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ABSTRACT

Infantile fibrosarcoma (IFS) is a very rare pediatric soft tissue sarcoma (STS). Resection with negative surgical margins without caus-
ing morbidity is the mainstay of treatment. When primary surgery is not possible, satisfying results can be obtained with conventional 
chemotherapy and targeted therapy. We aimed to evaluate the demographic, clinical, laboratory and radiological characteristics and 
treatment outcomes of pediatric patients with IFS. We retrospectively reviewed medical records of the patients diagnosed with IFS 
1990 and 2022. The mean age at diagnosis of 12 patients was 90 days. The most common tumor localization was extremity. None of 
the patients were metastatic at diagnosis.  Primary surgical excision was performed in five patients; three of them had positive surgical 
margins and two of these patients experienced recurrence. Surgical margins were negative in other two patients who were operated 
on, and recurrence occurred in one of them. Of the seven patients treated with primary chemotherapy, two patients had complete 
response, surgery was not performed. Larotrectinib was initiated to three patients with NTRK fusions. At a median of 104-month (7-
206) follow-up, all patients are alive. Nine of the twelve patients survived disease-free for a median of 118 months (25-206). Although 
surgical resection is the mainstay of treatment of infantile fibrosarcoma, satisfying results can be obtained with chemotherapy and 
targeted therapy in inoperable cases. The use of targeted therapies can be increased by conducting molecular studies, especially in 
cases not suitable for surgery with a goal of avoiding side effects of conventional chemotherapy. 
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INTRODUCTION

Infantile fibrosarcoma (IFS) is a very rare pediatric 
soft tissue sarcoma (STS) and it is more common 
in infants with a recently reported 5-year event-free 
survival (EFS) and overall survival (OS) of 81% 
and 98% respectively.1-3 Generally IFS is located in 
the distal extremities and tends to grow rapidly fol-
lowed by a later more indolent process.  Although 
local recurrence is common, survival rates are over 
80% in children unlike adult counterparts.4-6

Most cases harbor the ETV6–NTRK3 gene fusion 
resulting from t(12;15) (p13;q25), while rare cases 

involving other partners such as EML4-NTRK3 
have been reported. 

Although surgery is the mainstay of treatment, 50-
60% of cases are unresectable at diagnosis.7 In un-
resectable tumors, chemotherapy is recommended 
to shrink the tumor to allow a nonmutilating com-
plete surgery.5,8 In recent years, in relapse/refracto-
ry cases, targeted treatment with neurotrophic tro-
pomyosin receptor kinase (TRK) inhibitors have 
been shown to be quite effective in the treatment of 
patients with NTRK gene rearrangements.9-12
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 The aim of this study is to evaluate the demograph-
ic, clinical, laboratory and radiological character-
istics, treatment and outcome of pediatric patients 
with IFS treated or consulted in a single center.

METHODS

Medical records of children with IFS diagnosed 
between 1990 and 2022 at the pediatric oncology 
clinic of a referral hospital were retrospectively 
reviewed. Three cases who were consulted and 
followed-up in collaboration with two other cent-
ers. Demographic, clinical and radiological char-
acteristics, treatment and outcome of the patients 
were evaluated. Follow-up time was recorded as 
the period from diagnosis to February 2023 or un-
til the last visit. All patients were diagnosed histo-
pathologically.  In recent years, the ETV6-NTRK3 
fusion and NTRK fusions with other counterparts 
were investigated by flourescence insitu hybridiza-
tion (FISH) and real time polimerase chain reac-
tion (RT-PCR).13-15 

Nonmutilating surgical complete resection was 
performed whenever possible. In unresectable 
cases or in cases where surgery would lead to un-
acceptable morbidity, diagnosis was established 
by a trucut biopsy and neoadjuvant chemotherapy 
was initiated. In cases with incomplete resection, 
chemotherapy was used postoperatively.  Chemo-
therapy consisted of vincristine (V), actinomycin-
D (A) + cyclophosphamide (C).  [Vincristine 0.025 
mg/kg for <12 months, increasing gradually up to 
0,05 mg/kg; actinomycin-D 22.5 microgr/kg for 
<12 months, increasing gradually up to 45 micro-
gram/kg; cyclophosphamide 25 mg/kg for <12 
months gradually increasing to 40 mg /kg].

In recent years, larotrectinib has been considered 
as targeted therapy for relapsed/refractory cases in 
which molecular studies revealed a NTRK fusion. 

The patients were evaluated by physical examina-
tion, complete blood count and biochemical tests 
before and during treatment and as necessary. 
None of the patients received radiation therapy. 
The study was approved by the institutional review 
board. Consent was obtained from parents.

Ethical approval was obtained from Istanbul Uni-
versity Oncology Institute Ethical Committee 
(1627478; 03.02.2023).

Statistical Analyses

Statistics were calculated using IBM SPSS® 26 
(Armonk, New York, U.S.). Kaplan-Meier method 
was used for survival analysis. Overall survival 
was calculated from the date of diagnosis to the 
date of last information on follow-up or death. 
Event-free survival was calculated from the date of 
diagnosis to the date of first event, such as progres-
sion, relapse, or death from any cause. 

RESULTS

Twelve patients (eight male, four female) were 
diagnosed with IFS. The median age at diagno-
sis was 90 days (range 7-360 days). Two patients 
were diagnosed in the neonatal period. Extremities 
were the most common tumor primary site (nine 
patients, 75%) followed by scapula, cervical and 
thoracic region (one patient each). The presenting 
sign was a soft tissue mass in all patients. None of 
the patients were metastatic at diagnosis. Patient 
characteristics are summarized in Table 1. 

The diagnosis was established after surgical re-
section in four patients and with trucut biopsy in 
eight. Primary surgical excision was performed in 
five patients. Surgical margins were negative in 
two patients (both located in lower extremities) in 
whom the tumor was totally resected. One is under 
follow-up with NED without any further treatment. 
In the other, local recurrence occurred four months 
after the first surgery. He received chemotherapy 
(VAC) and underwent a complete resection and is 
with NED). 

Three of the patients with primary surgery had pos-
itive surgical margins. One of these patients with a 
tumor in scapular region was reoperated with nega-
tive surgical margins four months after the first op-
eration and is under follow-up with no evidence of 
disease (NED) without any further treatment. Two 
of the three patients having tumors in thoracic and 
servical region with positive surgical margins ex-
perienced recurrence in the first and second months 
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Table 1. Patient characteristics

Patient  Age at Gender Tumor NTRK Treatment Marigin status Recurrence/ Subsequent Outcome/
no diagnosis  localisation fusion  of first surgery Progression treatments Duration
 (days)        of FU/
         Disease-free 
         FU (months)

1 45 F Left lower NA 1xVAC,    No surgery No No NED /206/198
   extremity  10xVA

2 30 M Right lower NA 2xVA,8xVAC   No surgery No No NED /155/146
   extremity

3 27 M Cervical NA Surgical   Positive Recurrence Surgical resec-  NED /167/160 
   region  resection   tion 6xVAC

4 180 M Right NA Surgical resec-   First: Positive No  NED/180/176
   scapula  tion followed by    Second:   
      second surgery    Negative
     for the residual 

5 7 M Left lower NA Surgical   Negative No  NED /118/117
   extremity  resection

6 360 M Right lower NA Surgical   Negative Recurrence 4xVAC, surgical NED /118/115 
   extremity  resection   resection

7 180 F Right lower NA 1xVA,    No surgery Progression  Surgical resec-   NED /90/65
   extremity  1xVAC  followed by  tion at progression
       local recurrence  3xIE followed by
       with distant  surgical resection
       metastasis of both local
       (lung) and metastatic 
        sites. 6xVTC after 
        subsequent local 
        recurrence. 

8 56 M Chest wall NA Surgical   Positive Recurrence 3xVA, surgical NED/82/78
     resection   resection

9 120 M Left upper NTRK1- 6xVA   No surgery Progression Larotrectinib  AWD/40
   extremity LMNA    followed by 
        surgical resection. 
        Larotrectinib 
        followed by 
        surgical resection 
        after local 
        recurrence. 

10 180 F Right lower ETV6- 4xVAC   No surgery Progression Surgical resection  NED/56/32
   extremity NTRK3    followed by 
        larotrectinib, 
        amputation after 
        further local 
        progression  

11 120 M Right lower  Chemotherpy    Negative No  NED/25/20
   extremity  followed by 
     surgical 
     resection*

12 60 F Left upper ETV6- 2xVAC   No surgery No Larotrectinib AWD/7
   extremity NTRK3

* Chemotherapy information is not available
X: Course F: Female, M: Male, VA: Vincristine, actinomycin-D, VAC: Vincristine, actinomycin-D, cyclophosphamide, IE: Ifosfamide, etoposide, VTC: 
vincristine, topotecan, cyclophosphamide, FU: follow-up, NA: not available, NED: no evidence of disease, AWD: Alive with disease
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after the first surgery, respectively. The one with 
the recurrent tumor in the thoracic region received 
three courses of VA with weekly V, had a partial 
response and the tumor was totally resected with 
negative surgical margins and is under follow-up 
with no evidence of disease. The patient with a 
recurrent tumor in the cervical region was reoper-
ated, had positive margins, he received six courses 
of VAC chemotherapy and is under follow-up with 
NED. 

Seven patients were treated with neoadjuvant 
chemotherapy, two of these had complete re-
sponse, surgery was not performed, and both are 
with no evidence of disease for a follow-up of 
206+ and 155+ months. Of the seven patients treat-
ed with neoadjuvant chemotherapy, two developed 
veno-occlusive disease (VOD). One of them had a 
severe VOD after the first course of VAC, was in 
the ICU for 4 weeks and recovered. Treatment was 
continued with VA, starting with 50% doses and 
gradually increasing the dose. 

One of the patients with the thigh as primary site 
was treated with neoadjuvant chemotherapy, had 
local progression after two courses of chemother-
apy (VAC) and surgical resection was performed 
with negative surgical margins. Local recurrence 
developed in the third month after surgery and sur-
gical resection was performed for the second time 
with negative surgical margins. Two months after 
the second surgical resection, local recurrence with 
lung metastasis developed. The patient was admin-
istered three courses of second line chemotherapy 
(ifosfamide and etoposide), however there was no 
response to chemotherapy.   Both the local tumor 
and the lung metastasis were totally resected.   His-
topathological examination of the lung excision 
material revealed a hyalinized nodule considered 
as fibrosis after necrosis due to chemotherapy with 
a negative surgical margin and the tissue sample 
removed from the right thigh showed spindle cell 
fibroblastic proliferation, there was no viable tu-
mor.   The patient had a further local recurrence af-
ter four months. The tumor was resected with posi-
tive margins. She received six courses of third line 
chemotherapy consisting of vincristine, topotecan 
and cyclophosphamide (VTC). The patient is un-
der follow-up with no evidence of disease (NED) 
(Table 1, patient 7).

A patient with an unresectable tumor of the extrem-
ity received 6 courses of chemotherapy (VAC), had 
partial response and underwent a surgical resection 
with negative margins. 
Oncogenic fusions of NTRK were detected in the 
other three patients who were also inoperable at 
diagnosis and initially treated with chemotherapy 
(VA). One of these patients developed local pro-
gression after 6 cycles of VA. A NTRK1-LMNA 
fusion was found in the tumor specimen. The pa-
tient was given larotrectinib (100 mg/m2/dose twice 
a day) for six months, the tumor regressed more 
than 90% in volume after which the tumor was 
totally resected. However, surgical margins were 
positive. Larotrectinib was continued for a total of 
10 months. Seven months after larotrectinib was 
discontinued, local recurrence developed. Laro-
trectinib was restarted and followed by surgical 
resection one month later, surgical margins were 
positive. Larotrectinib was continued for two more 
months and was discontinued due to the problem to 
access to the drug. On magnetic resonance imag-
ing (MRI) there was no mass. Local recurrence oc-
curred once again six months later and larotrectinib 
was restarted (Table 1, patient 9).
A patient with an unresectable tumor of the sole, 
had a local progression after four courses of neo-
adjuvant chemotherapy (VAC).  A surgical resec-
tion was done, surgical margins were positive.  
Due to the detection of the NTRK3-ETV6 fusion 
in the tumor, larotrectinib was initiated. After three 
months, progressive disease at the local site with 
regional lymph node involvement was observed. 
The family refused further treatment, the tumor 
progressed, she underwent an amputation and is 
alive with NED. 
A one-month-old girl with an unresectable huge tu-
mor on the left hand (Figure 1) received two cours-
es of chemotherapy with a partial response, how-
ever it still is unresectable.  She experienced VOD 
and was in the ICU for two weeks.  A NTRK3-
ETV6 fusion was detected by NGS, thus larotrec-
tinib was started. After treatment with two courses 
of larotrectinib, the mass on the left hand regressed 
significantly. 
At a median of 104-month (7-206) follow-up, all 
patients are alive. None of the patients underwent 
amputation. Nine of the twelve patients survived 
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disease-free for a median of 118 months (25-206). 
The 5-year OS and EFS of the patients were 100% 
and 70.7% respectively (Figure 1). 

DISCUSSION

Infantile fibrosarcoma (IFS) is a rare pediatric tu-
mor with an estimated incidence of five per million 
infants, it is the most common soft tissue sarcoma 
in the first year of life.1,2 IFS is usually located in 
deep soft tissues of the distal parts of the extremi-
ties and less frequently head, neck and trunk.16 In 
a large series, the most common location was re-
ported as the extremity with 66% of all cases, fol-
lowed by trunk with 25%, the head and neck with 
7%, the nonparameningeal and the orbital region 
with 2%.5 In our study, the extremity was the most 
common primary site in our series (9 out of a toal 
of 12 patients, 75%).

Metastasis is rare (1-13%) and the most common 
metastatic site is lungs. In our series, none had 
metastasis at diagnosis, one had lung metastasis at 
relapse. 

Surgical treatment is the mainstay of treatment 
in localized tumors.  However mutilating surgery 
shall be avoided. In patients with a total resection 
or surgery with microscopic residual disease, no 
further therapy is recommended.8

However, in our series, all cases with primary sur-
gery with microscopic residual disease (positive 
surgical margins) recurred. 

In patients where non-mutilating complete resec-
tion is not possible, neoadjuvant chemotherapy 
is recommended with the aim to achieve tumor 
shrinkage and a delayed complete surgery. Re-
sponse to chemotherapy may be slow, at least three 
months should be waited for evaluation of tumor 
response in cases that have not progressed.3

Chemotherapy regimens consisting vincristine, 
dactinomycin, cyclophosphamide and doxorubicin 
have been shown to be effective. However, to avoid 
late cardiotoxicity, doxorubicin has not beenwide-
ly used as first choice in these infants. Vincristine, 
dactinomycin, cyclophosphamide (VAC) had been 
frequently used in previous series, due to objective   
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Figure 1. Kaplan–Meier estimates presenting 5-year EFS % of infants with fibrosarcoma
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responses and to reduce side effects, currently VA 
is recommended as initial treatment.  Complete re-
sponse to chemotherapy has been reported.17-19 

In our series two patients had a complete response 
to chemotherapy and did not undergo any surgery 
and are long term survivors. 

In EpSSG NRSTS 2005, 50 infants diagnosed with 
IFS were treated prospectively (from 2005 and 
2012) with VA chemotherapy avoiding alkylating 
or anthracycline based chemotherapy to reduce 
therapy related long term side effects. The 3-year 
event-free survival and overall survival were re-
ported as 84.0% and 94.0%, respectively.8 Among 
a total of 172 European patients treated in Europe 
within the EpSSG/AIEOP/MMT (106 patients) and 
CWS (66 patients) studies between 1975 to 2017, 
39% of the patients received surgery alone, 29% 
preoperative chemotherapy followed by delayed 
surgery, 11% surgery and adjuvant chemotherapy 
and 16% chemotherapy alone. In this study, 162 
(94.1%) of 172 patients were alive at the end of 
the follow-up period, of which 40% were treated 
with surgery alone and 39% with a combination of 
surgery and chemotherapy. Among the survivors, 
17% of patients treated with radiotherapy and mu-
tilitive surgery experienced functional disadvent-
ages, there was one death due to toxicity and nine 
deaths due to refractory/relapsed disease.7 Arndt et 
al. reported the risk of hepatopathy  and  death in 
children 36 months and younger treated with VAC 
with an incidence of 14% and 2,2% respectively.20  
Similarly, in our series, two patients who recieved 
the VAC chemotherapy regimen had severe VOD 
and were hospitalized in the intensive care unit for 
one and two months respectively.  After the pa-
tient’s general condition improved, treatment was 
continued by starting vincristine alone at a reduced 
dose, then actinomycin D at a low dose, and the 
dose of actinomycin D was gradually increased.

Infantile fibrosarcomas are highly cellular neo-
plasms of fibroblastic origin characterized by a 
quite uniform population of immature fibroblastic 
cells. Mitotosis is frequent which is congruent with 
clinically rapid growth.21 The histopathological 
features of IFS are similar to infantile fibromato-
sis or adult-type fibrosarcoma. IFS is thought to be 
driven by oncogenic activation of kinase signaling, 

and in rare case due to complex activating muta-
tions. Most cases harbor the ETV6–NTRK3 gene 
fusion resulting from t(12;15)(p13;q25), although 
rare cases involving other partners such as EML4-
NTRK3 have been reported.  We have had the op-
portunity to do molecular investigation for NTRK 
fusions recently and have detected NTRK fusions 
in all three patients tested. These gene fusions have 
been useful as a diagnostic tool in IFS also, as they 
are not found in adult-type fibrosarcoma, infantile 
fibromatosis, and myofibromatosis as well as other 
histologically similar spindle cell neoplasms. The 
expression of the ETV6–NTRK3 gene fusion and 
related fusions have also led to the development of 
targeted therapies.13,22,23

Recently developed targeted drugs have the abil-
ity to inhibit TRK activity including larotrectinib, 
repotrectinib, entrectinib, crizotinib, selitrectinib, 
lestaurtinib and others.

Larotrectinib is FDA- and EMA-approved for the 
treatment of adult and pediatric patients (no lower 
age limit restriction) with solid tumors that display 
an NTRK fusion, who have a disease that is locally 
advanced, metastatic or where surgical resection 
is likely to result in severe morbidity, and who 
have no satisfactory treatment options.24 In studies 
evaluating 28 patients with IFS, the overall tumor 
response rate was reported as 96% (82–100).9,25-27 

Larotrectinib is not yet available in our country. We 
obtained it as compassionate use for two patients 
who progressed under conventional chemotherapy, 
one obtained a response that allowed a delayed 
complete surgical resection, however the other 
patient progressed under larotrectinib treatment. 
Another patient was approved for larotrectinib as 
compasionate use and will start as soon as the drug 
is obtained. 

Investigational, newer generation TRKI such as 
entrectinib, selitrectinib, repotrectinib may be 
considered for patients who progress on prior 
TRKI.10,28-31 However, they are not available in our 
setting. 

The median duration of conventional chemothera-
py in European cases with localized disease is 4 to 
6 months. For initially unresectable tumors, the op-
timal duration of larotrectinib drug administration 
has not been defined and could last from 4 months 
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to more than 1 year.1,2,4,14-16,25 It is nevertheless pro-
posed to stop larotrectinib after a complete surgery 
of the primary has been performed in localized 
tumors.14 However, in our patient with an objec-
tive response to larotrectinib and complete surgery, 
there was local recurrence and a response was 
further attained after the start of larotrectinib. It is 
not yet known for how long larotrectinib therapy 
should be continued in case of a complete clini-
cal and radiological response of the tumor without 
surgery. The results of the attempts to discontinue 
therapy in these situations are not yet available.

In conclusion; infantile fibrosarcomas may show 
various clinical courses. Although surgical resec-
tion is the mainstay of treatment, it is not always 
possible to perform a non-mutilating surgery with 
a negative surgical margin safely. Both favorable 
responses can be obtained and surgery can be car-
ried out more safely after chemotherapy first. Re-
cently, molecular changes defined on tumor tissue 
have started to play important role in treatment by 
enabling targeted therapy. With the use of larotrec-
tinib, it is also possible to avoid the undesirable 
side effects of conventional chemotherapy, but 
there is no consensus on the duration of treatment 
and therefore more studies are needed.
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