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Abstract

Introduction: Cribrifrom-morular variant of papillary thyroid carcinoma (CMVPTC) is an uncommon thyroid
neoplasm that occurs predominantly in women and is sometime associated with familial adenomatous polyposis
(FAP). Some of these tumors may undergo dedifferentiation to poorly differentiated thyroid carcinoma (PDTC). We
describe a rare case of this carcinoma in a women without a history of FAP.

Case presentation: A 49-year-old woman with a history of breast carcinoma presented with a thyroid mass. A
CMVPTC was diagnosed after excision. There was no history of FAP. Histological examination showed classical
features of CMVPTC in most areas, but about 20% of the carcinoma showed features of a poorly differentiated
carcinoma with a solid pattern of growth, increase mitotic activity and a high Ki-67 proliferative index (25%).
Immunohistochemical stains were positive for nuclear and cytoplasmic beta catenin staining. These special studies
supported the diagnosis.

Conclusion: CMVPTC with dedifferentiation to PDTC is a rare carcinoma with only 4 previous documented cases in
the literature. This aggressive variant of thyroid carcinoma is more common in females, as is CMVPTC, and is often
associated with an aggressive biological course. The cases usually express nuclear beta catenin and estrogen,
progesterone and androgen receptors have been reported in some cases. Some cases may have somatic alterations
of the APC gene and TERT promoter mutations. These carcinomas may metastasize to lung, bones and lymph
nodes. Because of its aggressive behavior, patient with this diagnosis should be treated aggressively to control
disease spread and mortality from the carcinoma.
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Background

Papillary carcinoma of thyroid (PTC), the most common
type of the thyroid carcinoma is the most common
endocrine maligancy. The prevalence of thyroid carcin-
oma has been increasing globally, mostly due to the in-
creased detection of small papillary carcinomas (Rosai
et al. 2017). CMVPTC has been recognized as a rare
histologic variant of PTC and as a representative histo-
type of primary inherited thyroid cancers (LiVolsi et al.
2004). CMVPTC is characterized by the presence of a
cribriform pattern of growth and morular formations.
The tumor is very rare, representing 0.16% of 4194 pap-
illary carcinomas in a large series. It develops in a spor-
adic form, or as an extraintestinal component of the
familial adenomatous polyposis syndrome, and it may be
the initial clinical manifestation of FAP. It is seen pre-
dominantly in females (Rosai et al. 2017).

CMVPTC can harbor germline or somatic (Cameselle-
Teijeiro et al., 1999) mutation of adenomatous polyposis
coli (APC) gene or somatic mutation of beta catenin
(CTNNBI) gene (Xu et al. 2003). Mutations in any of
the two genes result in disrupted degradation of beta-
catenin and subsequent aberrant nuclear expression of
the protein, leading to Wnt signal transduction-targeted
genes transcription. (McDonald et al. 2009). Nuclear im-
munoreactivity for beta -catenin, the hallmark of wnt
pathway activation, is common. Waut signaling is acti-
vated in the familial tumors because of germline loss of
function mutations of the APC gene, and in the sporadic
ones because of somatic APC mutations or due to som-
atic mutations in exon 3 of the beta -catenin gene that
stabilize the beta -catenin protein, preventing its degrad-
ation and promoting its accumulation in the nucleus
(Rosai et al. 2017).

CMVPTC is usually an encapsulated low-grade carcinoma
with an intimate admixture of cribriform, follicular, papillary,
trabecular, and solid patterns of growth; round squamoid
morular structures. The neoplastic cell nuclei are not par-
ticularly clear but exhibit variable amounts of grooves and
pseudo inclusions in the morulaes, however, neoplastic cells
have some optically clear nuclei. These are different from
those of conventional papillary carcinoma and like the nuclei
seen in morulae-containing tumors at other sites, due to the
accumulation of biotin (Rosai et al. 2017).

PDTCs show limited evidence of structural follicular
cell differentiation and fall in between two extremes
(well differentiated papillary and follicular carcinoma
and anaplastic carcinoma), in terms of both morphologic
appearance and clinical behaviour. PDTCs are rare thy-
roid carcinomas, less than 2% in the United States. Iod-
ine deficiency likely represents a risk factor based on the
association of poorly differentiated carcinoma with long
standing goiter. PDTC occurs in an older age group,
with a mean age of 55-65 years (Volante et al. 2007).
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In many cases poorly differentiated tumors exhibit a
complex pattern, and poorly differentiated areas can be
intermixed with a variety of growth patterns, including
areas of well-differentiated papillary or follicular carcin-
oma. Here we present a case of a CMVPTC with poorly
differentiated component.

Case presentation

This is a case of 49 year old female who presented with a
left thyroid mass, measuring 4.5 cm in greatest dimen-
sion. Fine needle aspiration (FNA) biopsy was reported
as suspicious for PTC. She underwent left thyroid lobec-
tomy. As the patient was adopted, family history includ-
ing a history of FAP was not known. She had a history
of breast carcinoma, diagnosed at age of 32 and was
treated with mastectomy, chemotherapy and radiation.

Histologic examination

Histologic examination of the nodule from the lobec-
tomy specimen revealed tumor cells with cribriform,
papillary and morular pattern (Fig. 1A) containing folli-
cles without colloid, some papillary formations with cells
that had abundant eosinophilic cytoplasm, hyperchro-
matic nuclei with grooves and pseudo-inclusions with
areas of solid and trabecular growth pattern, composed
of larger more pleiomorphic and oxyntic cells. There
was a focal angioinvasion (Fig. 1B). The tumor also
showed capsular invasion (Fig. 1B). There was increased
mitotic activity with upto 3 mitoses per 10 high power
fields (Fig. 1C).

Immunohistochemistry

The Ki-67 proliferative index was 25% in hot areas (Fig. 1D)
(Table 1). The carcinoma was positive for beta catenin with
nuclear and cytoplasmic staining (Fig. 2A), stains for keratin,
TTF-1 and CK19 were positive while HBME-1 and
thyroglobulin were focally positive. Estrogen receptor (ER)
(Fig. 2B), progesterone receptor (PR) (Fig. 2C) and androgen
receptor (AR) (Fig. 2D) proteins were all diffusely positive.
The tumor cells were negative for BRAF, P53, CEA,
Chromogranin, Synaptophysin, Calcitonin and CDX2.

Follow up

After the diagnosis was made, the patient had a comple-
tion thyroidectomy and histological examination showed
multinodular hyperplasia but no residual malignancy.
She subsequently received radioactive iodine ablation
treatment. Her post therapy whole body radioactive iod-
ine scan showed no evidence of metastasis. Follow up in
21 months has shown no evidence of recurrence or
metastasis.
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Fig. 1 Cribriform-morular variant of papillary thyroid carcinoma (CMVPTC) with dedifferentiated features. A The cribriform component of the
tumor has luminal structures without colloid and prominent cribriform structures lined by stratified tall cells. A morule is also present (arrow)
(X20) B Capsular invasion and a focus of tumor cells entering a blood vessel (arrow) in the capsule in the CMVPTC. (X10). Increase mitotic activity

in the solid portion of the carcinoma with up to three mitoses per 10 high power field. A mitotic figure is shown (arrow). D Ki-67
immunostaining shows increased proliferative index in the solid area of the carcinoma (X40)

Discussion and conclusion

In this report we present a case of a thyroid tumor
with both CMVPTC and PDTC component but with-
out metastasis. These 2 components fit the patho-
logical criteria of each of the 2 histotypes (LiVolsi
et al. 2004; Harach et al. 1994; Sobrinho-Simdées et al.
2004; Volante et al. 2007; Nakazawa et al. 2013).
Although both components coexisted in the same
nodule, the CMVPTC and the PDTC component had
clear distinction. Until now there have been only 3
cases of CMVPTC which showed poorly differentiated
features and another case of cribriform morular vari-
ant of PTC that metastasized to the lung and the
metastatic tumor showed poorly differentiated features
(Table 1).

CMVPTC is a rare thyroid malignancy that is some-
times associated with FAP, but usually occurs as a spor-
adic neoplasm (Rosai ] et al, Rosai et al. 2017). One
investigator (Bussy 1912) recognized in 1912 the associ-
ation of intestinal adenomatous polyposis with extraco-
lonic manifestations, including a “goiter.” Another
investigator (Crail 1949) reported in 1949 the first case
of papillary adenocarcinoma of the thyroid (“with very
little colloid”) associated with multiple primary malig-
nancies arising in the rectum and brain but, it was in
1968 that some investigators (Camiel et al. 1968) sug-
gested that there was a relationship of familial adenoma-
tous polyposis with thyroid carcinoma for the first time.
Chan and co-workers (Chan and Loo 1990) described
rare papillary thyroid carcinomas with a cribriform

Table 1 Reported cases of cribriform-morular variant of papillary thyroid carcinoma with poorly Differentiated Features

Reference Age Sex FAP Metastasis Mutation Ki-67 Index®
Nakazawa, et al. 35 F - lung, bone Somatic APC alteration 15-20%

Oh, et al. 45 F - bone, lymph node TERT promoter —-—-- unknown
Tsuji, et al. 28 F - lung Negative for BRAF 40.2%

Corean, et al. 29 F b none Somatic APC alteration 15%

Present Case 49 F - none Negative for BRAF 25

Ki-67 in primary tumor
bGermline alterations of the APC gene
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Fig. 2 Immunohistochemical staining in the CMVPTC. A Staining for beta catenin shows nuclear and cytoplasmic staining in many tumor cells
(X40). B Strong staining for Estrogen receptor protein is diffusely present in the nuclei of the tumor cells (X20). C Strong staining for Progesterone
receptor protein is diffusely present in the nuclei of the tumor cells tumor cells (X20). D Moderate staining for Androgen receptor protein is

diffusely positive in the nuclei of the tumor cells (X20)

pattern, and soon after Harach (Harach et al. 1994),
recognized the familial adenomatous polyposis-
associated thyroid carcinoma as a distinctive type of fol-
licular cell neoplasm. CMVPTC is more frequently ob-
served in women than in men. The mean age at
diagnosis is 26 years (range 8-61 years), both for FAP-
associated and for sporadic CMVPTC. In FAP-
associated cases (about 60% of the total), thyroid carcin-
oma diagnosis precedes that of FAP in up to 40% of the
cases. This variant seems more common in Asia (65%)
and in America (23%), than in other parts of the world.
(Cameselle-Teijeiro et al. 2018).

Various authors have reviewed the molecular signa-
ture of the inherited and sporadic forms of CMVPTC
and have found mutations in the APC gene in both
forms. These observations suggest that the APC gene
may often play a role in tumorigenesis. Other muta-
tions have also been recognized in CMVPTC, with
the most common being those in the beta-catenin
gene. However, beta catenin mutations have only
been identified as somatic, not germline, in patients
with CMVPTC. (Cameselle-Teijeiro et al., 1999; Xu
et al. 2003; Corean et al. 2019). Both APC and beta
catenin are involved in the Wnt signaling pathway,
and mutations that involve the constitutive activation
of the Wnt signaling pathway can lead to cancer
(Logan and Nusse 2004).

PDTC has an intermediate behavior between well-
differentiated (papillary and follicular) carcinomas and
undifferentiated (anaplastic) carcinoma. The mean 5-
year survival of patients with PDTC is about 50%
(Sobrinho-Simoes et al. 2004). The criteria for making
the diagnosis of PDTC were summarized in the Turin
proposal (Volante et al. 2007). The Turin consensus cri-
teria currently define poorly differentiated carcinoma. In
many cases poorly differentiated tumors exhibit a
complex pattern, and poorly differentiated areas can be
intermixed with a variety of growth patterns, including
areas of well-differentiated papillary or follicular
carcinoma (Rosai et al. 2017).

Nishida and coworkers (Nishida et al., Nishida et al.
1999) showed that focal PDTC, defined as comprising <
10% of a PDTC, versus diffuse PDTC had statistically
better outcomes. Their analysis indicated that diffuse
PDTC was an independent risk factor for total, local, re-
gional lymph node, and distant recurrences. The focal
PDTCs had morbidity and mortality outcomes like their
well-differentiated cohort. PDTC, in contrast to CMVP
TC, is more common in older women and has an
aggressive behavior.

In general, patients with CMVPTC follow an indolent
clinical course with a favorable outcome that is analo-
gous to that of patients with conventional PTC. CMVP
TC is considered to be a low-grade thyroid cancer with
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only rare reports of aggressive behavior with regional or
distance metastasis (Oh et al. 2017). Although about 150
cases of CMVPTC have been reported to date, only 7
patients died from the disease (Harach et al. 1994;
Cameselle-Teijeiro et al. 2009; Fenton et al. 2001). The
proliferation index in CMVPTC is wusually low
(Cameselle-Teijeiro et al., 1999; Xu et al. 2003). None of
the CMVPTC on record had higher than 6% of prolifera-
tion index, except for the unusual CMVPTC reported by
Cameselle-Teijeiro and co-workers (Cameselle-Teijeiro
et al. 2009). Nakazawa and co-workers (Nakazawa et al.
2013) emphasized that the high MIB-1 index (15%) and
the frequent mitotic figures in the CMVPTC component
in their case would indicate that the whole neoplasm
had high-grade malignant potential from inception.

One group of investigators (Cameselle-Teijeiro et al.
2009) reported on a case of CMVPTC with neuroendo-
crine differentiation that metastasized to the lung and
brain. Since this carcinoma was not combined with a
follicular-derived carcinoma, it could represent a colli-
sion tumor and was not included in our series summa-
rized in Table 1.

A recent report (Oh et al. 2017) summarized a case of
45- year- old female without FAP who presented with
multiple lymph nodes and bone metastasis. After total
thyroidectomy and radioactive iodine remnant ablation;
histopathologic examination revealed CMVPTC compo-
nent and molecular analysis of both the primary and
metastatic tumor tissues revealed a telomerase reverse
transcriptase (TERT) promoter mutation, but absence of
APC, BRAF, KRAS, NRAS, HRAS, and PIK3CA muta-
tions. Mutations in the TERT gene promoter increases
telomerase activity and plays an important role in cellu-
lar immortality and tumorigenesis (Mocellin et al. 2013).
These mutations have been observed in aggressive thy-
roid cancers and are associated with older age, recur-
rence, and poor prognosis (Kwon et al. 2015).

In a recent report (Nakazawa et al. 2013) a woman
had metastatic thyroid carcinoma with both CMVPTC
and PDTC components. The two components shared
some of the cytomorphological and immunohistochemi-
cal features as well as the same genetic profile. The au-
thors suggested that the tumor showed morphological
heterogeneity and/or dedifferentiation. This assumption
was supported by immunohistochemical study that
showed that the neoplastic cells of the PDTC compo-
nent displayed intermediate immunohistochemical char-
acteristics between the morular cells and main
neoplastic cells of the CMVPTC component. The PDTC
could occur either de novo or arise from preexisting
well-differentiated thyroid carcinomas, more likely PTCs,
that can be regarded as precursor lesions (Sobrinho-
Simoes et al. 2004). In addition to this evidence and con-
sidering the clinicopathological features of the 2
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components (CMVPTC and PDTC). They suggested
that the preexisting CMVPTC could have progressed or
transformed into PDTC.

The positive APC immunohistochemistry that may be
seen in CMVPTC may suggest an absence of APC muta-
tions (Tsuji et al. 2018). In conventional PTCs, beta-
catenin expression is usually upregulated, in comparison
with nonneoplastic and benign thyroid lesions. Repre-
sentative genetic alterations of PTC are RET/PTC rear-
rangements and BRAF and RAS mutations, which are
usually mutually exclusive with BRAF being the most
common genetic alteration. APC gene mutation has not
been reported in PTC. (Nakazawa et al. 2013). In CMVP
TCs, nuclear and cytoplasmic expression of [B-catenin
are aberrantly detected, because of mutations of the
APC gene (germline or somatic) and/or CTNNBI1 gene
(somatic). Mutation of BRAF gene has not been reported
in any CMVPTCs, including the unusual CMVPTC with
neuroendocrine features (Cameselle-Teijeiro et al. 2013)
In PDTC, aberrant expression of p-catenin and
CTNNBI1 gene mutations have been detected in high-
grade cases (Nakazawa T et al, Nakazawa et al. 2013).
BRAF mutation is found in PDTCs transformed from
PTCs, and is rarely, if ever, detected in PDTC arising
from follicular thyroid carcinomas (Nakazawa et al
2013). In the case form Nakazawa et al,, aberrant immu-
noreactivity for -catenin was detected in both CMVP
TC and PDTC components. Molecular genetic analyses
showed that the 2 components harbored the same som-
atic APC gene mutation and lacked CTNNB1 gene mu-
tation. In their case BRAF mutation was absent in both
the CMVPTCs and the PDTC components. The data
suggests that mutations of APC and CTNNBI genes, in-
volving Wnt signal pathway, are more important than
the PTC-related genetic alterations in the carcinogenic
process of CMVPTC (Kimura et al. 2003).

A recent report of a case of 29-year-old female with
bilateral thyroid nodules without metastasis in which the
carcinoma showed both CMVPTC and PDTC compo-
nents with an interesting genetic alteration provided
insight into the molecular mechanisms in these cancers,
(Corean et al. 2019). The patient had a known history of
constitutional deletion of the short arm of chromosome
5 which encompasses the APC gene locus however the
patient did not have any sign and symptoms of FAP. Im-
munohistochemistry showed strong expression of beta-
catenin by immunohistochemistry in both the CMVPTC
and PDTC components, supporting a disruption in the
Wnt signaling pathway. The authors further analyzed
the molecular components which revealed a single nu-
cleotide deletion within exon 14 of the APC gene, found
only in the PDTC component of the tumor which re-
sulted in a frameshift of the protein coding sequence be-
ginning at amino acid 1214 and created a premature
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stop codon after 51 new amino acids. The CMVPTC
component was distinguished by a single nucleotide sub-
stitution located one base pair downstream of exon 12
of the APC gene. There was a heterozygous germline de-
letion of the APC gene locus on chromosome 5q21 with
2 morphologically distinct areas in the same tumor, each
harboring a different somatic APC genetic alteration.
The fact that there were distinct genetic alterations
unique to the PDTC component raised the possibility
that this component of the tumor was distinct, not only
morphologically, but genetically as well. The authors
suggested that the genetic findings therefore resulted
from dedifferentiation of a CMVPTC tumor via a branch
(clonal) splice site mutation with subsequent intra-
tumoral heterogeneity not explained by any identifiable
common mutation, at least not one identified by the
assay applied in their study.

In a recent study of 33 cases of patients with CMVP
TC the authors had two cases that showed dedifferenti-
ation. However, follow-up information about these cases
was not available and the Ki-67 proliferative index was
not reported (Boyraz et al. 2021). The authors suggested
that these were thyroid malignancy of uncertain
cytogenesis.

A common pathway from well differentiated thyroid
carcinomas to undifferentiated thyroid carcinomas is
epithelial mesenchymal transition (EMT). During EMT
tumor cells change shape from an epithelial morphology
to spindled mesenchymal- type cells and there are asso-
ciated cellular and molecular changes such as increased
expression of Snail, Slug, and Twist during the mesen-
chymal phase of the transition (Buehler et al. 2013;
Hardin et al. 2014). A significant portion of anaplastic
carcinomas have been reported to be associated with
papillary thyroid carcinomas suggesting development by
EMT during this transformation (Albores Saavedra
et al., Albores-Saavedra et al. 2007). Similar findings for
PDTC have not been reported; however, this does not
exclude the possibility of molecular and cellular trans-
formation without obvious mesenchymal changes as
might occur in CMVPTC to poorly differentiated carcin-
omas. More work is needed to define the mechanisms
regulating transformation in these tumors.

Our case showed high expression of ER, PR, and AR
proteins. The significance of these steroid receptor pro-
teins in thyroid tissues have been controversial. Some
authors have found no differences in biological behavior
when these receptors are present (Diaz et al, 1991)
while others have found that thyroid carcinomas ex-
pressing these receptors may have a less aggressive bio-
logical course (Sturmiolo et al. 2016; Tavanger et al,
Tavangar et al. 2007). In contrast others have reported a
more aggressive course in tumors expressing these ster-
oid hormone receptors. (Magni et al. 2012). The
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significance of the presence of the three receptor pro-
teins in the present case suggest that anti-hormonal
therapy may sometimes be useful in patients with ag-
gressive thyroid cancers expressing these hormone
receptors.

In conclusion, rare cases of CMVPTC may show dedif-
ferentiation and more aggressive biological behavior as
documented by several reported cases in the recent
pathology literature. These carcinomas have unique
histopathological features of CMVPTC and PDTC with
increased mitotic activity, an increased Ki-67 prolifera-
tive index along with nuclear expression of beta catenin
that should be helpful in making the diagnosis.
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