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Abstract

Most anaplastic thyroid carcinomas (ATCs) arise from papillary thyroid carcinoma (PTC). This process is also called ana-
plastic transformation, and the morphological harbingers of this phenomenon in nodal recurrence have not been assessed
systematically. For this reason, the current study focused on features of 10 PTCs with regional lymph node recurrence that
was accompanied with disease progression due to anaplastic transformation in at least one of the nodal recurrences. The
findings of additional 19 PTCs which recurred without anaplastic transformation after > 10 years of follow-up served as the
control group. There were no clinicopathological differences between the two groups at initial surgery including age, gen-
der, tumor size, lymph node metastasis, distant metastasis, extrathyroidal extension, histologic subtype, and treatment. The
median time from the initial thyroid surgery to anaplastic transformation in the nodal recurrence was 106 months (range 6 to
437 months). Mutational analyses showed recurrent PTCs with anaplastic transformation had a high prevalence of BRAF"*?E
mutation (8/9) and TERT promoter mutation (9/9), both of which were detected in primary tumors. PIK3CA™!%*7R mutation
was detected in one case. No case had RAS mutation. Nineteen recurrent PTCs without anaplastic transformation harbored
BRAF"5E mutation and seventeen of these had TERT promoter mutation. Unlike primary tumors with subsequent nodal
anaplastic transformation, TERT promoter mutation was only present in the metastatic nodal recurrence from 4 patients
without transformation. No patients had neither high-grade features (necrosis and increased mitotic activity) nor solid/insu-
lar growth or hobnail cell features in their primary tumors. In the group of patients with transformation, 3 had solid/insular
growth in the lymph node metastasis at the time of primary tumor resection (one displaying nuclear features of PTC and
solid growth with increased mitotic activity, one with insular component consistent with poorly differentiated carcinoma
component, and one displaying nuclear features of PTC and solid growth), and additional 2 patients had solid/insular growth
with no high-grade features or poorly differentiated carcinoma component at the time of subsequent nodal recurrence prior
to anaplastic transformation. Hobnail cell features were exclusively seen in subsequent metastatic lymph nodes prior to ana-
plastic transformation. The control group lacked solid/insular growth and hobnail cell features in the metastatic nodal disease.
Aberrant p53 expression and loss of TTF-1 featured tumor components with anaplastic transformation. This series identified
a subset of recurrent PTCs with TERT promoter mutation was prone to undergo anaplastic transformation, and that solid/
insular growth and hobnail cell features were morphological predictors of anaplastic transformation in the nodal recurrence.
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Although rare, anaplastic thyroid carcinoma (ATC), also
called undifferentiated thyroid carcinoma, has the worst
prognosis among thyroid cancers and accounts for 14-39%
of thyroid cancer-related death [1]. ATC may arise de novo
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or from a pre-existing well-differentiated thyroid cancer after
an accumulation of genetic alterations [2]. Much has been
learned regarding various mechanisms underlying anaplas-
tic transformation by comparing characteristics of ATC and
papillary thyroid carcinoma (PTC) co-existing in the same
tumor [3-8]. Moreover, recent next-generation sequencing
(NGS) techniques have revealed the genomic landscape of
PTC and ATC [9-11]. TERT promoter and 7P53 mutations
are the most frequent and distinct mutations in ATCs, while
common driver mutations in thyroid cancers such as BRAF
and RAS (including NRAS, HRAS, and KRAS) are shared
between ATCs and their precedent, well-differentiated thy-
roid cancer [8]. RET gene rearrangements are observed in up
to 43% of PTCs, but are uncommon in ATCs [2, 12].
Despite our increased molecular understanding of ana-
plastic transformation, detailed knowledge on morphologi-
cal harbingers of this process in nodal recurrence is limited.
Previous studies have focused on the relationship between
ATC and PTC in the same tumor. However, the concomi-
tant PTC might represent a well-developed stage in tumor
progression. Taking into account that transformation of
thyroid cancer can take a long time [13, 14], one may miss
intrinsic key factors within this multi-step process. Knowing
these key factors would be a useful predictor of anaplastic
transformation for surgical pathologists and could contrib-
ute to a better therapeutic and patient management strategy.
Although the majority of ATCs, with or without a differ-
entiated component, occur in the thyroid gland, a subset of
these tumors may arise in the metastatic disease after several
years subsequent to the initial surgical resection of primary
PTC [14]. This study focused on 10 PTCs with regional
lymph node recurrence that was accompanied with disease
progression due to anaplastic transformation in at least one
of the nodal recurrences. The findings of additional 19 PTCs
which recurred without any transformation after > 10 years
of follow-up served as the control group for comparison.

Materials and Methods
Case Selection

The pathology files of the University of Yamanashi Hospital
and Ito Hospital (1978 to 2017) identified 10 PTC patients
who initially underwent surgery with later recurrence at
regional lymph nodes one or more times, finally transform-
ing into an ATC in a metastatic lymph node (hereinafter
called recurrent PTC with transformation).

We also searched the database for PTCs that recurred several
times but never underwent anaplastic transformation (herein-
after called recurrent PTC without transformation) in the fol-
lowing manner. In 2017, we searched the database for resected
specimens of metastatic lymph nodes. From these specimens,
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we selected the cases that recurred several times but never
underwent anaplastic transformation during 10 or more years
of follow-up from initial to final surgery. We found 19 PTCs
that fit our inclusion criteria. In each case, the primary tumor,
synchronous lymph node metastases, and recurrent lesions were
subjected to histological, immunohistochemical, and molecular
examination.

The Institutional Review Board of University
of Yamanashi and Ito Hospital approved this study
(approval number 1992).

Histological Assessment

T. O. and T. K. reviewed and discussed findings of all
hematoxylin and eosin stained histologic slides. Mitotic
count was evaluated in 10 high-power fields from hot spots.
Increased mitotic activity was defined when a tumor showed
2 3 mitoses per 10 high-power fields [15]. We considered
a sample to be positive for solid/insular growth or hobnail
cell change when that component accounted for more than
30% of the tumor volume.

Immunohistochemistry

Immunohistochemistry was performed on the Benchmark
GX autostainer (Ventana Medical Systems Inc., Tucson, AZ,
USA) using the following primary antibodies: Mouse anti-
P53 monoclonal antibody (Roche, DO-7), Rabbit anti-TTF-1
monoclonal antibody (Roche, SP141), Rabbit anti-Ki-67
monoclonal antibody (Roche, 30-9), Mouse anti-f-catenin
monoclonal antibody (Roche, 14), and Mouse anti-Human
BRAF V600E monoclonal antibody (Spring Bioscience,
VEL1). We evaluated p53 and TTF-1 positivity as previously
described [7]. We recorded p53 as positive when more than
70% of tumor cells showed an intense signal. An aberrant
TTF-1 loss was determined if < 10% of the tumor cells
in one high-power field lacked nuclear expression. Ki-67
labeling index was also evaluated as previously described.
Briefly, after analyzing 500 tumor cells in a hot spot [16],
we categorized the extent of positivity into four groups as
follows: £ 5%;> 5%, = 10%;> 10%, < 30%; and = 30% of
positive cells [17].

DNA Extraction, PCR, and Sequencing

Formalin-fixed, Paraffin-embedded (FFPE) tissue was
macro-dissected to improve purity of tumor cells before
the genomic DNA was extracted using RecoverAll total
nucleic acid isolation Kit (Ambion, Austin, Texas, USA).
If DNA extraction from the primary tumor failed, we sub-
stituted the genetic profile of the nodal metastatic tumor
from the initial surgery. We targeted the BRAF, NRAS,
HRAS, KRAS, PIK3CA, and TERT promoter genes in the
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Fig. 1 Representative histopa-
thology of anaplastic thyroid
carcinomas including sarco-
matoid (a), giant cell (b), and
epithelioid (c¢) variants

PTCs and ATCs and then amplified the mutation hot spots
using standard PCR protocols. The PCR products were
subjected to direct Sanger sequencing with each forward
primer.

Statistical Analyses

Statistical analyses included the chi-square test and the
Fisher’s exact test for categorical variables, and the Stu-
dent’s 7-test and Mann—Whitney test for continuous data.
A P < 0.05 was considered statistically significant. All
statistical analyses were performed using GraphPad Prism
8 software (GraphPad software, San Diego California,
USA).
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Results

Histopathological Findings

No primary tumor had neither high-grade features (necro-
sis or increased mitotic activity) nor hobnail cell features.
All but 2 recurrent PTCs with transformation were clas-
sical PTC at the primary site. All ATC components in the
nodal recurrence were of common types (Fig. 1a, b, ¢),
and four patients had a lymph node metastasis with necro-
sis and/or increased mitotic activity before the anaplastic
transformation (Fig. 2a).

Of the 19 recurrent PTCs without transformation, 18
were classical PTCs, and one was an infiltrative follicular
variant. Recurrent PTCs without transformation did not
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Fig.2 Graphical representation of molecular and histologic findings
of recurrent papillary thyroid carcinoma (PTC) with transformation
to anaplastic thyroid carcinoma (ATC) (a) and recurrent PTC without
ATC transformation (b). P indicates primary site. PL indicates lymph

node involvement at the time of thyroidectomy; L with a number indi-
cates the number of lymph node recurrences. Lymph node recurrence
in which PTC transforms into ATC is grey colored
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show necrosis or increased mitotic activity at their primary
sites (Fig. 2b). There were no significant differences with
respect to histological subtype of primary PTCs among
recurrent PTCs with or without anaplastic transformation
(Table 1).

In the group of patients with transformation, 3 had
solid/insular growth in the lymph node metastasis at the
time of primary tumor resection (one displaying nuclear
features of PTC and solid growth with increased mitotic
activity, one with insular component consistent with
poorly differentiated carcinoma component, and one dis-
playing nuclear features of PTC and solid growth), and
additional 2 patients had solid/insular growth with no
high-grade features or poorly differentiated carcinoma
component at the time of subsequent nodal recurrence
prior to anaplastic transformation (Figs. 2 and 3a-h). In

addition, hobnail cell changes featured nodal recurrence
in 3 patients, one of which had also synchronous solid
growth in the metastatic nodal disease (Fig. 2). In this
group, two of three nodal recurrences with hobnail cell
change showed increased mitotic activity.

Meanwhile, none of the recurrent PTCs without trans-
formation had solid/insular growth or hobnail cell changes
in primary or nodal disease (Fig. 2b). Nor was there necro-
sis in the metastatic lymph nodes. Only two cases (cases
6 and 16) had increased mitotic activity at the metastatic
lymph nodes. Mitotic counts tended to increase with
repeated nodal recurrence in the group of PTCs with trans-
formation, but this finding did not change in the recurrent
PTCs without transformation group. Similarly, Ki-67 labe-
ling index increased with repeated recurrences of PTCs in
the transformation group (Fig. 2).

Table 1 Clinicopathological features of recurrent papillary thyroid carcinomas with and without anaplastic transformation

Recurrent PTC with transfor-  Recurrent PTC without transfor-  p value
mation (n = 10) mation (n = 19)

Age (median [range]) 57 [44,75] 59 [27,70] 0.90
> 60 4 6 0.70
=60 6 13

Sex 0.99
Male 2 3
Female 8 16

Tumor size (mean +SD) (cm) 334+174 32.0+ 149 0.49

Histologic subtype 0.32
Classical 8 18
FV 1 1
TV 1 0

Extrathyroid extension 7 9 0.43

LN metastasis at presentation 0.27
All 8 18%*

Central only: pN1la 4 5

Central +lateral cervical: pN1b 4 12

Distant metastasis 0 1 [lung] 0.99

Surgery
Total thyroidectomy 6 7
Subtotal thyroidectomy 3 6
Lobectomy 1 5
Tumor enucleation 0 1

RAI 4 11 0.45

DOD 8 1

Time to first LN recurrence (median [range]) (mo) 59 [6, 437] 66 [17, 223] 0.34

Time to anaplastic transformation (median [range]) (mo) 106 [6, 437]

Follow-up (mo) (median range]) (mo) 113 [9, 448] 198 [131, 261]

PTC papillary thyroid carcinoma, FV follicular variant, TV tall cell variant, LN lymph node, RAI radioactive iodine therapy, DOD death of dis-

case

*One case did not include the information about the extent of lymph node metastasis
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Fig.3 Representative histol-
ogy of solid/insular growth and
hobnail cell change in the group
of patients with subsequent
nodal recurrence with anaplastic
transformation. Solid pattern

in case 1 (a, b) and case 6 (c,
d). Hobnail cell change in case
8 (e, f). Insular pattern in case
10 (g, h)

Clinical characteristics surgery. Supplementary Table 1 and Table 2 describe the

clinicopathological features of each of the 29 cases in our
Table 1 summarizes the clinicopathological features of both  study. Four recurrent PTCs with transformation developed
tumor groups. There were no significant differences between ~ ATC at their first nodal recurrence. The remaining six PTCs
the two groups in any clinical variables at the time of initial ~ transformed at their second or later lymph node recurrence.
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Median period from initial surgery to anaplastic transforma-
tion was 106 months (range 6 to 437).

Molecular analysis

Figure 2 summarizes the data on mutation analyses in both
tumor groups. Other than case 7, the recurrent PTCs with
transformation had at least one sample available for muta-
tion analysis. Most PTCs, regardless of anaplastic transfor-
mation, were BRAF mutated tumors. Eight of 9 recurrent
PTCs with transformation and all (19/19) recurrent PTCs
without transformation were BRAF"9%F positive. The
BRAFY9%E mutation was detected in both primary tumors
and metastatic lymph nodes with only a few cases showing
discordance of BRAF"9%E status between them. For cases
with discordant BRAF mutation status, we also tested with
BRAF V600E mutation-specific VE1 antibody and resolved
the discordant mutation status between primary tumor and
metastatic lymph node in all but one case (case 6). We did
not find any RAS mutations, including NRAS, KRAS, and
HRAS, in our samples. All recurrent PTCs with transforma-
tion (9/9) tested also had the TERT promoter mutation: 3
cases harbored Chr.5:1295250C > T (C250T) and 6 cases
had Chr.5:1295228C > T (C228T). Both mutations were
acquired at the primary PTC specimens and retained during
tumor progression.

Furthermore, we found TERT promoter mutation in 17 of
19 recurrent PTCs without transformation: 16 had C228T
and 1 had C250T. Although all recurrent PTCs with trans-
formation acquired TERT promoter mutation at the time of
the primary tumor, we found TERT promoter mutation in 4
recurrent PTCs without transformation only in lymph node
metastases. We detected PIK3CA®%F mutation in 1 recur-
rent PTC with transformation and 1 without transformation.

Although immunohistochemistry revealed aberrant
expression of p53, the latter was limited only to the ATC

Fig.4 Immunohistochemistry
of papillary thyroid carcinomas
(PTCs) and anaplastic thyroid
carcinomas (ATCs). p53 expres-
sion is weak in PTC component
(a) but diffuse and strong in
ATC component (b). Hobnail
cell change in a recurrent lymph
node metastasis (case 3) shows
diffuse and strong p53 positiv-
ity (c¢). Nuclear expression of
TTF-1 is retained in the PTC
component (d) but lost in the
ATC component (e) within the
same tumor. Nuclear positivity
of B-catenin is absent from all
study samples (f)
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component in 5 recurrent PTCs with transformation; the
hobnail component in case 3 also showed aberrant expres-
sion of p53 (Fig. 4a, b, ¢). Four recurrent PTCs with trans-
formation had loss of TTF-1 expression. Their aberrant p53
expression was completely confined to the ATC component
(Fig. 4d, e). There was no nuclear positivity of p-catenin in
any of our study samples (Fig. 4f).

Discussion

In this study, we evaluated the clinicopathological and
molecular features of recurrent PTCs which finally trans-
formed into ATCs in the metastatic lymph nodes. We found
no difference in clinicopathological features between recur-
rent PTCs with and without transformation, which indicated
that these groups were not significantly dissimilar at the time
of their primary tumor stage. However, only recurrent PTCs
with transformation had characteristic histologic growth
patterns including solid/insular growth and/or hobnail cell
change in the metastatic nodes.

TERT promoter mutation is not common in PTC, but it is
frequently found in ATC. TERT promoter mutation accounts
for about 10% of PTCs overall, while up to 70% of ATCs
contain this mutation [9, 11]. Oishi et al. recently analyzed
the mutational status of ATC with concomitant PTC com-
ponent and concluded that the TERT promoter mutation was
a predictive factor for anaplastic transformation in PTC [7].
In the present study, we found that the TERT promoter muta-
tion was present even in the primary tumors of recurrent
PTCs with metachronous transformation to ATC, which is
in support of the former findings of their study. Studies of
other tumors reported that TERT promoter mutation was an
early event of carcinogenesis [18-21]. The mechanism by
which TERT promoter mutation potentiates tumor develop-
ment is not fully understood [22]. An experimental work by
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Chiba et al. suggested a two-step scenario for development
of TERT promoter-mutated tumors [23]. This scenario could
partly explain our findings showing TERT promoter-mutated
PTCs remain quiet as PTCs for a relatively long time with
a subsequent, sudden transformation to ATCs. However,
we noted that almost all recurrent PTCs without transfor-
mation in our study also had the TERT promoter mutation
within the primary tumor. A possible explanation is that our
study only included PTCs with repetitive recurrences during
more than 10-year follow-up. PTCs harboring BRAF and
TERT promoter mutations have a higher recurrence rate and
shorter disease-free patient survival than their non-mutated
counterparts [24, 25]. Selecting PTCs with repetitive recur-
rence with such a long-term follow-up may have resulted in
a potentially biased PTC population with highly frequent
BRAF and TERT promoter mutations. Moreover, evaluating
TERT promoter mutation status not only in primary tumor
but also recurrent lymph node might have contributed to the
high frequency of TERT promoter mutation. Tumor subpop-
ulation with TERT promoter mutation could have gradually
expanded through repetitive recurrence, which enabled us to
detect TERT promoter mutation. A recent study showed that
concomitant mutations of BRAF with TERT also indicate
a worse prognosis for ATCs [26]. We found that a certain
subset of tumors among TERT promoter-mutated PTCs were
prone to anaplastic transformation during tumor develop-
ment. TERT promoter mutations might be an intrinsic key
factor of tumor multistep progression, although it is not the
sole driver of anaplastic transformation. It remains unclear
what the proportion of TERT promoter-mutated PTCs trans-
forms to ATCs.

Unlike TERT promoter mutation, we found an aberrant
expression of p53 and loss of TTF-1 expression exclusively
in the ATC component. Our results are similar to a previ-
ous study reporting that these aberrant expressions were
present only in ATC components [7]. In the current series,
only a single case had PIK3CA mutation. A previous study
found the PIK3CA mutation in 18% of ATCs [9]. In contrast,
PIK3CA alterations are not common in PTCs [11]. PIK3CA
mutation tends to occur with BRAF. Charles et al. showed
that PIK3CA and BRAF mutation cooperate to promote the
development of ATC in their experimental model, suggest-
ing a pivotal role of PIK3CA in the process of anaplastic
transformation [27]. Other studies showed that when BRAF
is present in ATCs, the frequency of PIK3CA mutation
increases up to 30% [7, 9]. In our study, almost all PTCs
were BRAF mutated, but the frequency of PIK3CA muta-
tion was considerably lower than 30%. Although PIK3CA
mutation might contribute to anaplastic transformation of
PTC, its low incidence makes it a poor predictive factor of
anaplastic transformation.

We found solid and insular growth in the metastatic
lymph node during ATC development. Most conventional

PTCs usually do not show these poorly differentiated mor-
phologies in lymph node metastases; emergence of these
components in recurrent PTCs could implicate a subsequent
anaplastic transformation. Only a patient with metastatic
nodal disease at the time of primary tumor resection dis-
played an insular growth pattern which met the criteria of
dedifferentiation to poorly differentiated carcinoma (PDTC)
in the background of papillary thyroid carcinoma [15]; the
others did not meet the criteria because they all retained
cytological features of PTCs. Other PTCs with solid com-
ponent retained typical cytological features of PTC and are
classified as a solid variant of PTC. This variant is not as
aggressive as a PDTC and should be distinguished from
them [28]. Nevertheless, it is noteworthy that these com-
ponents appeared in the process of transformation to ATC.
Hiltzik et al. classified PDTC based on high-grade features
including increased mitotic count and/or presence of necro-
sis irrespective of the PTC-like nuclei and tumor growth pat-
tern [29]. In our study, there were 1 nodal disease at the time
of initial surgery (case 6) and 2 nodal recurrences (cases 3
and 5) that had high-grade features as defined by Hiltzik
etal.: 1 solid PTC (case 6) and 2 nodal recurrences that also
featured hobnail cell features (cases 3 and 5). In contrast,
only a few PTCs without transformation showed increased
mitotic activity at their nodal metastases. Regardless of the
growth pattern and cytologic changes, increased mitotic
count and/or presence of necrosis, namely, high-grade fea-
tures can be predictive factors of a subsequent anaplastic
transformation in recurrent PTCs. However, we thought that
the evaluation of solid/insular growth and hobnail change is
more likely to be associated with a subsequent anaplastic
transformation than Hiltzik’s criteria for the following rea-
sons. First, all cases with high-grade features in our series
showed solid/insular growth and/or hobnail cell change.
Second, solid/insular growth and hobnail cell change that
did not meet Hiltzik’s criteria were also associated with
a subsequent anaplastic transformation. Histological con-
firmation of solid/insular growth and hobnail cell change
in a metastatic lymph node are as important as high-grade
features in routine clinical practice for assessing the risk of
anaplastic transformation.

The hobnail variant of PTC is a relatively new subtype
with aggressive behavior [30, 31]. They are, to some extent,
genetically similar to PDTC in that p53 and TERT promoter
mutations are more frequent in this variant than in classi-
cal PTCs [32]. Cameselle-Teijeiro et al. reported that two
PTCs with the hobnail cell features transformed into ATC
in lymph nodes [33]. In that study, hobnail cell components
were positive for p53. In our study, we found 3 patients with
metastatic nodal disease originating from PTCs with hobnail
cell features in the process of anaplastic transformation, but
only one was positive for p53. The occurrence of hobnail
cell change might be an important predictor of anaplastic
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Fig.5 Schematic representation
of putative pathway of anaplas-
tic transformation in recurrent
papillary thyroid carcinoma

TERTP (+)

PTC

TERTp (-)

transformation; however, the presence of p53 mutation in
hobnail components might not necessarily correlate to sub-
sequent anaplastic transformation.

Although we found a characteristic histologic change in
recurrent metastatic lymph nodes, the predominant histotype
of primary tumors was classical PTCs (8/10). In contrast,
Ragazzi et al. showed that aggressive variants such as the
tall cell, columnar, and hobnail cell variants were common
in those PTCs concomitant with ATC [34]. We agree that
PTCs coexisting with ATCs represent aggressive forms of
this disease; however, PTCs that transform to ATCs through
lymph node recurrence may look like a less aggressive dis-
ease at the time of their initial diagnoses.

Our study had some limitations such as our case series
being based on an uncommon situation; that is, PTCs which
transform into ATCs in only lymph node recurrences are
rare. Most anaplastic transformation occurs in the thyroid
gland. Furthermore, almost all ATCs in our study were
BRAF positive because we focused on ATCs arising from
PTCs. Since some ATCs are RAS mutated and others are
BRAF and RAS negative, our study focused on only a subset
of ATCs. Another limitation was the possibility that some
PTCs in our control group might still transform to ATC
beyond the follow-up period of this series, even though we
provided a considerable time period of > 10 years for follow-
up. Finally, there was no significant molecular event distin-
guishing transformed recurrent PTCs from non-transformed
recurrent PTCs. This is partly because we targeted a limited
number of somatic mutations frequently found in thyroid
cancer. Our study implies that accurately predicting anaplas-
tic transformation based on a limited representative mutation
is impossible. We need to address a more comprehensive
mutational analysis in the future.

In conclusion, our results showed that a certain sub-
set of recurrent PTCs with TERT promoter mutation
was prone to undergo anaplastic transformation. The
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identification of solid/insular growth and hobnail cell fea-
tures in the nodal disease may be harbinger of subsequent
nodal disease recurrence with anaplastic transformation
(Fig. 5). Our findings are of clinical significance as it pro-
vided additional insights to diagnosticians in the dynamic
risk stratification of thyroid oncology patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12022-021-09674-1.

Acknowledgements We are grateful to Ms. Wakaba Tha and Mr.
Yoshihito Koshimizu for technical support and Ms. Kayoko Kono for
executive assistance.

Funding JSPS KAKENHI (Grants-in-Aid for Scientific Research) sup-
ported this work with grant number JP19K16583.

Availability of Data and Material All data generated or analyzed during
this study are included in this article and its supplementary informa-
tion files.

Declarations

Ethical Approval The Institutional Review Board of University of
Yamanashi and Ito Hospital approved this study (approval number
1992).

Consent for Publication All authors agree and confirm the publication.

Conflict of Interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will


https://doi.org/10.1007/s12022-021-09674-1

Endocrine Pathology (2021) 32:347-356

355

need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

12.

Molinaro E, Romei C, Biagini A, Sabini E, Agate L, Mazzeo S,
Materazzi G, Sellari-Franceschini S, Ribechini A, Torregrossa
L, Basolo F, Vitti P, Elisei R (2017) Anaplastic thyroid carci-
noma: from clinicopathology to genetics and advanced thera-
pies. Nat Rev Endocrinol 13 (11):644-660. https://doi.org/10.
1038/nrendo.2017.76

Kondo T, Ezzat S, Asa SL (2006) Pathogenetic mechanisms in
thyroid follicular-cell neoplasia. Nat Rev Cancer 6 (4):292-306.
https://doi.org/10.1038/nrc1836

Nikiforova MN, Kimura ET, Gandhi M, Biddinger PW, Knauf JA,
Basolo F, Zhu Z, Giannini R, Salvatore G, Fusco A, Santoro M,
Fagin JA, Nikiforov YE (2003) BRAF mutations in thyroid tumors
are restricted to papillary carcinomas and anaplastic or poorly dif-
ferentiated carcinomas arising from papillary carcinomas. J Clin
Endocrinol Metab 88 (11):5399-5404. https://doi.org/10.1210/jc.
2003-030838

Hunt JL, Tometsko M, LiVolsi VA, Swalsky P, Finkelstein SD,
Barnes EL (2003) Molecular evidence of anaplastic transforma-
tion in coexisting well-differentiated and anaplastic carcinomas
of the thyroid. Am J Surg Pathol 27 (12):1559-1564

Nikiforov YE (2004) Genetic alterations involved in the transition
from well-differentiated to poorly differentiated and anaplastic
thyroid carcinomas. Endocr Pathol 15 (4):319-327

Quiros RM, Ding HG, Gattuso P, Prinz RA, Xu X (2005) Evi-
dence that one subset of anaplastic thyroid carcinomas are derived
from papillary carcinomas due to BRAF and p53 mutations. Can-
cer 103 (11):2261-2268. https://doi.org/10.1002/cncr.21073
Oishi N, Kondo T, Ebina A, Sato Y, Akaishi J, Hino R, Yamamoto
N, Mochizuki K, Nakazawa T, Yokomichi H, Ito K, Ishikawa Y,
Katoh R (2017) Molecular alterations of coexisting thyroid papil-
lary carcinoma and anaplastic carcinoma: identification of TERT
mutation as an independent risk factor for transformation. Mod
Pathol 30 (11):1527-1537. https://doi.org/10.1038/modpathol.
2017.75

Volante M, Lam AK, Papotti M, Tallini G (2021) Molecular
Pathology of Poorly Differentiated and Anaplastic Thyroid Can-
cer: What Do Pathologists Need to Know? Endocrine pathology.
https://doi.org/10.1007/s12022-021-09665-2

Landa I, Ibrahimpasic T, Boucai L, Sinha R, Knauf JA, Shah RH,
Dogan S, Ricarte-Filho JC, Krishnamoorthy GP, Xu B, Schultz N,
Berger MF, Sander C, Taylor BS, Ghossein R, Ganly I, Fagin JA
(2016) Genomic and transcriptomic hallmarks of poorly differen-
tiated and anaplastic thyroid cancers. J Clin Invest 126 (3):1052-
1066. https://doi.org/10.1172/jci85271

Yoo SK, Song YS, Lee EK, Hwang J, Kim HH, Jung G, Kim
YA, Kim SJ, Cho SW, Won JK, Chung EJ, Shin JY, Lee KE,
Kim JI, Park YJ, Seo JS (2019) Integrative analysis of genomic
and transcriptomic characteristics associated with progression of
aggressive thyroid cancer. Nat Commun 10 (1):2764. https://doi.
org/10.1038/s41467-019-10680-5

Cancer Genome Atlas Research N (2014) Integrated genomic
characterization of papillary thyroid carcinoma. Cell 159 (3):676-
690. https://doi.org/10.1016/j.cell.2014.09.050

Chu YH, Wirth LJ, Farahani AA, Nosé V, Faquin WC, Dias-Santagata
D, Sadow PM (2020) Clinicopathologic features of kinase fusion-
related thyroid carcinomas: an integrative analysis with molecular
characterization. Modern pathology : an official journal of the United

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

States and Canadian Academy of Pathology, Inc 33 (12):2458-2472.
https://doi.org/10.1038/s41379-020-0638-5

Kim H, Park YW, Oh YH, Sim J, RoJY, PyoJY (2017) Anaplas-
tic Transformation of Papillary Thyroid Carcinoma Only Seen
in Pleural Metastasis: A Case Report with Review of the Litera-
ture. Head Neck Pathol 11 (2):162-167. https://doi.org/10.1007/
s12105-016-0751-4

Ito Y, Higashiyama T, Hirokawa M, Fukushima M, Inoue H,
Yabuta T, Tomoda C, Uruno T, Kihara M, Takamura Y, Miya
A, Kobayashi K, Matsuzuka F, Miyauchi A (2008) Prognosis of
patients with papillary carcinoma showing anaplastic transforma-
tion in regional lymph nodes that were curatively resected. Endocr
J 55 (6):985-989

Volante M, Collini P, Nikiforov YE, Sakamoto A, Kakudo K,
Katoh R, Lloyd RV, LiVolsi VA, Papotti M, Sobrinho-Simoes M,
Bussolati G, Rosai J (2007) Poorly differentiated thyroid carci-
noma: the Turin proposal for the use of uniform diagnostic criteria
and an algorithmic diagnostic approach. Am J Surg Pathol 31
(8):1256-1264. https://doi.org/10.1097/PAS.0b013e3180309e6a
Matsuse M, Yabuta T, Saenko V, Hirokawa M, Nishihara E, Suzuki
K, Yamashita S, Miyauchi A, Mitsutake N (2017) TERT promoter
mutations and Ki-67 labeling index as a prognostic marker of pap-
illary thyroid carcinomas: combination of two independent factors.
Sci Rep 7:41752. https://doi.org/10.1038/srep41752

Kakudo K, Wakasa T, Ohta Y, Yane K, Ito Y, Yamashita H (2015)
Prognostic classification of thyroid follicular cell tumors using
Ki-67 labeling index: risk stratification of thyroid follicular cell
carcinomas. Endocr J 62 (1):1-12. https://doi.org/10.1507/endocrj.
EJ14-0293

Shain AH, Yeh I, Kovalyshyn I, Sriharan A, Talevich E, Gagnon
A, Dummer R, North J, Pincus L, Ruben B, Rickaby W, D’Arrigo
C, Robson A, Bastian BC (2015) The Genetic Evolution of Mela-
noma from Precursor Lesions. N Engl J Med 373 (20):1926-1936.
https://doi.org/10.1056/NEJMoal502583

. Nault JC, Calderaro J, Di Tommaso L, Balabaud C, Zafrani ES,

Bioulac-Sage P, Roncalli M, Zucman-Rossi J (2014) Telomer-
ase reverse transcriptase promoter mutation is an early somatic
genetic alteration in the transformation of premalignant nodules
in hepatocellular carcinoma on cirrhosis. Hepatology 60 (6):1983-
1992. https://doi.org/10.1002/hep.27372

Kinde I, Munari E, Faraj SF, Hruban RH, Schoenberg M, Bivalacqua
T, Allaf M, Springer S, Wang Y, Diaz LA, Jr., Kinzler KW, Vogelstein
B, Papadopoulos N, Netto GJ (2013) TERT promoter mutations occur
early in urothelial neoplasia and are biomarkers of early disease and
disease recurrence in urine. Cancer Res 73 (24):7162-7167. https://
doi.org/10.1158/0008-5472.Can-13-2498

Goutagny S, Nault JC, Mallet M, Henin D, Rossi JZ, Kalamarides
M (2014) High incidence of activating TERT promoter mutations
in meningiomas undergoing malignant progression. Brain Pathol
24 (2):184-189. https://doi.org/10.1111/bpa.12110

Colebatch AJ, Dobrovic A, Cooper WA (2019) TERT gene: its
function and dysregulation in cancer. J Clin Pathol 72 (4):281-
284. https://doi.org/10.1136/jclinpath-2018-205653

Chiba K, Lorbeer FK, Shain AH, McSwiggen DT, Schruf E,
Oh A, Ryu J, Darzacq X, Bastian BC, Hockemeyer D (2017)
Mutations in the promoter of the telomerase gene TERT con-
tribute to tumorigenesis by a two-step mechanism. Science 357
(6358):1416-1420. https://doi.org/10.1126/science.aao0535
Xing M, Liu R, Liu X, Murugan AK, Zhu G, Zeiger MA, Pai S,
Bishop J (2014) BRAF V600E and TERT promoter mutations
cooperatively identify the most aggressive papillary thyroid can-
cer with highest recurrence. Journal of clinical oncology : offi-
cial journal of the American Society of Clinical Oncology 32
(25):2718-2726. https://doi.org/10.1200/jc0.2014.55.5094

Liu R, Bishop J, Zhu G, Zhang T, Ladenson PW, Xing M (2017)
Mortality Risk Stratification by Combining BRAF V600E and

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/nrendo.2017.76
https://doi.org/10.1038/nrendo.2017.76
https://doi.org/10.1038/nrc1836
https://doi.org/10.1210/jc.2003-030838
https://doi.org/10.1210/jc.2003-030838
https://doi.org/10.1002/cncr.21073
https://doi.org/10.1038/modpathol.2017.75
https://doi.org/10.1038/modpathol.2017.75
https://doi.org/10.1007/s12022-021-09665-2
https://doi.org/10.1172/jci85271
https://doi.org/10.1038/s41467-019-10680-5
https://doi.org/10.1038/s41467-019-10680-5
https://doi.org/10.1016/j.cell.2014.09.050
https://doi.org/10.1038/s41379-020-0638-5
https://doi.org/10.1007/s12105-016-0751-4
https://doi.org/10.1007/s12105-016-0751-4
https://doi.org/10.1097/PAS.0b013e3180309e6a
https://doi.org/10.1038/srep41752
https://doi.org/10.1507/endocrj.EJ14-0293
https://doi.org/10.1507/endocrj.EJ14-0293
https://doi.org/10.1056/NEJMoa1502583
https://doi.org/10.1002/hep.27372
https://doi.org/10.1158/0008-5472.Can-13-2498
https://doi.org/10.1158/0008-5472.Can-13-2498
https://doi.org/10.1111/bpa.12110
https://doi.org/10.1136/jclinpath-2018-205653
https://doi.org/10.1126/science.aao0535
https://doi.org/10.1200/jco.2014.55.5094

356

Endocrine Pathology (2021) 32:347-356

26.

27.

28.

29.

30.

31.

TERT Promoter Mutations in Papillary Thyroid Cancer: Genetic
Duet of BRAF and TERT Promoter Mutations in Thyroid Cancer
Mortality. JAMA oncology 3 (2):202-208. https://doi.org/10.1001/
jamaoncol.2016.3288

Xu B, Fuchs T, Dogan S, Landa I, Katabi N, Fagin JA, Tuttle
RM, Sherman E, Gill AJ, Ghossein R (2020) Dissecting Anaplas-
tic Thyroid Carcinoma: A Comprehensive Clinical, Histologic,
Immunophenotypic, and Molecular Study of 360 Cases. Thyroid :
official journal of the American Thyroid Association 30 (10):1505-
1517. https://doi.org/10.1089/thy.2020.0086

Charles RP, Silva J, lezza G, Phillips WA, McMahon M (2014)
Activating BRAF and PIK3CA mutations cooperate to promote
anaplastic thyroid carcinogenesis. Mol Cancer Res 12 (7):979-
986. https://doi.org/10.1158/1541-7786.Mcr-14-0158-t
Nikiforov YE, Erickson LA, Nikiforova MN, Caudill CM, Lloyd
RV (2001) Solid variant of papillary thyroid carcinoma: inci-
dence, clinical-pathologic characteristics, molecular analysis, and
biologic behavior. Am J Surg Pathol 25 (12):1478-1484

Hiltzik D, Carlson DL, Tuttle RM, Chuai S, Ishill N, Shaha A,
Shah JP, Singh B, Ghossein RA (2006) Poorly differentiated thy-
roid carcinomas defined on the basis of mitosis and necrosis: a
clinicopathologic study of 58 patients. Cancer 106 (6):1286-1295.
https://doi.org/10.1002/cncr.21739

Motosugi U, Murata S, Nagata K, Yasuda M, Shimizu M (2009)
Thyroid papillary carcinoma with micropapillary and hobnail
growth pattern: a histological variant with intermediate malig-
nancy? Thyroid 19 (5):535-537. https://doi.org/10.1089/thy.2008.
0271

Asioli S, Erickson LA, Sebo TJ, Zhang J, Jin L, Thompson GB,
Lloyd RV (2010) Papillary thyroid carcinoma with prominent

@ Springer

32.

33.

34.

hobnail features: a new aggressive variant of moderately differ-
entiated papillary carcinoma. A clinicopathologic, immunohisto-
chemical, and molecular study of eight cases. Am J Surg Pathol
34 (1):44-52. https://doi.org/10.1097/PAS.0b013e3181c46677
Watutantrige-Fernando S, Vianello F, Barollo S, Bertazza L,
Galuppini F, Cavedon E, Censi S, Benna C, Ide EC, Parisi A,
Nacamulli D, Tacobone M, Pennelli G, Mian C (2018) The Hob-
nail Variant of Papillary Thyroid Carcinoma: Clinical/Molecular
Characteristics of a Large Monocentric Series and Comparison
with Conventional Histotypes. Thyroid 28 (1):96-103. https://doi.
org/10.1089/thy.2017.0248

Cameselle-Teijeiro JM, Rodriguez-Perez I, Celestino R, Eloy C,
Piso-Neira M, Abdulkader-Nallib I, Soares P, Sobrinho-Simoes
M (2017) Hobnail Variant of Papillary Thyroid Carcinoma: Clin-
icopathologic and Molecular Evidence of Progression to Undiffer-
entiated Carcinoma in 2 Cases. Am J Surg Pathol 41 (6):854-860.
https://doi.org/10.1097/pas.0000000000000793

Ragazzi M, Torricelli F, Donati B, Ciarrocchi A, de Biase D,
Tallini G, Zanetti E, Bisagni A, Kuhn E, Giordano D, Frasoldati
A, Piana S (2020) Coexisting well-differentiated and anaplastic
thyroid carcinoma in the same primary resection specimen: immu-
nophenotypic and genetic comparison of the two components in
a consecutive series of 13 cases and a review of the literature.
Virchows Archiv. https://doi.org/10.1007/s00428-020-02891-9

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1001/jamaoncol.2016.3288
https://doi.org/10.1001/jamaoncol.2016.3288
https://doi.org/10.1089/thy.2020.0086
https://doi.org/10.1158/1541-7786.Mcr-14-0158-t
https://doi.org/10.1002/cncr.21739
https://doi.org/10.1089/thy.2008.0271
https://doi.org/10.1089/thy.2008.0271
https://doi.org/10.1097/PAS.0b013e3181c46677
https://doi.org/10.1089/thy.2017.0248
https://doi.org/10.1089/thy.2017.0248
https://doi.org/10.1097/pas.0000000000000793
https://doi.org/10.1007/s00428-020-02891-9

	Progression of Papillary Thyroid Carcinoma to Anaplastic Carcinoma in Metastatic Lymph Nodes: SolidInsular Growth and Hobnail Cell Change in Lymph Nodes Are Predictors of Subsequent Anaplastic Transformation
	Abstract
	Introduction
	Materials and Methods
	Case Selection
	Histological Assessment
	Immunohistochemistry
	DNA Extraction, PCR, and Sequencing
	Statistical Analyses

	Results
	Histopathological Findings
	Clinical characteristics
	Molecular analysis

	Discussion
	Acknowledgements 
	References


