TKI).13,16

The purpose of this multicenter retrospective study was to define

the place of surgery and systemic therapy in the management of pedi-

atric IMT in the era of systematicmolecular profiling and targeted ther-

apies.

2 MATERIALS AND METHODS

We retrospectively retrieved information from the medical charts of

all pediatric patients (age ≤16 years) treated between 2000 and 2019

for IMT involving any anatomical compartment in five large hospi-

tals in Paris and the Île-de-France area. All pediatric cancer cases

were discussed by the multidisciplinary tumor board of the Pediatric

Cancer Network. A central pathology review of all cases was per-

formed to validate the diagnosis together with more detailed molec-

ular biology.17–19 Nine patients were excluded, with a diagnosis of
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nodular fasciitis for four, IgG4-related disease for three, low-grade

myofibroblastic sarcoma for one, and myxoma for one. ALK immuno-

histochemistry (IHC) staining was systematically performed. Screen-

ing for specific somatic gene fusions (ALK, ROS1, or NTRK) was per-

formed by fluorescence in situ hybridization (FISH). Depending on

tumor tissue availability, next-generation RNA sequencing was per-

formed on paraffin-embedded and/or fresh frozen tissue (Supporting

Material). Treatment strategy was defined in the regional multidisci-

plinary tumor board certified by the French National Cancer Insti-

tute and in accordance with the recommendations of EpSSG NRSTS-

05 protocol (European Union Drug Regulating Authorities Clinical

Trial No. 2005-001139-31).13 When complete macroscopic resection

of a localized tumor could be achieved without mutilation, immedi-

ate surgery was recommended.13,15,20 Surgery was defined as fol-

lows: tumor resection when resection was conservative, “en bloc”

resection when resection included part of the affected organ with-

out functional impairment, mutilating resection was defined as major

resection or amputation with functional impairment, and partial resec-

tion was defined as voluntarily incomplete resection to avoid muti-

lating surgery.9,15,20 The quality of surgical resection was defined

as follows: R0 was defined as microscopically complete resection

(radical resection), R1 was defined as microscopically incomplete

marginal resection (and applied to resections for which the tumor

was fragmented, such as endoscopic resection), and R2 was defined

as macroscopically incomplete (intralesional) resection.19,21 The post-

operative outcome was evaluated according to the Clavien–Dindo

classification.22

Steroids or NSAIDs were proposed as first-line treatment when

the tumor location was deemed unresectable at diagnosis with a risk

of mutilating surgery (such as orbit or lung), or when the patient

required emergency treatment for severe symptoms.13,15 Conven-

tional CTdrugswere also delivered to somepatientswith unresectable

tumors, distant metastases, or recurrent disease.15,23 Whenmolecular

somatic anomalieswere present, TKIwere consideredmainly after fail-

ure of anti-inflammatory therapy.8,13,16,24

Statistical analysis compared the frequency of an event between

two or more groups. Statistical significance was calculated by Fisher’s

exact tests. This choice was justified by the fact that the small num-

ber of events, sometimes with zero frequency for some groups, only

allowed empirical formulas of uncertain significance for chi-square or

log-rank tests. Toestimate the trendof a frequency according to groups

of ranked values, the Kolmogorov–Smirnov test was used, for which

it is easy to calculate the exact significance for small numbers with-

out resorting to asymptotic formulas. The confidence intervals of the

percentages were calculated according to the binomial distribution,

together with the 95% confidence interval and a limit of significance

of p = .05. Overall survival (OS) was calculated from the date of his-

tologic diagnosis to death from any cause or to the last follow-up (FU),

and disease-free survival (DFS)was calculated from the date of diagno-

sis to tumor progression or relapse. Survival curves with their log-rank

tests were generated and calculated by the Kaplan–Meier method.

3 RESULTS

3.1 Population

Atotal of 39patientswere included (Table1). Themale/female sex ratio

was 1:1.4, with 69% of patients aged <10 years at diagnosis (median

age: 7 years, range: 20 days to 16 years). Tumor locations were mainly

pelvis-abdomen (n = 16, 41%) and thorax (n = 14, 36%). One patient

(patient 25) with a thoracic primary presented with brain metastases.

One patient (patient 16) developed a pelvic IMT during treatment of a

pinealoblastoma.

3.2 Diagnosis and histological characteristics

Biopsy was performed in 27 cases and allowed the diagnosis of IMT

in 21 cases (78%). In the remaining 18 cases (including six cases after

inconclusive biopsy), the diagnosis was established on the surgical

specimen after excision of the primary tumor (17 cases) or brainmetas-

tases (one case).

IHC revealed 21/39 (54%) ALK-positive tumors. ALK gene rear-

rangements were confirmed in 17 tumors tested by either FISH and/or

RNA sequencing (RNAseq) with the following partners: EML4-ALK

(n = 3), CLTC-ALK (n = 3), TIMP3-ALK (n = 1), TMP4-ALK (n = 1),

MYH9-ALK (n = 1), RANBP2-ALK (n = 1), and PRKAR1A-ALK (n = 1).

The partner remained unknown in six cases tested by FISH only. ROS1

rearrangements were detected in five cases (four of five with positive

ROS1 IHC staining) with a known partner in two cases (TGF-ROS1;

FN1-ROS1). NTRK fusion transcripts were detected in five cases, four

withETV6-NTRK3 fusionandonewithanunknownpartner (FISHanal-

ysis only). Five tumors (three orbital tumors, one limb tumor, and one

liver tumor) did not display any RNAseq gene rearrangements. For the

last three cases, the remaining tumormaterielwasnot sufficient toper-

form any additional molecular biology studies. Overall, somatic tyro-

sine kinase rearrangement was present in 31 (86%) of the 36 tumors

analyzed. The type and incidence of tyrosine kinase rearrangements

according to clinical characteristics are detailed in Table 2.

3.3 Therapeutic strategies

3.3.1 Patients treated by primary surgery (n = 24)

Primary surgery was performed in 24 cases (62%) and consisted of

tumor resection in nine cases, “en bloc” resection in eight cases, partial

resection in six cases, andmutilating resection in one case (Table 3).

R0 complete resection was obtained in 10/24 cases (41.7%), all of

whom remained in first complete remission (CR1) after a median of

39.5months (range 5–112).

R1 resection (microscopic residue) was achieved in eight of 24 cases

(33.3%). Four of these patients did not receive any adjuvant therapy
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TABLE 2 Somatic tyrosine kinase rearrangement: type and incidence according to clinical characteristics (n= 36)

Somatic rearrangement Molecular alteration 95%CI p-Value

Location

Abdomen

Thorax

Orbits

Limb

Tongue

14/15 (93%)

13/13 (100%)

2/5 (40%)

1/2 (−)

1/1 (−)

1ALK/1NTRK/2ROS

7ALK/3NTRK/3ROS

1ALK/1NTRK

1ALK

1ALK

68.1%–99.8%

75.3%–100.0%

0.0%–82.9%

1.3%–98.7%

.0072

Age at diagnosis

<10 years

≥10 years

22/25 (88%)

9/11 (82%)

14ALK/4NTRK/4ROS

7ALK/1NTRK/1ROS

75.3%–100.0%

59.0%–100.0%

.79

Tumor size

≤5 cm

>5 cm

16/20 (80%)

15/16 (94%)

11ALK/2NTRK/3ROS

10ALK/3NTRK/2ROS

62.5%–97.5%

81.9%–100.0%

.96

Note: The three immunohistochemistry ALK-negative inflammatory myofibroblastic tumors (IMTs), for which no further molecular analysis was possible

(insufficient materiel), were excluded.

TABLE 3 Surgery characteristics and complication of inflammatorymyofibroblastic tumor (n= 34)

Type of surgery and number of patients Quality of resection

Dindo–

Clavien

score

Thorax 8 Tumor resection

4 Endotracheal resection by endoscopy 3 R1/1 R2 I

1 Tumor resection by thoracotomy 1 R2 I

2 Tumor resection by thoracoscopy (with 1 diaphragmatic patch) 1 R0/1 unknowna I

1 Tumor resection by tracheobronchotomy by sternotomy 1 R2 I

6 “En bloc” resection

5 Lobectomy by thoracotomy 5 R0 I

1 Wedge lung resection with diaphragmatic and pericardic patch

resection

1 R2 I

Abdomen 5 Tumor resection

2 Partial tumor resection 2 R2 I

1 Tumor resection by laparotomy 1 R0 I

1 Tumor resection by laparoscopy-robot assisted 1 R1 I

1 Endovaginal tumor resection 1 R2 I

10 “En bloc” resection

3 Partial bowel resection by laparotomy 2 R0/1 R1 I

3 Partial bladder resection by laparotomy 3 R0 2 I/1 II

1 Partial bowel resection by laparoscopy-robot assisted 1 Unknowna I

1 Adrenal gland resection 1 R1 I

1 Left hepatectomywith diaphragmatic patch resection 1 R0 I

1 Wedge pancreatic resection 1 R2 I

1Mutilating resection

1 Oesogastrectomy by laparoscopy-robot assisted 1 R1 IIIb

Head and neck 3 Tumor resection 1 R1/1 R0/1 R2 I

Extremity 1 Tumor resection 1 R0 I

Abbreviations: R0, microscopically complete resection; R1, microscopically incomplete; R2, macroscopically incomplete resection.
aUnknown due to tumor fragmentation in the bag before extraction.
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and remained in CR1. One patient, with a thoracic tumor ruptured dur-

ing initial surgery, developed pleural relapse 2 months after resection,

which was treated by NTRK inhibitor therapy. He developed delayed

resistance and died 15 months after recurrence despite additional CT.

In two patients with tracheal primaries and one patient with bronchial

primary, a piecemeal endoscopic resection, considered to be R1, was

performed. Two of them subsequently developed recurrence, 2 and

10months after resection: onewas treated by steroids (three 4-month

courses) and is in secondary partial remission (PR2) and off therapy for

11 months; the other case was treated by “en bloc” resection with R1

margins, resulting in CR2 for 67months.

A voluntary conservative partial resection (R2 margin) was per-

formed in the remaining six cases. Three of these cases received adju-

vant therapy, two of whom are in CR1 after steroid therapy (n= 1) and

methotrexate–vinblastine followed by crizotinib (n = 1). One patient

with a ROS1-positive IMT received crizotinib as maintenance ther-

apy and remained in CR for 24 months but developed tumor relapse

7 months after stopping therapy; he is alive with stable residual dis-

ease 5 months after resuing crizotinib. Three patients did not receive

any adjuvant therapy and all experienced tumor progression: two with

local progression (7 and 8 months after resection) and one with com-

bined local and metastatic progression, 21 months after surgery. Local

progressions were treated by steroids for 12 months in one patient

in PR2 with FU of 45 months and by steroid therapy and incomplete

tumor resection with adjuvant TKI therapy. This last patient is alive

with stable residue (PR2) and is still on crizotinibwith FUof 12months.

The patient with a combined recurrence received steroids and CT

(methotrexate–vinblastine), incomplete tumor resection and adjuvant

crizotinib and is off therapywith a stable residue after FUof 33months

(PR2).

3.3.2 Patients treated by neoadjuvant therapy
(n = 10)

Delayed surgery after systemic therapy was performed for 10 patients

whose tumors were deemed unresectable without mutilation (nine

cases) and one patient with thoracic IMT with brain metastases. Eight

patients with localized IMT received various drug regimens, which

resulted in stable disease in three cases, after steroids (n = 2) and

NSAIDs (n = 1); and partial response in five cases, after treatment

with steroids and crizotinib (n = 1), steroids and larotrectinib (n = 2),

crizotinib or steroids (one case each). One patient with abdominal IMT

was receiving chemotherapy for treatment of a pinealoblastoma. The

patientwithmetastatic thoracicEML4-ALK-positive IMTwas first oper-

ated for intracranial hypertension. Surgery of the thoracic primarywas

delayed after one course of chemotherapy (vinblastine andmethotrex-

ate) due to respiratory deterioration (“en bloc” R0 resection). Adju-

vant chemotherapy was delivered with no response on residual brain

metastases; 16months of crizotinib achieved complete remission (CR1,

18 months after stopping therapy). Overall, delayed surgery achieved

gross tumor resection (R0/R1) in seven (70%) out of 10 patients: four

R0, one R1, and two unknowns due to tumor fragmentation in the bag

before extraction. Conservative incomplete resection (R2) was per-

formed in the last three cases. Finally, of these 10 patients, one patient

with tumor rupture during initial biopsy of a thoracic lesion (MYH9-

ALK-positive IMT) developed pleural relapse 4 months after surgical

resection. He received subsequent therapies including CT and three

different ALK inhibitors due to acquired ALK-resistant mutations and

died 52months after recurrence.

3.3.3 Patients treated with exclusive systemic
therapy (n = 4)

Exclusive systemic therapy was delivered to four patients (orbital pri-

mary: three cases, shoulder: one case). Steroid therapy resulted in CR1

in two orbital fusion ALK-negative IMTs, transient PR in one orbital

NTRK-positive IMT, and PR in one ALK-positive shoulder primary. For

these last two patients, second-line therapy with TKI achieved CR for

the orbital IMT and a very good partial tumor response for the shoul-

der IMT.

3.3.4 Patient managed by watchful waiting (n = 1)

One patient with an orbital ALK-negative IMT was managed by watch-

ful waiting andwas alive with a stable residue after FU of 94months.

3.4 Surgery and complications

Among the34patients treatedby surgery, only one case requiredmuti-

lating surgery and this same patient experienced a grade IIIb complica-

tion (repeated surgery for bowel obstruction) (Table 3).

3.5 Outcome

Tumor recurrences/progressions were observed in eight of the 34

operatedpatients (23.6%) after amedian interval of 7months (range2–

21months). Seven patients developed local recurrence and one patient

developed combined local and metastatic recurrence. These tumors

presented various somatic tyrosine kinase rearrangements: four ALK

positive (one EML4-ALK; one MYH9-ALK; two ALK-unknown), three

ROS1 positive, and one ETV6-NTRK3 positive.

After a median FU of 33 months (range 5–124), 37 patients were

alive, 29 patients were in CR (CR1= 27, CR2= 2), five patients pre-

sented stable residue (PR) off therapy for amedian of 33months (range

2–94) (PR1= 2, PR2= 3), and three patients were still on TKI therapy.

Two patients died from their disease 17 and 60months after diagnosis:

one after primary R1 and one after delayed R0 surgery, respectively.

The 3-year OS and DFS were 96.8% (95%CI: 79.23%–94%) and 77.4%

(95%CI: 59.6%–88.1%), respectively (Figure 1).
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F IGURE 1 Overall (OS) and disease-free survivals (DFS) of patients with inflammatorymyofibroblastic tumors (n= 39)

TABLE 4 Outcome of patients with inflammatorymyofibroblastic tumor according to clinical characteristics

TotalN= 39

Tumor events

N= 8 LFR (95%CI) p-Value

Gender

Male

Female

16

23

5a

3

31.3% (8.5–54)

13% (0–26.7)

.23

Age at diagnosis

<10 years

≥10 years

27

12

6a

2

22.2% (6.5–37.9)

16.7% (0–37.7)

.82

Primary

Abdomen-pelvis

Thorax

Head and neck

Limb

16

14

7

2

0

8a

0

0

0% (0–20.6)

57.1% (28.9–82.3)

0% (0–41)

% (0–100)

<.001

Tumor size

≤5 cm

>5 cm

22

17

5

3a
22.7% (5.2–40.2)

17.6% (0–35.8)

.71

Somatic tyrosine kinase gene rearrangement

Any type

None

ALK
ROS1
NTRK

31

8

21

5

5

8

0

4

3a

1

25.8% (11.9%–44.6%)

0% (11.9%–44.6%)

.17

Quality of surgical resection

(at any time)

R0

R1

R2

Unknown

14

9

9

2

1

3

4a

0

7.1% (0.2–33.9)

33.3% (7.5–70.1)

44.4% (13.7–78.8)

.13

Abbreviations: CI, confidence interval; LFR, local failure rate; R0, microscopic complete resection; R1, microscopic incomplete resection; R2, macroscopic

incomplete resection.
aOne patient had local andmetastatic recurrence.

3.6 Analysis of prognostic factors

The primary site influenced outcome, as thoracic tumors displayed a

higher risk of recurrence than other locations (p < .001). Gender, age

at diagnosis, tumor size, type of somatic molecular rearrangement,

and metastatic status were not statistically associated with the risk of

recurrence (Table 4). The risk of local recurrence tended to increase

with decreasing quality of resection (R0 7.1% [95% CI: 0.2–33.9] vs.

R1 33.3% [95% CI: 7.5–70.1] vs. R2 44.4% [95% CI: 13.7–278 78.8];

Kolmogorov–Smirnov test: p = .033). When primary surgery was per-

formed, macroscopically incomplete resection (R2) (n = 3) was associ-

ated with a higher risk of recurrence compared to R0 (n = 10) and R1
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F IGURE 2 Local failure rate (95% confidence interval in parentheses) according to treatment strategy and quality of resection for patients
with inflammatorymyofibroblastic tumors (n= 38, the patient whowasmanaged by observation only was excluded)

(n = 8): R2: 100% (95% CI: 29.2–100) versus R1: 37.5% (95% CI: 8.5–

75.5) versus R0: 0% (95%CI: 0–30.8); p= .0016 (Figure 2).

4 DISCUSSION

This study reports the clinical and molecular characteristics and out-

come of a large, unselected population of pediatric IMT with system-

atic pathology andmolecular biology review. Abdominopelvic and tho-

racic tumors appeared to be the most common sites of this disease in

young patients (median age: 7 years).6,25 We confirmed that detection

of somatic gene rearrangements is a major element for confirmation

of the diagnosis of IMT, as more than one-half (54%) of all patients in

our series presented ALK fusion, in line with other reports in adult and

pediatric populations.6 Although ALK rearrangements were the most

common molecular anomalies identified, various other gene partners

have been highlighted over recent years in ALK-negative IMTs, includ-

ing NTRK and ROS1 found in 16% of cases each in the present popu-

lation of IMT.9,10 Our experience showed that more systematic molec-

ular testing reveals somatic tyrosine kinase rearrangements in 86% of

cases.

The management of IMT remains nonstandardized and is always

complex, especially in children, for whom long-term organ and func-

tion preservation is crucial. Overall, surgical resection was performed

in 87% of patients and remained the basis of IMT treatment. Primary

surgerywas recommendedwhen nonmutilatingmacroscopic complete

resection was possible, which was deemed feasible in 24/39 patients

(61%). In patients with unresectable tumor at diagnosis, the use of

neoadjuvant therapy allowed subsequent conservative gross tumor

resection (R0/R1) in 70% of cases. In addition, systemic adjuvant ther-

apy prevented recurrence in half of the cases where resection was

macroscopically incomplete and most of the recurrences occurred in

patients treated by surgery alone. Systemic adjuvant therapy thus

appears to increase the quality of resection, while avoiding mutilat-

ing surgery and also appears to prevent recurrence as neoadjuvant

therapy when surgery is incomplete. Interestingly, patients with tho-

racic tumors (lung or mediastinal, n = 14) had primary surgery in most

of the cases (n = 10), which resulted in R2 in 40% of cases and a

high recurrence rate (70% relapse/progression). In contrast, the four

who received neoadjuvant therapy had all an R0/R1 resection, with

only one recurrence in a patient with an ALK rearrangement. The high

risk of incomplete resection and recurrence in thorax primary may be

related to the voluntary wish of nonmutilation surgery shared by all

the centers in this study. This location has by definition many surgi-

cal risk factors (closeness with main bronchus, lung pedicles, and/or

major mediastinal vessels) and it could thus be suggested to indi-

cate more systematically neoadjuvant systemic therapy in thoracic

tumors.

This analysis suggested to consider the thoracic location as a risk

factor for recurrence and to proposemore systematically neoadjuvant

therapybefore surgery. In headandneck IMTs, forwhichnonmutilating

surgerymay be difficult or even impossible, exclusive systemic therapy

appeared to be effective to achieve CR1 (in four out of seven orbital

IMTs in this series). Systemic therapy should therefore be proposed in

IMT when resection entails a high risk of mutilation, such as in head

and neck tumors multifocal disease or when incomplete resection is

expected after primary surgery.

Detection of molecular rearrangements, including ALK, ROS1, NTRK

fusions, opens the way for new potentially very active targeted thera-

pies. Several TKIs targeting ALK, ROS, and NTRK have demonstrated

their efficacy in various diseases provided they harbor this molecular

rearrangement.8,14,16 Tumor response, development of resistance or

potential side effects influence the duration of treatment.26–29 In our

series, targeted therapy was indicated in one-third of patients (13/39

cases) in the neoadjuvant or adjuvant setting. Four patients received

TKI (three of four after steroids) before a nonmutilating surgery, two

patients after steroids and treated by only systemic treatment, two

patients in second line of treatment after an incomplete resection, and

five patients for the relapse therapy. The use of these new therapies

remains indicated in case of recurrence, metastasis and/or resistance

to other treatments. Their use as first-line therapy to improve quality

of resection while avoiding mutilating resection is not currently evalu-

ated. These drugs should be used as a short-term treatment to achieve

optimal tumor shrinkage, as a bridge treatment, preventing thus the

onset of side effects or resistance and allowing a delayed conserva-

tive and complete tumor resection; and in the setting of recurrence,
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metastasis and/or resistance to other treatments. There is currently no

data showing any correlation between tumormolecular anomalies and

rate of response of targeted therapies.

Recurrence/progressive tumor occurred in eight cases, that is, 23%

of patients who underwent surgery, with a maximum interval of

21 months after initial surgery. Notably, all patients with relapse pre-

sented a tumor with somatic gene rearrangement, although this factor

did not appear to influence outcome on univariate analysis (p = .17).

In the literature, tumor recurrences were observed more frequently in

extrapulmonary IMT (25% vs. 2% in lung),6,30 a feature not observed

in the present series, in which recurrences were mostly observed in

thoracic locations (p< .001). Notably, brain metastases were observed

in two cases of pulmonary IMT, one at diagnosis and one at relapse

(5%), with the detection of ALK and ROS1 fusions, respectively. Tar-

geted therapy was very effective in these two cases, as both patients

are alive in CR and PR, respectively.

We are aware that estimating the frequency of recurrence by per-

centages is not the perfect static approach, as we have neglected cen-

soring for some patients for whom the observation period is short.

This choice is imposed by the nature of the data and is justified in the

statistical methods section. We accept it considering that the recur-

rences are early (Q1: 5.7 months; Q2: 8.0 months; Q3: 10.5 months)

and the observation setbacks relatively long (Q1: 16.5 months; Q2:

28.4 months; Q3: 49.0 months). Comparison of the crude percentage

of recurrences for the entire population with the Kaplan–Meier esti-

mate results in a difference of 2.6%, which suggests that one addi-

tional recurrence would have been diagnosed if all FUs had been

longer.

In conclusion, systematic analysis of all tyrosine kinase rearrange-

ments, ideally with RNA sequencing, is highly recommended in pedi-

atric IMT, as it contributes not only to diagnosis, but also guides

the decision-making process. For localized tumors, when at least

complete macroscopic resection can be achieved without mutilation,

immediate surgery should be proposed. When the tumor is deemed

only partially resectable to preserve organs and function, neoadju-

vant therapy should be proposed to allow adequate conservative

surgery. Conventional therapies, such as anti-inflammatory drugs or

low-dose chemotherapy, can be considered, especially in cases with

no somatic molecular abnormalities. When a TK rearrangement is

detected, targeted therapies should be considered as first-line or

second-line treatment, as a bridge to conservative surgery. Finally,

our experience argues in favor of more systematic adjuvant ther-

apy after R2 resection to avoid recurrence and to potentially allow

repeated R0/R1 resection. Our conclusions are certainly limited by

the small size of this series and appeals for a large prospective mul-

ticentric study in the pediatric population, with systematic molecular

screening.
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