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Abstract

Hyalinizing trabecular tumor (HTT) is a benign, follicular-derived neoplasm composed of thick trabeculae with round or
elongated cells having irregular and clear nuclei, and containing intra-trabecular hyaline material. The cytological features
of HTT resemble those of papillary carcinoma, which helps explain why these lesions are usually classified as indeterminate/
suspicious according to the Bethesda system for reporting thyroid cytology. A review of the literature indicates that reaching
the correct preoperative cytologic diagnosis of HTT remains elusive, as the correct interpretation was achieved in only 8%
of cases. In contrast, the correct diagnosis posed a less significant diagnostic challenge in the majority of histological series,
despite the reported controversy on the relationship of this tumor with papillary and medullary thyroid carcinomas. The aim
of this review is to highlight the cytological and histological clues in the diagnosis of HTT, as well as its molecular profile.
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Introduction

Hyalinizing trabecular tumor (HTT) is a distinct and rare
thyroid neoplasm of follicular cell origin characterized
by a trabecular pattern associated with conspicuous intra-
trabecular (rather than inter-trabecular) hyaline material
[1-5]. Despite these peculiar features, recognizing HTT in
pathology samples can be challenging [6-9]. In cytologi-
cal specimens, HTT is often misinterpreted due to its mor-
phological overlapping characteristics with other thyroid
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neoplasms including papillary thyroid carcinoma (PTC),
medullary thyroid carcinoma (MTC) and with all the rare
trabecular patterned tumors encountered within the thyroid
gland including trabecular fetal-type follicular adenoma,
poorly differentiated carcinoma (PDC), intrathyroid para-
thyroid tumors and metastases [10]. This negatively impacts
the clinical management of these lesions as an accurate pre-
surgical diagnosis of HTT is critical to avoid unnecessary
overtreatment of this indolent tumor. A review of the lit-
erature shows that the correct preoperative cytologic diag-
nosis of HTT was rendered in only 8% of published series
[10]. Although the identification of HTT on resected thyroid
specimens is more straightforward, the differential diagnosis
also includes PTC and MTC. The purpose of this review
is to highlight the diagnostic clues for HTT in cytological
and histological samples as well as by ultrasound imaging.
The emerging role of molecular testing to reach the correct
diagnosis of HTT is also discussed.

Ultrasound Diagnosis

Although a detailed evaluation of the ultrasonographic fea-
tures of HTT has been previously reported [10-14], it is
important to point out that a diagnosis of HTT cannot be
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reliably rendered based on ultrasound findings alone. Moreo-
ver, Jang et al. and Lee et al. note the lack of malignant
features of HTT based upon ultrasound evaluation [12, 13].
However, Choi et al. found that 29% of their HTT cases
showed malignant ultrasound features [14]. The majority of
cases demonstrate a solitary, well-defined, oval/round, solid
hypoechoic nodule without microcalcifications (Fig. 1).
Since HTT is frequently “cold” on a radioactive scan the
probability of a malignant lesion remains in the differen-
tial diagnosis. High intralesional blood flow may be present
using power Doppler ultrasonography that is also concerning
for malignancy.

Cytological Diagnosis

One of the first publications regarding the cytological char-
acteristics of HTT was authored by Goellner and Carney
in which they underlined the morphological overlap with
PTC and MTC [15]. Cytologically, HTT shows cells that
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Fig. 1 Ultrasound of a left lobe thyroid HTT showing a solid, well-
circumscribed hypoechoic nodule measuring 2.7x1.9%x2.1 cm in the
mid-portion of the lobe

Fig.2 a, b Cytological features
of a HTT showing the oval-
spindle nuclei with nuclear
grooves (Fig. 2a), elonga-
tions, nuclear pseudoinclu-
sion (Fig. 2b) and pale nuclei
(conventional cytology-smears,
H&E 200 x)

may be isolated, arranged in cohesive clusters, or form
syncytial clusters with a trabecular pattern [10]. The neo-
plastic cells are characterized by a polygonal to spindled
shape with moderate or abundant pale to dense cytoplasm
and containing oval nuclei with finely granular chromatin
and micronucleoli.

Despite the presence of nuclear grooves (Fig. 2a), pseu-
doinclusions (Fig. 2b) and irregular nuclear borders (Fig. 3),
all of which mimic PTC, the following diagnostic clues favor
HTT including the presence of hyaline or amyloid-like mate-
rial (Fig. 4), loosely cohesive groups of tumor cells with
a trabecular or syncytial pattern, radiating arrangement of
neoplastic cells around a hyaline core, abundant eosinophilic
or amphophilic cytoplasm, lack of papillae and calcifica-
tions [3, 4, 16, 17]. Although several published series have
confirmed that the cytological features of HTT in fine needle
aspirates often result in a suspicious or positive for PTC
diagnosis [6—10], many HTT cases are classified as inde-
terminate/suspicious (categories three—four for the British

&
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Fig.3 Cytological features of a HTT showing the oval-spindle nuclei
with focal mild atypia (conventional cytology-smears, H&E 200 X)
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Fig.4 Cytological features of a HTT showing the amyloid-like mate-
rial and the clusters of cells with oval-spindle nuclei with irregular
nuclear membranes (conventional cytology-smears, H&E 200 x)

Thyroid Association or III-V for the Bethesda System
guidelines for thyroid aspirates), thus implying the need
for subsequent surgical resection [18, 19]. The absence of
papillary structures or fibrovascular stalks and the presence
of elongated nuclei associated with hyaline stromal compo-
nents are critical diagnostic clues for HTT.

The recent introduction of NIFTP poses some additional
diagnostic issues [20], as both entities show nuclear features
suggestive of PTC [10, 21-23]. The presence of hyaline
material may be misinterpreted as amyloid, therefore leading
to an incorrect diagnosis of MTC or may even thought to be
colloid causing a false negative diagnosis [6-10, 18, 24]. It
is important to remember that in MTC the tumor cells have
eccentrically located nuclei with granular “salt and pepper”
chromatin and no nucleoli. Whilst nuclear pseudoinclusions
may be encountered in MTC, nuclear grooves and psam-
moma bodies are not [10, 11, 18, 25, 26].

The hyaline material is positive for periodic acid-Schiff
stain (PAS) but negative using a Congo Red stain. The appli-
cation of immunocytochemical staining may be of help in
discriminating the aforementioned tumors [6, 10, 15, 17].
HTT cells are positive for thyroglobulin, TTF-1 and low-
molecular weight cytokeratins. They are negative for calci-
tonin. Staining with cytokeratin 19, galectin-3 and HBME-1
may vary. A peculiar cell membrane reactivity of the mono-
clonal MIB1 to Ki67 (run at room temperature conditions),
rather than nuclear staining, can further support the diagno-
sis of HTT [5, 24-33].

In a recent series by Dell’Aquila et al. 18 HTT with cyto-
histological correlation were analyzed with the support of
immunocytochemistry and BRAFV600E molecular testing.
The authors demonstrated that the majority of HTTs (83.3%)
were diagnosed in the indeterminate Bethesda categories,
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suggesting that their cytomorphological features pose issues
for reaching a conclusive cytological diagnosis. The ancil-
lary test results in the series support the fact that HTT is a
benign neoplasm [34].

Histological Diagnosis and Differential
Diagnoses

The differential diagnosis of HTT on histology includes
follicular adenoma, trabecular fetal-like follicular ade-
noma, NIFTP, PTC, MTC, PDC, intrathyroidal parathy-
roid, metastases and paraganglioma (1-5, 10, Tables 1
and 2). On gross examination, HTT typically presents as
a solid, well-circumscribed or more rarely as an encapsu-
lated tumor without capsular, vascular or thyroid paren-
chyma invasion (Fig. 5). However, Gowrishankar reported
a case where there was documented invasion and malig-
nant behavior [35]. HTT are characterized by wide, mostly
straight trabeculae (Fig. 6), or more rarely may be com-
posed of small nests of tumor cells delimited by thin stro-
mal bundles imparting a “zellballen” or lobulated appear-
ance to some tumors [1-5, 10, 24, 36-38]. HTT cells are
usually polygonal or elongated and of large/medium size.
They exhibit a peculiar orientation that is perpendicular
to the axis of the trabeculae (Fig. 6). Tumor cell cyto-
plasm is variably eosinophilic,finely granular, occasion-
ally clear, and typically harbors paranuclear bodies which
are sometimes yellow and are of unknown significance
[39]. Based on their nuclear features which are vesicular
and contain grooves, vacuoles and membrane irregulari-
ties, both NIFTP and PTC have to be excluded because
of their overlapping nuclear features (Fig. 7, [1-5], [9],
[20], Table 1). However, the presence of extensive stromal
hyaline material, especially intratrabecular hyalinization,
is extremely rare in PTC and NIFTP. The presence of a
prominent papillary growth pattern, colloid, occasional
psammoma bodies, numerous nuclear grooves and pseu-
doinclusions would favor PTC. The use of ancillary tech-
niques including immunohistochemistry may be required
(Table 2). The presence of membranous and cytoplas-
mic positivity for MIB-1 (Fig. 8) and the lack of diffuse
positivity for HBME-1 and galectin-3 staining favor HTT
[24-33]. Furthermore, BRAFV600E and RAS mutations
go against the diagnosis of HTT [11, 25]. The discrimina-
tion between HTT and follicular adenoma is mostly based
on the finding of hyaline stromal material, the presence
of oval and spindle nuclei, nuclear grooves and pseu-
doinclusions in HTT. Cases with a dominant spindle cell
component and stromal amyloid are indicative of MTC.
Immunoreactivity for calcitonin and CEA in the absence
of thyroglobulin staining supports a diagnosis MTC [10,
18]. Primary thyroid paraganglioma is extremely rare, but
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Table 1 Morphology and molecular findings in overlapping thyroid lesions

Thyroid tumor Morphology IHC Genetic alterations
HTT Nests and cords of cells showing oval-spindle KI67/ MIB-1 [cell membrane PAXS8/GLIS1
nuclei with nuclear pseudoinclusions and positivity] Thyroglobulin PAXS8/GLIS3
abundant intratrabecular hyaline material Wild type BRAF and RAS
PTC Papillary and follicular structures with nuclei HBME-1, Galectin-3 and CK19 BRAF V600E mutation
having irregular border, grooves and pseu-
doinclusions
NIFTP Encapsulated tumor made of follicular Thyroglobulin and PAXS8 RAS mutations
structures (with no papillae) and more or THADA fusion
less prominent nuclear irregularities and PAXS8/PPARY
pseudoinclusions (as for PTC) BRAF K601E mutation
[Wild type BRAF V600E]

MTC
eccentric nuclei containing salt and pepper CEA
chromatin in a more or less abundant amor-
phous stroma (amyloid-rich)

Paraganglioma Circumscribed tumor with nesting (zell
ballen) or trabecular architecture made
of roundish or spindle cells with minimal
atypia

FA Encapsulated tumor made of follicular struc-
tures with round homogeneous nuclei

Spindle or plasmacytoid cells with round oval Calcitonin

Thyroglobulin

Different alterations according to sporadic
or familial MTC involving RET gene

Neuroendocrine markers and S100  SDHA (or B or C or D) germline mutations

RAS mutation

HTT hyalinizing trabecular tumor, PTC papillary thyroid carcinoma, NIFTP non-invasive follicular thyroid neoplasm with papillary-like nuclear
features, MTC medullary thyroid carcinoma, FA follicular adenoma, /HC immunohistochemistry

Table 2 Morphological features in various thyroid tumors

Morphologic feature HTT PTC MTC NIFTP
Circumscribed nodule + —/+ +/— +
Trabecular pattern + — +/— _
Spindle nuclei + - +/— -
Nuclear pseudoinclusions + + +/— +
Nuclear grooves + + Rare +
Hyaline material + - + -
Amyloid material - - + -
Cytoplasmic yellow bodies + - - —
Psammoma bodies +/— + —/+ —
MIB-1* + - — —
Cytokeratin-19 - + - +/—
Galectin-3 —/+ + + +/—

HTT hyalinizing trabecular tumor, PTC papillary thyroid carcinoma,
NIFTP non-invasive follicular thyroid neoplasm with papillary-like
nuclear features, MTC medullary thyroid carcinoma

*Membranous and cytoplasmic expression

may be difficult to differentiate from HTT. Paraganglioma
demonstrates positivity for synaptophysin, chromogranin
A and S100 and is negative for thyroglobulin and cytoker-
atin [9, 11, 24]. Trabecular fetal type adenomas generally
have thinner cords and do not contain hyaline material,
while poorly differentiated carcinoma of the trabecular/
solid type has clear signs of malignancy (i.e. capsular and

Fig.5 Gross features of a HTT lesions. It shows the case of a
57 years man with hypothyroidism. FNA of a suspicious right side
thyroid nodule was called PTC. Total thyroidectomy was then per-
formed and showed a 2.0 cm circumscribed mass

or vascular invasion) and in addition does not contain the
classical PTC type nuclear changes. Intrathyroidal para-
thyroid lesions are generally solid rather than trabecu-
lar, completely lack PTC nuclear features and a specific
immunoprofile with positivity for PTH and negativity for
thyroglobulin can discriminate from an intrathyroid para-
thyroid tumor. A combination of morphological features,
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Fig.6 Histological trabecular pattern of HTT with the peculiar cel-
lular features of HTT (H&E 100 X)

Fig.7 Histological details of cells with nuclear elongation and
nuclear pseudoinclusions (H&E 200 X)

clinical history and immunopanel is helpful in the differen-
tial diagnosis with metastatic lesions. Concerning PDC, a
majority of these carcinomas have an architectural growth
pattern that is characterized by large, well-defined solid
nests, composed of cells which are usually small and uni-
form in size, and there is mitotic activity with three or
more mitoses per 10 high-power fields. The cells of PDC
are positive for keratins, TTF-1, Pax8 and thyroglobu-
lin (sometimes weak and focal), confirming the follicu-
lar cell differentiation of PDC. Furthermore, molecular
studies have identified a high incidence of RAS mutations
in PDC and up to 25% harbor mutations of the CTNNBI
gene, resulting in nuclear translocation of B-catenin and
activation of a number of downstream targets of the WNT
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Fig.8 Strong membranous expression of MIB-1 in HTT (A&B
400 %)

signaling pathway. These mutations are not found in well-
differentiated thyroid carcinomas nor in HTT.

Role of Molecular Analysis

Since its original description [3], the molecular mechanisms
of HTT have been unknown. The possible biological correla-
tion between HTT and PTC was supported by different pub-
lications demonstrating that HTT frequently harbors RET/
PTC rearrangements [40—44]. Although a few early studies
demonstrated that HTT had RET/PTC fusions in 29-63%
of cases [8, 41, 42], in a series of 18 HTT cases, Sheu et al.
failed to detect any RET/PTC rearrangement; this was also
confirmed by Nikiforov et al. in a series of 10 HTT [43, 44].
Prior research assessed the wild type status of BRAF and
RAS genes, providing clear evidence that there is a distinct
molecular pattern involved in the development of HTT [41].
Recent studies have demonstrated the molecular role of the
GLIS family in HTT, including PAX8-GLIS3 fusion [45].
Concerning GLIS3, a member of the GLI-similar zinc finger
protein family encoding a nuclear protein with five C2H2-
type zinc finger domains, it acts as both a repressor and acti-
vator of transcription and it is involved in the development
of the thyroid gland [45].

A recent publication by Nikiforova et al. investigating
14 HTT cases by next generation sequencing analysis and
other techniques, revealed that 13 out of 14 of their cases
were positive for the novel PAX8-GLIS3 fusion and one
case for PAX8-GLISI fusion [45]. Of note, in their control
series of 220 histologically proven PTC, no PAX8-GLIS3
and/or PAXS-GLIS1 fusions were found. The authors thus
concluded that the morphological features of HTT, includ-
ing the deposition of collagen and hyaline matrix, are the
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result of these fusions that lead to overexpression of GLIS
and upregulation of extracellular matrix genes. Accord-
ing to their study, this molecular testing can be performed
with reliable results on cytological samples. In addition,
the specific fusion involving GLIS can be detected by
immunochemical analysis. This novel molecular finding
has been recently validated in a larger series of 34 HTT,
in which PAXS8-GLIS3 fusion (but not PAX8-GLIS1) was
identified in all cases, but not in any control thyroid tumor
histotype analysed [46]. Interestingly, the control group
included a series of 15 thyroid trabecular neoplasms of
follicular derivation that morphologically resembled HTT
and indeed some of these were originally reported as HTT.
Upon revision of the morphology and the immunoprofile
(namely the Ki67 pattern), these were eventually reclas-
sified as classified as trabecular/embryonal variant of fol-
licular adenoma, solid/trabecular Hurthle cell adenoma
or carcinoma, solid/trabecular variant of PTC and poorly
differentiated carcinoma [46]. Nonetheless, the molecu-
lar features are a work in progress, but the PAXS8-GLISI
or GLIS3 fusions are intriguing and may be followed by
additional markers in the future.

Conclusion

HTT are rare tumors of the thyroid defined by a trabecu-
lar architecture associated with extensive intratrabecular
hyaline stromal material. HTT is considered a benign neo-
plasm managed by conservative surgical excision, only
[45-49]. The fine needle aspiration cytological diagnosis
of HTT is challenging due to the presence of nuclear clear-
ing, grooves and intranuclear pseudoinclusions that mimic
PTC, and may not be conclusive, rather falling into the
indeterminate categories. Although the identification of
HTT on histological samples is apparently straightforward,
due to morphological similarities, it may still be mistaken
for PTC and MTC [44-48]. Ancillary techniques includ-
ing cell membrane immunoreactivity of MIB1 monoclo-
nal to Ki67 and the molecular identification of the novel
PAXS8-GLISI or PAX8-GLIS3 fusions may aid in making
the correct diagnosis and help avoid overtreatment [50].
In conclusion, a definitive diagnosis of HTT can be only
made on resected specimens.
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