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Infantile fibrosarcoma (IFS) and congenital mesoblastic nephroma (CMN) are locally aggressive tumors primarily
occurring in infants. Both IFS and the cellular subtype of CMN show overlapping morphological features and an
ETV6-NTRKS3 fusion, suggesting a close relationship. An activating alteration of EGFR, based on an EGFR kinase
domain duplication (KDD), occurs in a subset of CMNs lacking an NTRK3 rearrangement, especially in the classic
and mixed type. So far no EGFR-KDDs have been detected in IFS.

We describe four pediatric tumors at the extremities (leg, n = 2; foot and arm n = 1) with histological features
of IFS/CMN. Two cases showed classic IFS morphology while two were similar to classic/mixed type CMN. In all
cases, an EGFR-KDD was identified without detection of a fusion gene. There were no abnormalities of the
kidneys in any of the patients.

This is the first description of IFS with an EGFR-KDD as driver mutation, supporting that IFS and CMN are
similar lesions with the same morphological and genetic spectrum. Pathologists should be aware of the more
fibrous variant of IFS, similar to classic/mixed type CMN. Molecular analyses are crucial to treat these lesions
adequately, especially with regard to the administration of tyrosine kinase inhibitors.

1. Introduction

Infantile fibrosarcoma (IFS) is a malignant (myo)fibroblastic tumor
of infancy, most often with locally aggressive behavior and metastases
occurring only rarely [1-4]. Prognosis tends to be good, with a 5-year
overall survival of nearly 90% [2-5]. Complete resection is the treat-
ment of choice. However, in case of large tumor size or the need for

invasive or even ablative surgery, induction chemotherapy is used to
reduce tumor size and minimalize mutilating surgery [1,6]. As over 90%
of IFSs carry an ETV6-NTRK3 fusion [5], NTRK inhibitors have recently
shown great therapeutic potential for patients with an IFS in phase 1 and
2 clinical trials, and NTRK inhibitors are quickly replacing the role of
chemotherapy [7,8].

Congenital mesoblastic nephroma (CMN) is a mesenchymal renal
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tumor, generally occurring within the first three months of life. Prog-
nosis is commonly excellent with radical resection being the primary
choice for treatment [2,9]. Worse outcome, however rare, has mainly
been reported in the cellular subtype [2,10]. Originally, CMNs were
characterized by low cellularity, but further research also unveiled more
cellular and mitotically active CMNs, some of which even contained
necrosis. Consequently, the hypocellular subtype is referred to as classic,
while cases with the more sarcoma-like appearance are termed cellular
(cCMN). The mixed subtype contains both patterns [11-16].

cCMN shows striking clinicopathological similarities with IFS and is
also characterized by an ETV6-NTRKS3 fusion [11,17]. Therefore, it has
been suggested that IFS represents the soft tissue counterpart of cCMN
[11,18-20]. A subset of CMN cases lacking an NTRK3 rearrangement
carry EGFR alterations instead, mostly a kinase domain duplication (KDD)
and rarely splice site mutations. EGFR-KDD is an in-frame tandem
duplication of exons 18-25 which encodes the entire tyrosine kinase
domain of the EGFR protein leading to a duplication of the tyrosine
kinase domain and an EGFR activating configuration [19]. This EGFR-
KDD has been identified in the majority of classic and mixed CMNs and
rarely in the cellular subtype [21,22]. Intriguingly, as of yet no EGFR-
KDDs have been described in IFS [22].

In this case series we describe four pediatric tumors located at the
extremities, clinically and morphologically resembling IFS/CMN, all
harboring an EGFR-KDD.

2. Materials and methods

The cases were retrieved from the author's registries. Besides the four
IFS cases, two fusion-negative CMNs (one mixed type and one cCMN)
were included as control cases. In all cases, the tissue was fixed in 4%
buffered formalin, routinely processed and embedded in paraffin
(FFPE); 4 pm thick sections were stained with hematoxylin and eosin. In
addition, fresh frozen tissue was stored for molecular analyses.

2.1. Immunohistochemistry

Four pm thick sections from FFPE blocks were cut, mounted on pre-
coated slides and dried for at least 10 min at 56 °C. After deparaffini-
zation the slides were stained using an automated Ventana tissue stainer
(BenchMark Ultra, Roche). The following antibodies were used: pan-
TRK, Abcam, clone EPR17341, 1:500, and EGFR, Invitrogen, clone
21G7, 1:40. For pretreatment of the pan-TRK antibody, slides were
cooked in EDTA for 24 min and then incubated for 32 min. For pre-
treatment of the EGFR antibody, slides were incubated with Protease 1
for 8 min and incubated for 32 min. For EGFR, incubation with the
secondary antibody was followed by an amplification step for 8 min.

2.2. Next generations sequencing

Next generations sequencing (NGS) was performed as previously
described [23].

2.3. Whole transcriptome sequencing (WTS) (cases 1-3)

WTS was performed as previously described [24]. In short: total RNA
was isolated using the AllPrep DNA/RNA/Protein Mini Kit (QIAGEN)
according to standard protocol on the QiaCube (Qiagen). RNA-seq li-
braries were generated with 300 ng RNA using the KAPA RNA Hyper-
Prep Kit with RiboErase (Roche) and subsequently sequenced on a
NovaSeq 6000 system (2 x 150 bp) (Illumina). The RNA sequencing
data were processed as per the GATK 4.0 best practices workflow for
variant calling, using a wdl and cromwell based workflow (https://gatk.
broadinstitute.org/hc/en-us/sections/360007226651-Best-Practices-
Workflows). This included performing quality control with Fastqc
(version 0.11.5) to calculate the number of sequencing reads and the
insert size Picard (version 2.20.1) for RNA metrics output and
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MarkDuplicates [25]. The raw sequencing reads were aligned using Star
(version 2.7.0f) to GRCh38 and gencode version 29 [26]. Finally,
expression counts were determined at gene level using Subread Counts
[27].

2.4. Gene expression analysis

Gene expression profiles of these cases were compared to all other
samples for which RNA sequencing data were available within the
Princess Maxima Center, Utrecht, The Netherlands. Comparison was
done based on a k-nearest neighbor algorithm using the first 100 prin-
cipal components derived from the 5000 most differentially expressed
genes across all samples. The classification score is based on the majority
vote of 100 different models, each built with a different subset of the
total dataset. Scores range between O and 1, with 1 being the most
confident score for the suggested diagnosis.

2.5. Whole exome sequencing (WES) (cases 1-3)

Total DNA was isolated using the AllPrep DNA/RNA/Protein Mini Kit
(QIAGEN) according to standard protocol on the QiaCube (Qiagen). DNA-
seq libraries were generated with 150 ng DNA using the KAPA HyperPrep
Kit in combination with the HyperExome capture kit (Roche) and sub-
sequently sequenced on a NovaSeq 6000 system (2 x 150 bp) (Illumina).
The DNA sequencing data of the tumor and the normal DNA (extracted
from blood) were processed as per the GATK 4.0 best practices workflow
for variant calling, using a wdl and cromwell based workflow (https://
gatk.broadinstitute.org/hc/en-us/sections/360007226651-Best-
Practices-Workflows). This included performing quality control with
Fastqc (version 0.11.5) to calculate the number of sequencing reads and
the insert size Picard (version 2.20.1) for DNA metrics output and
MarkDuplicates [25].

3. Results
3.1. Clinical and radiological characteristics

3.1.1. Case 1

A girl was born with a rapidly growing large swelling of 11.3 cm on
her anterior right lower leg. The overlying skin showed purple discol-
oration with ulceration (Fig. 1). MRI revealed a corresponding large
mass predominantly in the skin and subcutaneous fat. The mass was
strongly heterogeneous with solid and cystic components and hemor-
rhages (Fig. 1). No other abnormalities, especially of the kidneys, were
detected by ultrasound and chest CT-scan.

The patient responded well to the standard vincristine-actinomycin-
D chemotherapy with significant decrease of tumor size [5]. After 8
months of chemotherapy treatment the tumor was completely resected
showing profound regressive changes with 20-30% remaining vital
tumor. The patient is currently in follow-up.

3.1.2. Case 2

A two-year-old boy presented with a painless mass of 4.5 cm at the
dorsum of the left foot, that had been increasing in size over several
months. On MRI, the mass was located in the subcutaneous tissue,
extending into the interosseous muscles between the first and second as
well as the second and third metatarsals. The lesion was homogenously
hyperintense on T2-weighted (W) images and hypointense on T1W im-
ages, with moderate diffusion restriction and homogenous enhance-
ment. There were no metastases present.

Two months after non-radical resection, the patient did not show any
signs of residual tumor or recurrence and a wait-and-see policy with
close follow-up was chosen.

3.1.3. Case 3
A boy was born with a poorly delineated mass at the right knee.
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Fig. 1. Case 1: a. Clinical picture of the tumor at the right lower leg at presentation. b. MRI imaging of the right lower leg in coronal plane: T1 FSE (Fast spin echo)
sequence shows the heterogeneous mass with extensive hemorrhagic components with high T1 signal.

Growth of the lesion paralleled the growth of the child without dispro-
portional progression. MRI showed a diffuse growing lesion of the deep
subcutaneous fat of the prepatellar and infrapatellar region with both
fatty (hyperintense on TIW images and hypointense on fat-suppressed
images) and fibrous (hypointense on TIW and intermediate to hyper-
intense on T2W images) components. There was homogenous uptake
after contrast of the fibrotic component. Cysts were not observed.

Since eight months, the patient is under close follow-up without any
further treatment so far.

3.1.4. Case 4

A two-year-old boy was admitted to the hospital due to a large mass
involving the upper extremity and shoulder. The tumor was incom-
pletely resected and subsequently chemotherapy was given. The patient
is currently alive with no residual disease after five years of follow-up.

3.2. Histological features (also depicted in Table 1)

3.2.1. Cases with classic IFS features resembling cellular CMN (cases 1 and
2)

The biopsies of both tumors displayed similar features, resembling
classic IFS according to the WHO classification [28]. They consisted of a
cellular proliferation with a haphazard (case 1) to bundled (case 2)
growth pattern of relatively monomorphic spindle cells with elongated
nuclei, inconspicuous nucleoli and scant cytoplasm. Mitoses were
abundant. There was only little intervening stroma with multiple dilated
blood vessels. Foci of necrosis were observed (Figs. 2 and 3. Table 1).
Immunohistochemistry revealed pan-TRK and EGFR positivity.

The resection specimen of case 1 after chemotherapy showed mainly
reactive changes consisting of fibrosis, edema and hemosiderin deposi-
tion with only little residual tumor (20-30%).

3.2.2. IFS cases with “composite fibromatosis” pattern, resembling classic/
mixed CMN (cases 3 and 4)

The biopsy of case 3 contained only a small tumor area within sub-
cutaneous fat. The lesion was hypocellular consisting of a relatively
monomorphic spindle cell proliferation, arranged in bundles. The tumor
cells showed elongated nuclei, inconspicuous nucleoli and moderate

amounts of pale eosinophilic cytoplasm. Mitoses were rare (<2/10
HPF). A collagenous stroma was present as well as some dilated vessels.
There was no necrosis (Fig. 4; Table 1). There was too little material for
immunohistochemistry. Case 4 showed, in addition to the in case 3
described hypocellular areas, more cellular foci with a herringbone
growth pattern, mild pleomorphism and a higher mitotic rate. In these
areas, a hemangiopericytoma-like vasculature was present (Table 1).
EGFR immunohistochemistry was positive in case 4.

3.3. Molecular analyses

No gene fusions were detected by whole transcriptome sequencing
(cases 1-3) and NGS Oncomine panel (case 4).

Using WES (cases 1 and 2) a duplication of exons 18-25 of the EGFR
gene was revealed corresponding to an EGFR-KDD (Fig. 5). Closer in-
spection of the RNA sequencing data of both cases provided proof that
this duplication was situated in tandem, confirming duplication of the
kinase domain. RNA sequencing data of case 3 were consistent with the
same EGFR-KDD found in cases 1 and 2. In case 4, the corresponding
EGFR-KDD was detected by NGS Oncomine panel.

The RNA expression profile of case 1 was highly concordant to a
cCMN case harboring an EGFR-KDD (score 0.86). Case 2 was classified as
an NTRK]1 rearranged sarcoma (score 0.85) based upon gene expression
profiling. Case 3 had a lipoblastoma-like gene expression profile (score
0.92), likely due to the prominent adipocytic component in the biopsy
compared to tumor tissue and was therefore considered not represen-
tative. No RNA expression data were available for case 4. Our two CMN
control cases with an EGFR-KDD matched with an NTRK1 rearranged
sarcoma (mixed CMN) (score 0.86), and an IFS with an EGFR-KDD
(cCMN) (score 0.79), respectively. In the context of the entire spectrum
of pediatric malignancies collected at the Princess Maxima Center, the
expression profile of IFSs and CMNs were highly concordant, regardless
of the genetic aberration (NTRK translocation versus EGFR KDD). In
addition, the RNA expression of EGFR was around twice as high in the
cases with an EGFR-KDD compared to the NTRK rearranged tumors.
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Fig. 2. a. Case 1: HE stain of the tumor showing a
cellular, monomorphic spindle cell proliferation with a
haphazard growth pattern and prominent vasculature.
Magnification: 13x.

b. HE stain showing tumor cells with spindled nuclei
without prominent nucleoli and little cytoplasm. Multiple
mitoses are present. Magnification: 40x.

c. EGFR immunohistochemistry showing diffuse, strong
staining of the tumor cells. Magnification: 25x.
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Fig. 3. a. Case 2: HE stain showing tumor located in subcutaneous fat. Note multiple dilated vessels and some necrosis. Magnification: 5x.
b. HE stain showing a cellular, monomorphic spindle cell proliferation arranged in bundles, with frequent mitoses. Magnification: 40x.

4. Discussion

In this case series we describe four pediatric patients aged 0-2 years,
all with tumors on the extremities, clinically, morphologically and
immunohistochemically in line with IFS according to the WHO criteria
[28]. Molecular analyses did not reveal relevant fusion genes in all of
them; in particular no ETV6-NTRK3 fusion was found. Instead, all cases
showed an EGFR-KDD as dominant driver mutation with consequently
upregulation of the EGFR kinase domain. As in all cases no abnormalities
of the kidneys were detected, it was concluded that these tumors

represent IFSs instead of unusually metastasized CMNs [10].

While cases 1 and 2 were highly cellular, morphologically in keeping
with classic IFS and ¢cCMN, cases 3 and 4 were less cellular and more
fibrous, similar to classic/mixed CMN or so called ‘composite fibroma-
tosis’ [29]. These latter cases might be comparable to the recently
described ‘lipofibromatosis-like neural tumor’ with NTRK rearrange-
ment [30]. Thus, it is not surprising that IFS, as part of the NTRK fusion
family of tumors, shows a broader morphological spectrum.

In CMN, EGFR-KDD is already reported as an alternative genetic
driver to the NTRK-associated fusion genes, also identified in our two
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Fig. 4. a. Case 3: HE stain showing a hypocellular, monomorphic spindle cell proliferation arranged in bundles between the subcutaneous fat. Magnification: 13x.
b. HE stain showing tumor cells with spindled nuclei without prominent nucleoli and with eosinophilic cytoplasm. Magnification: 25x.

Table 1
Histological features of the four cases.

Case Morphology

1 and 2: resembling classic IFS/ Hypercellular; monomorphic spindle cells;
cCMN haphazard to bundled growth pattern; little

stroma; dilated vessels; necrosis; multiple

mitoses

Hypocellular; monomorphic spindle cells;

bundled growth pattern; collagenous stroma;

dilated vessels; no necrosis; few mitoses

3 and 4: resembling ‘composite
fibromatosis’/classic-mixed CMN

Abbreviations: IFS: cCMN: cellular congenital mesoblastic nephroma; infantile
fibrosarcoma.

CMN cases without a fusion gene [15,17,18]. This further supports the
hypothesis that IFS and CMN are similar tumors at different locations.
In one study, 26 IFSs were analyzed for ETV6-NTRK3 and EGFR-KDD
using RT-PCR. A fusion transcript was found in 70% of the lesions but
none of the cases harbored an EGFR-KDD. In contrast, in the same study
EGFR-KDD positive tumors were prevalent among all CMN subtypes,

most often in mixed and classic CMNs [22]. Also, BRAF, NTRK1, ALK
and RET fusions were detected as alternative genetic aberrations in both
CMN and IFS, further strengthening that these entities are very closely
related and driven by hyperactivated receptor protein kinase signaling
[22,31-33].

Another study showed EGFR-KDDs in different tumor types,
including an unclassified sarcoma of a 27-year-old female. Possibly, this
represents the first report of an NTRK-family associated soft tissue tumor
harboring the alternative EGFR-KDD [34].

Constitutive activation of the mentioned tyrosine or serine/threo-
nine kinases confers oncogenic potential and is the driver mutation in
IFS, CMN and the other (soft tissue) tumors of this category [22,30-33].
Whereas NTRK activation is due to in-frame fusions of the kinase domain
to the 5’ region of a partner gene, EGFR activation is based upon the
duplication of the kinase domain, with both mechanisms resulting in
high levels of autophosphorylation [35,36]. The NTRK fusion protein
results in upregulation of both the Phosphatidylinositol-3’kinase (PI3K)-
AKT pathway and the Ras-mitogen-activated protein kinase (MAPK)
pathway [3]. EGFR-KDD also activates the MAPK pathway and thereby
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equally drives uncontrolled cell proliferation [35-37].

Although the genetic alterations of NTRK (rearrangements) and
EGFR (KDD) are clearly different, the downstream effect of the activated
tyrosine kinases seems to be analogous [3,30]. This is also reflected by
our highly similar RNA expression profiles of IFS, CMN and other NTRK-
related lesions, regardless of the genetic aberration (NTRK rearrange-
ment versus EGFR KDD). These findings explain that other genetic
mechanisms, in particular tandem repeat duplications of the kinase
domain of receptor tyrosine kinases, can function as an alternative to
gene fusions in fusion driven sarcomas, analogous to the FGFR1-KDDs
found in pilocytic astrocytomas lacking a BRAF rearrangement and MET-
KDDs found in lung cancer [38-40]. Besides KDDs, alternative tandem
repeat duplications can also occur in other fusion gene-associated tu-
mors, like BCOR internal tandem duplications in BCOR sarcomas [38].

The EGFR expression on RNA level was around twice as high in our
IFS cases with an EGFR KDD (cases 1-3) compared to the group of NTRK
rearranged sarcomas. This is in agreement with our EGFR immunobhis-
tochemical results with positivity in three of the cases. Thus, EGFR
immunohistochemistry could be a good surrogate marker of EGFR al-
terations in cases suspicious for IFS (or other NTRK-related soft tissue
tumors), including those with ‘composite fibromatosis’ morphology
lacking a gene fusion, and/or being negative for pan-TRK immunohis-
tochemistry. Attention needs to be paid though regarding its specificity,
as has previously been mentioned in literature [19,21]. Indeed, in two of
our classic IFS cases with an NTRK3 rearrangement EGFR immunohis-
tochemistry was weakly and strongly positive, respectively (data not
shown).

Clinical response to EGFR targeted therapy has been described in
lung carcinomas harboring an EGFR-KDD [4,34]. Although there is no
experience yet with CMN or IFS, this might be promising in the future for
patients with extensive disease lacking a fusion gene [19,21].
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As follow-up was limited in our cases, it is not possible to indicate the
prognostic value of the presence of an EGFR-KDD in comparison to NTRK
fusions in IFS. In a recent case series of CMN, it was shown that all classic
and mixed subtypes with an EGFR-KDD had no evidence of disease at last
follow-up. However, this is not different from the NTRK rearranged le-
sions, and it should be noted that CMNs have a good prognosis in most
cases [2,19]. The only case that depicted more aggressive behavior was a
retroperitoneal tumor with involvement of the kidney, classified as
mixed CMN, still receiving chemotherapy after 48 months of follow-up.
However, it seems logical that retroperitoneal location (outside the
kidney) represents the most important parameter for this relatively
aggressive clinical course [19].

In conclusion, we have described for the first time the presence of
EGFR-KDDs as driver mutation in IFS, alternatively to an NTRK fusion
gene. This reinforces the assumption that IFS and CMN are closely
related tumors with a similar morphological spectrum, with some IFS
cases resembling cCMN while others are akin to classic/mixed CMN.
This is in accordance with the broad spectrum of NTRK- (and other
protein kinase) related lesions in general [30]. Future studies are
required to confirm our findings with correlation to morphology and
prognosis of EGFR-KDD related lesions, as well as the possible role of
targeted therapy against EGFR in these tumors. As other tandem repeat
duplications are an alternative genetic mechanism in other fusion gene
associated tumors as well, such as BCOR sarcomas, this should be kept in
mind when a fusion gene is absent.
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