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Abstract
Papillary thyroid carcinoma with desmoid-type fibromatosis or nodular fasciitis-like stroma is an extremely unusual and
poorly understood subtype of papillary thyroid cancer. Although prior studies have demonstrated alterations in the Wnt/β-
catenin signaling pathway in some of these tumors, controversy still exists regarding the nature of the stromal spindle
component. We have studied seven cases of papillary thyroid carcinoma with prominent myofibroblastic stroma, including
six men and one woman aged 20–65 years (mean age= 44). All cases displayed areas consistent with conventional papillary
thyroid carcinoma embedded in abundant myofibroblastic-like stroma. The myofibroblastic stroma in six cases resembled
desmoid-type fibromatosis and in one case it more closely resembled nodular fasciitis. By immunohistochemical staining,
the stromal spindle component showed positivity for SMA and low MIB1 proliferation index in all cases, and there was at
least patchy strong nuclear positivity for beta-catenin in six/seven cases. Stains for cytokeratin AE1/AE3 and PAX8 were
positive in the epithelial elements but negative in the stromal component. Next-generation sequencing was performed on six
of seven cases. CTNNB1 gene mutations were identified in six/seven cases. The epithelial component showed BRAF
mutations in two cases and an NRAS mutation in one case. The case with fasciitis-like stroma was negative for beta-catenin
by sequencing and immunostaining as well as negative for USP6 gene rearrangement. Our findings indicate that papillary
thyroid carcinoma with prominent myofibroblastic stroma may represent more than one category of lesions.

Introduction

Papillary thyroid carcinoma (PTC) is a common malignant
neoplasm of the thyroid which may present with various
morphologic appearances [1]. One rare variant, papillary
thyroid carcinoma with desmoid-type fibromatosis (PTC-
DTF) or fasciitis-like stroma (PTC-NFS) is characterized by
conventional areas of PTC admixed with a prominent
myofibroblastic component that is present in varying pro-
portions. This subtype of PTC is not well defined and there
are only ~30 cases reported to date in the literature. In the
current 2017 edition of the WHO classification of Tumors
of the Endocrine Organs, this entity is listed under the term
“PTC with fibromatosis/fasciitis-like stroma” and is affor-
ded only a short description [1]. Initial reports of this tumor
type mostly referred to them as PTC with fasciitis like
stroma [2–7]; however, additional studies, primarily in the
form of case reports, have slowly been added to the body of
literature under alternate designations including PTC with
exuberant nodular fasciitis-like stroma, PTC forming
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myofibroblastic nodular tumors and PTC with fibromatosis-
like stroma [8–12]. More recently, additional reports and a
few small series have demonstrated that many of these
lesions are associated with CTNNB1 (β-catenin) mutations
[13–18]. Rebecchini et al. have suggested that these lesions
be classified under the term papillary thyroid carcinoma
with desmoid-type fibromatosis (PTC-DTF) for cases har-
boring CTNNB1 mutations [14]. However, due to the rarity
of these tumors, few cases have been examined with current
sequencing techniques to corroborate the extent of CTNNB1
mutations. Only a single case report exists with available
next-generation sequencing (NGS) data in this tumor [18].

Herein we describe the clinicopathological characteristics
of seven cases of papillary thyroid carcinoma with desmoid-
type-fibromatosis/fasciitis-like stroma in which we exam-
ined immunohistochemical expression and molecular fea-
tures by next-generation sequencing in the epithelial
and mesenchymal components to better characterize
the underlying genetic abnormalities driving these tumors.
The majority of our cases had activating CTNNB1
mutations identified consistent with the previously descri-
bed PTC-DTF; however, one case in which the histology
more closely resembled nodular fasciitis was negative for
CTNNB1 mutations. These findings indicate that there may
be more than one subtype of PTC with myofibroblastic-type
stroma.

Materials and methods

Owing to the rare nature of these lesions, the seven cases in
this study were gathered primarily from the personal con-
sultation files of the authors (MM, SS, OB, MB). One case
was retrieved from the files at Beth Israel Deaconess
Medical Center, Boston, MA. Cases which did not
have available paraffin-embedded tissue blocks or which
were not recent enough (>10 years old) to provide adequate
quality genomic material were excluded. This study was
conducted under IRB approval from the respective institu-
tions. Of note, three of the seven cases examined were
previously reported (Cases 1, 2, and 4) with two of the three
cases undergoing molecular testing by pyrosequencing
(Cases 2 and 4) [12, 13]. Case 1 was previously reported but
did not undergo any molecular testing [12].

The histopathologic features of these seven cases were
assessed using hematoxylin and eosin-stained sections (1–3
representative sections per case). The best available tissue
blocks with both mesenchymal and epithelial components
were selected for immunohistochemical and molecular
analysis. Two cases which had previously undergone
immunohistochemical testing or molecular testing by
methods other than NGS were also included in the immu-
nohistochemical and NGS analysis as part of the current

study. Limited clinical and follow up data were available
and thus only age, sex, tumor size, and location when
available were recorded for each case.

Immunohistochemistry

Immunohistochemical studies were performed in six/seven
cases. In one case (case 6), the tissue block was exhausted
after sampling for molecular studies and thus could not be
assessed for immunohistochemistry. Unstained tissue sec-
tions were cut from formalin-fixed paraffin-embedded
(FFPE) blocks. Sections were deparaffinized in xylene,
hydrated in descending dilutions of ethanol, and exposed to
heat-induced epitope retrieval. Immunohistochemical ana-
lysis was performed using reagents from the Dako Envision
FLEX kit (Agilent, Santa Clara, CA) and the Dako Auto-
stainerPlus stainer (Agilent). Following pretreatment
with Target Retrieval Solution (Agilent), tissue was blocked
with peroxidase-blocking reagent for 5 min and incubated
with the primary antibody at room temperature. Signals
were detected using the Dako FLEX detection kit (Agilent).
Counterstaining was performed with Envision FLEX
(Agilent) hematoxylin for 7 min at room temperature.
Appropriate positive and negative controls were run con-
currently for all antibodies tested (Table 1). The immuno-
histochemical reaction was graded as positive based on
nuclear, cytoplasmic or membrane reactivity for the various
antibodies. Positivity was regarded as significant when it
involved at least 50% of the tumor cell population.

Next-generation sequencing

NGS studies were performed on six/seven cases; one case
(Case 4) had insufficient tumor cellularity for analysis of the
mesenchymal component and four cases (Cases 1, 2, 3 and
4) had insufficient tumor cellularity for analysis of the
epithelial component. In the one case with insufficient tissue
for NGS analysis, the tumor had been studied previously by
pyrosequencing. In the remaining cases, two to three FFPE
sections (10 microns thick) were macrodissected to isolate
tumor-rich regions. Samples were analyzed for the presence

Table 1 Antibody clones, manufacturer, and dilutions used for
immunohistochemistry panel.

Antibody Clone Manufacturer Dilution

Keratin AE1/AE3 AE1/AE3 Leica Prediluted

MIB1 MIB-1 Dako 1:75

Beta Catenin 14/beta-catenin Cell Marque Prediluted

PAX8 MRQ-50 Cell Marque Prediluted

SMA Asm-1 Leica Prediluted

P53 DO-7 Dako 1:50
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of common molecular alterations in thyroid and lung cancer
including gene fusions, single nucleotide variants, indels
and splice-site alterations by targeted sequencing with the
Archer FusionPlex comprehensive thyroid and lung (CTL)
panel (ArcherDX Inc.) as previously described [19].
Fusions in genes including ALK, AXL, BRAF, CCND1,
EGFR, FGFR1, FGFR2, FGFR3, MET, NRG1, NTRK1,
NTRK2, NTRK3, PPARGH, RAF1, RET, ROS1, THADA
were analyzed, as well as point mutations in the hotspot
regions of genes including: AKT1, ALK1, BRAF, CTNNB1,
DDR2, EGFR, ERBB2, FGFR1, GNAS, HRAS, IDH1,
IDH2, KRAS, MAP2K1, NRAS, PIK3CA, RET, and ROS1.
A single case that morphologically resembled nodular fas-
ciitis, and which was negative for CTNNB1 mutations with
this panel was tested a second time with an alternate NGS
panel covering USP6 rearrangements (Archer FusionPlex
Sarcoma Panel, ArcherDX, San Diego, CA) as previously
described [20]. For all cases, libraries were sequenced on a
NextSeq 500 sequencer (Illumina, San Diego, CA). Ana-
lysis of sequencing results was performed using the Archer
Analysis software (v5; ArcherDX Inc.). Fusion parameters
were set to a minimum of five valid fusion reads with a
minimum of three unique start sites within the valid
fusion reads.

Results

Clinical features

The clinical features of our patients are presented in
Table 2. The patients included six men and one woman
aged 20–65 years (mean age= 44). Patients presented
primarily with a neck mass with vaguely circumscribed
borders. Tumors ranged in size from 2.0 to 4.2 cm in
diameter. Complete clinical histories were not available
for all patients; however, in at least three cases (Cases 1,
2, and 4) pre-surgical fine-needle aspirations were per-
formed, of which was diagnostic of PTC, one of which
was suspicious for PTC, and one of which was reported as
atypical [12, 13]. One case (Case 3) was received in
consultation to rule out a spindle cell component of ana-
plastic carcinoma.

Histopathologic features

The histologic features of the stromal and epithelial
components are summarized in Table 2. Histological
examination demonstrated that all the cases showed a
biphasic, mixed epithelial-mesenchymal composition. In

Table 2 Clinicopathological
characteristics of seven patients
with PTC-DTF and PTC-NFS.

Case Sex Age Location and size Stromal features Epithelial features

1 M 20 Left thyroid lobe
4.2 cm nodule with
Infiltrative borders

Desmoid-type
fibromatosis-like stroma
Focal stromal edema

Conventional PTC with focal areas
(<5%) displaying follicular
architecture
Limited epithelial component (<10%)

2 M 34 Right thyroid lobe
2.0 cm nodule with
Focally infiltrative
borders

Desmoid-type
fibromatosis-like stroma
Kelloidal type
collagen fibers

Conventional PTC
Limited epithelial component (<5%)

3 M 53 Left thyroid lobe
3.6 cm nodule
Focally infiltrative
borders

Desmoid-type
fibromatosis-like stroma

Conventional PTC
Limited epithelial component (<10%)

4 M 48 Right thyroid lobe
2.8 cm nodule
Focally infiltrative
borders

Desmoid-type
fibromatosis-like stroma

Conventional PTC
Limited epithelial component (<15%)

5 M 65 Location and size
unknown
Infiltrative borders

Nodular Fasciitis-
like stroma
Prominent
stromal edema
Mucin pools

Conventional PTC Epithelial
component prominent (~50%)

6 M 58 Left thyroid Lobe
Size unknown.

Desmoid-type
fibromatosis-like stroma

Follicular variant of papillary thyroid
carcinoma

7 F 30 Location and size
unknown. Focally
infiltrative borders

Desmoid-type
fibromatosis-like stroma

Conventional PTC
Limited epithelial component (30%)

PTC papillary thyroid carcinoma, PTC-DTF papillary thyroid carcinoma with desmoid-type fibromatosis-
like stroma, PTC-NFS papillary thyroid carcinoma with nodular fasciitis-like stroma.
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five of seven cases (cases 1–4, and case 7) conventional
PTC was present in association with a prominent myofi-
broblastic component resembling desmoid-type fibroma-
tosis. In one case (case 6) the follicular variant of
papillary thyroid carcinoma was present in association
with desmoid-type fibromatosis-like stroma. In one case
(Case 5) conventional PTC was present in association
with nodular fasciitis-like stroma. On scanning

magnification of the PTC-DTF cases, the stromal com-
ponent contained elongated and intersecting fascicles of
evenly dispersed bland-appearing spindle cells with
scattered small vessels and scattered epithelial elements
(Fig. 1a). The entrapped islands of neoplastic epithelium
in five of seven cases showed the features of classical
papillary thyroid carcinoma, with papillary tufts and fol-
licles lined by cells with enlarged nuclei, clearing of the

Fig. 1 Papillary thyroid
carcinoma with desmoid-type
fibromatosis showing. a Islands
of classical papillary thyroid
carcinoma surrounded by
desmoid-type fibromatosis (case
1); b Islands of follicular
patterned thyroid carcinoma
(follicular variant of papillary
thyroid carcinoma) surrounded
by a fibroblastic appearing
spindle cell proliferation (case
6); c Higher magnification from
stromal component (Case 3)
showing fascicles of bland-
appearing spindle cells with
evenly distributed nuclei
embedded in a collagenous
stroma; d Large keloidal
collagen fibers seen separating
the spindle cells were seen in
one case (Case 2).

Fig. 2 Papillary thyroid
carcinoma with nodular
fasciitis-like stroma (Case 5)
showing. a A conventional
papillary thyroid carcinoma with
a sparse spindle cell proliferation
with edematous stroma; b In
some areas, the spindle cell
proliferation adopted a vaguely
storiform growth pattern; c
Areas showed spindle and
stellate cells with long
cytoplasmic processes against an
edematous background
reminiscent of granulation
tissue; d Other areas displayed
abundant pools of
stromal mucin.
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nuclear chromatin and longitudinal nuclear grooves. In
one case, the epithelial component showed no evidence of
papillary architecture consistent with the follicular variant
of papillary thyroid carcinoma (Fig. 1b). On higher
magnification, the stromal component showed an orderly,
evenly spaced proliferation of bland spindle cells
embedded in a collagenous stroma (Fig. 1c). In one case
(case 2), thickened, keloidal-type collagen fibers could be
seen separating the spindle cells (Fig. 1d). No increased
mitotic activity or necrosis was identified in any of these
cases, either in the spindle or epithelial components. In

six/seven cases, infiltration of the surrounding structures
could also be identified at least focally. In all the lesions
with desmoid-type fibromatosis the mesenchymal com-
ponent was dominant ranging from 70% to >90%. One
case (Case 5) contained a spindle stromal component that
more closely resembled nodular fasciitis and was char-
acterized by a sparsely cellular proliferation of bland-
appearing spindle to stellate cells embedded in a loose
edematous matrix (Fig. 2a). In areas, the spindle cells
adopted a vaguely storiform configuration (Fig. 2b). The
spindle cells were devoid of significant nuclear atypia and

Table 3 Immunohistochemical
and molecular genetic findings
in seven patients with PTC-DTF
and PTC-NFS.

Case Myofibroblastic
stroma IHC

PTC IHC Molecular

1 Beta Catenin+
(Nuclear)
Keratin AE1/AE3−
MIB1 < 5%
PAX8−
P53−
SMA+

Beta Catenin+
(Membranous)
Keratin AE1/AE3+
MIB1 < 5%
PAX8+
P53−
SMA−

CTNNB1 c.121A>G, (p.Thr41Ala)

2 Beta Catenin+
(Nuclear)
Keratin AE1/AE3−
MIB1 < 5%
PAX8−
P53−
SMA+

Beta Catenin+
(Membranous)
Keratin AE1/AE3+
MIB1 < 5%
PAX8+
P53−
SMA−

CTNNB1 c.133T>C, (p.Ser45Pro)
Epithelial component not available for testing,
however previously tested [13] and positive for
BRAF c.1799T>A (p.Val600Glu)

3 Beta Catenin+
(Nuclear)
Keratin AE1/AE3−
MIB1 < 5%
PAX8−
P53−
SMA+

Beta Catenin+
(Membranous)
Keratin AE1/AE3+
MIB1 < 5%
PAX8+
P53−
SMA−

CTNNB1 c.124A>G, (p.Thr41Ala)

4 Beta Catenin+
(Nuclear)
Keratin AE1/AE3−
MIB1 < 5%
PAX8−
P53−
SMA+

Beta Catenin+
(Membranous)
Keratin AE1/AE3+
MIB1 < 5%
PAX8+
P53−
SMA−

Failed repeat sequencing/QNS, However,
epithelial and mesenchymal component previously
tested and reported positive [13] for:
CTNNB1 c.133T>C (p.Ser45Pro)
BRAF c.1799T>A (p.Val600Glu)

5 Beta Catenin−
(Nuclear)
Keratin AE1/AE3−
MIB1 ~5–10%
PAX8−
P53−
SMA+

Beta Catenin+
(Membranous)
Keratin AE1/AE3+
MIB1 < 5%
PAX8+
P53−
SMA−

BRAF c.1799T>A, (p.Val600Glu)
USP6 rearrangement negative by NGS

6 Tissue exhausted Tissue exhausted CTNNB1 c.121A>G, (p.Thr41Ala)
NRAS c.175G>A, (p.Ala59Thr)

7 Beta Catenin+
(Nuclear)
Keratin AE1/AE3−
MIB1 < 5%
PAX8−
P53−
SMA+

Beta Catenin+
(Membranous)
Keratin AE1/AE3+
MIB1 < 5%
PAX8+
P53−
SMA−

CTNNB1 c.134C>T, (p.Ser45Phe)
BRAF c.1799T>A, (p.Val600Glu)

NGS next-generation sequencing, IHC immunohistochemistry, QNS quantity not sufficient.
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no areas of necrosis were identified in this case. In a few
areas, the spindle cells focally adopted a stellate config-
uration resembling a tissue culture-like pattern (Fig. 2c).
Pools of stromal mucin were also present (Fig. 2d) along

with extravasated red blood cells and focal inflammatory
lymphoid infiltrates. The PTC component, in this case,
was the most extensive of all cases examined and com-
prised ~50% of the tumor.

Fig. 3 Immunohistochemistry
in PTC-DTF and PTC-NFS.
a Immunohistochemical staining
of the stromal component for
beta-catenin showed nuclear and
cytoplasmic staining in the
spindle cells of PTC-DTF;
b Small island of neoplastic
epithelium showing strong
membranous staining for beta-
catenin in the PTC tumor cells as
well as in the spindle cells in the
surrounding stroma; c Spindle
cells in the stroma showed
cytoplasmic staining for SMA in
both cases of PTC-DTF and
PTC-NFS, supporting a
myofibroblastic phenotype;
d MIB1 immunostaining
showed scattered nuclear
positivity in a few of the nuclei
in PTC-NFS (Case 5).

Fig. 4 The genotype-
phenotype associations of the 7
cases of PTC-DTF and PTC-
NFS are shown. The histologic
features of each case are
displayed across the top two
rows and the molecular
alterations are displayed below.
The lighter boxes represent
alterations which were identified
in a prior study.
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Immunohistochemical features

A limited immunohistochemical panel of stains including
keratin AE1/AE3, MIB1, PAX8, P53, beta catenin, and
SMA was performed on six cases and is presented in
Table 3. The PTC component showed strong, diffuse
membranous staining for keratin AE1/AE3 and nuclear
staining for PAX8 in all cases examined; neither of these
markers stained the spindle-cell component of the tumor.
All five cases with fibromatosis-like stroma showed at least
focal nuclear staining for beta-catenin in the spindle-cell
component (Fig. 3a); these cases also demonstrated cyto-
plasmic staining for beta catenin to varying degrees of
intensity and extent. Beta-catenin immunostaining of the
single case with nodular fasciitis-like stroma showed scat-
tered cytoplasmic staining without nuclear expression. In
addition, beta catenin showed membranous staining of the
epithelial component in all the tumors (Fig. 3b). SMA was
positive in all cases within the mesenchymal spindle cell
component and negative in the epithelial component
(Fig. 3c). MIB1 immunostaining in all the tumors showed
low proliferation indexes (<5%) in the stromal component
of PTC-DTF as well as PTC-NFS, although it was overall
slightly more elevated in the PTC-NFS case (Fig. 3d). P53
was negative (wild-type staining pattern) in all cases in both
the mesenchymal and epithelial components.

Molecular genetic features

The molecular genetic features of the seven cases studied
are summarized in Table 3 and Fig. 4. NGS using a tar-
geted, commercially available panel (Archer FusionPlex
Comprehensive Thyroid and Lung panel) was successfully
applied to the mesenchymal component in six/seven cases
(Table 2). One of the seven cases (Case 4) failed sequencing
due to suboptimal quantity of the input material; however,
this case was previously reported to have a CTNNB1
c.133T>C (p.Ser45Pro) mutation by pyrosequencing [13].
Of the six cases with adequate material, five were positive
for CTNNB1 mutations, all of which were histologically
classified as PTC-DTF. Three cases showed a CTNNB1
c.121A>G (p.Thr41Ala) mutation; one case showed a
CTNNB1 c.133T>C (p.Ser45Pro) mutation, and one case
showed a CTNNB1 c.134C>T (p.Ser45Phe) mutation. The
single case negative for CTNNB1 mutations was histologi-
cally distinct and was classified as PTC-NFS. This case was
also negative for USP6 rearrangements using a second NGS
panel with coverage for USP6 rearrangements.

NGS of the epithelial component was successfully per-
formed in three/seven cases. Cases 1, 2, 3 and 4 did not
contain sufficient cellularity of the epithelial component for
NGS, either due to low initial tumor cellularity or due to
exhaustion of the tissue for prior testing. Two BRAF

c.1799T>A (p.Val600Glu) mutations were identified and
one case (Case 7) showed an NRAS c.175G>A, (p.
Ala59Thr) mutation. In addition, two of the four cases
(Cases 2 and 4) with insufficient tumor cellularity for NGS
study had undergone prior pyrosequencing which identified
BRAF c.1799T>A (p.Val600Glu) mutations in the epithelial
component [13].

In summary, incorporating the results of the two pre-
viously reported cases included in this study, the stromal
component was evaluated in seven cases; six/six (100%)
cases with desmoid-type fibromatosis-like stroma were
positive for CTNNB1 mutations, while the single case with
nodular fasciitis-like stroma was negative for CTNNB1
mutations and USP6 gene rearrangements. The most com-
mon mutation identified was the CTNNB1 c.121A>G,
(p.Thr41Ala) mutation which was present in three/six
(50%) cases with desmoid-type fibromatosis-like stroma.
The epithelial component was evaluated in five/six cases;
BRAF c.1799T>A (p.Val600Glu) was present four/five
cases (3 PTC-DTF, 1 PTC-NFS). One case (Case 7) showed
an NRAS c.175G>A, (p.Ala59Thr) mutation. Two cases had
insufficient tumor cellularity for NGS and no prior history
of molecular testing for the epithelial component.

Discussion

Papillary thyroid carcinoma with desmoid-type fibromatosis
or nodular fasciitis-like stroma represent rare variants of
PTC [1]. These tumors are composed of mixed epithelial
and mesenchymal elements with a predominance of the
mesenchymal component in nearly all cases and usually
only small islands of PTC scattered throughout. In addition,
the mesenchymal component often forms a discrete mass
which often grows and infiltrates independent of the asso-
ciated epithelial malignancy. This feature, amongst others,
separates these lesions from the desmoplastic stromal
response that commonly occurs in PTC [21]. Although rare,
epithelial malignancies with associated fibromatosis-like or
fasciitis-like stroma have also been reported in other organ
systems and may constitute a potential pitfall for diagnosis
[22, 23].

In our study, six of seven cases corresponded to the
desmoid-type fibromatosis variant (PTC-DTF), while one
case more closely resembled nodular fasciitis and was
classified as a nodular fasciitis-like variant (DTF-NFS).
While rare, recognition of PTC with these particular stromal
features is of importance due to the occurrence of other
benign and malignant processes in the thyroid that may
have a spindle cell appearance, including benign or reactive
processes such as the fibrous variant of Hashimoto’s thyr-
oiditis, Riedel’s thyroiditis, post-operative spindle cell
nodules, and scarring following fine-needle aspiration
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procedures, as well as some neoplastic entities which may
contain a spindle cell component including anaplastic
thyroid carcinoma, medullary thyroid carcinoma and other
mesenchymal spindle cell neoplasms [24–28]. In addition to
this, sampling issues at the time of biopsy or fine-needle
aspiration as well as unfamiliarity with this presentation of
PTC may lead to diagnostic difficulties [29]. While exten-
sive clinical information was not available for all the cases
in our study, at least one of the cases was received in
consultation with concern for spindle cell anaplastic carci-
noma, and in two cases pre-surgical fine-needle aspirations
had to be repeated because of lack of diagnostic material. In
a recent study, one case of PTC-DTF was initially diag-
nosed as a schwannoma, while a second case was initially
diagnosed as fibroma [16]. Thus, awareness of this parti-
cular entity may allow for more accurate diagnosis and
more efficient management of patients with these tumors.

Immunohistochemically, all the cases in this study dis-
played some degree of staining for beta-catenin in the
mesenchymal component. The staining for beta-catenin was
both nuclear and cytoplasmic. Although most cases showed
convincing and strong nuclear staining for beta-catenin, the
staining was mostly focal and patchy. Despite these find-
ings, one study has reported lack of beta-catenin staining in
one of these tumors [18]. The authors of this report also
found that the stromal compartment in their particular case
was positive for SOX11, a nuclear transcription factor
which has also been shown to be positive in some cases of
desmoid-type fibromatosis [30]. However, given that the
majority of these lesions seem to be associated with
CTNNB1 mutations and a high proportion have shown
expression of beta-catenin by IHC we feel that beta-catenin
should be the first diagnostic marker ordered for the eva-
luation of potential cases of these tumors [12, 13, 16, 18].
IHC for keratin, P53 and PAX8 is of importance as well,
since the spindled mesenchymal component in these tumors
should have a negative staining pattern for these markers;
while anaplastic carcinoma may be negative for these stains
in some cases, positivity within the mesenchymal compo-
nent should raise suspicion for an anaplastic carcinoma
component. This distinction is especially important con-
sidering that anaplastic thyroid carcinoma represents an
exceedingly aggressive neoplasm, while PTC-DTF
and PTC-NFS follow a generally favorable course when
managed similar to conventional papillary thyroid carci-
noma [31].

Genetically these tumors seem to fall into two separate
subcategories; the first is PTC-DTF which is characterized
by activating CTNNB1 mutations, the second is PTC-NFS
which as of this time has not been found to have any
associated genetic alterations. The CTNNB1 gene encodes
for β-catenin; a protein involved in the transmission of
extracellular signals via the Wnt/β-catenin signaling

pathway. Mutations in Exon 3 of CTNNB1 have been
described extensively in human cancers and are known to
drive tumorigenesis in numerous tumors including
desmoid-type fibromatosis [32, 33]. In the thyroid, only the
cribriform morular variant of PTC has been shown so far to
be associated with CTNNB1 mutations [34]. CTNNB1
mutations have been identified in 5/12 cases of PTC with
DTF/NFS thus far [13, 15, 17, 18]. The largest prior
molecular analysis by Takada et al. [15] was only able to
identify CTNNB1 mutations in one of eight cases tested,
despite positive beta-catenin staining by IHC in the majority
of their cases. They concluded that an alternate mechanism
might play a role in activation of the Wnt/β-catenin sig-
naling pathway [15]. However, that study was conducted
via direct sequencing using capillary electrophoresis, which
has a lower limit of detection than NGS, and orthogonal
methods were not used to exclude false negatives. The
lower sensitivity of that assay may account for the negative
results seen in their cases. In our study using a more sen-
sitive NGS platform we were able to identify CTNNB1
mutations in 100% (six of six) of our cases of PTC-DTF
using a targeted panel indicating that activating mutations of
CTNNB1 are in fact common and likely the molecular dri-
vers of the fibroblastic proliferation in the majority of these
tumors. The three mutations identified in our cohort inclu-
ded CTNNB1 c.121A>G, p. (Thr41Ala), c.133T>C,
p.(Ser45Pro), and CTNNB1 c.134C>T, p.(Ser45Phe) con-
sistent with previously reported mutations in these tumors
[13, 15, 17, 18]. In desmoid-type fibromatosis the presence
of a particular CTNNB1 mutation, the Ser45Phe mutation,
has been shown to be correlated with an increased risk of
recurrence [35]; however too few cases of PTC-DTF/NFS
with available clinical follow up currently exist to accu-
rately assess the effect of specific mutations on prognosis
and behavior in the thyroid gland.

For now, cases of PTC with nodular fasciitis-like stroma
have no known molecular alterations which may act as
drivers within the stromal compartments. While MYH9-
USP6 rearrangements have been described to occur in up to
90% of nodular fasciitis cases in soft tissue [36–38], we
were unable to demonstrate any evidence of USP6 rear-
rangement by NGS in our case. An alternative hypothesis
could be that the stromal proliferation in such cases is dri-
ven by the presence of the BRAF mutations [18]. Activating
BRAF mutations are the most common driver mutations
identified in papillary thyroid carcinoma, with the BRAF
Val600Glu mutation being the most common [1, 39]. Stu-
dies have shown that the presence of BRAF mutations may
increase the amounts of associated myofibroblastic stroma
in cases of PTC [40]. In our study, we confirm the presence
of BRAF c.1799T>A (p.Val600Glu) mutations within PTC-
DTF and PTC-NFS cases. In addition, nearly every muta-
tion reported to date in PTC-DTF/NFS has been a BRAF
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Val600Glu mutation [13, 15, 17, 18]. A single case report
of PTC-DTF identified a BRAF c.1799_1801delTGA
(p.Val600_Lys601delinsE) mutation [18]; which has also
been rarely reported in conventional PTC [41]. Herein, we
also report the first instance of a driver mutation other than
BRAF; a single NRAS c.175G>A, (p.Ala59Thr) mutation in
the epithelial component of a PTC-DTF case. Coin-
cidentally this NRAS mutation corresponded to the single
case in our study which showed the follicular variant of
papillary thyroid carcinoma rather than classical papillary
type suggesting that the stromal proliferation in these
lesions is not strictly associated with a particular variant of
PTC. Although our sample size is low, the high proportion
of BRAF mutations in these cases is in keeping with the
reported frequency of BRAF alterations in conventional
PTC [1]. While the mesenchymal proliferation in PTC-DTF
is likely driven by CTNNB1 activating mutations, whether
the stroma in PTC-NFS represents a neoplastic or reactive
proliferation driven by mutations in the adjoining epithelial
malignancy remains to be determined.

In summary, we have examined the clinicopathologic,
immunohistochemical and molecular genetic features of
seven cases of PTC-DTF/NFS. Our study represents the
largest NGS study of these lesions to date and confirms
that CTNNB1 activating mutations are the driver events
behind PTC-DTF. We believe cases of PTC containing
myofibroblastic stroma with beta-catenin expression by
IHC and CTNNB1 mutations by NGS represent a distinct
clinicopathologic entity that pathologists and clinicians
should be aware of. In addition, our findings indicate that
there appears to be a subcategory of PTC with
myofibroblastic-like stroma without beta-catenin expres-
sion or mutations, which more closely resembles nodular
fasciitis than desmoid-type fibromatosis. Whether the
myofibroblastic proliferation in this subcategory of PTC
represents a reactive or neoplastic process requires addi-
tional investigation.
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