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Abstract

We describe a case of papillary thyroid carcinoma with fibromatosis/fasciitis-like stroma (PTC-FLS) that contained the rare
BRAF ¢.1799 1801delTGA (p.V600 K601delinsE) mutation, which has not previously been reported in this tumour, as well as
the CTNNBI c.133T>C (p.S45P) mutation. We also report the novel observation that spindle cells of the mesenchymal compo-
nent exhibit diffuse nuclear but not cytoplasmic expression of SOX11, whereas the malignant epithelial cells did not. This
suggests that immunoreactivity for SOX11 can be an alternative diagnostic tool for evaluating cases of PTC-FLS where the

nuclear expression of 3-catenin is ambiguous.
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Introduction

Of the morphologic variants of papillary thyroid carcinoma
(PTC), some pose diagnostic challenges because of their rar-
ity. One of the most uncommon variants of PTC displays
biphasic morphology where the carcinomatous component is
associated with a mesenchymal proliferation of spindled cells
that has a fibromatosis/fasciitis-like appearance, and is thus
referred to as PTC with fibromatosis/fasciitis-like stroma
(PTC-FLS). Each of these two components harbours distinct
activating mutations within oncogenes—C7NNB/ in the mes-
enchymal component, and BRAF in the PTC component.
Herein, we summarise existing data on the range of mutations
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that have been observed in the carcinomatous and mesenchy-
mal components, and report a case of PTC-FLS with a BRAF
c.1799 1801delTGA (p.V600 K601delinsE) mutation,
which is a hitherto unreported genetic alteration in PTC-
FLS. Our finding thus extends the range of documented
BRAF mutations in this tumour.

Case report
Clinical history

A 58-year-old Chinese male presented with a 2-month history of a
painless enlarging neck lump. There was no dysphagia or hoarse-
ness. Physical examination revealed a firm 5-cm nodule within the
left thyroid lobe. The cervical lymph nodes were not enlarged.
Ultrasonography showed two solid, heterogeneous, hypoechoic
thyroid nodules with internal vascularity, one replacing most of
the left lobe, the other in the upper pole of the right lobe. Fine
needle aspiration (FNA) of both nodules was performed.

Cytology
Left lobe tumour (tumour #1): The smears were cellular and

showed sheets of follicular cells with some microfollicles
(Fig. 1a). Nuclear crowding, nuclear grooving and a few
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Fig. 1 Biphasic cytologic
features of left thyroid lobe

5.0 cm nodule. a Crowded sheet
of follicular cells (Hemacolor
stain, % 200). b Follicular cells
with chromatin clearing, nuclear
grooves and intranuclear
cytoplasmic pseudo-inclusions
(Papanicolaou stain, x 600). c—f
Metachromatic fibrillary stromal
fragments containing spindled
mesenchymal cells. The spindled
cells contained elongated oval
nuclei with dispersed chromatin
and indistinct nucleoli; significant
nuclear atypia was not seen, and
mitotic figures were not identified
(¢ and d: Hemacolor stain, x 40
and x 200, respectively; e and f:
Papanicolaou stain, x 100 and x
400, respectively)

intranuclear pseudoinclusions were seen (Fig. 1b). In addition,
there were fragments of metachromatic myxofibrillary stroma
(Figs. 1c—f). This sample was reported as “Suspicious for PTC”.

Right lobe tumour (tumour #2): The smears showed typical
cytological features of PTC without the stroma seen in tumour
#1. This sample was reported as “PTC”.

Histopathology

The patient underwent total thyroidectomy with central com-
partment lymph node dissection. The resected thyroid gland
contained two grossly identifiable tumours.

Left lobe tumour (tumour #1): A whitish tumour mea-
suring 5.0 x 3.0 x 2.8 cm replaced most of the left lobe
(Fig. 2a). This tumour was unencapsulated, and biphasic
in composition, with a minor component composed of
clusters of neoplastic follicular cells (approximately 25%
of tumour volume) intermixed with an exuberant spindle
cell component that did not show significant nuclear
atypia (75% of tumour volume) (Fig. 2b). The epithelial
component showed features compatible with papillary
thyroid carcinoma (Fig. 2c, d). Portions of the
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mesenchymal component displayed fasciitis-like features
(Fig. 2e, f), whereas other areas resembled fibromatosis
(Fig. 2g, h). Mitotic activity was scant in both epithelial
and mesenchymal components. No tumour necrosis, squa-
mous morules or psammoma bodies were identified. A
diagnosis of PTC with fibromatosis/fasciitis-like stroma
(PTC-FLS) was made. Foci of vascular invasion were
identified, featuring both epithelial and mesenchymal
components (Fig. 3a). Tumour containing both epithelial
and mesenchymal elements infiltrated into perithyroidal
skeletal muscle, and the surgical resection margin was
focally involved by both tumour components.

Right lobe tumour (tumour #2): A whitish nodule in the
superior pole of the right lobe measuring 1.9 ¢cm in greatest
extent. The histological features were compatible with classi-
cal PTC, with invasion into perithyroidal skeletal muscle and
focal involvement of the circumferential resection margin.

There were also multiple foci of papillary
microcarcinoma in both thyroid lobes and the isthmus.
Neither tumour #2 nor the foci of papillary
microcarcinoma contained the fibromatosis/fasciitis-like
mesenchymal component seen in tumour #1.
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Fig. 2 Gross and histologic
features of the left thyroid lobe
5.0 cm tumour. a The tumour was
unusually pale in colour and
rubbery in consistency. It largely
replaced the entire lobe and
abutted the circumferential
margin. b Most of the tumour
consisted of a mesenchymal
proliferation, with a smaller
epithelial component (H&E, x
20). ¢, d The epithelial
component was composed of
distorted follicles and papillary
structures, which were lined by
cuboidal or columnar cells with
nuclear features of PTC, namely,
enlarged, crowded, oval-shaped,
optically clear nuclei with
prominent nuclear grooves and
occasional intranuclear
cytoplasmic pseudo-inclusions
(H&E, x 40 and x 400, respec-
tively). e, f In areas with fasciitis-
like features, the mesenchymal
component contained plump,
spindled to stellate cells, which e

were loosely arranged within S
myxoid extracellular material AN
(H&E, x 100 and x 400, respec- ~
tively). g, h Other areas appeared
more cellular, and contained
streaming fascicles of bland spin- pe
dled cells associated with eosino-

philic bundles of collagen fibres,

resembling fibromatosis (H&E, x

100 and x 400, respectively)

Five out of seven cervical lymph nodes contained metasta-
tic carcinoma. The largest metastatic deposit measured 0.4 cm,
with extranodal extension. Nodal metastases did not contain a
fibromatosis/fasciitis-like mesenchymal component.

Immunohistochemistry

B-Catenin Cells in the fibromatosis/fasciitis-like mesenchymal
component of tumour #1 showed granular cytoplasmic stain-
ing with perinuclear accentuation (Fig. 3b). Assessment for
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nuclear localisation of 3-catenin expression was challenging,
particularly when strong cytoplasmic (3-catenin expression
masked the underlying slender fusiform nucleus. Despite care-
ful evaluation, no definite nuclear staining was observed. PTC
follicular cells showed membranous and granular cytoplasmic
[3-catenin expression.

SOX11 Stromal cells in the fasciitis- and fibromatosis-like mes-

enchymal components of tumour #1 both showed nuclear ex-
pression of SOX11 (Fig. 3c, d). PTC follicular cells were
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Fig. 3 Lymphovascular tumour
emboli, and
immunohistochemical features of
the left lobe 5.0 cm tumour. a Foci
of lymphovascular tumour emboli
were identified, containing both
epithelial and mesenchymal
components of the tumour (H&E,
% 40). b There was granular
cytoplasmic expression of [3-
catenin within spindle cells of the
mesenchymal component (x
400). Expression of (3-catenin
was determined by immunohisto-
chemistry using antibody clone
[3-catenin-1 (Dako, 1:100 dilu-
tion). ¢, d Spindled cells of the
mesenchymal component showed
nuclear but not cytoplasmic ex-
pression of SOX11 in the fasciitis-
like areas (¢, x 400), as well as the
fibromatosis-like areas (d, x 400),
whereas follicular cells were neg-
ative (¢, left side of field). e There
was also no expression of SOX11
within fibroblasts of the o

perithyroidal connective tissue e Y L

(right side of field) that

surrounded the tumour (left side

of field, x 100). Expression of 157
SOX11 was determined by im- " 7
munohistochemistry using anti- oy T
body clone MRQ-58 (Cell

Marque, 1:50 dilution) P

negative (Fig. 3c, e), as were fibroblasts in non-neoplastic
perithyroidal connective tissue surrounding the tumour (Fig. 3e).

Molecular analysis

DNA was isolated from formalin-fixed paraffin-embedded tis-
sue using Qiagen DNA mini kit, purified with AMPure XP
(Beckman Coulter, Brea, CA, USA), and quantified using
Qubit DNA HS (Thermo Fisher Scientific, Waltham, MA,
USA). DNA integrity was evaluated by PCR amplification
of several control sequences of lengths 100—600 base pairs.
The VariantPlex solid tumour kit (ArcherDX, Boulder, CO,
USA) was used for mutational analysis of 67 gene targets.
DNA libraries were constructed using the manufacturer’s pro-
tocol and sequenced on NextSeq 500 (Illumina, San Diego,
CA, USA) with at least 2.5 million reads per sample. Data
analysis was performed using Archer Analysis software (ver-
sion 5.1.7). DNA from tumour #1 analysed in this manner
showed a mutant CTNNBI c.133T>C allele (corresponding
to p.S45P), and a BRAF ¢.1799_1801delTGA mutation
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(corresponding to p.V600 K601delinsE). Sanger sequencing
confirmed the ¢.133T>C allele within exon 3 of CTNNBI in
tumour #1.

Post-operative course

The patient received radioiodine, and has been recurrence-free
in 8 months of clinical follow-up since the operation. Distant
metastases have not been detected.

Discussion

Papillary thyroid carcinoma with fibromatosis/fasciitis-like
stroma is a rare variant of PTC first described by Ostrowski
et al. [9]. The often exuberant mesenchymal spindle cell com-
ponent of PTC-FLS morphologically resembles desmoid-type
fibromatosis (DTF), a myofibroblastic proliferation of deep
soft tissue that characteristically exhibits aberrant nuclear ex-
pression of 3-catenin [11]. Hence, several investigators have
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evaluated [3-catenin expression in PTC-FLS [2, 8, 10, 12, 13, However, a thorough assessment of the current case failed to
15]. To date, 17 out of 19 previously reported cases of PTC-  show convincing evidence of nuclear 3-catenin expression
FLS exhibit aberrant nuclear (3-catenin expression (Table 1).  within the spindled cells, even though an underlying mutation

Table 1 Summary of molecularly characterized cases of PTC-FLS in the literature

{3 catenin expression CTNNBI mutation status BRAF mutation
pattern in mesenchymal status
component
NaK. etal. 2013 1 out of 1 case with Not done Not done
aberrant nuclear and
cytoplasmic
immunoreactivity
Ginter P. et al. 2015 1 out of 1 case with Not done p-V600E mutation
aberrant nuclear and detected in one
cytoplasmic case, but

immunoreactivity

methodology not
stated

Rebecchini C. et al. 2017 2 out of 2 cases showed Heterozygous c.133T>C Heterozygous
aberrant nuclear and (p-S45P) mutation c.1799T>A
cytoplasmic detected in 2 out of 2 (p.V600E)

immunoreactivity cases by DNA mutation detected
sequencing in 2 out of 2 cases
by DNA
sequencing
Takada N. et al. 2017 12 out of 14 cases showed Not done Not done

Takada N. et al. 2018

nuclear and cytoplasmic

immunoreactivity. The 2

remaining cases showed

membranous reactivity
8 out of 8 cases with

c.121A>G (p.T41A)

8 out of § cases

nuclear and cytoplasmic mutation detected in 1 showed

immunoreactivity out of 8 cases by DNA immunoreactivity

(possibly from the same sequencing for BRAF

patient pool as Takada (p.V600E)

N. et al. 2017) 7 out of 7 cases tested
by DNA
sequencing
contained the
c.1799T>A
(p-V60OE)
mutation

Zhou L. et al. 2018 1 out of 1 case with Heterozygous ¢.134C>T Not done
aberrant nuclear (p-S45F) mutation

immunoreactivity detected by DNA

(assessed in the recurrent
tumour)

sequencing in the
recurrent spindle cell
tumour (for the primary
PTC-FLS tumour: muta-
tion described in text but
data not shown)

This report 1 out of 1 case with ¢.133T>C (p.S45P) 1 out of 1 case with
granular cytoplasmic mutation detected using the ¢.1799
expression pattern and the VariantPlex solid 1801delTGA
perinuclear tumour hotspot NGS (p.V600_
accentuation. No panel (ArcherDx), and K601delinsE)
definite nuclear confirmed by DNA mutation detected
immunoreactivity sequencing using the

VariantPlex solid
tumour hotspot
NGS panel
(ArcherDx)
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in CTNNBI was detected using two independent molecular
methods. Thus, we sought to identify additional immunohis-
tochemical markers that might be useful for supporting a di-
agnosis of PTC-FLS. Aberrant SOX11 expression has been
observed in DTF [7]. We now report the novel observation
that spindle cells within the mesenchymal component of PTC-
FLS also demonstrate nuclear expression of SOX11, whereas
the carcinomatous component and fibroblasts within
perithyroidal connective tissue do not express this marker. In
contrast to the immunohistochemical detection of (3-catenin,
which can be difficult to interpret particularly when cytoplas-
mic staining obscures the underlying nucleus, SOX11 immu-
noreactivity is a clean nuclear signal devoid of cytoplasmic
background staining. These features suggest that SOX11 ex-
pression can be a novel tool for corroborating the diagnosis of
PTC-FLS in cases that show equivocal nuclear staining of 3-
catenin. Our findings also suggest immunohistochemical
staining with {3-catenin and SOX11 in cell block material
derived from FNA biopsies may aid in the pre-operative diag-
nosis of this rare PTC variant, thereby facilitating appropriate
and timely treatment.

Activating CTNNB! mutations have been found in up to
88% of sporadic DTF, but a limited mutational spectrum has
been observed, predominantly involving c.121A>G (p.T41A),
¢.134C>T (p.S45F) or ¢.133C>T (p.S45P) [11]. In comparison,
CTNNBI mutations occur in a smaller proportion of PTC-FLS:
5 out of 12 instances including the current case (42%, Table 1).
To date, only p.T41A, p.S45F and p.S45P mutations have been
described in PTC-FLS; the most common of these is p.S45P,
present in 3 out of 5 instances including the current case (60%,
Table 1). In contrast, the frequency of p.S45P in CTNNBI-
mutated DTF is much lower (up to 12%, [6]). A correlation
between (3-catenin mutant status and recurrence-free survival
has been reported in some, but not all, studies of sporadic DTF.
The p.S45F mutation, in particular, has been associated with
increased risk of recurrence [5]. Whether the same will hold
true for PTC-FLS is still unclear. The sole reported case of
PTC-FLS with local recurrence of the spindle cell component
contained the p.S45F mutation [15].

BRAF mutations are the most common genetic alterations
in PTC (geographic variation ranging from 32 to 87%; the
prevalence is 56% at our institution [3]). Several activating
BRAF mutations have been described, but the ¢.1799T>A
(p.-V600E) mutation is the most frequently encountered.
While activating BRAF mutations is common but not univer-
sal in finding for PTC in general, all 9 previously reported
cases of PTC-FLS where DNA analysis was carried out con-
tain the ¢.1799T>A (p.V600E) mutation (Table 1). The cur-
rent case is the exception, being the first reported case of PTC-
FLS with the BRAF ¢.1799 1801delTGA
(p-V600_K601delinsE) mutation. This uncommon mutation
occurs in up to 0.86% of BRAF mutant PTC [1]. Similar to
the p.V600E mutation, p.V600_K601delinsE results in
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constitutive activation of the downstream MAPK signalling
pathway [1, 4]. Since there appears to be universal occurrence
of BRAF-activating mutations in PTC-FLS, and proliferation
of tumour-associated fibroblasts is increased in classical PTC
with BRAF p.V600E mutation compared with classical PTC
containing wild-type BRAF [14], we speculate that dysregu-
lated activation of signalling pathways downstream from
BRAF within the PTC component might be essential for trig-
gering the exuberant mesenchymal spindle cell proliferation
that is an inherent feature of PTC-FLS.
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