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Background: Radioiodine (Rl) ablation following thyroid-stimulating hormone suppression is an effective treatment for papillary thyroid
cancer (PTC), typically leading to favorable outcomes. However, Rl-refractory tumors exhibit aggressive behavior and poor prognoses.
Recent studies highlight the role of genetic abnormalities in PTC signaling pathways, including the activation of telomerase reverse tran-
scriptase (TERT), and the correlation of mutations with adverse outcomes. Methods: This study analyzed mutations in BRAF V600E and
the TERT-promoter genes, comparing clinicopathological features between Rl-refractory and RI-responsive PTCs. Among 82 Rl-refrac-
tory patients, formalin-fixed, paraffin-embedded tissues from initial surgeries were available for 26. Another 89 without distant metasta-
sis over 5 years formed a matched Rl-responsive control group. Results: Histopathologically, RI-refractory PTCs showed increased fre-
quencies of small tumor clusters without fibrovascular cores, hobnail features, and a high height-to-width ratio of tumor cells. These
tumors were more likely to exhibit necrosis, mitosis, lymph node metastasis, extrathyroidal extension, and involvement of resection
margins. TERT-promoter mutations were statistically significantly associated with these aggressive clinicopathologic features. Immuno-
histochemically, decreased expression of sodium iodide symporter and thyroglobulin stimulating hormone receptor proteins was com-
mon in Rl-refractory PTCs, along with lower levels of oncogenic proteins such as vascular endothelial cell growth factor, vascular endo-
thelial cell growth factor receptor 2, and nuclear factor kappa-light-chain-enhancer of activated B cells. Total loss of PTEN expression
was occasionally observed. In contrast, all cases tested positive for cytoplasmic -catenin. Conclusions: Rl-refractory PTCs are linked

to TERT mutations and exhibit specific aggressive histopathologic features, particularly in tumor centers.
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Papillary thyroid carcinoma (PTC) is the most common type
of malignant thyroid neoplasm, with incidence rates increasing
significantly in recent years [1,2]. Guidelines for the manage-
ment of thyroid cancer recommend active surveillance and con-
servative treatments, such as lobectomy, while standard treat-
ment includes a total or near-total thyroidectomy and adjuvant
radioactive iodine (RI) ablation with thyroid-stimulating hot-
mone (TSH) suppression [3].

Thyroid follicular cells use a sodium iodide symporter (NIS)
to trap iodine, a process regulated by TSH. Todine-131 ("*'I) is
effective for therapy and the imaging of differentiated thyroid
cancer (DTC), but dedifferentiated, poorly differentiated, and an-
aplastic thyroid tumors often lose the ability to trap iodine, lead-
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ing to aggressive behavior and poor prognoses [4]. Classic treat-
ment is generally effective for DTC, which has an excellent
prognosis in most cases. However, some patients develop aggres-
sive disease with distant metastases and loss of "' avidity, lead-
ing to poor long-term survival outcomes in patients with RI-
resistant DTC [5].

Recent advances in research on molecular pathogenesis have
improved our understanding of thyroid cancers and led to the
development of effective targeted therapies, particularly tyro-
sine-kinase inhibitors. This progress stems primarily from the
identification of molecular alterations involved in thyroid cancer,
including genetic and epigenetic alterations and dysregulation
of signaling pathways such as the, phosphoinositide 3-kinase
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(PI3K)-AKT, and Wnt—P-catenin pathways, as well as gene
rearrangements of RET::PTC (RET translocations) and TRK.
These mutations are found in more than 70% of PTCs and in-
clude BRAF and RAS mutations; RET:PTC (CCDCG6::RET,
NCOA4::RET, etc.) and PAX8:PPARG gene rearrangements;
and alterations in the mitogen-activated protein kinase (MAPK),
PI3K, p53, and nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) signaling pathways [6].

The BRAF V600E mutation, which results in the expression
of mutant BRAF-VG0OE proteins, is the most common genetic
alteration associated with PTC and poor clinicopathologic out-
comes, including aggressive pathological features, increased re-
currence, and loss of RI avidity. Activation of the PI3K/Akt
signaling pathway, often through mutations or deletions of the
PTEN tumor suppressor gene, leads to tumorigenesis and is
linked with aggressive thyroid tumors. Activation of telomerase,
particularly through TERT-promoter mutations, has been in-
creasingly reported in thyroid cancers and is associated with more
aggressive tumor behavior and poor outcomes [7,8].

This study focuses on well-known genetic abnormalities and
their associated histopathologic features in PTCs. We conducted
a comparative analysis of molecular changes and histopathologic
differences between RI-responsive and RlI-refractory PTCs to
identify clinicopathological features linked with the prognosis
and treatment outcomes of RI-refractory PTCs.

MATERIALS AND METHODS

Case selection and clinicopathologic review

Samples of formalin-fixed, paraffin-embedded (FFPE) tissues
from PTC patients who underwent thyroidectomy and subse-
quent RI treatment at Gangnam Severance Hospital (Seoul, Ko-
rea) between July 2006 and October 2014 were analyzed.

A retrospective review of clinical data was conducted for 15,000
PTC cases. RlI-refractory criteria included non-uptake of RI in
tumor lesions, radiological progression within 12 months post-
radioiodine, or persistent disease following > 600 mCi of RI [9].
A total of 82 RI-refractory cases were identified. For comparison,
89 age- and sex-matched Rl-responsive cases without distant
metastasis over 5 years were selected. Histopathological evalua-
tion followed the World Health Organization Classification of
Tumors [10] and PTC was classified and staged according to the
American Joint Committee on Cancer’s Cancer Staging Manual,
8th edition [11]. Newly described subtypes of PTC with >30%
micropapillary or hobnail features show polarized centrifugal
growth and single cells, with the nucleus showing characteristic

https://doi.org/10.4132/jptm.2024.07.29

TERT and histology of RI-refractory PTC ¢ 311

apical arrangements and protrusion (Fig. 1) [12,13]. The loca-
tion and proportion of accompanying hobnails or small clusters/
micropapillae without fibrovascular cores were further observed.

Molecular studies of BRAF V60OE and TERT Mutation
DNA was extracted from sections of FFPE tissue 10 pm thick
using a QIAamp DNA FFPE Tissue Kit (Qiagen, Hilden, Ger-
many). Molecular assays included PNA-mediated clamping
polymerase chain reaction amplification of mutated BRAF genes
(Panagene, Daejeon, Korea) [14] and pyrosequencing for TERT-
promoter mutations, using established protocols and updated
techniques reflecting recent advances in molecular diagnostics

[15,16].

Construction of tissue microarray

For the immunohistochemical (IHC) study, tissue microarray
blocks were made using representative, well-fixed tumor sam-
ples (two cores, 2 mm in diameter) and normal tissue samples
(one core, 2 mm in diameter) from the FFPE blocks.

Immunohistochemistry

All THC analysis of samples from both PTC groups was per-
formed using FFPE tissue sections 4 pm thick on silane-coated
slides. After drying the slides in an oven for 1 hour, immunos-
taining was performed automatically using a Ventana Bench-
Mark XT Autostainer (Ventana Medical Systems, Tucson, AZ,
USA) and an OptiVew DAB IHC Detection Kit (Ventana Med-
ical Systems). The protocol consisted of 48 minutes of antigen
retrieval in CC1 (cell conditioning); 10 minutes of endogenous
peroxidase blocking in a peroxide block; and 16 minutes of in-
cubation at 42°C with primary antibodies, including NIS (mono-
clonal mouse, 1:50, Thermo, Waltham, MA, USA), thyroglobu-
lin stimulating hormone receptor (TSHR; 4C1/E1/E8, mouse
monoclonal, 1:100, Abcam Inc., Cambridge, MA, USA), vascu-
lar endothelial cell growth factor (VEGF; C-1, mouse monoclo-
nal, 1:200, Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA), vascular endothelial cell growth factor receptor 2 (VEG-
FR2; 55B11, rabbit monoclonal, 1:200, Cell Signaling Technol-
ogy, Beverly, MA, USA), NF-kB p65 (F-6, mouse monoclonal,
1:1,000, Santa Cruz Biotechnology, Inc.), f-catenin (B-catenin-1,
mouse monoclonal, 1:100, Dako, Carpinteria, CA, USA), and
PTEN (6H2.1, mouse monoclonal, 1:100, Biocare Medical,
Walnut Creek, CA, USA).

Interpretation of IHC
Nuclear and cytoplasmic staining for NIS and TSHR, cyto-
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Fig. 1. Representative histologic features of radioiodine-refractory papillary thyroid cancers (A, C, E) and radioiodine-responsive papillary thy-
roid cancers (B, D, F). Both types of tumors show classic papillary architecture with varying degrees of small clusters/micropapillae without
fibrovascular cores (arrows) or discohesive single cells. Tumor necrosis is comparatively rare, but remarkably increased in the radioiodine-re-

fractory group rather than the radioiodine-responsive group (E).

plasmic staining for NF-kB, VEGE, and PTEN, cytoplasmic
staining of vascular endothelial cells for VEGFR2, and nuclear
staining for B-catenin were considered positive and evaluated by
light microscopy. The results of IHC staining were defined by
intensity and volume. “Volume” was used to measure the pro-
portion of stained cells and “intensity” was classified as O (nega-
tive), 1+ (weak), 2+ (moderate), or 3+ (strong).

Modified scores for THC analyses are reported as follows: 0 (no
stained cells), 1 (19%9—49% of tumor cells were stained with weak
intensity), 2 (250% of tumor cells were stained with weak inten-
sity), 3 (196-49% of tumor cells were stained with moderate in-
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tensity), 4 (250% of tumor cells were stained with moderate
intensity), 5 (1%-49% of tumor cells were stained with strong
intensity), and 6 (>50% of tumor cells were stained with strong
intensity). Loss of expression of PTEN was scored in reverse order.

Statistical analysis

Statistical analysis of data was performed in IBM SPSS Statis-
tics for Windows ver. 21 (IBM Corp., Armonk, NY, USA). The
t and )’ tests were used to analyze differences between the two
groups for each variable. Correlation analysis was petrformed be-
tween variables. Logistic regression was used to assess odds ratios
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and 95% confidence intervals for radioiodine-refractoriness with
multiple variables including clinicopathologic features and re-
sults of mutation analysis. All p-values were two-sided and p <
.05 was considered statistically significant.

RESULTS

Clinicopathologic characteristics of Rl-refractory and
Rl-responsive PTCs

No significant difference in sex distribution was evident be-
tween Rl-refractory (50% male) and RI-responsive (45.1%
male) groups (p =.664). The median age at diagnosis was higher
in the RI-refractory group (58 years) compared with the RI-re-
sponsive group (51 years), but this difference was marginally non-
significant (p = .063). However, significant differences were ev-
ident in the pathologic features of the RI-refractory and RI-
responsive groups.

Histologically, RI-refractory PTCs displayed a notably higher
proportion of small clusters/micropapillae without fibrovascular
cores (Fig. 1A, C) and/or hobnail components across both pe-
ripheries and centers of tumors (Fig. 1C), with a maximum
height-to-width ratio of tumor cells of >3 (Fig. 2A). RI-refrac-

»

TERT and histology of RI-refractory PTC ¢ 313

tory cancers (65.4%) had a significantly higher presence of small
clusters at 220% compared with RI-responsive cancers (7.3%)
(p <.001). Rl-refractory cancers (80.8%) included a hobnail
feature > 5% more frequently than did RI-responsive cancers
(43.9%) (p = .001). Tall-cell features >10% were present in
53.8% of Rl-refractory cancers compared with only 3.7% in
Rl-responsive cancers (p <.001) (Table 1). Tumor necrosis and
mitosis, which are typically rare in differentiated papillary carci-
noma, were observed in RI-refractory PTCs (Fig. 1E). Nectosis
was observed in 61.5% of Rl-refractory cancers and only 1.2%
of RI-responsive cancers (p <.001). Similarly, a higher percent-
age of Rl-refractory tumors (46.2%) exhibited mitotic activity
(21 per 10 high-power field [HPF]) compared to RI-responsive
tumors (2.4%) (p <.001). However, cases with high mitotic ac-
tivity (25 per 10 HPF) were observed in only one instance among
RI-refractory tumors, with none seen in RI-responsive tumors,
producing no significant difference between the two groups.
These results align with the criteria outlined in the 2022 World
Health Organization (WHO) classification [17] for high-grade
differentiated thyroid carcinomas, particularly regarding the
presence of necrosis (Table 1).

The positioning of tumor cell nuclei in RI-refractory PTCs

Fig. 2. Histologic features of classic papillary pattern and the hobnail pattern of papillary thyroid cancers (A-D). In some radioiodine-refracto-
ry cases, tumor cells have a longer and more slender papillary structure, with an increased height-to-width ratio (>3) and base-to-middle lo-
cation of nuclei (A) or a hobnalil pattern, with elongated nuclei within the cell apex (C, D). Examination of tumor cells of radioiodine-responsive
cases reveal that most are cuboidal or columnar in appearance, and nuclei were in the middle to apex of the cell (B).
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was predominantly middle to base (Fig. 2A), in contrast to apex
to middle in RI-responsive PTCs (Fig. 2B). RI-responsive PTCs
included sporadic areas with hobnails or small clusters/micro-
papillae without fibrovascular cores at tumor peripheries; these
cells were generally cuboidal to columnar in shape, with nuclei
located from the middle to apical section (Figs. 1B, D, 2C, D).
Tumors larger than 4 cm were more frequent in RI-refractory
cancers (26.9%) than in RI-responsive cancers (2.4%) (p <.001)
(Table 1).

Rl-refractory PTCs exhibited a significantly higher frequency
of extrathyroidal extension and involvement of the resection mar-
gin with lymph node metastasis at initial diagnosis. RI-refractory
cancers (92.3%) were mote likely to have lymph node metastasis
compared with RI-responsive cancers (72%) (p =.032) (Table 1).

BRAF V600E and TERT mutation results

Indlividual incidence of molecular variables in each group

The TERT-promoter mutation was significantly more preva-
lent in RI-refractory PTCs, appearing in 14 out of 26 cases
(53.8%, including 13 TERT C228T and 1 TERT C250T) com-
pared with only one of 82 RI-responsive cases (1.2%, TERT
C228T) (p<.001). The BRAF V60OE mutation was detected
in more than 80% of cases in both groups (21 of 26 [80.8%] in
the RI-refractory group and 67 of 82 [81.7%] in the RI-respon-
sive group) (Table 2).

Table 1. Clinicopathologic features of Rl-refractory and RI-respon-
sive PTCs

Rl-refractory  RlI-responsive

Feature (n=26) (n=82) p-value
Male sex 13 (50.0) 37 (45.1) .664
Age at diagnosis (yr) 58 (16-71) 51 (18-71)  .063*
Small clusters® >20% 17 (65.4) 6(7.3) <.001
Hobnail feature >5% 21(80.8) 36 (43.9) .001°¢
Tall cell feature? > 10% 14 (53.8) 3@3.7) <.001¢
Necrosis present 16 (61.5) 1(1.2) <.001°¢
Mitosis > 1/10HPF 12 (46.2) 204)  <.001°
Mitosis >5/10HPF 1(3.8) 0
High-grade differentiated thyroid

cgarci%omas (WHO 2022) ’ 16(61.5) 1(12) <001
Tumor size >4 cm 7(26.9) 2(2.4) <.001
Lymph node metastasis 24(92.3) 59 (72.0) 032
Stage IV 3(11.5) 0

Values are presented as number (%) or median (range).

RI, radiociodine; PTC, papillary thyroid cancer; HPF, high-power field; WHO,
World Health Organization.

aMann-Whitney test; "Small clusters composed of micropapillae without fi-
brovascular cores; Fisher’s exact test; “The tumor cells show a granular
eosinophilic cytoplasm with a height is at least triple their width (<50% of
tumor).

https://jpatholtm.org/

Combined incidence of molecular variables in each group

TERT-promoter and BRAF mutations coexisted in 13 of 108
PTC cases (12.0%), either RI-refractory or RI-responsive. Only
1 Rl-responsive case showed coexistence of these mutations; in
18 cases, no mutation was identified (Table 3).

Relationship between clinicopathologic features and molecular
variables

A significant correlation was seen between TERT-promoter
mutations and clinicopathologic features, such as small clusters/
micropapillae without fibrovascular cores, hobnail components,
height-to-width ratios of tumor cells, necrosis, mitosis, and in-
volvement of the resection margin. The median age at diagnosis
was significantly higher among patients with TERT-promoter
mutations (62 years; range, 16 to 71) compared with those
without such mutations (52 years; range, 16 to 71; p =.007).
However, there was no significant difference in age by BRAF
VG600E mutation status (p = .519). Histologically, tumors with
TERT-promoter mutations are more likely to exhibit small
clusters comprising >20% of the tumor (73.3%) compared with
tumors without these mutations (26.7%, p <.001). Conversely,
BRAF V600E mutations showed no significant association with
small clusters (p >.99). The presence of a hobnail feature (5%
of the tumor exhibiting this feature) was significantly associated
with TERT-promoter mutations (86.7%) compared with ab-
sence of this feature (13.3%, p =.005). However, there was no
significant association between BRAF V600E mutations and

Table 2. Incidences of TERT-promoter mutations and BRAF
VB00E mutations in RI-refractory and Rl-responsive PTCs

Rl-refractory  RI-responsive Total

AU PTC(=26) PTC(n=82) (n=10g P aue
TERT promoter 14 (53.8) 1(12) 15(139  <.001
BRAFVEOOE ~ 21(808)  67(817)  88(815 .99

Values are presented as number (%).

TERT, telomerase reverse transcriptase; R, radioiodine; PTC, papillary thy-
roid cancer.

eFisher’s exact test.

Table 3. Combined incidence of TERT-promoter mutations and
BRAF V600E mutations

Rl-refractory RI-responsive

Mutation status PTC (n=26) PTC (1=82) p-value?
TERT and BRAF mutant 12 (46.2) 1(1.2) <.001
TERT only mutant 2(7.7) 0 .048
BRAF only mutant 9 (34.6) 66 (80.5) <.001
TERT and BRAF wild 3(11.5) 15(18.9) 022

Values are presented as number (%).
RI, radioiodine; PTC, papillary thyroid cancer.
aFisher’s exact test.
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Table 4. Relationship between clinicopathologic features and
TERT-promoter mutation or BRAF VE0OE mutation in PTCs

TERT BRAF V600E
Total PTC (n=108) Mutant Mutant
(n=15) p-value (n=89) p-value
Age at diagnosis (yr) 62 (16-71)  .007? 52 (16-71) 5192
Histologic features
Small clusters (%)°
<20 4(267) <001  69(784)  >.99°
>20 11(73.3) 19 (21.6)
Hobnail feature (%)
<5 2(13.9) .005 42 (47.7) 825
>5 13 (86.7) 46 (52.3)
Necrosis
Absent 6(40.0) <.001° 74 (84.1) >.99°
Present 9 (60.0) 14 (15.9)
Tumor size (cm)
<2 4(26.7) <.001¢ 64 (72.7) .024¢
>2,<4 5(33.3) 20 (22.7)
>4 6 (40.0) 4(4.5)
Resection margin
Absent 10 (66.7) .007° 79 (89.8) >.99°
Positive 5(33.3 9(10.2)

Values are presented as median (range) or number (%).

TERT, telomerase reverse transcriptase; PTC, papillary thyroid cancer.
aMann-Whitney test; ®°Small tumor clusters composed of micropapillae
without fibrovascular cores; °Fisher’s exact test.

hobnail features (p = .825). Necrosis within the tumors was sig-
nificantly more frequent in cases with TERT-promoter muta-
tions (60.0%) compared with those without a mutation (40.0%,
p<.001). BRAF V600OE mutations did not show a significant
association with necrosis (p >.99).

Regarding tumor size, TERT-promoter mutations were sig-
nificantly associated with larger tumor sizes (22 c¢m to <4 cm:
33.3%; >4 cm: 40.0%) compared with tumors without these
mutations (<2 cm: 26.7%, p <.001). Similarly, BRAF V600E
mutations were more prevalent in tumors > 2 c¢m to <4 cm
(22.7%) compared with tumors <2 cm (72.7%, p = .024). Final-
ly, regarding resection margins, TERT promoter mutations were
observed more frequently in cases with positive resection margins
(33.3%) compared with those with negative margins (66.7%,
p =.007). There was no significant association between BRAF
V600E mutations and resection margins (p>.99) (Table 4).

IHC stain results

Individual IHC stain results in each group

Expression of NIS and TSHR, which are involved in the MAPK
pathway, were markedly decreased in many RI-refractory PTC
cases (p <.05). Expression of oncogenic proteins such as VEGE,
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VEGFR2, and NF-kB, which are known to be up-regulated in
PTC, was significantly lower in RI-refractory PTCs than in RI-
responsive PTCs (p <.03). A total loss of PTEN expression was
occasionally noted in both groups (26.9% in Rl-refractory and
15.9% in Rl-responsive) (Fig. 3). B-catenin showed cytoplas-
mic-positive reactivity in all examined PTCs (Table 5).

Relationship between IHC results and molecular variables

A comparative analysis found no significant correlation be-
tween IHC results and TERT and BRAF mutation status, ex-
cept for TSHR (p = .030, associated with TERT mutation) across
all PTCs (Table 6).

Relationship between clinicopathologic features and IHC results

Negative correlations were observed between NIS and small
clusters (r=-0.212, p =.027), NIS and hobnail features (r =
—-0.249, p =.009), and between TSHR and the height/width of
tumor cells (r=-0.279, p=.003). Positive intercorrelations in-
cluded VEGF and NF-kB (r=0.252, p =.009), among others.
Significant associations between histologic features and THC re-
sults were observed in both RI-refractory and RI-responsive
groups.

Combined utility of variables for predicting Rl-refractoriness

The sensitivity and specificity associated with predicting RI-
refractory PTC were calculated before conducting logistic re-
gression analysis. Among the 16 variables tested, the presence
of necrosis and a TERT mutation showed high specificity (99%)
and high accuracy (89.8% and 88%, respectively). Variables
such as small clusters/micropapillae without fibrovascular cores
(210%), and hobnail features had high sensitivity (88%, 81%,
and 81%, respectively). When combined with other variables,
and necrosis in particular, both sensitivity and specificity were
enhanced. Other sets of variables, including the presence of a
TERT mutation or mitosis, were also analyzed but showed no
significant associations (Table 7). The logistic regression analysis
incorporated 14 variables, identifying four key predictors of RI-
refractoriness: TERT mutation, height-to-width ratio of tumor
cells 23, increased small clusters/micropapillae without fibro-
vascular cores (>20%), and necrosis (Table 8).

DISCUSSION
An increased frequency of small clusters/micropapillae with-
out fibrovascular cores or hobnail features in tumors, and their

presence in tumor centers in particular, were significant predic-
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Fig. 3. Individual immunohistochemical stain results in each group. The radiciodine (RI)-responsive papillary thyroid cancer (PTC) group
shows increased expression of sodium iodide symporter (NIS) (A), nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) (D),
and vascular endothelial cell growth factor receptor 2 (G). An Rl-refractory PTC group shows markedly decreased expression of NIS (B), NF-
«B (E). Tumor cells of both groups show variable expression of thyroglobulin stimulating hormone receptor (C), vascular endothelial cell growth
factor (F) and PTEN (H, ) with weak expression in small clusters/micropapillae without fibrovascular cores (arrow in C, F, I).

tors of RI-refractoriness in PTCs. The prognosis for PTCs is gen-
erally favorable; however, subtypes such as the tall cell, columnar,
diffuse sclerosing, and solid subtypes are associated with more
aggressive clinical features [18]. A newly described subtype of
PTC exhibiting > 30% micropapillary or hobnail features is ca-
pable of discohesive growth and single cells with a loss of polar-
ity, where nuclei show characteristic apical placement and bulg-
ing [12,13]. This rare hobnail subtype is associated with a higher
mortality rate compared with classic PTC and is linked with fre-
quent lymph node metastasis, recurrence, and distant metastasis.
A recent study reported that, even when the proportion of hob-
nail or small clusters/micropapillae without fibrovascular cores is
below 30% of PTC, there is a significant association with poor
prognosis. In this study, the frequency of hobnails or small clus-
ters/micropapillae without fibrovascular cores was significantly

https://jpatholtm.org/

higher in RI-refractory PTC than in RI-responsive PTCs [12].
An increased maximum height-to-width ratio in tumor cells
(23) in non—tall cell subtype PTC was predictive of RI-refracto-
riness. The tall-cell subtype of PTC also shows aggtessive behav-
ior, similar to the hobnail subtype. Histologically, >50% of tu-
mor cells show a granular eosinophilic cytoplasm, with a height
at least triple their width. However, recent case studies have sug-
gested a >10% cutoff threshold for tall-cell quantity is strongly
associated with worse clinical outcomes. This study showed that
a higher (>3) maximum height-to-width ratio of tumor cells in
the non—tall cell subtype of PTCs was significantly associated
with RI-refractory PTC and could predict RI-refractoriness. These
data support its use as a prognostic factor of aggression in PTC.
TERT-promoter mutations in the tall-cell subtype have recently
been found to be a strong predictor of tumor relapse [7,8,16].
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Because this study used the 2017 WHO classification criteria
[10] and was conducted prior to the 2022 update that introduced
the concept of high-grade differentiated thyroid carcinomas, it
did not formally assess these criteria. However, given the histo-
logic findings reviewed in this study, we recorded significant
correlations with key diagnostic features highlighted in the 2022
WHO classification for high-grade differentiated thyroid carci-
nomas, particularly the presence of necrosis [17]. Cases frequent-
ly demonstrating necrosis were notably associated with RI-refrac-
toriness, suggesting that necrosis may serve as a critical diagnostic
criterion for aggressiveness within the diagnostic framework of
high-grade differentiated thyroid carcinoma as defined by the
2022 criteria. This underscores the potential of necrosis to influ-
ence and predict RI-refractoriness.

Immunohistochemically, the decreased expression of NIS and
TSHR observed in this study suggests that impairment of the io-
dide-handling machinery may be associated with RI-refractoriness.

Transportation of iodide through the NIS is up-regulated by
TSH-mediated activation of TSHR [19]. In previous studies,

Table 5. Individual immunohistochemical stain results in Rl-refrac-
tory and Rl-responsive PTCs

Immunohistochemistry ~ Rl-refractory PTC  Rl-responsive PTC

(n=108) (n=26) (n=82) el
NIS > 1+, 50% 14 (53.8) 61 (74.4) 048
TSHR > 2+ 9(34.6) 61(744)  <.001
VEGF >3+, 50% 9(34.6) 50 (61) 019
VEGFR?2 > 2+ 15 (57.7) 66 (80.5) 019
NF-kB > 1+, 50% 17 (65.4) 71(86.6) 0222
PTEN negative 7 (26.9) 13(15.9) 248

R, radioiodine; PTC, papillary thyroid cancer; NIS, sodium iodide symport-
er; TSHR, thyroglobulin stimulating hormone receptor; VEGF, vascular en-
dothelial cell growth factor; VEGFR2, vascular endothelial cell growth factor
receptor 2; NF-kB, nuclear factor kappa-light-chain-enhancer of activated
B cells.

*Fisher’s exact test; chi-squared test: not annotated; intensity of immuno-
histochemical staining: 0, 1+, 2+, 3+, *2+: >30% in stroma.
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NIS proteins were found to be expressed in the cytoplasm rath-
er than the cytoplasmic membrane of cancer cells [20], and the
intracellular expression of NIS proteins be related to its inacti-
vation, due to intracellular migration [21]. In this study, the
NIS protein was expressed primarily in the intranuclear portion
of tumor cells, but it was also strongly expressed in the intracel-
lular or basolateral membrane in normal follicular cells. No stain-
ing was observed in the lung or liver tissue used as negative con-
trols. According to a recent study of expression of NIS in different
PTC subtypes, strong intranuclear or nuclear membrane stain-
ing for NIS protein was observed in conventional PTCs, and
staining for the NIS protein was negative (0 and 1+) in the tall
cell and diffuse sclerosing subtypes of PTC, which are considered
aggressive subtypes of PTC [22]. In advanced thyroid cancers,
failure of RI treatment may be associated with impairment of
the iodide-handling machinery [5]. Similarly, the observed de-
crease in expression of NIS and TSHR in RI-refractory PTC sug-
gests that impairment of the iodide-handling machinery may be
associated with RI-refractoriness.

The aggtessive behavior of TERT-mutated tumors may be as-
sociated with the alteration of function of NIS and other genes,
which leads to decreased RI avidity and failure of RI treatment.
According to our results, impairment of NIS expression was cor-
related with TERT-promoter mutations, but not with the BRAF
VG600E mutation. Concordant with our results, TERT-promoter
mutations were an independent predictor of distant metastases
and disease progression in DTC [23]. Impairment of the iodide-
handling machinery may be associated with aberrant activation
of the MAPK signaling pathway, particularly in mutations of
BRAF V600E, which were found to be associated with RI-re-
fractoriness in previous studies [24-27]. Although expression of
NIS proteins was not correlated with a BRAF V600E mutation
in this study, overall observation of whole tumor sections may
be required to observe this association, because of the heteroge-

Table 6. Relationship between immunohistochemical results and expression of mutations of TERT and BRAF VE00E

TERT BRAF VB00E

Immunohistochemistry (n=108)

Wild (h=93) Mutant (n=15) p-value Wild (n=20) Mutant (n=88) p-value
NIS >1+, 50% 67 (72.0) 8(63.3) 2252 12 (60.0) 63 (71.6) 310
TSHR >2+ 64 (68.9) 6 (40.0) .030 11 (565.0) 59 (67.0) .309
VEGF >3+ 61 (65.6) 9 (60.0) 674 10 (50.0) 60 (68.2) 124
VEGFR2 >2+ 72 (77.4) 9(60.0) 1972 16 (80.0) 65 (73.9) 567
NF-kB >3+, 50% 40 (43.0) 5(33.3) 481 4(20.0) 41 (46.6) 029
PTEN negative 16 (17.2) 4 (26.7) 4722 6(30.0) 14 (15.9) 199

Values are presented as number (%).

TERT, telomerase reverse transcriptase; NIS, sodium iodide symporter; TSHR, thyroglobulin stimulating hormone receptor; VEGF, vascular endothelial cell
growth factor; VEGFR2, vascular endothelial cell growth factor receptor 2; NF-xB, nuclear factor kappa-light-chain-enhancer of activated B cells.
dFisher’s exact test, chi-squared test: not annotated; intensity of immunohisto chemistry: 0, 1+, 2+, 3+, *2+: >30% in stroma.
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Table 7. Sensitivity and specificity of histopathologic features and
mutations in radioiodine-refractory PTCs

Sensitivity Specificity Accuracy

Histopathologic feature (%) (%) (%)
Individual features
Necrosis 62 99 89.8
TERT mutation 54 99 88.0
Small clusters (>20%)? 65 93 86.1
Mitosis 46 98 85.2
Tall cell feature (> 10%, <50%)° 54 96 86.1
Height/Width ratio in tumor cells 54 93 83.3
(maximum >3)
Small clusters (>10%) 88 71 75.0
NF-kB (< 1+, 50%) 35 87 741
Hobnail feature in center 31 88 741
TSHR (<2+) 65 74 72.2
VEGFR2 (<2+) 42 80 71.3
PTEN (negative) 27 84 70.4
NIS (<1, 50%) 46 74 67.6
Hobnail feature 81 56 62.0
VEGF (<3+, 50%) 65 61 62.0
Small clusters in center 81 48 55.6
BRAF V600E mutation 77 18 32.4
Combined features
Necrosis + TERT mutation 81 98 93.5
TERT mutation + mitosis 81 96 92.6
Necrosis + mitosis 77 96 91.7
Necrosis +H/W3 88 91 90.7
Mitosis + SC20 85 90 88.9
TERT mutation +H/W3 7 91 88.0
Necrosis + SC20 7 91 88.0
H/W3+SC20 92 85 87.0
Necrosis + mitosis + TERT mutation 96 88 89.8
TERT mutation +H/W3 + necrosis 96 88 89.8
+mitosis
TERT mutation +H/W3 + necrosis 96 83 86.1
+SC20
TERT mutation + H/W3 + necrosis 100 80 85.2
+SC20 + mitosis
TERT mutation+H/W3+SC10+TSHR 100 43 56.5
+NFKB
TERT mutation+SC10+TSHR+NFKB 100 46 59.3

PTC, papillary thyroid cancer; TERT, telomerase reverse transcriptase; NF-
kB, nuclear factor kappa-light-chain-enhancer of activated B cells; TSHR,
thyroglobulin stimulating hormone receptor; VEGFR2, vascular endothelial
cell growth factor receptor 2; NIS, sodium iodide symporter; VEGF, vascu-
lar endothelial cell growth factor; H/W3, height//width ratio in tumor cells
(maximum >3); SC20, small clusters (>20%); SC10, small clusters (> 10%).
aSmall tumor clusters composed of micropapillae without fibrovascular
cores; "The tumor cells show a granular eosinophilic cytoplasm with a
height is at least triple their width (<50% of tumor).

neous expression of NIS in PTC and metastatic lymph nodes [25].
Impairment of the iodide-handling machinery may also be asso-
ciated with activation of the PI3K-AKT signaling pathway in
human thyroid cancer cells [28]. Although PTEN loss did not
differ significantly between RI-refractory and RI-responsive PTC,

https://jpatholtm.org/

further study of a large number of cases, with overall observations
of whole tumor sections and evaluations of phosphorylated Akt
expression may be required to determine this association. The
Wnt—-catenin pathway plays a well-understood role in the reg-
ulation of cell growth and proliferation. Up-regulated P-catenin
is translocated into the nucleus, where it triggers transcription
of various tumor-promoting genes. Up-regulation of B-catenin
has been found in 66% of anaplastic thyroid cancers and 25% of
poorly differentiated cancers. The Wnt—f-catenin pathway plays
an important role in determining the aggressiveness of thyroid
tumors [29]. However, expression of P-catenin was restricted to
the cytoplasm in all cases of PTC in this study. This is consistent
with the finding that activation of the Wnt—P-catenin pathway
is not observed in DTCs and is not associated with aggressive-
ness. Experimental and clinical studies of the relationship be-
tween VEGF in endothelial cells and TERT mutations have
shown that vascular degeneration is associated with down-regu-
lation of TERT mRNA expression. Most studies reported that
TERT plays an important role in VEGF-mediated angiogenesis,
and TERT may act as a VEGF transcription factor [30]. How-
ever, we found no significant association between TERT-pro-
moter mutations and expression of VEGF and VEGFR2. Al-
though no significant associations were observed, the expression
of VEGF in tumor cells was remarkably negative within the
small clusters/micropapillae without fibrovascular cores and faint
in the hobnail components. These results may help explain the
relationship between low expression of NIS and TSHR and the
increased proportion of hobnails or small clusters/micropapillae
without fibrovascular cores or hobnail components in RI-refrac-
tory PTC. Among up-regulated oncogenic proteins, NF-«B plays
an important role in controlling proliferation and anti-apoptotic
signaling pathways in thyroid cancer cells [6,31]. In recent
studies, NF-kB was shown to play a major role in cell survival
via synergic cross-talk with other oncogenic signaling pathways.
Up-regulation of NF-kB is associated with BRAF V600E muta-
tions [31]. Although expression of NF-kB was variably positive
in both RI-refractory and RI-responsive PTCs, it was significant-
ly lower in Rl-refractory PTC than in RI-responsive PTC, in this
study. Coexistence of the BRAF V600E and TERT C228T mu-
tations was identified in the most aggressive subgroup of PTC;
the combination was more significantly associated with the ag-
gressive subgroup than was either mutation alone [8]. Our re-
sults also indicated that coexistence of the BRAF V60OE and
TERT mutations is significantly prevalent in RI-refractory PTC.

The following histopathologic features are characteristic of
RI-refractory PTC: small tumor clusters or hobnail features in

https://doi.org/10.4132/jptm.2024.07.29



Table 8. Logistic regression analysis on radioiodine-refractoriness in PTCs (n=108)
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Variables B SE p-value Odd ratio 95% Cl
Univariate regression
Small clusters? (> 20%) 3.175 0.591 <.001 23.926 7.51-76.26
Small clusters (>10%) 2919 0.660 <.001 18.528 5.08-67.56
Small clusters in center 1.337 0.545 014 3.809 1.31-11.08
Hobnail feature (>5%) 1.680 0.545 .002 5.367 1.84-15.62
Hobnail features in center 1.163 0.543 .032 3.200 1.11-9.27
Tall cell feature® (> 10%) 1.885 0.310 <.001 6.583 0.008-0.130
Necrosis (present) 4.864 1.084 <.001 129.6 15.49-1084.489
Mitosis (> 1/10HPF) 3.535 0.817 <.001 34.286 6.92-169.99
Height/Width ratio of tumor cell (maximum > 3) 2.693 0.578 <.001 14,778 4.56-45.92
TERT mutation 4.549 1.080 <.001 94.5 11.37-785.25
BRAF VB00E mutation -0.062 0.574 915 0.940 0.31-2.90
NIS (< 1+, 50%) 0.912 0.486 .051 2.490 0.99-6.23
TSHR (<2+) 1.702 0.484 <.001 5.487 2.13-14.16
VEGF (<3+) 1.082 0.470 021 2.951 1.17-7.42
VEGFR2 (<2+) 1.107 0.485 022 3.025 1.17-7.83
NF-kB (< 1+, 50%) 1.229 0.5245 019 0.293 0.105-0.818
PTEN (negative) 0.671 0.536 211 1.955 0.68-5.59
Multivariate regression (stepwise selection)
Constant -7.854 2.517 .002 0.000
TERT mutation 4.07 1.859 029 58.529 1.632-2,235.634
Height/Width ratio of tumor cell (maximum >3) 3.717 1.481 012 41,143 2.259-749.405
Small clusters (>20%) 4.049 1.608 012 57.315 2.451-1,340.483
Necrosis 5.407 1.862 .004 223.067 5.803-8,574.022
TSHR (<2+) 2.870 1.569 .067 17.629 0.815-381.453
VEGFR2 (<2+) 2.617 1.553 092 13.692 0.653-287.180

Logistic regression analysis was performed in radioiodine-refractory (n=26) and radioiodine-responsive (n=82) cases of PTC, using all available features.

PTC, papillary thyroid cancer; SE, standard error; Cl, confidence intervals; HPF, high-power field; TERT, telomerase reverse transcriptase; NIS, sodium iodide
symporter; TSHR, thyroglobulin stimulating hormone receptor; VEGF, vascular endothelial cell growth factor; VEGFR2, vascular endothelial cell growth factor
receptor 2; NF-xB, nuclear factor kappa-light-chain-enhancer of activated B cells.
aSmall tumor clusters composed of micropapillae without fibrovascular cores; ®The tumor cells show a granular eosinophilic cytoplasm with a height is at least

triple their width (<50% of tumor).

both the center and periphery of tumors, as well as tumor necro-
sis and increased frequency of TERT mutations. These features
may help predict Rl-refractoriness upon diagnosis of PTC. Al-
though it is difficult to formalize the results of multivariate lo-
gistic regression, our results suggest that these characteristic
histologic features and TERT mutations may play a critical role
in diagnostic differentiation of PTCs and prediction of RI-re-
fractoriness.
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