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Abstract. Cribriform morular thyroid carcinoma (CMTC) has
been included within the group of thyroid tumors of uncer-
tain histogenesis in the recent World Health Organization
classification of endocrine tumors. Most CMTCs occur in
young euthyroid women with multiple (and bilateral) thyroid
nodules in cases associated with familial adenomatous
polyposis (FAP) or as single nodules in sporadic cases.
CMTC generally behaves indolently, while aggressiveness and
mortality are associated with high-grade CMTC. This tumor
histologically displays a distinctive combination of growth
patterns with morular structures. Strong diffuse nuclear and
cytoplasmic immunostaining for 3-catenin is the hallmark of
CMTC. Tumor cells are also positive for thyroid transcrip-
tion factor-1 and for estrogen and progesterone receptors,
but negative for thyroglobulin and calcitonin. It is possible
that the CMTC phenotype could result from blockage in
the terminal/follicular differentiation of follicular cells (or
their precursor cells) secondary to the permanent activa-
tion of the Wnt/B-catenin pathway. In CMTC, the activation
of the Wnt/p-catenin pathway is the central pathogenetic
event, which in FAP-associated cases results from germline
mutations of the APC regulator of WNT signaling pathway
(APC) gene, and in sporadic cases from somatic inactivating
mutations in the APC, AXINI and CTNNBI genes. Estrogens
appear to play a tumor-promoting role by stimulating both the
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PI3BK/AKT/mTOR and the RAS/RAF/MAPK signaling path-
ways. Additional somatic mutations (i.e. RET rearrangements,
or KRAS, phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit a, telomerase reverse transcriptase or tumor
protein 53 mutations) may further potentiate the development
and progression of CMTC. While hemithyroidectomy would
be the treatment of choice for sporadic cases without high-risk
data, total thyroidectomy would be indicated in FAP-associated
cases. There is insufficient clinical data to propose therapies
targeting the Wnt/B-catenin pathway, but multikinase or selec-
tive inhibitors could be used in a manner analogous to that of
conventional thyroid tumors. It is also unknown whether adju-
vant antiestrogenic therapy could be useful in the subgroup of
women undergoing surgery with high-risk CMTC, as well as
when there is tumor recurrence and/or metastasis.
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1. Introduction

Cribriform morular thyroid carcinoma (CMTC) is a type of TC
associated with familial adenomatous polyposis (FAP), which
can also at times occur sporadically (1). This rare tumor was
first identified in patients with FAP as a distinctive follicular
neoplasm different from conventional follicular TC (FTC)
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and papillary TC (PTC), usually presenting with multiple
and bilateral tumor foci (2). Later, the sporadic counterpart of
this neoplasm was reported as a subtype of PTC (cribriform
morular variant) (3). In fact, both the familial and sporadic
forms of this tumor were designated as the cribriform-morular
variant of PTC in the 4th edition of the classification of thyroid
tumors of the World Health Organization (WHO) (4). More
recently, the peculiar combination of growth patterns of
CMTC has been associated with the permanent activation of
the Wnt/B-catenin signaling pathway (5). Consequently, this
tumor has been included as a distinct TC in the most recent
WHO classification of endocrine and neuroendocrine tumors,
within the group of thyroid tumors of uncertain histogen-
esis (1).

As this new tumor entity remains poorly understood (1,6-9),
for the present review, the MEDLINE-PubMed database
(https://pubmed.ncbi.nlm.nih.gov) was searched for entries
added up to January 2024 with the search terms ‘cribriform’,
‘morular’ and ‘thyroid’ to evaluate the epidemiological,
clinicopathological, immunohistochemical and molecular
features of CMTC as well as its possible histogenesis. Only
papers written in English were reviewed. At the same time, the
study aimed to underscore the molecular characteristics of this
peculiar neoplasm as a basis for proposing an approach that is
both preventive and therapeutic.

2. Epidemiological characteristics

CMTC accounts for 0.16-0.5% of all cases of TC (10,11) and
0.16-0.66% of the cases of PTC (3,12,13). Although a case of
CMTC has been reported in a 15-year-old female with hypo-
thyroidism secondary to neck radiotherapy due to Hodgkin's
disease (14), no increased prevalence of CMTC was detected in
a population exposed to ionizing radiation post-Chernobyl (11).
SARS-CoV-2 infection has been reported in one sporadic case
of CMTC and lymphocytic thyroiditis (15).

CMTC has been reported in 0.4-2.6% of patients with
FAP (16,17), but these percentages increased to 3-12% when
ultrasonography (US) was used (17,18), and it was detected in
up to 16% of patients with FAP when US in combination with
fine needle aspiration cytology (FNAC) was carried out (19).
A higher risk and incidence of CMTC in Hispanic patients
with FAP have also been reported (20). About 60% of cases of
CMTC occur in the setting of FAP and in 40% of these cases,
it is the first clinical manifestation of FAP (13,16,18,21-23).
Cases of CMTC and a conventional subtype of PTC in
different members of the same family sharing the same adeno-
matous polyposis coli (APC) germline mutation have been
described (18,24,25). It is possible that cases of conventional
PTC in these families are actually cases of incidental PTC not
related to the APC germline mutation.

3. Clinical findings

Most patients with CMTC are euthyroid young women
(female-to-male ratio, ~61:1), and the mean age at diagnosis
was determined to be 25 years (range, 8-69 years), both for
sporadic and for FAP-associated CMTC (5,12,26). CMTC
may be incidentally detected during physical and/or US
examination with or without FNAC (19) or present as a

painless mass, dysphagia and/or hoarseness (14,27,28). During
US screening, most nodules are observed to be well-defined,
oval to round, hypoechoic and solid without calcifications
(with benign-looking features) (17,18,29,30). While most cases
of familial CMTC are multifocal (and bilateral) at diagnosis,
most sporadic cases present as single nodules (5,26,31).
Because congenital hypertrophy of the retinal pigment epithe-
lium (CHRPE) is reported to occur in up to 80% of individuals
with FAP (32,33), and ophthalmoscopic examination can help
to clinically confirm hereditary cases of CMTC (34).

In addition to colorectal adenomatous polyps and
cancer (33-35), the coexistence of TC with medulloblas-
toma (36), stomach polyps (37), duodenal polyps (36,38),
ampullary neoplasms (25,37), hepatoblastoma (39), adrenal
adenoma (25), endometrial cancer (40), osteomas (35),
lipomas (35), sebaceous and epidermoid cysts (35), desmoid
tumors (25,35,38) as well as bilateral breast fibromatosis in
the context of silicone prosthetics (41) have been described in
patients with FAP.

4. Pathological features

CMTC is encapsulated or well demarcated and often partially
lobulated by sclerotic septa (2,3). Histologically, the tumor
exhibits ‘an intricate blending of cribriform, follicular, papil-
lary, trabecular and solid patterns of growth, with morular
(squamoid) areas’ (3) (Fig. 1). In different cases of CMTC
and even within the same tumor, the percentage of these
different growth patterns is variable. The cribriform pattern
is composed of tumor cells without interposed stroma that
merge with tubulo-glandular follicles (devoid of colloid),
as well as with papillae. The papillae are lined by cuboidal
or tall cells, often mimicking the tall-cell or columnar-cell
subtypes of PTC (3,8). There is also continuity with areas
of the trabecular pattern, reminiscent of the hyalinizing
trabecular tumor and areas of solid patterns with spindle-like
cells (1,3,5). Psammoma bodies are rare. Nuclei are round to
oval, clear and can show irregular contours, grooves and pseu-
doinclusions. Morular structures are nests of nonkeratinized
cells having biotin-rich nuclei with characteristic chromatin
clearance (1,3,5). Ultrastructurally, these clear morular nuclei
have numerous aligned quasiparallel filaments (10,42,43).

There are usually <5 mitotic figures per 2 mm?. Vascular
and capsular invasion have been reported in 30 and 40% of
tumors, respectively (2,3,5,44-47).Isolated cases with marked
stromal hyalinization and calcification (48), adamantinous-like
pattern (44), adenoid cystic carcinoma-like areas (49) or focal
squamous differentiation (9) have been reported.

According to the criteria of the new edition of the WHO
classification of thyroid tumors (1,6), rare cases of ‘high-grade
CMTC’ with necrosis and/or high proliferative activity have
also been reported (7,9,46,50-52).

5. Immunohistochemical profile

Strong diffuse nuclear and cytoplasmic immunostaining
for B-catenin is the hallmark of CMTC (1,5,7) (Fig. 1). The
immunohistochemical profile of CMTC is summarized in
Table I. Tumor cells are always immunoreactive for thyroid
transcription factor-1 (TTF1)/NK2 homeobox 1 (NKX2-1)
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Figure 1. Microscopic features of morular cribriform thyroid carcinoma. (A) Characteristic cribriform and follicular tumor growth pattern without colloid.
(B) Tumor area with predominance of trabecular and follicular patterns (without colloid) and presence of morular structures (arrows). (C) Well-defined
tumor area showing predominance of the cribriform pattern, a morular (squamoid) structure (arrow), papillae, lack of colloid and thyroglobulin negativity.
(D) Cribriform and papillary tumor area with nuclear positivity for TTF1/NKX2-1 except in the morular structure (arrow). (E) Diffuse nuclear positivity for
estrogen receptors in the areas of the tumor with a trabecular growth pattern and negativity in the morular component (arrow). (F) Tumor area with predomi-
nance of the trabecular, follicular growth pattern and morular structures (arrows) showing diffuse nuclear and cytoplasmic positivity for 3-catenin (original
magnification: A, C and D, x200x; B, E and F, x400. Stains: A and B, hematoxylin-eosin; C, thyroglobulin; D, TTF1/NKX2-1; E, estrogen receptors; and F,

B-catenin). TTF1/NKX2-1, NK2 homeobox 1.

(clones 8G3G7/1 and SPT24) and keratin (KRT) (7), as well as
negative for thyroglobulin (Tg), calcitonin and KRT20 (1,5,53).
Variable staining for paired box-8 (PAX8) (clones MRQ-50 and
SP348) has been detected (5,7,8). Strong positivity for estrogen
receptor (ER) (Fig. 1) and progesterone receptor (PR) is highly
characteristic, but focal reactivity for androgen receptors has
also been detected (1,5,7,11,53). The Ki-67 proliferative index
is usually <5% (1,5).

Morular structures also show aberrant nuclear and cyto-
plasmic positivity for f-catenin (Fig. 1) and can be easily
identified in the tumor by their characteristic positivity for
caudal type homeobox 2 (CDX2), CA19.9, CDI10, CDS5 and
KRTS5 (3,5,7,56,57).

6. Follicular lineage

CMTC has been initially considered a distinct type of
follicular cell neoplasm associated with FAP (2). According to
its nuclear characteristics and the immunohistochemical data
(particularly the KRT profile), this tumor was later consid-
ered a variant of PTC (3,4). Of note, RET rearrangements, a
molecular alteration typical of PTC, have also been described
in certain cases of CMTC (44,40,58). Despite the features
shared by PTC and CMTC, our group postulated that the latter
deserves to be considered its own tumor category, CMTC,
based on its ‘peculiar primitive endodermal (intestinal-like)

type phenotype and permanent activation of the wingless
(Wnt/B-catenin) signaling pathway’ (5). Different researchers
have proposed that CMTC arises due to germline or somatic
APC mutations or because of somatic mutations in function-
ally equivalent genes related to the Wnt/B-catenin signaling
pathway (5,58-60).

The immunohistochemical profile (KRT pattern, posi-
tivity for TTF1, variable staining for PAXS8 and negativity for
calcitonin and CEA), fits with a primary non-neuroendocrine
epithelial neoplasm of the thyroid gland. A conclusive follic-
ular cell derivation has not been demonstrated, however, due to
negativity for Tg (both at the protein and mRNA levels), thyro-
peroxidase and solute carrier family 5 member 5 (NIS) (8).

A putative thymic/ultimobranchial pouch-related differ-
entiation has also been proposed due to the lack of Tg in
the tumor cells, the occasional negativity for PAX8 and the
phenotype of the morular component, positivity for KRTS
and CDS5 and negativity for p63, p40, TTF1 and PAXS (7).
Others (8), however, considered that the negativity for p40
and p63 described by Boyraz et al (7) in the same series
contradicts their own hypothesis due to the recognized posi-
tivity for p40 and p63 in both thymic tissue and intrathyroidal
remains of the ultimobranchial body (solid cell nests) (61). A
relation to the ultimobranchial body has also been proposed
in a unique case of CMTC based on positivity for p40 in the
poorly differentiated component (9); in this case, however, the
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Table I. Immunohistochemical profile of morular cribriform thyroid carcinoma.

Marker Main tumor cells Morular structures (Refs.)
B-catenin + + (1,5,7.8,56)
TTF1/NKX2-1 + - (1,5,7-9.56)
PAXS8 -+ - (15.7.8)
Thyroglobulin - - (1,5.8,56)
Thyroperoxidase - - (8)
Calcitonin - - (1.5)
CEA - - (5.8)
Chromogranin - - (5.44)
Synaptophysin b - (5.44)
[-estrogen receptors + - (1,5,8,11)
Progesterone receptors + - (1,58,11)
Androgen receptors +- - (5)
KRT5 - + (1,7
KRT7 + +- (58
KRT19 + - &)
KRT20 - - 158
KRT5/6 + + (1,8)
KRT (clone AE1/AE3) + + )
KRT (clone 34BE12) + + (1,5)
KRT (clone CAMS5.2) + + (5)
EMA + NS (135
Vimentin + - (5)
CA 199 - + )
CA 125 - - &)
CDX2 - + (1,5,8,56,57)
CD5 - + (1,7-9)
CDI10 -/+ + (15,7-9)
CD117 (c-KIT) -1+ - (5.8)
E-cadherin + -/+ (1.5)
HBMEI1 +/- - (GN))
Galectin-3 + -1+ (5.8)
APC + NS (51)
LEF-1 + NS 54)
BCL-2 + + (5.44)
p27 + NS (5,44)
Rb + NS (3.5)
B-hCG N NS (5.55)
NIS - - ®)
EGFR - - (5,7.844)
pS3 +/-¢ NS (7,8)
p63 - - 5,78
p40 L . (7-9)
Calretinin - - &)
WTI - - (1544)
SATB2 - - 3

“Negativity and positivity have been described with both monoclonal and polyclonal antibodies; *an isolated case has been described with
tumor areas positive for chromogranin and synaptophysin (44); “diffuse nuclear positivity has been reported to be associated with high tumor
grade; ‘an isolated case with strong nuclear positivity in poorly differentiated areas has been described (9). TTF1/NKX2-1, NK2 homeobox 1;
PAXS, paired box 8; CEA, carcinoembryonic antigen; KRT, keratin; EMA, epithelial membrane antigen; CA, carbohydrate antigen; CD, cluster
of differentiation; HBME1, Hector Battifora mesothelial cell-1; APC, adenomatous polyposis coli; LEF-1, lymphoid-enhancing factor-1; Rb,
retinoblastoma; $-hCG, human chorionic gonadotropin beta; NIS, sodium-iodide symporter; EGFR; epidermal growth factor receptor; WT1,

Wilms tumor protein; SATB2, SATB homeobox 2; NS, not specified.
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negativity for p40 in the differentiated component of the tumor
(including the morulae) as well as the total negativity for CD5
argue against both the ultimobranchial and the thymic deriva-
tions, respectively. Another case, however, supports an origin
from follicular cells (or their endodermal precursors) based
on the cytopathological similarities of this tumor with classic
PTC (8).

Morular structures (positive for CD10 and CDX2) have
been the subject of different interpretations (62-64). Of
note, they are characteristically present in a series of tumors
such as fetal adenocarcinoma of the lung (65), pancreato-
blastoma (66), mesonephric-like adenocarcinoma of the
ovary (67), colorectal polyps (68) and others (69), all of
which share the permanent activation of the Wnt/B-catenin
pathway. It is recognized that the activation of Wnt/f-catenin
signaling, through transcription factor CDX2, activates
small intestine gene expression at low levels and colonic
gene expression at higher levels (70). These mechanisms
of embryonic intestinal induction would explain both
the blockage in the terminal/follicular differentiation of
follicular cells (or their precursor cells) in CMTC, as well
as its phenotype. CMTC would be another example of TC
with endodermal/intestinal-like (non-committed) differen-
tiation (71). In fact, the immunophenotype of CMTC cells fits
into the progenitor stem cell phase in its continuum toward
thyroid follicular cells, according to a recent study (72).

In summary, the molecular alterations linked to the consti-
tutive activation of the Wnt/B-catenin pathway are consistent
with the development and phenotype of the CMTC from
follicular cells (5). Additional points supporting an origin of
CMTC from follicular cells (or their precursor cells) are as
follows (8): a) The cytoarchitectural and immunohistochem-
ical similarities with other neoplasms of follicular lineage,
particularly with PTC; and b) the multicentricity of CMTC
associated with patients with FAP (usually with molecularly
different tumors), which is easier to explain when they are
derived from different follicular cells (or precursor thyroid
cells) than from multiple intrathyroid thymic or branchial
remnants. Of note, a light increase in Tg levels along with a
slight iodine uptake in pulmonary metastases of CMTC after
treatment with *'I has been described (73). Furthermore, a
rapid increase in serum Tg levels parallel to histologically
confirmed lung metastases has also been reported in another
case of CMTC after treatment with "*'T and a selective inhib-
itor of receptor tyrosine kinases (lenvatinib) (74). It is still
necessary to carry out functional studies on Wnt/B-catenin
pathway inactivation in primary CMTC cell cultures to
confirm (or discard) this hypothesis (8).

7. Pathogenesis

FAP is an autosomal dominant genetic disorder caused by
germline mutations in the APC gene (34). The constitutive
activation of the Wnt/f-catenin signaling pathway has a
central role in the pathogenesis of CMTC, mainly through
inactivating mutations in the APC, CTNNBI and AXINI
genes (5) (Fig. 2). Additional molecular alterations may have a
synergistic effect on this pathway, while sex hormones appear
to play a promoting role in CMTC development, which is
elaborated on further below.
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CMTC and FAP. More than 85% of germline APC mutations
in patients with CMTC have been detected in exon 15 (codons
463 to 1,387), in the same genomic location usually associated
with CHRPE (39). This area also includes a hotspot (codon
1,061) for CMTC and hepatoblastoma (25,35,37,39), but muta-
tions in codons 140, 159, 161, 213, 278, 302, 313, 325, 332, 418,
471, 499, 554, 578, 582, 593, 625, 654, 698, 704, 737, 769, 778,
804, 834, 848, 935, 937, 938, 964, 976, 977, 979, 993, 1,062,
1,068, 1,073, 1,105, 1,110, 1,157, 1,275, 1,307, 1,309, 1,394,
1,465 and 2,092 have also been described (33,56,75,76). When
comparing the prevalence of APC mutations in patients with
FAP and TC in relation to the prevalence of such mutations in
unselected individuals with FAP, a higher risk of CMTC exists
in the population harboring APC mutations proximal to the
5" end (proximal to codon 528) as well as in the established
high-risk group with mutation at codon 1,061 (75). It is note-
worthy that part of the f-catenin binding sites and the axin
binding sites are outside the mutation cluster region (codons
1,286 to 1,513) of the APC gene (7).

When Wnt/B-catenin signaling is not activated, the
APC protein, together with the scaffolding protein Axin,
serine/threonine kinases CK1 and glycogen synthase kinase
(GSK)3p and B-catenin, form a ‘destruction complex’ that
phosphorylates B-catenin, thus promoting its ubiquitination
and proteosomal degradation (Fig. 2). APC mutations lead
to a truncated APC protein unable to bind to the destruction
complex, which prevents -catenin phosphorylation and leads
to its accumulation in the cytoplasm (77) (Fig. 2). Therefore,
the accumulated [3-catenin translocates to the nucleus where it
binds to T-cell factor (TCF)/lymphoid enhancer factor family
DNA-binding proteins triggering the constitutive expression
of Wnt target genes (MYC, cyclin DI, AXIN2 and Dickkopf I)
involved in proliferation, invasion and loss of differentiation,
as well as in oncogenesis (77). The Wnt/B-catenin pathway
plays a key role in the maintenance of the intestinal stem cell
niche (78) and it is well known that activation of this signaling
pathway by APC mutation is sufficient to induce intestinal
epithelial hyperproliferation and polyposis (78), matching
both the phenotype and the risk of CMTC in patients with
FAP.

As the function-inactivating germline mutation of the APC
gene can be partially compensated for by the other allele, an
additional somatic mutation of the APC gene or another pheno-
typically equivalent gene (second hit), is required for tumor
development (25,52). In fact, in patients with FAP, CMTC is
frequently multifocal and shows different somatic APC muta-
tions in each tumor (79). A missense AXINI somatic mutation
in exon 7 was detected by our group in a case of CMTC
associated with FAP (80). In other cases of familial CMTCs,
second-hit somatic mutations in the lysine methyltransferase
2D (KMT2D) and KMT2C genes have been reported (25).
Of note, both KMT2D and KMT2C have been shown to be
transcriptional regulators of the ER gene (81).

Sporadic CMTC. In cases of CMTC without APC germline
mutation, the coexistence of two different oncogenic somatic
variants of the APC gene has been detected (8,82). In a
sporadic case of CTCM with a single somatic APC mutation
at codon 1,309, the dominant negative effect of this mutation
agrees with the two-hit Knudson hypothesis (59).
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Proteosomal
degradation
of B-catenin

Figure 2. Schematic representation of the WNT signaling pathway in CMTC. (A) In normal thyroid cells, the canonical (f-catenin-dependent) WNT signaling
is in the ‘off” state because the APC protein, together with the scaffolding protein Axin, serine/threonine kinases CK1 and GSK3p, and f3-catenin, form a
‘destruction complex’ that phosphorylates [3-catenin, thus promoting its ubiquitination and proteasomal degradation. (B) In CMTC cells, different somatic
mutations in APC, CTNNBI and/or AXINI genes alter the destruction complex, impairing f3-catenin phosphorylation and degradation in the proteasome.
B-catenin accumulates in the cytoplasm and subsequently translocates to the nucleus, where it binds to the TCF/LEF family to activate the transcription of
target genes involved in proliferation and loss of differentiation, such as MYC and CCNDI. (C) Localization of -catenin in CMTC. Tumor cells (right) show
characteristic nuclear and cytoplasmic positivity for $-catenin, while non-tumor cells (left) show membrane positivity with discrete cytoplasmic immunos-
taining (original magnification, x400). CMTC, cribriform morular thyroid carcinoma; TCF/LEF, T-cell factor/lymphoid enhancer factor; CCNDI, cyclin
DI; APC, APC regulator of WNT signaling pathway; CK1, casein kinase 1; GSK3p, glycogen synthase kinase 3; DVL, disheveled; CBP, cyclic adenosine
monophosphate responsive element binding protein 1 binding protein; LRP5/6, low-density lipoprotein receptor-related protein 5/6.

The existence of sporadic cases of CMTC with missense
somatic mutations of exon 3 of the [3-catenin gene (CTNNBI)
lacking mutations in APC or loss of heterozygosity near the
APC gene (83), have confirmed the key role of the constitutive
activation of the Wnt/p-catenin pathway in the development of
CMTC. In these cases, mutations in exon 3 of CTNNBI were
located at codons 29, 22,39, 44, 49, 54 and 56. In a way similar
to that described for the APC gene, the multicentric CMTCs
showed different somatic mutations of CTNNBI (83), addition-
ally supporting an independent origin of each of the foci of
these multifocal tumors.

In another sporadic case of CMTC, a missense AXINI
somatic mutation, has been identified in exon 1 (80).

Additional molecular alterations in FAP-associated CMTC.
In addition to germline APC mutations, certain cases of
familial CMTC showed molecular alterations typically
described in follicular-derived TC. In fact, coiled-coil domain
containing 6::RET and nuclear receptor coactivator 4::RET
rearrangements have been reported in two CMTC cases (III-1
and III-11) from a family (kindred #1) with FAP-associated
CMTC (40), and RET translocations have also been
described in other series (44,58). A somatic K-RAS mutation
(p-GIn61Lys) was detected in FAP-associated CMTC (84). An
activating phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit a (PIK3CA) mutation and copy number
gains of BRCA2, fibroblast growth factor (FGF23), FGFRI
and PIK3CB have been detected exclusively in the high-grade
component of a FAP-associated CMTC, with tumor protein

(TP)53 mutation in the well-differentiated component and
concurrent APC and telomerase reverse transcriptase (TERT)
promoter mutations in both tumor components (9).

Additional molecular alterations in sporadic CMTC.
Somatic KRAS mutation was reported in one case of sporadic
CMTC (80). The same mutation in exon 9, codon 545 of
the PIK3CA gene (p.Glu545Ala) was detected in 3 cases of
sporadic CMTC (85). TERT promoter mutation was described
in sporadic CMTC (47). As has been confirmed in conven-
tional follicular cell differentiated TC (86), as well as in
cases with FAP, sporadic CMTC cases with TERT promoter
mutations have been associated with aggressive behavior (47).
Alterations of TP53 do not appear to be an early event in
CMTC tumorigenesis (8,40).

Sex hormones as a growth promoter of CMTC. ERs may have
a role in follicular-lineage TC through genomic (ER-a and
ER-f isoforms) and non-genomic pathways, stimulating both
the PI3K/AKT/mTOR and the RAS/RAF/MAPK signaling
pathways, resulting in increased reactive oxygen species
production and cell cycle progression/proliferation through the
modulation of cyclin DI, as well as angiogenesis and migra-
tion (87). Since genetic alterations in the PI3K/AKT/mTOR
pathway mainly promote the transformation of TC with
follicular growth pattern (FTC and follicular subtype of PTC)
and alterations in the MAPK pathway are associated with PTC
with a papillary growth pattern (88), the activation of both
pathways by estrogens is consistent with the mixed (papillary
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and follicular) growth pattern of CMTC. Circulating estrogen
levels would produce activation of PI3K/AKT/mTOR and the
RAS/RAF/MAPK pathways, which, acting synergistically
with the Wnt/p-catenin pathway, would explain the notable
predominance of CMTC in women, even among patients with
FAP (9).

Recent studies using human colonic epithelial cells
demonstrated that activation of ERa but not ERf increased the
protein levels of cyclin D1, proliferating cell nuclear antigen
and P-catenin, indicating increased proliferation and migra-
tion (89). Consequently, an analogous activation mechanism
may be hypothesized to be present in CMTC cells, given
their ‘intestinal/non-committed’ phenotype and their richness
in ERa, producing and thus further increasing the levels of
[3-catenin. Since ERp is overexpressed in PTC stem cells (90),
estrogens could also participate in the maintenance of the
non-committed status of CMTC cells through the effect on
ERp.

Estrogen-related receptor y (ERRy) acts as a tumor
suppressor in gastrointestinal cancers through inhibition
of the Wnt/B-catenin pathway (91). In preclinical models,
it was recently shown that an inverse agonist of ERRY,
GSK5182, enhances the function of NIS protein via the
modulation of ERRy and MAPK signaling, thereby leading to
increased responsiveness to radioiodine (RAI) in previously
RAI-refractory PTC cells (92). This suggests that estrogens
could also participate in the lack of expression of follicular
differentiation markers in CMTC cells.

8. Prognostic markers

CMTC generally behaves more indolently than PTC (26,93),
with ~12% of cases having lymph node metastases at diag-
nosis (3,16,18,27,36,45-47,55,58,93,94) and 5% have distant
metastases (mainly to the lung, bone and brain) (10,36,44,46,
47,51,55,73,74,93) (Table II). To our knowledge, mortality due
to CMTC has been reported in only 4 patients (10,16,36,44).

Although cases of encapsulated CMTC with both a high
Ki-67 percentage and apoptotic cell count have a favor-
able prognosis (95), tumors with necrosis and/or a high
proliferative index (high-grade CMTC) usually behave
aggressively (1,44,46,51). In agreement with the immunohisto-
chemical negativity of CMTC cells for Tg, radioactive iodine
whole-body scans show no iodine-avid lesions (47,74), and the
serum Tg levels without anti-Tg antibodies are not reliable for
following up CMTC patients (47,55,73,96). Curiously, in a case
with lung metastases, Tg levels were low for tumor volume,
but the associated Tg doubling time was short (74). Uptake of
octreotide-"""Indium by the CMTC cells has been described in
two cases (36,44).

9. Therapeutic and preventive approaches

This review confirms that the permanent activation of the
Wnt/B-catenin signaling pathway constitutes the key pathoge-
netic event for the development of CMTC. High expression of
sex hormone receptors (mainly ERa) in tumor cells would act
synergistically in young women promoting tumor development
through the PI3K/AKT/mTOR and the RAS/RAF/MAPK
signaling pathways. Different somatic mutational events (e.g.,
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SA synergistic effect could be obtained combining targeted therapies and 'l due to
redifferentiation of tumor cells.

*If evidence of elevation of serum levels of thyroglobulin and/or iodine uptake in tumor.
**If evidence of somatostatin receptors in tumor cells and/or positivity in the screening
with somatostatin analogues.

Figure 3. Proposal of algorithm for possible treatment and prevention of
CMTC. Hemithyroidectomy should be the treatment of choice in cases of
sporadic CMTC without high-risk data; however, due to multicentricity, total
thyroidectomy should be indicated in FAP-associated cases. Although clin-
ical evidence is still scarce, it may be hypothesized that for FAP-associated
CMTC and high-risk CMTC, adjuvant therapy with tamoxifen or aromatase
inhibitors could be beneficial. In all cases with recurrence and/or metastases,
it may be suggested that hormonotherapy (tamoxifen or aromatase inhibitors),
targeted therapies (multikinase or selective inhibitors) and/or radiotherapy
("*'T treatment or radiolabeled somatostatin analogues) are used. Vitamin
D or COX2 inhibitors could hypothetically play a chemopreventive role in
healthy women with FAP, as well as in sporadic cases after hemithyroidec-
tomy. A dotted red line was used to indicate the therapeutic proposals where
clinical evidence is limited. CMTC, cribriform morular thyroid carcinoma;
FAP, familial adenomatous polyposis; COX, cyclooxygenase.

RET rearrangements, or KRAS, PIK3CA, TERT or TP53
mutations) may further potentiate the development and/or
progression of CMTC. These molecular events constitute the
basis for the establishment of targeted therapies but given their
current state of development, it is reasonable to propose surgical
treatment as an initial approach. This treatment should follow
the same surgical approach as that currently recommended for
PTC (97), with the specifications described below. The role of
radioactive isotopes, hormone therapy and the so-called preci-
sion medicine treatments are also discussed.

At the same time, all patients with CMTC should be
informed and investigated in relation to the FAP syndrome (97),
including genetic counseling with screening for colonic
tumors and other extracolonic manifestations of the disease in
FAP-positive cases.

Surgical treatment. Hemithyroidectomy would be sufficient in
cases of sporadic CMTC without high-risk data (Fig. 3). Total
thyroidectomy would be indicated in high-risk cases (high-grade
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tumors, widely invasive tumors, those with extensive lymphatic
or venous vascular invasion and/or with extrathyroidal exten-
sion), as well as in all cases of CMTC associated with FAP
due to their association with multicentricity and bilaterality.
Prophylactic and therapeutic central neck dissection should be
performed with the same criteria as those currently used for the
treatment of differentiated TC (DTC) of a follicular lineage (97).

Radiopharmaceutical therapy. RAI with *'T has occasionally
been used in CMTC (see Table II). However, the use of this
isotope in CMTC is controversial, given its uncertain histo-
genesis and the consistent immunohistochemical negativity
of tumor cells for Tg. A few isolated cases with elevation of
serum Tg levels (73,74), as well as with slight iodine uptake
in pulmonary metastases, have been described (73). Recent
data suggest that multikinase inhibitors (MKIs) have the
potential for re-establishing *'T uptake in selected patients
with RAI refractory metastatic DTC (mDTC) of follicular
lineage (98,99). These drugs may also enhance "*'T uptake in
these mDTCs on a diagnostic and/or post-therapy radioiodine
scan, as well as increase the likelihood of a better therapeutic
effect for the administered 'T activity (99). Therefore, a
divergence between increasing Tg and structural response
may be a reliable biomarker of redifferentiation in certain
TCs of follicular lineage refractory to radioactive iodine (100).
Whether the increase in Tg associated with lenvatinib treat-
ment in a patient with metastatic CMTC (74) represents an
example of redifferentiation deserves further investigation. If
these findings could be demonstrated in more patients with
CMTC, both the follicular lineage of the CMTC and an oppor-
tunity for additional *'T therapy would be confirmed.

A partial response to radiolabeled somatostatin analogue
therapy (*°Yttrium-dotatoc) was reported in a patient with an
aggressive CMTC who showed neuroendocrine differentiation
in 40% of the tumor cells (44) (Table II). Intense uptake of
"ndium-labelled octreotide was detected in lung and lymph
node metastases from another patient with chromogranin-
and synaptophysin-negative CMTC (46). The expression of
somatostatin receptors in cell cultures and tumor tissue of
non-medullary thyroid cancers has been described (101), but
limited information is available about these receptors and their
possible clinical utility in CMTC (44).

Hormone therapy
Levothyroxine and thyroid stimulating hormone (TSH). There is
no rational basis for TSH suppression in patients with CMTC until
their follicular lineage has been demonstrated and/or the exis-
tence of TSH receptors in their tumor cells has been confirmed.
Replacement treatment with levothyroxine, however, should be
indicated in patients with CMTC after total thyroidectomy to
prevent hypothyroidism; in addition, TSH suppression could be
considered given the existence of isolated cases with elevated Tg
and/or uptake of *'T in metastases (73,74,93) (Table II).
Antiestrogens. The use of drugs with antiestrogenic
activity widely used in hormone-dependent breast cancer,
such as tamoxifen and aromatase inhibitors (102), could imply
therapeutic repositioning in patients undergoing surgery with
high-risk CMTC, as well as when there is tumor recurrence
and/or metastasis (Fig. 4); however, there are currently insuf-
ficient clinical data in this regard.

The efficacy of preventive therapy with selective ER
modulators or aromatase inhibitors in women with germline
APC gene mutation (FAP) may be questionable, however.
The preventive benefits in these patients do not seem clear,
since they would mainly be young women who need long
periods of treatment with drugs that have serious adverse
effects (102-104).

Targeted therapy

Targeting the Wnt/f3-catenin pathway. Blocking the constitu-
tive activation of the Wnt/p-catenin pathway constitutes the
theoretical cornerstone of targeted treatment of CMTC (Fig. 4).
These therapies should be aimed at restoring the [-catenin
destruction complex and/or neutralizing the TCF/B-catenin
transcription complex, since the initial component of this
signaling cascade, i.e., the Wnt ligand/receptor interface,
usually does not participate in the development of CMTC (see
above). An antineoplastic effect of tankyrase inhibitors has been
demonstrated through the degradation of -catenin by stabi-
lizing axin 2 (105), and CK1 agonists such as SSTC3 have been
shown to inhibit the growth of colorectal cancer in mice (106).
Inhibitors targeting 3-catenin-TFC transcription complex such
as LF3 and ICG-001 (107) as well as CREB binding protein
inhibitors have shown antineoplastic efficacy with minimal
off-target effects (108), but most of these data still come from
preclinical models. Small-molecule compounds targeting the
Wnt/B-catenin cascade have been used to inhibit cancer stem
cells (109). Unfortunately, phase I/II studies using some of these
molecules, such as WNT9748 (a first-in-class Porcupine inhib-
itor) in colorectal cancer have not shown improved antitumor
efficacy (110), and data from another study with niclosamide,
an anti-helminthic agent inhibitor of the Wnt/p-catenin pathway
in colorectal cancer (111) were not published. Therefore, insuf-
ficient data exist to support the therapeutic efficacy and safety of
therapies targeting the Wnt/B-catenin pathway in CMTC.

Cyclooxygenase (COX)l and COX2 inhibitors may
inhibit the Wnt/p-catenin pathway in cancer cells; they could
therefore be used for adjuvant therapy or chemoprevention of
CMTC in a manner analogous to that used in Lynch syndrome
and FAP (112), but clinical data are still lacking.

Unfortunately, despite these preclinical data, randomized
clinical trials have not demonstrated a clear impact of vitamin
D supplementation on colorectal cancer incidence, progression
or mortality (113). Vitamin D receptor increases the levels of
E-cadherin in the plasma membrane and decreases the levels of
[B-catenin in the nucleus in differentiated TC (114). Therefore,
it is possible that vitamin D could play a chemopreventive role
in women with FAP.

Other precision therapy. Although the evidence is scarce, a
sustained response to treatment with lenvatinib was observed
in a patient with lung metastases of CMTC during follow-up of
the patient (74) (Table II). The clinical response to this MKI is
consistent with the signaling of the PI3K/AKT/mTOR and the
RAS/RAF/MAPK pathways induced by estrogens in CMTC.
Lenvatinib, sorafenib, cabozantinib and other MKIs have
shown antiangiogenic activity and could be used as treatments
for CMTC with progression after surgery in a manner analo-
gous to that of differentiated TC (114) (Fig. 4). Furthermore,
selective RET inhibitors (i.e. selpercatinib and pralsetinib) may
be used in cases of CMTC with RET rearrangements (115).
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Figure 4. Schematic illustration of the rationale for possible targeted therapies in CMTC. Blocking the constitutive activation of the Wnt/fB-catenin signaling
pathway could play an essential role in the treatment of CMTC through the degradation of f-catenin by stabilizing Axin2 (tankyrase inhibitors), CK1 agonists
(SSTC3), inhibitors targeting 3-catenin-TFC transcription complex (LF3), CBP inhibitors, as well as porcupine inhibitors, but data on clinical efficacy and
safety are still insufficient. E2 via ER would have a tumor-promoting role through the PI3K/AKT/mTOR and the RAS/RAF/MAPK signaling pathways, which
would justify treatment with both antiestrogens (tamoxifen and aromatase inhibitors) and MKI inhibitors. The detection of additional somatic events (e.g.
RET rearrangements) could be subsidiary to treatment with specific inhibitors. CMTC, morular cribriform thyroid carcinoma; E2, estrogens; ER, estrogen
receptors; MKI, multikinase; TCF/LEF, T-cell factor/lymphoid enhancer factor; CTNNBI, B-catenin 1; CCNDI, cyclin D1; APC, APC regulator of WNT
signaling pathway; CK1, casein kinase 1; GSK3p, glycogen synthase kinase 33; DVL, disheveled; CBP, cyclic adenosine monophosphate responsive element
binding protein 1 binding protein; LRP5/6, low-density lipoprotein receptor-related protein 5/6; PI3K, phosphatidylinositol 3-kinase, AKT, serine/threonine
kinase; mTOR, mechanistic target of rapamycin kinase; RAS, small GTPase; RAF, Raf-1 proto-oncogene, serine/threonine kinase; MAPK, mitogen-activated

protein kinase.

Thus, although the clinical evidence is still insufficient, the
detection of somatic mutations through next-generation
sequencing could represent a precision therapeutic alternative
in CMTC.

10. Limitations

In this review, hypotheses are proposed in an attempt to under-
stand the nature of CMTC and establish a therapeutic approach.
As most of the information comes from isolated cases or small
series, the level of evidence is limited. Therefore, additional
validations and appropriate clinical trials are still necessary.

11. Conclusions

CMTC is the TC associated with FAP. This rare tumor usually
occurs in young women with multiple lesions or as a single nodule
in sporadic cases. Constitutive activation of the WNT/B-catenin
signaling pathway plays a key role in the distinctive growth

pattern of CMTC and its immunohistochemical profile. Strong
nuclear and cytoplasmic positivity for -catenin is the hallmark
of CMTC. Tumor cells are also positive for ER and PR and for
TTF1/NKX2-1, but negative for Tg and calcitonin. Although the
histogenesis of CMTC is controversial, the presence of a follic-
ular or follicular precursor cell lineage may be postulated, whose
block in differentiation would be secondary to WNT/B-catenin
signaling. In FAP cases, total thyroidectomy is the treatment
of choice due to the frequent multifocality and bilaterality of
CMTC. Despite the central role of the Wnt/B-catenin signaling
pathway in the pathogenesis of this tumor, more studies seem
necessary to be able to translate the targeting of this signaling
pathway into clinical practice. Although there is still little
clinical evidence, in cases of CMTC recurrence and metastasis,
targeted treatments with MKIs or more selective inhibitors could
be useful. And although sufficient clinical data are also lacking,
adjuvant antiestrogenic therapy could also be useful in women
undergoing surgery with high-risk CMTC as well as when there
is tumor recurrence and/or metastasis. The chemopreventive
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role of vitamin D and COX inhibitors in women with FAP
requires additional investigation.
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