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Abstract
Cribriform-morular variant of thyroid carcinoma is classically associated with familial adenomatous polyposis but, it can
also occur as a sporadic neoplasm. This neoplasm is much more frequently observed in women than in men (ratio of 61:1).
In familial adenomatous polyposis patients, tumors are generally multifocal and/or bilateral (multinodular appearance),
whereas in the sporadic cases tumors tend to occur as single nodules. The tumors are well delimited, and characteristically
show a blending of follicular, cribriform, papillary, trabecular, solid, and morular patterns. Neoplastic cells are tall or
cuboidal with the occasional nuclear features of classic papillary thyroid carcinoma. The morules include cells with peculiar
nuclear clearing and show positivity for CDX2 and CD10. Angioinvasion and capsular invasion have been described in
about 30 and 40% of cases, respectively, with lymph node metastases in less than 10% of patients and distant metastases in
6%. Although this tumor has good prognosis, neuroendocrine and/or poor differentiation have been associated with
aggressive behavior. Tumor cells can be focally positive or negative for thyroglobulin, but are always positive for TTF-1,
estrogen and progesterone receptors, and negative for calcitonin and cytokeratin 20. Nuclear and cytoplasmic staining for β-
catenin is the hallmark of this tumor type; this feature plays a role in fine needle aspiration biopsy. Cribriform-morular
variant of thyroid carcinoma has a peculiar endodermal (intestinal-like) type phenotype, activation of the WNT/β-catenin
signaling pathway, and belongs to the non-BRAF-non-RAS subtype of the molecular classification of thyroid tumors.
Elevated expression of estrogen and progesterone receptors and activation of the WNT/β-catenin pathway may prove useful
as putative therapeutic targets in cases that do not respond to conventional therapy. Clinicians should be alerted to the
possibility of familial adenomatous polyposis when a diagnosis of cribriform-morular variant of thyroid carcinoma is made.
Instead of being considered as a variant of papillary thyroid carcinoma its designation as cribriform-morular thyroid
carcinoma seems more appropriate.
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Introduction

Cribriform-morular variant of thyroid carcinoma is classi-
cally associated with familial adenomatous polyposis but, it
can also occur as a sporadic neoplasm [1]. Devic and Bussy
[2] recognized in 1912 the association of intestinal adeno-
matous polyposis with extracolonic manifestations, includ-
ing a “goiter”. Crail [3] reported in 1949 the first case of
papillary adenocarcinoma of the thyroid (“with very little
colloid”) associated with multiple primary malignancies
arising in the rectum and brain but, it was Camiel et al. [4]
who suggested the relationship of familial adenomatous
polyposis with thyroid carcinoma for the first time in 1968.
Later on, in 1990, Chan and Loo [5] described rare papillary
thyroid carcinomas with a cribriform pattern, and soon after
Harach et al. [6] recognized the familial adenomatous
polyposis associated thyroid carcinoma as a distinctive type
of follicular cell neoplasm. In 1999 Cameselle-Teijeiro and
Chan [7] proposed the name “cribriform-morular variant” of
papillary thyroid carcinoma to designate the sporadic mor-
phological counterpart of familial adenomatous polyposis
associated thyroid carcinoma.

At present, cribriform-morular variant of papillary
thyroid carcinoma is the designation recognized by the
WHO [1] for this tumor in both the familiar and the
sporadic presentation. Whether this neoplasm is another
variant of papillary thyroid carcinoma or a distinct cate-
gory of thyroid carcinoma remains controversial in the
recent WHO classification [1]. We tend to consider it a
form of thyroid carcinoma distinct from conventional
papillary and follicular carcinoma, with a peculiar primi-
tive endodermal (intestinal-like) phenotype, permanent
activation of the wingless (WNT/β-catenin) signaling
pathway, and belonging to the non-BRAF-non-RAS sub-
type of the new molecular classification of thyroid tumors
[8]. The goal of this review is to provide a guide for the
clinical, pathological and molecular diagnosis of
cribriform-morular variant of thyroid carcinoma. We
intend to provide arguments in order to demonstrate that
this tumor type should not be considered as a variant of
papillary thyroid carcinoma but as an independent tumor
entity better designated as cribriform-morular carcinoma
of the thyroid.

Epidemiology

Cribriform-morular variant seems more common in Asia
(65%) and in America (23%), than in the other parts of the
world [7, 9–61]. This variant represented 0.2 and 0.5% the
cases of two series of thyroid carcinoma [10, 12]. Its pre-
valence ranged from 0.2 to 6% in different series of con-
secutive cases of clinically evident papillary thyroid
carcinoma [7, 30, 42, 53]. Thyroid cancer among familial

adenomatous polyposis patients has been reported to be 0.4
to 2% in older series [13, 15, 16, 62–65]; the frequency of
thyroid cancer among FAP patients has risen from 3 to 12%
when ultrasonography was used [36, 66], and up to 16%
when ultrasound was combined with fine needle aspiration
biopsy [61].

Cribriform-morular variant of thyroid carcinoma is much
more frequently observed in women than in men (ratio of
61:1). At diagnosis, the mean age is 26 years (range 8–61
years), both for familial adenomatous polyposis-associated
and for sporadic cribriform-morular variant of thyroid car-
cinoma. In FAP associated cases (about 60% of the total),
thyroid carcinoma diagnosis precedes that of familial ade-
nomatous polyposis in up to 40% of the cases [15, 18, 30,
36, 44, 53, 67]. The risk and incidence rate of cribriform-
morular variant of thyroid carcinoma in Hispanic patients
with familial adenomatous polyposis seems to be higher
than in other reported groups [68].

Clinical features

Patients are usually euthyroid, and in most cases (≈50%) the
tumor is detected by enlargement of the thyroid gland
during a routine physical examination or in screening stu-
dies of patients with familial adenomatous polyposis
[9, 34, 53]. Less commonly, the lesion is detected during
medical examination because of neck pain, hoarseness,
dysphagia, and/or dizziness [22]. Sometimes it is inciden-
tally discovered on ultrasonography [54] or because the
patient has self-detected a thyroid mass [53]. Because the
germline mutation occurs in the same genomic area asso-
ciated with congenital hypertrophy of the retinal pigment
epithelium in patients with cribriform-morular variant of
thyroid carcinoma and familial adenomatous polyposis [69],
ophthalmoscopy is an effective method to detect patients at
risk for developing thyroid cancer and to confirm the APC
germinal involvement. Bilateral lesions and lesions with a
depigmented halo are the hallmarks of congenital hyper-
trophy of the retinal pigment epithelium associated with
familial adenomatous polyposis [70]. Serum thyroglobulin
levels are normal or slightly elevated [71]. In a rare case of
familial adenomatous polyposis associated cribriform-
morular variant of PTC the patient developed a false posi-
tive serum pregnancy test, due to elevated serum β-human
chorionic gonadotropin (β-hCG), ectopically produced by
the thyroid tumor [56].

Ultrasonography is successfully used for the screening of
nodules in patients with familial adenomatous polyposis
[11, 36, 66], and it may also be useful to perform fine needle
aspiration biopsy in nodules smaller than 1 cm [61].
Cribriform-morular variant of thyroid carcinoma does not
usually meet the currently accepted ultrasonographic criteria
for a thyroid malignancy, and its sonographic findings are
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similar to those of follicular tumor or nodular goiter rather
than classic PTC [23, 36, 42, 50, 51, 54, 71, 72].

From the pooled data we collected, extrathyroidal
extension was described in only five patients [31, 53, 56,
58], and local recurrence in six [10, 15, 17, 56]. Regional
lymph node metastases were reported in 13/134 (10%)
patients [7, 9, 15, 21, 22, 36, 40, 48, 51, 56, 60], and distant
metastases in 6/107 (6%) patients, to lung (5 cases), bone
(n= 2) and brain (n= 1) [10, 22, 37, 51, 56, 60, 73]. Death
due to the thyroid carcinoma has been reported in 4 patients
(3 women and 1 man), whose age ranged from 20 to 42
years (mean, 32). Death occurred in the interval 17 to
360 months (mean= 120 months) after the first surgery
[10, 15, 22, 37]. The general indolent behavior of
cribriform-morular variant of thyroid carcinoma is also
maintained in cases of patients living in radiation-affected
regions [74].

Macroscopy

Most tumors are well-circumscribed or encapsulated, white
to tan, solid and fleshy, with occasional cystic areas and
almost equal distribution in either thyroid lobe [7, 9–11, 15,
17, 20, 24, 28, 30–37, 39, 40, 43, 44, 48, 49, 52–54, 57–61,
75]. Mean size is 24 mm (median 21, range 2–90 mm), with
a smaller mean size in patients with cribriform-morular
variant of thyroid carcinoma associated to familial adeno-
matous polyposis than in sporadic cases (21 vs. 27 mm). In
familial adenomatous polyposis the tumors are usually

multifocal and/or bilateral, with a multinodular appearance,
while sporadic cases usually appear as single nodule.

Histopathology

Cribriform-morular variant of thyroid carcinomas are
usually circumscribed or encapsulated, and generally divi-
ded in lobules by fibrotic septa. Microscopically, they show
a blending of follicular, cribriform, papillary, trabecular,
and solid patterns with morular (squamoid) formations [6,
7]. Cribriform patterns are formed by anastomosing bars
and arches of cells without fibrovascular stroma, often
merging with tubular (glandular-like) follicles (Fig. 1). Both
cribriform and tubular structures are devoid of colloid and
may contain histiocytes. Nonarborizing papillary and
pseudopapillary structures are lined by cuboidal or colum-
nar cells. Areas of trabecular arrangement usually show
spindle cells mimicking a hyalinizing trabecular tumor
pattern. Tumor cells are tall or cuboidal, and display fre-
quent pseudostratification and abundant cytoplasm. The
nuclei are generally hyperchromatic, with the occasional
presence of nuclear features of classic papillary thyroid
carcinoma such as nuclear grooves, clear nuclei, intra-
nuclear pseudoinclusions, and overlapping. In solid areas,
tumors cells acquire and/or oval and spindle shape and
nodular squamoid whorls (morules). These squamoid nests
lack keratinization and include cells with peculiar nuclear
clearing of the chromatin. Morules can also appear in tra-
becular and cribriform areas. Mayer mucicarmine and

Fig. 1 Cribriform-morular variant of thyroid carcinoma. Micro-
scopically, cribriform-morular variant of thyroid carcinoma shows a
blending of cribriform (a, b), papillary (c), trabecular, and solid pat-
terns with morular (asterisk) formations. The cribriform patterns are

formed by anastomosing bars and arches of cells without fibrovascular
stroma, often merging with tubular (glandular-like) follicles. Note the
lack of colloid (a–c)
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Alcian blue stains are negative. Psammoma bodies are rare.
Necrotic foci can be found in some infrequent cases [15, 17,
40, 76]. Angioinvasion and capsular invasion have been
described in about 30 and 40% of cases, respectively [6, 7,
17, 37, 40, 51, 60]. Adenoid cystic carcinoma-like growth
pattern due to deposition of basement membrane-like
material has been found in a case of cribriform-morular
variant of thyroid carcinoma [43]. Adamantinous-like pat-
tern of growth with hyaline globules (thanatosomes) and
atypical mitotic figures have been reported in another case
with neuroendocrine differentiation and aggressive behavior
[37].

Due to the characteristic microscopic appearance of
cribriform-morular variant of thyroid carcinoma, clinicians
should be alerted to the possibility of familial adenomatous
polyposis when a diagnosis of cribriform-morular variant of
thyroid carcinoma is made [6, 22, 25, 30, 37]. The few cases
of papillary thyroid carcinoma in the setting of familial
adenomatous polyposis with no typical cribriform-morular
variant of thyroid carcinoma histology [15, 36, 54, 77]
either represent tumors still too small to show a character-
istic morphology or even result from various interactions
among oncogenes and tumor suppressor genes, or perhaps,
can simply be sporadic incidental cases. Cases that had no
cribriform-morular variant features, even within a familial
adenomatous polyposis setting, were not included in this
revision.

Immunohistochemistry

Tumor cells can be focally positive or negative for thyr-
oglobulin but are always positive for thyroid transcription
factor-1 (TTF-1) and negative for calcitonin. Strong nuclear
and cytoplasmic staining for β-catenin is the hallmark of
this tumor type [6, 7, 9, 17, 18, 20, 23, 24, 26–32, 34, 37,
40, 43, 48, 49, 51–54, 56, 58, 60, 61] (Fig. 2). Because
cribriform-morular variant of PTC is the only primary
thyroid tumor with nuclear and cytoplasmic positivity for β-
catenin, this marker should be used if there are any doubts
about the histological diagnosis. Lymphoid enhancer bind-
ing factor 1 (LEF-1) is also a sensitive and specific marker
for cribriform-morular variant of thyroid carcinoma, espe-
cially when used in the setting of a papillary thyroid car-
cinoma neoplasm [78]. Tumor cells are positive for
cytokeratin 7, cytokeratin 19, cytokeratins 5 and 6, cyto-
keratins cocktail 1, 2, 10, 11, 14, 15, 16, and 19 (clone AE1/
AE3), cytokeratins cocktail 1, 5, 10, and 14 (clone 34βE12),
cytokeratins cocktail 7 and 8 (clone CAM5.2), epithelial
membrane antigen, E-cadherin, vimentin, Hector Battifora
mesothelial cell-1 (HBME-1), galectin-3, neuron-specific
enolase, bcl-2, Rb, p27, and cyclin D1. Immunohisto-
chemical positivity for β-hCG has been detected in one case
[56]. Positivity for chromogranin and synapthophysin in

40% of the tumor cells was reported by our group in a rare
case with positivity for TTF-1, and negativity for thyr-
oglobulin and calcitonin [37]. Interestingly, tumor cells in
the cribriform-morular variant of thyroid carcinoma are
consistently positive for α and β-estrogen receptors, pro-
gesterone receptors, and focally positive for androgen
receptors, probably as a consequence of cross-talk between
WNT/ β-catenin and estrogen signaling pathways [29, 79]
(Fig. 2). This peculiar immunophenotype may be associated
with the almost exclusive presentation of this tumor in
women, both in the sporadic and in the familial adenoma-
tous polyposis-related cases. The cellular proliferation (Ki-
67 index) is usually less than 5% but can be up to 60% in
cribriform-morular variant of thyroid carcinoma displaying
poorly differentiated carcinoma featues [37, 51]. Carci-
noembryonic antigen (CEA), CA125, cytokeratin 20, epi-
dermal growth factor receptor, c-kit (CD117), p63, Wilms
tumor protein (WT1), and calretinin were always negative.

There is a distinctive immunohistochemical profile in the
morular areas of cribriform-morular variant of thyroid car-
cinoma. Morules are positive for β-catenin, cytokeratins 1, 2,
10, 11, 14, 15, 16, and 19 (clone AE1/AE3), galectin-3, E-
cadherin, bcl-2, CA19.9, and cyclin D1, and negative for
TTF-1, thyroglobulin, calcitonin, CEA, clone 34βE12,
vimentin, and CA125. The peculiar biotin-rich optically
clear nuclei, can produce false positive reactions in morular
cells when using immunohistochemical systems based on
(strep)avidin-biotin affinity [7, 10, 41]. Ultrastructurally, the
peculiar biotin-rich nuclear clearings are composed of elec-
tron dense fibrils, which are approximately 10 nm in dia-
meter and 100 nm long. These microfilaments run in a
quasiparallel manner through an electron-opaque matrix, and
are not demarcated by a lining membrane [9, 10, 27, 80, 81].
In both the cribriform-morular variant of thyroid carcinoma
and in all biotin-rich optically clear nuclei family tumors,
CD10 is a useful tool for identifying morules [82]. The
morular structures are also positive for CDX2, an intestine-
specific homeobox gene transcription factor [83]. The
apparently incongruent CDX2 (along with CD10 and
CA19.9) expression in this tumor type fits with the primitive
(noncommitted differentiation) intestinal-like phenotype that
our group proposed for some thyroid tumors many years ago
[84]. Unlike the morular structures, true squamous meta-
plasia lack nuclear staining for β-catenin, are negative for
bcl-2, and are associated with S-100 protein-positive den-
dritic cells [26].

Differential diagnosis

The cribriform-morular variant of thyroid carcinoma can be
confused with breast metastatic carcinoma because its cri-
briform pattern of growth and positivity for estrogen and
progesterone receptors [85]. Its cytoarchitectural pattern can
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also mimic metastatic colon cancer. But in both cases,
positivity for TTF-1 in the cribriform-morular variant of
thyroid carcinoma facilitates the differential diagnosis.
There is significant microscopic overlap between columnar
cell variant of papillary thyroid carcinoma and cribriform-
morular variant of thyroid carcinoma (tall cells with marked
pseudostratification, darker nuclear chromatin, empty
tubular-like follicles, and solid areas); the columnar cell
variant usually shows supranuclear and subnuclear cyto-
plasmic vacuoles simulating early secretory endometrium

and is immunoreactive for thyroglobulin. The tall cell var-
iant of papillary thyroid carcinoma also has columnar cells,
but unlike cribriform-morular variant of thyroid carcinoma,
the nuclei are basally located and the cytoplasm is positive
for thyroglobulin. In the cribriform-morular variant of
thyroid carcinoma solid areas can mimic poorly differ-
entiated carcinoma, however, the cribriform-morular variant
of thyroid carcinoma additionally displays the cribriform
pattern with CD10-positive morules, lower mitotic activity
and usually negativity for thyroglobulin.

Fig. 2 Cribriform-morular variant of thyroid carcinoma. Tumor cells
may be totally negative for thyroglobulin (a), but they are consistently
positive for thyroid transcription factor 1 (TTF1) (b). Strong nuclear
and cytoplasmic immunoreactivity for β-catenin is the hallmark of
cribriform-morular variant of thyroid carcinoma (c). Tumor cells are

also positive for β-estrogen receptors (d) and progesterone receptors
(e). f Morules lack keratinization and include cells with peculiar
nuclear clearing of the chromatin (arrows). The morular structures are
positive for β-catenin, CDX2 (g) and CD10 (h), but negative for TTF-
1 (b), β-estrogen receptors (d), and progesterone receptors (e)

1172 J. M. Cameselle-Teijeiro et al.



Cytopathology

In patients with cribriform-morular variant of thyroid car-
cinoma, fine needle aspiration biopsy is effective for diag-
nostic purposes both for thyroid carcinoma in general [30,
34, 39, 42, 44, 52, 56, 60, 61, 86–88], and specifically for
cribriform-morular variant recognition of thyroid carcinoma
[19, 28, 31, 33, 40, 42, 49, 89]. The samples are usually
hypercellular, showing papillary fragments having
epithelial-cell lining with nucleomegaly and nuclear strati-
fication along with flat monolayers. There are also tall and

columnar cells with abundant spindle cytoplasm, distinct
cell borders and obscure ground-glass nuclei. Typical
nuclear features of classic PTC (pallor, grooves and pseu-
doinclusions) are commonly seen. Acinar/cribriform for-
mations lacking colloid and, less commonly, morules can be
found (Fig. 3). Hyaline-like globules similar to those seen in
salivary gland tumors have been described in one case [89].
Foamy histiocytes and/or hemosiderin-laden macrophages
can be seen, but the background is usually clean with no
mitosis, necrotic debris, anisonucleosis and psammoma
bodies. Because there is much overlap between the

Fig. 3 Cytologic features of the cribriform-morular variant of thyroid
carcinoma. The samples are usually hypercellular, showing papillary
fragments (a), flat monolayers (b) and/or morular structures (d). There
are tall and columnar cells with abundant spindle cytoplasm (a–c),

distinct cell borders and obscure ground-glass nuclei. Pseudoinclu-
sions can be seen (b). The background is usually clean (a–d) with no
mitosis, necrotic debris, anisonucleosis, and psammoma bodies
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cytological features of the cribriform-morular variant of
thyroid carcinoma and the conventional thyroid carcinoma,
positive nuclear β-catenin immunostaining, plays an
essential role in making a diagnosis of cribriform-morular
variant of thyroid carcinoma [42, 49, 88].

Genetic profile

Cribriform-morular variant of thyroid carcinoma is the
peculiar thyroid carcinoma that appears in patients with
familial adenomatous polyposis. Familial adenomatous
polyposis is an autosomal dominant disease secondary to
adenomatous polyposis coli (APC) gene germline mutation
located on 5q21-22. APC gene encodes the tumor sup-
pressor protein which functions as an antagonist of the
WNT/β-catenin signaling pathway. Overall, APC gene
somatic mutations can be seen in over 30% of cribriform-
morular variant of thyroid carcinoma cases. In patients with
germinal APC mutation (familial adenomatous polyposis
patients), a somatic APC mutation has been found in 50% of
cases (“second hit” of the Knudson’s two-hit model). In
patients with FAP and multicentric thyroid tumors, it has
been found that each tumor had a different second hit
somatic mutation of the APC gene, suggesting that each
focus of cribriform-morular variant of thyroid carcinoma
developed independently through biallelic inactivation of
the APC gene [19, 35]. In one sporadic case of cribriform-
morular variant of thyroid carcinoma, a somatic APC gene
mutation in exon 15 at codon 1309 (with negative dominant
effect) has also been detected in tumor tissue but not in
peripheral lymphocytes, supporting a relationship between
the morphologic pattern of the cribriform-morular variant of
thyroid carcinoma and the APC gene, as well as the exis-
tence of this variant as a sporadic counterpart of familial
adenomatous polyposis-associated thyroid carcinoma [20].
In any case, somatic APC mutation, at least in the mutation
cluster region, is not always a causal mechanism in sporadic
classic papillary thyroid carcinoma [90–92]. In physiologi-
cal conditions, APC protein forms a “destruction complex”
with glycogen synthetase kinase 3β (GSK3β), casein kinase
1α (CK1α), and the scaffold protein AXIN, that tightly
regulates the cytoplasmic level of β-catenin in the WNT/ β-
catenin signaling pathway [93]. APC mutations lead to a
truncated APC protein that lacks the β-catenin-binding site
and therefore cannot contribute to β-catenin proteosomal
degradation. Stabilized β-catenin accumulates in the cyto-
plasm and is then translocated into the nucleus where it
binds to LEF/TCF proteins that lead to constitutive
expression of WNT target genes such as MYC, CCND1
(cyclin D1), Axin2 and DKK1, mainly involved in the
increase of cell proliferation and loss of differentiation. This
accumulation of β-catenin is the hallmark of familial and
sporadic forms of cribriform-morular variant of thyroid

carcinoma [18, 37]. The existence of cases of this variant of
thyroid carcinoma with cytoplasmic and nuclear accumu-
lation of β-catenin, and missense somatic mutations of exon
3 of the β-catenin gene (CTNNB1) without APC gene
mutation or loss of heterozygosity (LOH) near the APC
gene, confirms that accumulation of mutant β-catenin con-
tributes to cribriform-morular variant of thyroid carcinoma
development [24]. As described for the APC gene, each of
the two different tumors examined from two patients with
multicentric cribriform-morular variant of thyroid carci-
noma, had different somatic mutations of CTNNB1 gene,
additionally supporting the independent developing of
multicentric tumors in the cribriform-morular variant of
thyroid carcinoma [24]. More recently, our group first
reported two missense AXIN1 somatic mutations in exons 1
and 7 in one sporadic and one familial case of cribriform-
morular variant of thyroid carcinoma, respectively [93, 94].
All these molecular findings indicate the key role of the
WNT/ β-catenin signaling pathway molecular alterations in
both sporadic and familial cribriform-morular variant of
thyroid carcinoma.

Clonal characterization of sporadic cribriform-morular
variant of thyroid carcinoma showed that although histo-
logic components of cribriform-morular variant of thyroid
carcinoma have a common mutational background, addi-
tional somatic mutations may be involved in the develop-
ment of morular structures [95]. With regard to molecular
alterations typically found in conventional thyroid tumors
[1], RET/PTC rearrangements were described in 8 of 11
(72.7%) familial cases of cribriform-morular variant of
thyroid carcinoma [17, 21, 48, 52]. Most of the aforemen-
tioned arrangements were the RET/PTC1 isoform, with one
tumor showing concurrent RET/PTC1 and RET/PTC3
rearrangement [17]. The prevalence of RET/PTC rearran-
gement along with the presence of characteristic nuclear
features in cribriform-morular variant of thyroid carcinoma
suggest that the latter is pathogenetically closer to classic
PTC than to follicular carcinoma. BRAFV600E gene muta-
tion, however, the most common molecular alteration in
classic papillary thyroid carcinoma, has been consistently
negative in all 19 cases studied to date including both
sporadic and familial tumors [20, 37, 40, 48, 51, 52, 58, 94,
96–98].

PAX8/PPARγ rearrangements and RAS or PIK3CA gene
mutations are typically associated with follicular derived
tumors with a follicular pattern of growth. In cribriform-
morular variant of thyroid carcinoma, PAX8/PPARγ rear-
rangements were negative in one sporadic and two familial
cases [52, 93]. RAS mutations are rarely detected (7.6%); K-
RAS mutation was only detected in one familial adenomatous
polyposis-associated case [52], and in another sporadic case
[93], but no H-RAS nor N-RAS mutations were detected in
the 26 cases studied to date [48, 51, 52, 58, 85, 93, 94, 97].
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The same PIK3CA gene mutation, in exon 9, was detected in
3 (50%) sporadic cases [58]. Telomerase reverse transcriptase
(TERT) promotor mutation was found in one of five sporadic
cases [60, 93]. The aggressive clinical behavior observed in
the only TERT mutated case [60], supports the role of these
mutations as an indicator of poor outcome in differentiated
thyroid carcinomas [99].

Genetic susceptibility

In patients with familial adenomatous polyposis and
cribriform-morular variant of thyroid carcinoma, about 85%
of germline APC mutations have been found in exon 15, in
the same genomic area associated with congenital hyper-
trophy of the retinal pigment epithelium (codons 463 to
1387), with more than 90% of these germline mutations
outside the mutation cluster region (MCR) (codons 1286 to
1513) [69]. The majority of the aforementioned mutations
occurred before codon 1220 [15, 17, 19, 22, 27, 35, 69].
Codon 1061 has been found to be a hot spot for cribriform-
morular variant of thyroid carcinoma and hepatoblastoma
[69]. Since in patients with cribriform-morular variant of
thyroid carcinoma APC mutations occur predominantly in
the 5′ side of the APC gene, between codons 140 and 1513
[35], restriction of the mutational analysis of the APC gene
to the mutation cluster region (codons 1286 to 1513) will
detect germline and/or somatic mutations in less than 20%
of cases [21, 35, 69].

Cribriform-morular variant of thyroid carcinoma usually
occurs in patients with familial adenomatous polyposis even
in the absence of biallelic inactivation of the APC gene.
Some authors have suggested that the WNT/β-catenin sig-
naling pathway, via the β-catenin binding sites (20-amino
acid repeats) in the APC protein, is strongly involved in the
development of CMV of PTC in familial adenomatous
polyposis patients [57]. APC germline mutation confers a
genetic susceptibility for thyroid cancer, but other factors
are also required for cribriform-morular variant of PTC
development [21]. We, along with others [21, 57, 85],
postulate that cribriform-morular variant of thyroid carci-
noma is the result of germline APC mutations (or func-
tionally equivalent somatic gene mutations in the WNT/β-
catenin signaling pathway), combined with somatic muta-
tions typically involved in the development of sporadic
thyroid tumors in potential collaboration with hormonal
factors such as estrogen and/or progesterone.

In summary, although the precise etiology of cribriform-
morular variant of thyroid carcinoma in familial adenoma-
tous polyposis is not yet clearly understood, the initiation of
this tumor is related with the constitutive activation of
WNT/ β-catenin signaling pathway (with nuclear translo-
cation of β-catenin), through germline APC mutations and
additional somatic mutations in APC or in functionally

equivalent genes such us CTNNB1 or AXIN1 (biallelic
inactivation) (Fig. 4). In the sporadic cases, the tumor may
result from a combination of somatic mutations in APC,
CTNNB1 and/or AXIN1 genes (phenotypically equivalents).
RET/PTC rearrangements, PIK3CA gene mutations or less
commonly, RAS gene mutations, typically implicated in the
pathogenesis of conventional thyroid tumors, could also act
as additional upstream effectors in the WNT/ β-catenin
pathway in both familial and sporadic cases of cribriform-
morular variant of thyroid carcinoma [100, 101]. Interest-
ingly, the striking predominance of this tumor type in
women, suggests the participation of sex hormones in its
development, due to overexpression of estrogen and pro-
gesterone receptors by the tumor cells themselves and/or
interactions [79, 102] between estrogen and progesterone
hormones and the WNT/ β-catenin signaling pathway.

Prognosis and predictive factors

This tumor type is generally associated with a relatively
indolent clinical course and good prognosis. Cribriform-
morular variant of thyroid carcinoma cases with high pro-
liferative index and/or poorly differentiated features can be
particularly aggressive [37, 51]. TERT promoter mutations
also seem to indicate clinical aggressiveness [60].

Fig. 4 Molecular alterations associated with the pathogenesis of the
cribriform-morular variant of thyroid carcinoma. In cribriform-morular
variant of thyroid carcinoma in familial adenomatous polyposis
patients biallelic gene inactivation takes place by means of additional
somatic APC gene mutation or as consequence of mutations in func-
tionally equivalent genes (CTNNB1 or AXIN1). In sporadic cases,
cribriform-morular variant of thyroid carcinoma result from a combi-
nation of somatic mutations in genes that are phenotypically equivalent
such as APC, CTNNB1, and/or AXIN1. RET/PTC rearrangements as
well as mutations in PIK3CA or RAS genes can act as additional
upstream effectors in the WNT/β-catenin pathway in sporadic and
familial adenomatous polyposis-associated cribriform-morular variant
of thyroid carcinoma. The much greater prevalence of this tumor in
women in both settings suggests a role of sex hormones as a tumor
growth promoter. As in the other types of follicular carcinoma, TERT
mutation seems associated with adverse outcome
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In cribriform-morular variant of thyroid carcinoma, fol-
licles are devoid of colloid, immunohistochemical studies
are usually weakly positive or totally negative for thyr-
oglobulin, and serum thyroglobulin levels are normal or
slightly elevated. In addition, in one case with multiple
lymph node and bone metastasis [60] serial post-operative
serum thyroglobulin levels were undetectable in the absence
of thyroglobulin antibodies. For all these reasons, we agree
with Oh et al. [60], that serum thyroglobulin measurement
is not generally reliable for following of cases of cribriform-
morular variant of thyroid carcinoma patients.

It remains to be determined whether the permanent
activation of the WNT/β-catenin pathway and the high
expression of estrogen and progesterone receptors may
serve as therapeutic targets in cases that do not respond to
conventional therapy for differentiated thyroid carcinomas
[85].

Conclusions

Cribriform-morular variant of thyroid carcinoma is a rare
type of thyroid carcinoma associated with familial adeno-
matous polyposis, which can also occur as a sporadic
neoplasm. Although it shares some features with classic
papillary thyroid carcinoma, this tumor deserves to be
considered a form of thyroid carcinoma distinct from classic
papillary thyroid carcinoma and follicular carcinoma, with a
peculiar primitive endodermal (intestinal-like) type pheno-
type and permanent activation of the wingless (WNT/β-
catenin) signaling pathway, belonging to the non-BRAF-
non-RAS subtype of the molecular classification of thyroid
tumors [8].
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