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Abstract

Background Although papillary thyroid carcinomas (PTC) are usually indolent in nature and clinically controllable,
two-thirds of metastatic diseases become radioactive iodine-refractory (RAI-R). This study aimed to determine the role
of pathological features, BRAF*S%, TERT promoter (TERT-p), and their combinations on Vietnamese patients with RAI-R
recurrent PTC.

Methods This cross-sectional study included 174 cases of locoregional recurrent PTC, including 135 and 39 RAI-R
and RAI-avid (RAI-A) cases, respectively. Logistic regression analyses were used to evaluate the associations between
pathological features, mutations, and RAI-R with tissues from recurrent lesions.

Results Loss of polarity/loss of cell cohesiveness (LOP/LCC) component was exclusively observed in recurrent
cancers in the RAI-R group. RAI-R was associated with BRAF®%F mutation, TERT-p mutation, BRAF"*%/TERT-p single
mutant (Smut), BRAF*%F/TERT-p double mutant (Dmut), tall cell component, and mitosis = 2/2 mm? in the unadjusted
logistic regression analysis. Multivariable logistic regression analysis revealed that BRAF"%F mutation and Dmut were
independent predictors of RAI-R. The presence of Dmut (odds ratio [OR] =6.64) was more significantly associated

with RAI-R compared with that of Smut (OR=2.75). There was a marginal association between tall cell > 5%, mitosis
count=2/2 mm? and RAI-R. The combination of BRAF%/tall cell components was the strongest predictor of RAI-R.

Conclusions RAI-R PTC cases were independently associated with BRAFY9%E Dmut. The association between Dmut
and RAI-R PTC was stronger than that between Smut and RAI-R PTC. Future studies should focus on elucidating the
role of mitotic count and LOP/LCC in RAI-R PTC.
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Introduction
Papillary thyroid carcinoma (PTC) is the most preva-
lent histological subtype of thyroid cancer, accounting
for 90% of all thyroid carcinomas [1]. Generally, thyroid
cancer has a favorable prognosis, with 80-95% of thyroid
carcinomas achieving an overall survival rate of 10 years
[2]. Nevertheless, local recurrence and distant metasta-
ses account for 20% and 15% of all cases, respectively [2].
Additionally, two-thirds of metastatic diseases become
refractory to radioactive iodine (RAI) at the initial diag-
nosis or gradually during follow-up [3]. In cases of differ-
entiated thyroid cancer with distant metastasis, although
the 10-year survival rate was >50% in RAI-avid (RAI-
A) patients, it was only 10% in RAI-refractory (RAI-R)
patients [3]. Locoregional recurrent PTCs are usually
treated by reoperation, followed by additional RAI ther-
apy with complementary thyroid resection [4]. In cases
of RAI-R with progressive disease and multiple lesions,
tyrosine kinase inhibitors (e.g., sorafenib, lenvatinib)
can be indicated [5]. Therefore, previous studies have
attempted to clarify the clinicopathological features asso-
ciated with RAI-R, which provide additional insights for
improving prognosis and management strategies [6—8].

Coexisting BRAF®% and Telomere Reverse Tran-
scriptase promoter (TERT-p) mutations robustly affect
RAI-R [9, 10]. However, the role of BRAFV°%F on RAI-R
was controversial [8—14] and is yet to be elucidated. Pre-
vious studies also found a significant association between
aggressive histological subtypes of PTC, such as tall cell
and hobnail, and an increased risk of RAI-R [6, 8]. Addi-
tionally, recent studies have suggested that even focal
tall cell change, with height of cells at least three times
their width and their rate<30% of tumor areas, should
be reported at any proportion because of its worse prog-
nosis than those without any tall cells [15, 16]. Loss of
polarity/loss of cell cohesiveness (LOP/LCC) compo-
nents, such as hobnail and micropapillary structures, in
the invasive front have been identified as a valuable mor-
phological indicator of epithelial-mesenchymal transition
(EMT) in PTC, related to a higher rate of recurrence/
metastases and cancer-related death [17, 18]. However,
little was known about whether focal tall cell change and
LOP/LCC are related to RAI-R. In terms of mitosis count
and Ki-67 labeling index (LI), which were well described
in association with recurrence and mortality of PTC [19—
21], roles of these features remain to be investigated for
RAI-R.

Therefore, this study evaluated the association between
RAI-R and histopathologic characteristics, including
the ratio of aggressive features of PTC, such as tall cell

and LOP/LCC components, mitosis count, and Ki-67
LI Furthermore, this study firstly describes the associa-
tion between coexisting clinicopathological features with
mutation status on the risk of RAI-R in our recurrent
PTC cohort from Vietnamese patients.

Materials and methods

Study setting and participants

This cross-sectional study included patients who under-
went reoperation for locoregional recurrence between
September 2020 and June 2023 at 108 Military Central
Hospital in Hanoi, Vietnam. A total of 193 patients with
PTC were initially eligible, of which 174 met the follow-
ing inclusion criteria: (i) aged 219 years at initial diagno-
sis; (ii) total thyroidectomy followed by RAI treatments
at the time of initial surgery for PTC; (iii) no history of
other cancers; (iv) recurrence defined as thyroid bed or
regional lymph node lesions occurring in patients clini-
cally disease-free for 6 months after total thyroidectomy
[22, 23]; and (v) sufficient tissue specimens from surgi-
cally resected cases for molecular and histological analy-
sis. Patients were classified into two groups, RAI-A and
RAI-R, according to the presence or absence of RAI
avidity of recurrent tumors on post-therapeutic and/or
1311 diagnostic whole-body scans, with appropriate TSH
stimulation and iodine preparation. RAI-A was defined
as RAI uptake in all known recurrent lesions. RAI-R was
defined as the loss of RAI avidity, where one or more
lesions show no RAI uptake [9]. This definition includes
recurrent/metastatic lesions that do not concentrate RAI
or concentrate RAI in some lesions but not in others [4].
To ensure accurate RAI scans, patients followed a low-
iodine diet for two weeks and underwent thyroid hor-
mone withdrawal for four weeks (or two weeks if using
triiodothyronine for the preceding two weeks) to elevate
the thyroid-stimulating hormone level of >30 uIU/mL.

Histological and mutation analyses

Histological and mutation analyses were conducted at the
Department of Tumor and Diagnostic Pathology, Atomic
Bomb Disease Institute, Nagasaki University, Nagasaki,
Japan. Information about BRAF'®°E, TERT-p muta-
tions, tall cell components, LOP/LCC components in the
invasive front, mitosis count/2 mm? and Ki-67 LI was
obtained from 174 formalin-fixed paraffin-embedded
(FFPE) samples, including 156 cases (89.7%) from lymph
nodes and 18 cases (10.3%) from thyroid beds. All these
samples were recurrent/metastasis tissues obtained from
reoperations for recurrence disease, with a median time
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from total thyroidectomy to reoperation of 41.8 months
(8.1-199.5 months).

To analyze BRAF'S"F and TERT-p mutations, we
extracted genomic DNA from tumor areas in the FFPE
tissue samples. Tumor areas, identified using a guide slide
stained with hematoxylin and eosin (H&E), were macro-
dissected from each 8-pum-thick section. A Maxwell RSC
DNA FFPE Kit (Promega) was used for genomic DNA
extraction according to the manufacturer’s instructions.
We used a NanoDrop-1000 spectrophotometer to quan-
tify the extracted DNA. BRAF"*"F and TERT-p (C228T
and C250T) were detected using primer/probe sets
(Bio-Rad) and droplet digital polymerase chain reaction
according to previously described protocols [24-26]. We
classified the mutation status into the following three
groups: wild-type, BRAFV*“*E/TERT-p mutation only
(single mutant: Smut), and coexistence of BRAF"5%F and
TERT-p mutations (double mutant: Dmut) to evaluate
the role of each mutation status and their combination
with other pathological features, such as Ki-67 LI, mitosis
count, and presence of tall cell components (>5%).

Ki-67 immunostaining was performed using a primary
anti-Ki-67 antibody (clone MIB1; Monoclonal Mouse,
Dako, Glostrup, Denmark). Staining was performed using
a Ventana Benchmark Autostainer (Roche, Indianapolis,
IN, USA). To evaluate Ki-67 expression, we quantified the
number of positively stained cells at x400 in the identi-
fied hotspot regions, as previously reported [27]. Staining
results were categorized into two groups, <3% and > 3%,
according to findings from previous studies [19, 20]. Two
pathologists (Z.M. and H.K.) independently reviewed the
tumor samples. In cases of disagreement, the patholo-
gists conducted a joint reassessment to ensure consistent
evaluation of Ki-67 LI.

Histopathologic diagnoses were made based on H&E-
stained slides of recurrent samples and read by three
experienced pathologists (Z.M., HK., and M.N.). The
pathologists were blinded to clinical data and the patient
group classification (RAI-R versus RAI-A), ensuring an
unbiased evaluation of the findings. Histological growth
patterns, including papillary and follicular patterns,
along with the presence of tall cell and the LOP/LCC
components, were recorded, and the proportion of each
component was quantitatively assessed relative to the
overall tumor size. The presence of tall cells, character-
ized by obtaining the tumor cell height at least thrice, was
determined based on the 5™ edition of the World Health
Organization (WHO) classification [28]. LOP/LCC were
described as a group of cancer cells exhibiting micropap-
illary and hobnail structure [17, 18, 29]. In addition, this
study considered following structures as LOP/LCC com-
ponents in the invasive front of PTC; solitary arrange-
ment (defined as a loosely arranged solitary cell) and
small nests (defined as loosely arranged small clusters
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without papillary or follicular arrangement or sheets of
cells arranged in one or more regular rows). The inva-
sive front was characterized as the boundary (<0.1 c¢cm)
between the tumor tissue and the surrounding non-neo-
plastic thyroid tissue, lymph nodes or fatty connective
tissue outside the thyroid capsule, where invasive growth
was present [17]. When the LOP/LCC components were
histologically identified in more than two foci in the inva-
sive front of the tumor, the tumor was determined to be
positive for this feature [18].

The mitotic count was determined as the number of
mitoses per 2 mm? in areas of the tumor with the high-
est mitotic activity of tumor areas [28, 30], then dichoto-
mized into 4 sets of two groups: mitosis count<2 and >2,
<3 and 23, <4 and 24, and <5 and 25, which aligns with
definitions of the 5™ edition of the WHO classification
for differentiated high-grade thyroid carcinoma [28, 31].

Clinical covariates

This study included clinical covariates, such as age at ini-
tial diagnosis, sex, primary tumor size, histological sub-
types of primary PTC, and the Tumor-Node-Metastasis
(TNM) staging at initial diagnosis, following previous
studies assessing their association with RAI-R [6-8].
Age (grouped as <55 and =55 years) and TNM staging
were defined following the American Joint Committee on
Cancer (AJCC) 8" Edition [32].

Statistical analyses

Continuous variables were summarized as medians and
interquartile range (IQR) for non-normally distributed
variables and compared using the Wilcoxon—Mann—
Whitney test. Categorical variables were summarized as
frequencies and percentages and compared using the chi-
square or Fisher’s tests. Logistic regression analysis was
performed to estimate the odds ratios (OR) and 95% con-
fidence interval (CI) of RAI-R in relation to BRAF"0%F
(irrespective of TERT-p mutation), TERT-p (irrespec-
tive of BRAFV®%F), Dmut, tall cell components, mitosis
count, and Ki-67 LI. Analyses were performed using an
unadjusted model and a multivariable model adjusted for
age, sex, stage, papillary/follicular pattern, BRAF'S"F,
TERT-p, tall cell component, mitosis count, and Ki-67
LI For example, the association between mitotic count
and RAI-R was adjusted for age, sex, stage, papillary/fol-
licular pattern, BRAFV%F, TERT-p, tall-cell components,
and Ki-67 LI. P-values for trend in regression models
were used to determine if increasing levels of the com-
bination factors (BRAF"%°%F/ TERT-p, BRAF"5%FTall cell,
BRAF"5%/Mitosis, BRAF"*"/Ki-67 LI, TERT-p/Ki-67
LI) were associated with a consistent increase in the odds
of RAI-R. For example, the trend association between
BRAFV®"F|TERT-p and RAI-R was assessed by assigning
an ordinal number (1 to 3) to the mutation status, such
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as wild-type, Smut, or Dmut, which were then treated
as continuous variables in the regression models. Given
the relatively small number of RAI-A group, Bootstrap
resampling, with 500 iterations, was employed to assess
the robustness of the regression models. Statistical sig-
nificance was set at p<0.05. All statistical analyses were
performed using RStudio (Version 2023.6.0.421, RStudio
Team, Boston, USA) [33].
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Results

Clinical, pathological, and mutational characteristics of
patients with PTC regarding RAI-R status

Of the 174 study participants, 156 and 18 cases were ana-
lyzed from recurrence of lymph nodes and thyroid beds,
respectively. Table 1 presents the clinicopathological
and mutational characteristics of PTC based on RAI-R
status. Of the 174 study participants, 138 (79.3%) were
women, and 135 (77.6%) were RAI-R cases. The ratio of

Table 1 Characteristics of patients with papillary thyroid carcinoma (PTC) in terms of RAI status

Total RAI-R RAI-A
Factors n=174 (%) n=135 (%) n=39 (%) P-value
Age (=55 years) 53 (30.5) 48 (35.6) 5(12.8) 0.012°
Sex (women) 138 (79.3) 106 (78.5) 32(82.1) 0.798°
Tumor size (mm), median (IQR) 20.0 (20) 20.0 (20) 15.0 (10) 0.230°
Not available 16 12 4
pl 0.089 ¢
T 85 (48.9) 62 (45.9) 23 (59.0)
T2 28 (16.1) 23(17.0) 5(12.8)
T3a 3(1.7) 2(1.5) 1(26)
T3b 20(11.5) 13(9.6) 7(17.9)
T4 28 (16.1) 26 (19.3) 2(5.1)
Not available 10 (5.7) 9(6.7) 1(2.6)
pN 0.505 ¢
NO 42 (24.1) 35(259) 7(17.9)
N1a 21 (12.1) 15(11.1) 6(15.4)
N1b 111 (63.8) 85 (63.0) 26 (66.7)
Distant metastasis 7(4.0) 7(5.2) 0(0) 0351°¢
pStage lI+111+ 1V 53 (30.5) 48 (35.6) 5(12.8) 0.012°
Histological subtype of primary tumors” 0487 ¢
Classical PTC 167 (96.0) 128 (94.8) 39 (100)
Follicular PTC 6(3.4) 6 (4.5) 0(0)
Tall cell PTC 1(0.6) 1(07) 0(0)
Histological components of recurrent tumors
Papillary > follicular 121 (69.5) 93 (68.9) 28 (71.8) 0.881°
Tall cell > 5% 25 (144) 24(17.8) 1(.6) 0.033°
LOP/LCC> 1% 16 (9.2) 16 (11.9) 0(0) 0.024¢
micropapillary structures 7(43.7) 7(43.7) 0(0)
hobnail structures 4(25.0) 4(25.0) 0(0)
solitary arrangements 8 (50.0) 8 (50.0) 0(0)
small nests 14 (87.5) 14 (87.5) 0(0)
Mitosis count per 2 mm?
>2 48 (27.6) 44 (32.6) 4(10.3) 0.011°
>3 24(13.8) 23(17.0) 1(26) 0.041°
>4 13(7.5) 12(8.9) 1(2.6) 0.302°¢
>5 9(5.2) 8(5.9) 1(26) 0.686 ¢
Ki-67 LI>3% 73 (42.0) 61 (45.2) 12 (30.8) 0.155°2
Presence of mutation
BRAF V60 139 (79.9) 115(85.2) 24(61.5) 0.003°
TERT-p 37 (21.3) 35(25.9) 2(5.1) 0.010°
Double 36 (20.7) 34 (25.2) 2(5.1) 0.001°

2 Chi-square test; b Wilcoxon test; < Fisher’s exact test; RAI, radioactive iodine; RAI-R, RAl-refractory; RAI-A, RAl-avid; IQR, interquartile range; LOP/LCC, loss of polarity/
loss of cell cohesiveness TERT-p: TERT promoter mutation; BRAF"*°%E: irrespective of TERT-p; TERT-p, irrespective of BRAF/S%%; Ki-67 LI, labeling index. "Histological
subtypes of primary tumors were based only on reports (from 2006 to 2022) but not on hematoxylin and eosin (H&E) stains due to unavailable primary samples.
“Histological components of recurrent tumors were described based on H&E stains using the 5™ edition of the World Health Organization (WHO) classification
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age >55 was significantly larger in RAI-R than in RAI-A
patients (35.6% vs. 12.8%, p=0.012). The percentage of
pStage II+II1+1V disease was higher in RAI-R than in
the RAI-A patients (35.6% vs. 12.8%, p=0.012). Regard-
ing the histological components in recurrent lesions,
LOP/LCC components were exclusively present in the
RAI-R group, and the rate of cases with >5% tall cells
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in the entire tumor component was significantly higher
in the RAI-R group than in the RAI-A group (17.8% vs.
2.6%, p=0.033). The mitotic count was dichotomized
into two groups: mitosis count<2 and >2 based on the
receiver operating characteristic curve analysis (Fig. 1).
Specifically, the optimal cut-off value of mitosis count for
RAI-R prediction was 1.5 (round up to 2), resulting in an

ROC Curve for Mitosis Count
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Fig. 1 Receiver operating characteristic (ROC) curve analysis of mitosis count to predict radioactive iodine-refractory (RAI-R) cases. The optimal mitosis
count was 1.5 to predict RAI-R with an area under the ROC curve (AUC) of 0.624, 95% confidence interval of 0.542—0.707, sensitivity of 32.6%, specificity

of 89.7%, and Youden index of 0.223
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accuracy of 0.624 (95% CI: 0.542-0.707), sensitivity of
32.6%, and specificity of 89.7%. A high mitotic count (=2
per 2 mm?) was more frequently observed in the RAI-R
than in the RAI-A group (32.6% vs. 10.3%, p=0.011).
Although the proportion of cases with a Ki-67 LI>3%
was higher in the RAI-R group than in the RAI-A group
(45.2% vs. 30.8%, p=0.155), the difference was not statis-
tically significant. Regarding the presence of mutations,
both BRAF"%F and TERT-p mutations were significantly
more frequent in the RAI-R than in the RAI-A groups
(BRAFY®%E; 85.2% vs. 61.5%, p = 0.003; TERT-p mutation:
25.9% vs. 5.1%, p = 0.010; Dmut: 25.2% vs. 5.1%, p =0.001).

In this study, LOP/LCC components such as micropap-
illary structures were observed in seven of 16 cases, hob-
nail structures in four of 16 cases, solitary arrangements
in eight of 16 cases, and small nests in 14 of 16 cases at
the invasive front of the tumors. Representative images
are shown in Fig. 2. In most cases, LOP/LCC compo-
nents displayed multiple features simultaneously.

Association between mutations/pathological features and
RAI-R

Table 2 shows the association of each factor, including
BRAF"S%E TERT-p, tall cell component, mitosis count,
and Ki-67 LI, with RAI-R. In the unadjusted model, the
OR (95% CI) was 3.59 (1.61-8.01), comparing BRAF"*"%F
mutation vs. BRAF wild-type. This association remained
statistically significant in the multivariate analysis. For
TERT-p mutation, although the association with RAI-R
was significant in the unadjusted model (OR: 6.47, 95%
CI: 1.48-28.3), it was not significant in the multivariable
model. Concerning mutation status, such as wild-type,
Smut, and Dmut, both models revealed a significant step-
wise increase in the association with RAI-R. The pres-
ence of tall cells>5% and mitosis count>2 per 2 mm?
were significantly associated with RAI-R in the unad-
justed model but became marginally associated with
RAI-R in multivariate models. Ki-67 LI >3% were not sig-
nificantly associated with RAI-R in both unadjusted and
multivariable models. These associations were confirmed
and remained stable in Bootstrap resampling models
(Supplementary Table 1).

Association between combined factors of mutations/
pathological features and RAI-R

Table 3 shows the association between com-
bined mutations and pathological features, such as
BRAF"S%F|TERT-p mutation and tall cell component/
mitosis count/Ki-67 LI, and RAI-R. All six combinations
were significantly associated with RAI-R. The association
between combined mutations and pathological features
with RAI-R using logistic regression analysis is sum-
marized in Table 4. Among the combinations, because
of the absence of combinations of TERT-p mutation
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and mitosis count>2/tall cell component in the RAI-A
group, we excluded these two combinations in the logis-
tic regression analysis. Multivariable logistic regression
models indicated that likelihood of RAI-R was signifi-
cantly associated with combinations of BRAF"%%%F and/
or Tall cell>5%, BRAF"*"F and/or Mitosis>2/2mm?’.
For example, the OR for RAI-R, comparing the presence
of single or both BRAF"5%F and Tall cell >5% with none
of them, was 2.94 (95%CI: 1.22-7.13), and 12.2 (95%CI:
1.35-110), respectively (P-value for trend =0.003). Boot-
strap resampling also yielded similar results (Supplemen-
tary Table 1).

To compare the impacts of combinations of Dmut,
Smut, and no mutation with tall cell component, mitosis
count, and Ki-67 LI on RAI-R, we performed additional
analyses, as shown in Supplementary Tables 2 and 3. All
combinations of Dmut exhibited higher proportions in
the RAI-R group (Supplementary Table 2). Due to the
absence of combined Dmut with tall cell/mitosis count
in the RAI-A group, only Dmut/Ki-67 LI was analyzed in
the logistic regression analysis (Supplementary Table 3).
In unadjusted models, RAI-R was significantly associated
with Smut, Dmut (irrespective of Ki-67 LI), with higher
odds of RAI-R in combinations of Dmut. In multivariable
models, Smut/Ki-67 LI became not significantly associ-
ated with RAI-R, whereas Dmut/Ki-67 LI remained asso-
ciated considerably with RAI-R.

Discussion

This study identified several clinicopathological and
molecular factors that were significantly associated
with RAI-R PTC compared to RAI-A cases. Particu-
larly, we observed a higher prevalence of age>55 years,
pStage II+III+IV, tall cell components>5%, LOP/
LCC > 1%, mitosis count>2 per 2 mm?, and the presence
of BRAFY®"%/TERT-p mutations in patients with RAI-R
PTC. Multivariate logistic regression analysis confirmed
a significant association between BRAF"®"F (irrespec-
tive of TERT-p mutation) and combined mutation status
(Smut: BRAFY5%F or TERT-p mutation alone and Dmut:
coexistence of BRAFV*"F and TERT-p mutations) with
RAI-R. The results showed that the odds ratio for RAI-R
was higher in Dmut compared to Smut, indicating that
this combination was strongly associated with RAI-R
(Table 2).

Histopathology remains a critical factor in predicting
the prognosis of thyroid cancer. Aggressive histologi-
cal subtypes of PTC, such as tall cell, hobnail, solid/tra-
becular, columnar cell, and diffuse sclerosing subtypes,
have consistently been linked to worse outcomes, includ-
ing higher rates of recurrence, distant metastases, and
reduced overall survival [4, 34-36]. Additionally, previ-
ous studies have demonstrated a relationship between
these aggressive histological subtypes and RAI-R [6, 8, 37,
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Fig. 2 Histological finding of loss of polarity/loss of cell cohesiveness (LOP/LCC) component in the invasive front area (hematoxylin—eosin). Scale bars
indicated 120 pm. A, micropapillary B, solitary (arrowheads) and small nests (arrows). C, small nests
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Table 2 ORs with 95% Cls of respective factors for RAI-R PTC

Unadjusted Multivariable
Factors OR (95% Cl) P-value OR (95% Cl) P-value
BRAFYS% mutation 3.59(1.61-801) 0.002 267 (1.12-6.38) 0.027
TERT-p mutation 6.47 (1.48-2823) 0.013 261(052-13.0) 0.242
BRAF/™/TERT-p"
Wildtype 1 1
Single mutation 294 (1.29-6.71) 0.010 2.75(1.14-6.62) 0.024
Double mutation 134 (2.77-65.1) 0.001 6.64 (1.23-35.9) 0.028
P-value for trend <0.001 0.007
Tall cell>5% 8.22(1.08-62.8) 0.042 6.51(0.79-53.9) 0.082
Mitosis > 2/2 mm? 423(141-126) 0.010 2.92 (0.88-9.67) 0.079
Ki-67 LI>3% 1.85(0.87—-3.97) 0111 1.18 (0.49—-2.86) 0.710

ORs, Odds ratios; Cls, confidence intervals; RAI-R, radioactive iodine-refractory; PTC, papillary thyroid carcinoma; TERT-p: TERT promoter mutation; BRAF600F;

irrespective of TERT-p; TERT-p, irrespective of BRAF/S%%F; Mutation status: BRAF/° /TERT-p; Single mutation: BRAF'5%%F alone or TERT-p alone; Ki-67 LI: labeling index
Multivariable analysis included age, sex, stage, papillary/follicular pattern, BRAFY%°%, TERT-p, tall cell, mitosis, and Ki-67 LI. "Excluded BRAF'%F and TERT-p, but

included BRAFV59% /TERT-p

Table 3 Statistical analyses of associations between combined mutation and pathological factors with PTC in terms of RAI status

Total RAI-R RAI-A
Combined factors n=174 (%) n=135 (%) n=39 (%) P-value
BRAFY%%/Tall cell > 5% 0.001°
none 33(19.0) 18(13.3) 15 (384)
or 118 (67.8) 95 (70.4) 23 (59.0)
and 23(13.2) 22(163) 1(26)
BRAFY5%%/Mitosis = 2/2mm? <0.001°
none 28 (16.1) 14 (10.4) 14 (35.9)
or 105 (60.3) 83(61.5) 22 (56.4)
and 41 (23.6) 38 (28.1) 3(7.7)
BRAFY®L/Ki-67 LI > 3% 0.001°
none 22(126) 10 (7.4) 12(30.8)
or 92 (52.9) 74 (54.8) 18 (46.1)
and 60 (34.5) 51(37.8) 9(23.1)
TERT-p/Tall cell > 5% 0.001°
none 121(69.5) 85 (63.0) 36 (92.3)
or 44.(253) 41 (304) 3(7.7)
and 9(5.2) 9(6.6) 0(0)
TERT-p/Mitosis = 2/2mm? 0.004°
none 112 (64.4) 79 (58.5) 33 (84.6)
or 39 (22.4) 33(24.5) 6(15.4)
and 23(13.2) 23(17.0) 0(0)
TERT-p/Ki-67 LI> 3% 0.024°
none 91 (52.3) 65 (48.1) 26 (66.7)
or 56 (32.2) 44 (32.6) 12(30.8)
and 27 (15.5) 26(19.3) 1(2.5)

2 Chi-square test; b Fisher’s exact test; RAI-R, radioactive iodine-refractory; PTC, papillary thyroid carcinoma; RAI-A, radioactive iodine-avid; Ki-67 LI, labeling index;
TERT-p, TERT promoter mutation; none, neither of the two factors; or, one of the two factors; and, a combination of the two factors

38]. Consistent with these previous findings, we observed
a significantly higher level of tall cell components (>5%)
in patients with RAI-R PTC than in those with RAI-A
PTC, supporting the notion that tall cell components,
especially in conjunction with BRAF*"’, are key predic-
tors of RAI refractoriness. Deficiency in RAI uptake in
the tall cell component can be explained by the impaired
the sodium-iodide symporter (NIS) expression in these

subtypes [39]. Wei et al. found that 73% of classical PTCs
showed positive NIS expression, whereas NIS expression
was only observed in 32% of tall cell PTCs [39].

Our study also explored the presence of LOP/LCC
components, which have not been extensively studied
in the context of RAI-R PTC. We found that LOP/LCC
components were present in recurrent cancers in the
RAI-R group but absent in the RAI-A group. Although
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Table 4 ORs with 95% Cls of combined mutation and pathological factors for RAI-R PTC

Unadjusted Multivariable
Combined factors OR (95% Cl) P-value OR (95% Cl) P-value
BRAFYSY/Tall cell > 5% @
none 1 1
or 344 (151-7.84) 0.003 294 (1.22-7.13) 0.017
and 183(221-152) 0.007 12.2(1.35-110) 0.026
P-value for trend <0.001 0.003
BRAFYSY/Mitosis > 2/2mm?°
none 1 1
or 3.77(1.57-9.07) 0.003 344 (1.35-8.79) 0.010
and 12.7 (3.16—50.8) <0.001 586 (1.26—27.2) 0.024
P-value for trend <0.001 0.007
BRAF/S%%/Ki-67 LI >3% ©
none 1 1
or 493(1.84—13.2) 0.001 474(1.63-13.8) 0.004
and 6.80 (2.27-204) <0.001 329(094-115) 0.061
P-value for trend 0.002 0.080
TERT-p/Ki-67 LI >3% ¢
none 1 1
or 147 (0.67—-3.21) 0338 1.16 (049—-2.76) 0.733
and 104 (1.34-80.6) 0.025 417 (047-36.7) 0.198
P-value for trend 0.011 0.252

ORs, Odds ratios; Cls, confidence intervals; PTC, papillary thyroid carcinoma; RAI-R, radioactive iodine-refractory; TERT-p: TERT promoter mutation; BRAF6%0F:
irrespective of TERT-p; TERT-p, irrespective of BRAFY5%%; none, neither of the two factors; or, one of the two factors; and, a combination of the two factors; Ki-67 LI,

labeling index

Multivariable analysis included age, sex, stage, papillary/follicular pattern, BRAFYS%%, TERT-p, tall cell, mitosis, and Ki-67 LI. In multivariable analysis: *Excluded
BRAF"6%% and tall cell, but included BRAFY*°%¢/Tall cell; Excluded BRAFY5°% and mitosis, but included BRAFY6%%/Mitosis; “Excluded BRAFY*°° and Ki-67 LI, but included

BRAFY5%% /Ki-67 LI; “Excluded TERT-p and Ki-67 LI, but included TERT-p/Ki-67 LI.

the absence of these components in RAI-A cases pre-
vented us from fully assessing their independent predic-
tive role, the presence of LOP/LCC components in RAI-R
tumors suggests that these histological features may be
important for determining the risk of RAI-R. However, to
our knowledge, no study has investigated the association
between RAI-R and LOP/LCC. We suggest that the LOP/
LCC components may be histopathological markers of
RAI refractoriness and should be further investigated in
future studies.

In addition to histological factors, we examined mitotic
counts and Ki-67 LI in relation to RAI-R. According
to the 5™ edition of the WHO classification, a mitotic
count of at least 3 and 5 per 2 mm?® is required to diag-
nose poorly and high-grade differentiated thyroid car-
cinoma, respectively [28]. Although our univariable
analysis showed a significant association between mitosis
count>2 per 2 mm? and RAI-R, this association became
marginal in the multivariable model. This suggests that
mitosis count alone may not be a strong predictor but
could be relevant when combined with genetic factors
such as BRAF"®"F and/or TERT -p mutations. This has
also been reported in previous studies, suggesting a syn-
ergistic effect [40, 41]. Regarding Ki-67 LI, our analysis
did not reveal a significant association with RAI-R, even
when combined with other markers. This suggests that a

Ki-67 LI>3% may not be a useful predictor of RAI-R and
may not have a synergistic effect at a cut-off of >3% with
these mutations on RAI-R.

The molecular landscape also plays a crucial role in
predicting RAI-R. The prevalence of BRAFV*"F in PTC
varies geographically and ranges from 25 to 89% [42]. In
our study, BRAF"5%F was found in 85.2% of RAI-R cases,
consistent with a previous study from Vietnam [38].
TERT-p mutations, which have been associated with
more aggressive tumor behavior, were also more com-
mon in patients with RAI-R PTC (25.9%) than in those
with RAI-A PTC (5.1%). Importantly, most TERT-p
mutation-positive cases also harbored BRAFV*%F muta-
tions (97.3%). Our multivariate analysis demonstrated
that Dmut had a stronger association with RAI-R than
Smut (Table 2). This finding aligns with previous stud-
ies suggesting that the co-occurrence of BRAF"%%* and
TERT-p mutations is a stronger predictor of RAI-R than
either mutation alone [9, 10]. This study is also the first
to characterize TERT-p mutations (C228T and C250T)
and their combination with BRAFV*"F in Vietnamese
papillary thyroid carcinoma patients. The incidence of
TERT-p in our study was 21.3%, which is higher than that
reported in previous studies (9.8—10.6%) of PTC patients
[43, 44]. A possible explanation for this higher rate is
that all the cases in our study involved recurrent PTC
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patients, while TERT-p was known to be associated with
persistent or recurrent disease [43].

This study had several limitations. First, the initial sur-
geries were conducted at multiple institutions, which led
to incomplete data regarding the primary tumors (e.g.,
tumor size and T stage) for some patients. Second, muta-
tions and histopathological features may change from
primary to recurrent tumors. However, we were not able
to examine these potential changes, if any, due to the
unavailability of primary tumor samples. Future stud-
ies should address this gap by including paired primary-
recurrent tumor samples to investigate the evolutionary
mechanisms underlying RAI-R progression. Third, the
imbalance between RAI-A (n=39) and RAI-R (n=135)
groups might have compromised the robustness of mul-
tivariate analyses. However, our additional Bootstrap
resample analyses confirmed that our findings are stably
significant. Fourth, given the limitation of the cross-sec-
tional study design, the present findings may not imply
a causal relationship. Future research should incorporate
longitudinal follow-up of large cohorts to validate our
findings. Furthermore, investigation for other genetic
changes, such as RAS, RET/PTC rearrangements, NTRK
fusion, or ALK fusion remains to be elucidated for a more
comprehensive understanding of molecular mecha-
nisms with RAI-R. Prospective studies should focus on
LOP/LCC components and mechanistic studies on NIS
expression, whereas the role of mitotic count and Ki-67
in combination with genetic factors warrants further
exploration.

Conclusion

Our study demonstrates that BRAF%% and Dmut are
independent predictors of RAI-R in Vietnamese patients
with recurrent PTC. Additionally, although the presence
of LOP/LCC components in RAI-R tumors suggests its
potential role as a predictor of RAI-R PTC, further inves-
tigation with larger datasets is required to confirm this
finding. The association between Dmut and RAI-R was
stronger than that between Smut and RAI refractoriness,
reinforcing the importance of considering coexisting
mutations in predicting RAI refractoriness. Future stud-
ies should focus on elucidating the role of mitotic count
and LOP/LCC components in RAI-R PTC.
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