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Objective: To study the CT and MR imaging features of
carcinoma showing thymus-like differentiation (CASTLE)
and to raise awareness of this rare thyroid tumour.
Methods: The imaging appearances of 10 CASTLE
tumours confirmed by surgical pathology were retro-
spectively reviewed and correlated with clinical and
histological findings.

Results: Seven patients with newly diagnosed and three
patients with recurrent tumours were identified (six males
and four females). CASTLE tumours were commonly
located in the lower neck between the inferior pole of the
thyroid and the upper mediastinum. The average tumour
size was 4.2cm (range: 2.5-6cm). On plain CT scans,
most tumours were ill-defined nodular masses of uniform
density. After enhancement, most cases showed mild
enhancement, while heterogeneous enhancement could
be seen in more than half the cases. On the MR images,
tumours presented with homogeneous isointensity on T;

INTRODUCTION

Carcinoma showing thymus-like differentiation (CASTLE)
is a rare occurrence and represents a special type of thyroid
cancer; it originates in the ectopic thymus tissue within the
thyroid gland or rudimentary branchial pouches along the
thymic line. This neoplasm was first described by Miyauchi
et al' in 1985 as “intrathyroidal epithelial thymoma”. The
clinical and pathological features of the tumour were
morphologically clarified by Chan and Rosai,” and it was
not until 2004 that this disease was designated as an in-
dependent clinicopathologic type of thyroid tumours in the
World Health Organization classification of tumours of
endocrine organs.” Histologically, with the exception of
thymic carcinoma, CASTLE also resembles squamous-cell
carcinoma and anaplastic carcinoma of the thyroid, but it
features an indolent clinical course and favourable
prognosis;“’5 so, it is crucial to distinguish between

weighted images and they appeared to be slightly
hyperintense on T, weighted images. On post-contrast
images, marked enhancement was seen in two patients,
and heterogeneous enhancement was seen in three
cases. Aggressive local infringements mainly included
the ipsilateral strap muscle, tracheoesophageal groove
area and tracheal wall. The specimens stained positively
for CD5 and CD117, indicating thymic differentiation.
Conclusion: CASTLE has no characteristic imaging fea-
tures when compared with other thyroid nodules, except
for its unique location in the lower neck between the
inferior pole of the thyroid and the upper mediastinum.
CD5- and CD117-specific immunoreactivity is useful for
diagnosis.

Advances in knowledge: We reported 10 cases of CT and
MR images illustrating the features of CASTLE, and we
raised the level of awareness of this rare malignant
thyroid tumour.

CASTLE and other aggressive thyroid tumours to avoid
overtreatment. Until now, <100 cases have been reported
in the English literature, and the radiological imaging
findings are solely limited to individual case reports.”™
Given the rarity of CASTLE, most radiologists are not fa-
miliar with it. Thus, we intend to report the CT and MR
imaging appearances of 10 cases of CASTLE in this study
along with a review of the relevant literature and also wish
to raise awareness of this uncommon thyroid malignancy.

METHODS AND MATERIALS

Patients

Between January 2000 and September 2013, an electronic
cross-search of our radiological (picture archiving and
communication system) and pathological database was
performed in our cancer centre; then, 10 CASTLE cases
were collected, including six male and four female patients.
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The patient median age upon admission was 46 years (range:
37-56 years). The institutional ethics board of our cancer centre
approved this retrospective study and they waived the re-
quirement for informed consent. Pre-operative laboratory
findings, ultrasonographic and radiological imaging features and
fine-needle aspiration biopsy (FNAB) specimens were evaluated.
All newly diagnosed patients were treated with curative surgery;
others with recurrent disease were treated with salvage surgery.
Post-operative radiotherapy (three patients) or chemotherapy
(one patient) was also implemented in four primary cases.

IMAGING PROTOCOL

CT technique

Nine patients underwent plain and contrast-enhanced neck CT
scans in the axial plane. The images were obtained using con-
secutive 5-mm-thick scans with a 40 (n=3) or 64 (n=6)
multislice helical CT system (SOMATOMS®; Siemens Medical,
Erlangen, Germany). The scan range was from the mandibular
angle to the carina, with a maximized 45 X 45-cm field of view
and a 512 X 512-voxel matrix. The imaging parameters were as
follows: voltage, 120kV; current, 100 mAs; pitch, 0.9; slice
thickness, 5mm; and layer space, 5mm. The acquisition time
ranged from 15 to 20s. Enhancement was administered in-
travenously using a power injector with a non-ionic contrast
agent (100ml) (Bracco Sine Pharmaceutical Co, Shanghai,
China) with an injection rate of 1.5mls™ ", followed by a 10-ml
flush of saline solution.

MRI technique

Among the 10 patients, 4 patients underwent MR scans per-
formed with a 16-channel head and neck joint coil on a 1.5-T
MR system (Signal Infinity TwinSpeed™ Excite; GE Health-
care, Milwaukee, WI) in the axial and coronal planes, including
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3 patients with simultaneous CT examinations. The MRI pro-
tocol was as follows: (1) axial T weighted fast spin-echo (FSE)
images were obtained from the hyoid bone to the aortic arch
level [repetition time/echo time (TR/TE) range: 520/9.8 ms; slice
thickness: 5mm; interslice gap: 1.5mm; field of view: 24 cm;
number of acquisitions: 2; and matrix: 320 X 224]. (2) Trans-
verse and coronal T, weighted fast spin-echo inversion-recovery
images with fat suppression were obtained (TR/TE range:
3700/88 ms; echo train length: 15; slice thickness: 5 mm; interslice
gap: 1.5 mm; field of view: 24 cm; number of acquisitions: 2; and
matrix: 320 X 160). The axial and coronal fast spoiled gradient-
echo T, images with frequency-selective fat suppression were
obtained immediately after a bolus infusion of 0.1 mmolkg ' of
gadolinium—diethylene triamine pentaacetic acid (Gd-DTPA)
(Magnevist®, Schering, Berlin, Germany) (TR/TE range:
190/1.9 ms; slice thickness: 5mm; interslice gap: 1.5mm;
field of view: 24 cm; number of acquisitions: 2; and matrix:
256 X 160). The injection rate was 2mls ™" for a total of 16 ml.
The standard protocol for the dual-phase contrast-enhanced
dynamic imaging of head and neck neoplasms was performed
by obtaining early-phase images (30-60s after starting the
injection), followed by delayed-phase images (120-180s after
starting the injection).

Imaging analysis

All of the CT and image findings were reviewed by two expe-
rienced clinical radiologists (Dr B Wu and Dr YJ Gu, who have
engaged in head and neck cancer diagnostic imaging for 10 years
and 20 years, respectively) in consensus. The CT and MR im-
aging characteristics were analyzed, and particular attention was
paid to the tumour location, shape, size, margin, radiographic
manifestations (including the enhancement pattern and degree),
local aggression and metastatic lymph node involvement. The

Table 1. CT and MR features of carcinoma showing thymus-like differentiation

Patient CT MRI
number/ CT/MRI Location Size Shapfe/ g T,

age (years)/ (cm) | margin | Attenuation” | Enhancement’ | weighted weighted

gender image” image”
1/55/M CT/MR L/SF 3.5 IR/ID Isodense Mi/Hetero Isointense Hyperintense
2/50/M CT/MR L/IPT 5 IR/ID Isodense Mi/Homo Isointense Hyperintense
3/37/M CT L/SF 6 IR/ID Isodense Mi/Homo
4/52/F CT R/IPT 4 IR/ID Isodense Mi/Hetero
5/56/F CT L/IPT 4 IR/ID Isodense Mi/Homo
6/53/M CT R/SE 2.5 RO/ID Isodense Mi/Homo
7/40/F MR L/IPT 4 IR/ID Isointense Hyperintense
8/39/M CT/MR L/IPT 4 IR/ID Isodense Ma/Hetero Isointense Hyperintense
9/42/F CT L/IPT 4 IR/ID Isodense Mi/Hetero
10/40/M CT R/IPT 4.9 IR/ID Isodense Mi/Hetero

F, female; Hetero, heterogeneous; Homo, homogenous; ID, ill-defined; IPT, inferior portion of thyroid; IR, irregular; L, left neck; M, male; Ma, marked
enhancement; Mi, mild enhancement; R, right neck; RO, round; SF, suprasternal fossa.

?Compared with the attenuation of the ipsilateral sternocleidomastoid muscle.

bCompared with the enhancement of the ipsilateral sternocleidomastoid muscle.
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Figure 1. (a, b). CT imaging of the carcinoma showing thymus-like differentiation. (a) Plain CT scan showing an irregular nodular mass in the
left pole of the thyroid with uniform attenuation. (b) Mild and slightly heterogeneous enhancement of the mass is displayed after contrast
administration. Metastatic paratracheal lymph node (Level VI) in the contralateral site could be found (white arrow).

shape of the tumour was classified as round, oval or irregular.
The margin of the tumour was classified as well defined or ill
defined. The size of each tumour was measured at the maximal
diameter of the tumour. Compared with the adjacent normal
muscle tissue of the neck, each neoplasm’s imaging appearance
was determined by the attenuation on plain CT scans and the
signal intensity on T; and T, weighted MR images, while the
presence of characteristics like calcification or cystic necrosis
within the tumour were specially marked. On post-contrast CT
and MR images, the degree of enhancement was also subjectively
assessed as mild (enhancement less than or equal to that of the
ipsilateral sternocleidomastoid muscle) or marked (enhance-
ment greater than that of the ipsilateral sternocleidomas-
toid muscle).

Pathological examination

Slides were retrospectively reviewed by a single professional
pathologist (Dr R Bi) for each case, with emphasis placed on the
tumour cellularity, architecture, calcification and cystic necrosis.
The histopathological analysis included both standard haema-
toxylin and eosin (HE) staining and immunohistochemical
evaluation; the latter was performed on 4-mm-thick sections cut
from a representative block using the standard EnVision
method. CD5 (clone CD5/54/F6, 1:100; Dako Denmark A/S)
and CD117 (polyclonal, 1:600; Dako Denmark A/S) antibodies
were used to evaluate the tumours for the presence of thymic
differentiation. Thyroglobulin (clone DAK-Tg6, 1:600; Dako
Denmark A/S), thyroid transcription factor-1 (TTE-1) (clone
8G7G3/1, 1:200; Dako Denmark A/S) and calcitonin

(polyclonal, 1:200; Dako Denmark A/S) served as markers for
thyroid-derived tumours. Other antibodies that were also used
included cytokeratin (clone AE1/AE3, 1:60; Dako Denmark
A/S), which usually produces positive results for thymic
carcinoma.

RESULTS

Clinical data

Seven cases of primary tumours and three recurrent tumours
were included; the male-to-female ratio was 1.5:1. Clinical
manifestations included slowly growing neck masses with no
tenderness (as detected by physical examination or ultrasound
screening) (n = 6), hoarse voice due to ipsilateral recurrent la-
ryngeal nerve infringement (n =2) and progressive dysphagia
(n=2). Primary tumours showed unilateral lesions; recurrent
tumours were noted during the original part of the surgery,
following partial or total thyroid gland resection. The time span
for recurrence ranged from 2 weeks to 12 years. Nine cases
underwent pre-operative fine-needle aspiration biopsy (FNAB)
guided by ultrasonography, and it turned out that two cases were
diagnosed as papillary thyroid carcinoma, one as Hashimoto’s
thyroiditis and one as metastatic squamous-cell carcinoma, and
the remaining five cases were assessed as poorly differentiated
carcinomas of the thyroid.

Imaging findings

Cervical ultrasound was performed in all patients and com-
monly revealed a solid, hypoechoic mass without calcification.
The CT and MR imaging features of the ten patients with

Figure 2. (a-c). MRI of the carcinoma showing thymus-like differentiation: the tumour presents homogeneously isointense on axial T;
weighted image (a) and slightly hyperintense on axial 7, weighted imaging (b). Marked heterogeneous enhancement can be seen in

axial contrast-enhanced T7; weighted imaging (c).
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Figure 3. Tumour has unclear boundaries with the inferior
portion of ipsilateral thyroid (black short arrow). Aggressive
surrounding infringements with strap muscle showing the
absence of fat gap (white long arrow).

CASTLE are summarized in Table 1. The imaging results showed
that all cases were single lesions that were commonly located in
the lower neck between the inferior pole of the thyroid and the
upper mediastinum; there were eight tumours in the left neck
and two in the right neck. The average tumour size was 4.2 cm
(range: 2.5-6 cm). All primary tumours had unclear boundaries
at the inferior portion of the ipsilateral thyroid. For the three
recurrent tumours, all were located behind the strap muscles,
close to the trachea at the site of the suprasternal fossa. All
primary lesions were irregularly shaped, and this was evident in
two recurrent tumours as well. On pre-contrast CT scans, most
tumours were ill-defined nodular masses of uniform density
(Figure la), except for one tumour that featured internal ne-
crotic cystic areas at the lower part. The attenuation of the tu-
mour was similar to that of the adjacent muscle, but it was
significantly lower than that of the normal thyroid tissue. Cal-
cification was absent in all cases. Eight CT cases showed mild
enhancement, while one demonstrated marked enhancement;
meanwhile, heterogeneous enhancement could be seen in more
than half the cases (n =5) (Figure 1b). On the MR images, all
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four tumours presented with homogeneous isointensity on the T
weighted images (Figure 2a), while slight hyperintensity was ob-
served on the T, weighted images (Figure 2b) compared with the
intensity of the muscle. Signal intensity was significantly different
between the tumour and the normal thyroid tissue on T, weighted
imaging. Following contrast, two patients showed marked en-
hancement (Figure 2c), while heterogeneous enhancement could
be seen in three cases on post-contrast T; weighted images.

Aggressive local infringements were found, including in the
ipsilateral strap muscle, tracheoesophageal groove area and tra-
cheal wall. On the image, strap muscle involvement usually
displayed as an unclear boundary between the organ and
tumours with tissue plane obliteration (Figure 3); tumour in-
volvement in the tracheoesophageal groove presented as a mass
that extended into that area. In that case, ipsilateral recurrent
laryngeal nerve paralysis can be identified by the changes of the
larynx, such as ipsilateral fixation of the vocal cords, dilation and
relaxation of the pyriform sinus. For violation of the tracheal
airway, intraluminal extension mass was found specifically sur-
rounding the tracheal wall or membrane (Figure 4). Vessel
displacement could be seen in three primary tumours owing to
mass effect, with no obvious sign of invasion. Metastatic
lymphadenopathy was not uncommon and was found in four
cases at Regions IV and VI (Figure 5), according to the imaging
classification of the American Joint Cancer Committee (AJCC),’
two cases for each neck. The appearance of metastatic lymph
nodes correlated with the same enhancement pattern in primary
tumours. Primary tumours were initially diagnosed as thyroid
malignant tumour (n = 4), cervical mass with unknown cause
(n=2) and tracheal tumour (n=1).

Pathological findings

Grossly, all of the CASTLE tumours were solid, irregular greyish-
white masses except for one expansive growth, which was a re-
current mass. Microscopically, the neoplastic cell nests or sheets
were composed of irregular lobules surrounded by thick fibrous
septa that were massively infiltrated with lymphocytes, resulting in
a lymphoepithelial-like growth pattern (Figure 6). Thyroid carci-
noma foci (either follicular or papillary types) were not found. The
staining of the CASTLE specimens was similar to that of the

Figure 4. (a, b). Violation of the tracheal airway by carcinoma showing thymus-like differentiation. (a) Oesophageal barium
examination showing the compression of transparent trachea (black arrow). (b) MRI performance of the visible mass surrounding
the trachea wall or membrane; intraluminal extension can also be seen (white arrow).

4 of 7 birpublications.org/bjr

Br J Radiol;89:20150726


http://birpublications.org/bjr

Full paper: CT and MRI of C

BJR

Figure 5. (a, b) Metastatic lymphadenopathy (white arrows) in the ipsilateral side of the tumour (white Ts). Lymph node
enlargement can be found at the region of Level IV according to the imaging classification of the American Joint Cancer Committee.

thymic carcinoma specimens. All 10 tumours stained positively for
CD5 (Figure 7) and CD117, but they were uniformly negative for
thyroglobulin, thyroid transcription factor-1 (TTF-1) or calcitonin.

DISCUSSION

CASTLE is a rare neoplasm that arises in the thyroid gland or
the soft tissue of the neck, and it presents with various degrees of
morphologic resemblance to foetal, mature or involuted thymus
glands or thymomas.” CASTLE can occur in the thyroid gland,
most commonly at the lower poles; rare cases may arise in the
soft tissue of the neck adjacent to the thyroid.>'° In our study, all
of the tumours were located in the predilection site of the lower
neck between the inferior pole of the thyroid and the upper
mediastinum, which is consistent with the origin of the thymic
primordium; this is in agreement with findings from previous
reports.' "> We highlight that this feature might be key point to
distinguish this class of tumours from other thyroid tumours,
because CASTLE is postulated to arise from either the ectopic
thymic tissue or remnants of branchial pouches. For recurrent
tumours, the most frequent site is the suprasternal fossa at the
resection side. CASTLE also occurs most frequently in middle-
aged adults, and it has a slight female predominance; the median
age of our patients (46 years) is consistent with that of a previous
review.>"! Given that the number of cases in our study was
relatively small, there seems to be no significant sexual pre-
dominance. CASTLE is generally considered to be an indolent
low-grade malignant neoplasm with a favourable prognosis,'>"?
even though invasive growths were commonly seen in our
patients (90%). Most of our primary cases presented with slow-
growing painless cervical masses; similarly, the longest recurrent
intervals spanned up to 12 years. Physical examination may
reveal rigid and fixed cervical nodules or masses upon palpation,
with or without swollen lymph nodes. There is no consensus on
the management of CASTLE for the rarity of the disease; gen-
erally, complete surgical excision followed by neck dissection
with or without post-operative adjuvant radiation therapy
depending on the nodal state is the most common therapeutic
option and seems necessary to improve the long-term survival
rate and reduce the locoregional recurrence rate.'’

The diagnosis of CASTLE is difficult to make, not only because of
its rarity but also owing to its histological and pathologic re-
semblance to other tumours such as lymphoepithelioma, thymic
carcinoma, anaplastic thyroid carcinoma and primary or metastatic
squamous-cell carcinoma of the thyroid.” Since CASTLE exhibits

favourable biologic behaviours and prognosis, it is important to
distinguish it from lethal carcinomas of the thyroid.*>"> To our
knowledge, there are only a few case reports exploring the imaging
findings of CASTLE in the radiological literature. On ultrasound,
CASTLE can be lobulated, solid, hypoechoic tumours without cystic
components or calcification with heterogeneous internal echoes.® On
plain CT scan, uniform isodensity could be seen in most tumours
without calcification; cystic change is also rare, only in one case. On
contrast-enhanced CT, mild enhancement was generally noted.
This was vastly different from squamous-cell carcinoma or ana-
plastic carcinoma of the thyroid, as the latter (whether featuring
cystic necrosis, calcification or avid enhancement) was commonly
seen.'* MRI is more sensitive when depicting the relationship be-
tween the tumour and thyroid tissues, and it is also more capable
of determining the degree of heterogeneity inside the tumour.
However, MRI does not offer an advantage for diagnosis.

CASTLE tumours may pursue a more aggressive course and they
seem more likely to violate adjacent structures along the em-
bryonic cervical descent of the thymus, mostly the nearby ipsi-
lateral strap muscles and tracheoesophageal groove, which

Figure 6. Haematoxylin-eosin stain of carcinoma showing
thymus-like differentiation showing oval-to-spindle appear-
ance of neoplastic cells separated by fibrous septa and
massively infiltrated with plenty of small lymphocytes. Focal
keratinization is illustrated (black arrow).
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Figure 7. Immunostaining for CD5 showing neoplastic cells
with predominant cytoplasmic membrane.

accounted for a relatively high proportion of our patients. The
trachea can also be involved."> Regional lymph node metastasis is
not uncommon in primary CASTLE tumours according to our
data. The involvement of Level IV and VI lymph nodes is also
similar to other differentiated thyroid cancers. Overall, the imaging
manifestations of CASTLE are not specific and are commonly seen
in other aggressive head and neck tumours, particularly in thyroid
cancer. In addition, the value of FNAB in the pre-operative di-
agnosis of CASTLE is also limited; only two cases were indicated in
our study. The immunoreactivity of specific markers (CD5 and
CD117) is very helpful for the diagnosis of CASTLE by revealing
the thymic origin.>'® In our study, all 10 patients with CASTLE
exhibited positive staining and conversely negative to thyroid
markers such as thyroglobulin, TTF-1 and calcitonin.

Wu et a/

The main differential diagnosis for CASTLE might include other
types of thyroid nodules occurring in the lower portion. CAS-
TLE’s unclear boundaries with the thyroid parenchyma are
different from those of benign nodules, such as thyroid adenoma
and nodular goitre. Thyroid adenoma is characterized by avid
heterogeneous enhancement, while cystic changes or coarse
calcification might often reflect the presence of nodular goitre.
For thyroid papillary carcinomas, the distinctive acupuncture
calcification pattern with the presence of psammoma bodies
might be seen in 30-50% of tumours; necrosis is not un-
common. Anaplastic carcinomas and medullary carcinomas are
less commonly seen. Anaplastic carcinomas typically show sig-
nificant features of aggressive malignant tumours, such as rap-
idly enlarging mass and symptoms of obstruction,'* while
medullary carcinomas show propensity for avid enhancement
and to develop lymphatic infiltration.'”

Our study has several limitations which have to be pointed out.
The small patient population and the retrospective nature of the
study do not allow us to draw any conclusion about the di-
agnosis of CASTLE. Furthermore, larger series with comparative
study with other thyroid malignant lesions are needed in on-
going studies.

In summary, we reported 10 cases highlighting the radiological
imaging features of CASTLE. The unique predilection site of the
tumour might facilitate diagnosis, and differential diagnoses
might include other thyroid neoplasms. Simultaneous immu-
nohistochemical determination of CD5 and CD117 can increase
the accurate diagnosis of CASTLE.
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