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Objective: To study the association between radioiodine refractory papillary thyroid carci-
noma, sodium/iodide symporter (NIS) expression, and the BRAF"*°°F mutation.

Methods: A study was conducted on 30 radioiodine refractory papillary thyroid carcinoma
patients and 30 radioiodine-avid papillary thyroid carcinoma patients. The expressions of
sodium/iodide symporter and BRAFY*°°F mutated protein were determined by immunohis-
tochemistry using formalin-fixed, paraffin-embedded tissue.

Results: The mutated BRAFY*F protein was identified in 26 radioiodine refractory papil-
lary thyroid carcinoma subjects (86.7%) and 22 radioiodine-avid papillary thyroid carcinoma
subjects (73.3%), with no significant difference between the 2 groups (P = 0.3). Sodium/
iodide symporter expression was detected in 4 of 30 cases (13.3%) from the radioiodine-avid
papillary thyroid carcinoma group but was negative for all radioiodine refractory cases.
There was no association between sodium/iodide symporter expression and radioiodine
refractory papillary thyroid carcinoma (P = 0.11). Cases with positive NIS expression were
likely negative for BRAFY*°°F mutation (3/4; P = 0.02).
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Conclusion: Papillary thyroid carcinomas with BRA mutation were more likely to be

FYO%°F mutation and NIS expressions cannot be used to

negative for NIS expression. BRA
predict radioiodine sensitivity.
Keywords: BRAF mutation, immunohistochemistry, papillary thyroid carcinoma,

radioiodine therapy, sodium/iodide symporter

Introduction
In the past 35 years, the incidence of thyroid cancer in Thailand has risen 2.4-fold."
The National Cancer Institute of Thailand reported more than 2800 new cases in
2018.% Papillary thyroid carcinoma (PTC) accounts for 75% of all thyroid cancers,
with surgical intervention and postoperative radioiodine ablation therapy (RAI) as
the standard treatment. Patients with excellent responses to RAI have good prog-
noses and a low recurrence rate. In contrast, those resistant to RAI have a higher
risk of local recurrences and metastases during the follow-up period, resulting in a
higher mortality rate. Thus, additional treatments—such as re-operation, external
beam radiation, chemotherapy, or targeted therapy—are usually employed.” The
term “radioiodine refractory papillary thyroid carcinoma” (RRPTC)® can be applied
to RAI-resistant patients, who account for 5-15% of PTC cases.’

Mutations in the BRAF proto-oncogene have been widely linked to malignant
transformations of the thyroid gland.® The most common mutation is the
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substitution of valine (V) by glutamic acid (E) at residue
600 of the BRAF protein. This results in BRAF"*°°F onco-
protein, which possesses elevated serine/threonine protein
kinase activities and constitutively activates the mitogen-
activated protein kinase signaling pathway in human
cancer.”'® Several reports have also shown an association
of the BRAFV*°F mutation with the aggressive clinico-
pathological characteristics of PTC, including lymph node
metastasis, extra-thyroidal invasion, loss of radioiodine
avidity, and disease recurrence.'!

The sodium/iodide symporter (NIS), a transmembrane
glycoprotein normally located at the basolateral membrane
of thyroid follicular cells, plays an important role in the
iodine regulation of those cells (Figure 1). In thyroid
cancer treated with RAI, NIS mediates the radioiodide-
131 uptake by thyroid cancer cells.'"> Abnormal localiza-
tion of NIS can decrease the uptake, thus reducing the
effect of RAI and causing disease recurrence.'>'* BRAF

mutations have been reported to cause NIS repression,'*
and they have been postulated as a mechanism of RAI
resistance. In spite of many reports on mutated BRAFY*°°F
in RRPTC patients, the effects of this mutation on disease
outcomes are inconsistent.'>!® Moreover, there has been
no Southeast Asian study on the associations between
RRPTC, NIS expression, and the BRAFV%°F mutation,
which may be useful for the planning of postoperative
treatments and assessing the likelihood of satisfactory out-
comes. This study therefore aimed to determine the asso-
ciations between RRPTC, NIS expression, and the
BRAFV®°F mutation.

Materials and Methods

Patients
A retrospective case-control study was conducted at the
Department of Otorhinolaryngology and the Department

m NIS

Pendrin

Figure | Sodium/iodide symporter (NIS) location and function. NIS is expressed at the basolateral membrane of thyroid follicular cell. It is an active transport channel
uptaking iodide ion along with sodium ion. Once in the thyroid follicular cell, the iodide ion either diffuses or is actively transported via pendrin into the follicular lumen. It is
then incorporated into the conversion of thyroglobulin into functioning thyroid hormone.

Abbreviations: TG, Thyroglobulin; T3, Triiodothyronine; T4, thyroxine; NIS, sodium/iodide symporter.
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of Pathology, Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkok, Thailand. The sample size
calculation was based on the prevalence of BRAF muta-
tions in radioiodine refractory patients reported by Yang
et al. Patients diagnosed with PTC who underwent a total
thyroidectomy and RAI treatment were recruited and
evenly divided between an RRPTC group and a control
group. The diagnoses of the RRPTC group were based on
the 2015 American Thyroid Association Guidelines for
RRPTC. The cases in that group met at least one of
these criteria: 1) malignant or metastatic disease without
radioiodine uptake at the initial treatment; 2) tumor tissue
with no ability to concentrate radioiodine after previous
evidence of radioiodine uptake; 3) in cases with multiple
metastasis, radioiodine uptake in some lesions but not in
others; and 4) progress of metastatic disease, despite a
significant concentration of radioiodine. As to the control
group, it consisted of radioiodine avid papillary thyroid
carcinoma (RAPTC) patients who had exhibited an excel-
lent response to treatment. They met all of the following
criteria: 1) no clinical evidence of a tumor; 2) no evidence
of a tumor by RAI imaging and/or neck ultrasound; and 3)
a low serum thyroglobulin (Tg) level in the absence of
interference by antibodies.® Then excluded were patients
with diseases related to the BRAFY0°E mutation, such as
cardiofaciocutaneous syndrome, non-Hodgkin’s lym-
phoma, colorectal cancer, malignant melanoma, non-
small cell lung cancer, lung adenocarcinoma, and brain
tumor (glioblastoma, pilocytic astrocytoma, pleomorphic

and 8,10,17-21

xanthoastrocytoma, ganglioglioma).
Likewise, patients were excluded if they had diseases
related to an abnormality of the NIS protein (such as
Hashimoto’s thyroiditis, congenital hypothyroidism, and

22,23
Graves’ ’

disease). Eventually, 60 patients
enrolled, with 30 patients each in the RRPTC and
RAPTC (control) groups.

The patient characteristics and surgical information

were

were retrieved from electronic medical records. The details
related to age, sex, clinical stagings, gross extra-thyroidal
extensions, and recurrent laryngeal nerve involvements. In
addition, pathological data were retrieved from the hospi-
tal’s pathology archive. They comprised information on
diagnoses; tumor sizes; and structural invasions such as
angiolymphatic invasions, perineural invasions, and
microscopic capsular invasions. Also recorded was the
American Thyroid Association 2015 risk stratification

(defined as low, intermediate, and high risk).

All of the hematoxylin and eosin slides from the thyr-
oid samples were reviewed by 2 pathologists (TA and NL).
The histological variant of each tumor was determined
according to the WHO 2017 diagnostic criteria.”* One
representative section from each case, containing both
tumor and non-tumor thyroid tissue (for internal control),
was selected for immunohistochemistry. A total of 60
specimens (30 each from the RRPTC and RAPTC groups)
were sent for both NIS and BRAFYV®°F staining. The
collection process is illustrated in Figure 2.

The study protocol was approved by the Siriraj
Institutional Review Board of the Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok, Thailand
(272/2560[EC4]). This research was conducted in accor-
dance with the ethical principles of the Declaration of
Helsinki. All personally identifiable information was
removed and confidentially recorded as anonymous data.
Since the level of research did not exceed the minimum
risk to subjects, the requirement to obtain written informed
consent was waived.

NIS Staining Protocol

The NIS status was determined by immunohistochemistry
using a mouse anti-sodium/iodide symporter monoclonal
antibody (Clone FPS5A, catalog number a.a.625-643;
Chemical Express, USA). Four-um thick, formalin-fixed,
paraffin-embedded, tissue sections were deparaffinized in
xylene and rehydrated in a graded series of ethanol. The
slides were incubated in 3% H,O, to deactivate the endo-
genous peroxidase. The antigen retrieval was done using a
heat retrieval reagent at pH 6.0 for 32 minutes. The pri-
mary antibody was incubated at 37° C for 1 hour before
being diluted (1:400) in a diluent buffer (Ab 1 pL +
diluent 399 pL). The thyroid tissue from a patient with
Graves’ disease was used as the positive control for the
assay (Figure 3A). The normal thyroid tissue included in
each slide served as an internal control (Figure 3B). The
entire tumor area was reviewed and searched for tumor
cells with a positive membranous staining pattern, which
is associated with the iodide-accumulating ability of folli-
cular cells (Figure 4A and B). The presence of only a
cytoplasmic staining pattern was considered as negative
for analysis (Figure 4C-E). Positive specimens were
further semi-quantified by counting the number of positive
cells per 10,000 tumor cells. This was achieved by first
determining the number of tumor cells per high power
field (400x; 0.01-mm field diameter) in each case. Then,
the number of fields needed for 10,000 tumor cells was
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Papillary thyroid carcinoma patients s/p thyroidectomy and radioiodine therapy
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expression
- Hashimoto
thyroiditis
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Diseases related to BRAF
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Case: Radioiodine refractory PTC
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Chart review
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- Operative data

- Pathological report :

definite diagnosis,
angiolymphatic
invasion, perineural
invasion,
extracapsular
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- ATA 2015 risk
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Review slide and paraffin block
- Confirm diagnosis
- Variant identification

J
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BRAF V600E detection
Anti-BRAFV600E Mouse
Monoclonal Primary

Antibody
(sensitivity 98.8 %, specificity
97-100 %)

NIS detection
Mouse Anti-
Sodium/lodide
Symporter
Monoclonal Ab

Figure 2 Methodology flow diagram.

Data analysis
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Figure 3 Detection of sodium/iodide symporter expression (NIS) by immunohistochemistry. (A), strong expression of NIS in Graves’ disease (positive control); and (B),
negative staining in PTC tissue with the normal thyroid tissue (upper right corner) included in each slide served as an internal control. The original magnification was 400x

and 100x.

Figure 4 Sodium/iodide symporter (NIS) expression by immunohistochemistry. (A and B), NIS positive staining at basolateral membrane (arrow); (C), absence of NIS
staining; (D), weak cytoplasmic staining; (E), strong cytoplasmic staining. The original magnification was 400x.

calculated on a case-by-case basis. All data were recorded
for further analysis.

BRAF'4%%E Staining Protocol

Four-um formalin-fixed paraffin-embedded sections were
dried at 75 °C for 4 minutes and stained with anti-
BRAFV®°F mouse monoclonal primary antibody VEI1
(catalog number 790-4855), using the protocol recom-
mended by the vendor (Ventana Medical Systems, USA).
Antibody incubation was followed by standard signal
amplification, comprising a Ventana amplifier kit and
ultraWash, and then counterstained with 1 drop of hema-
toxylin for 12 minutes and 1 drop of bluing reagent for 4
minutes. For the chromogenic detection, an ultraView

Universal DAB detection kit (Ventana Medical Systems)
was used. The slides were subsequently removed from the
immunostainer before being washed in water with a drop
of dishwashing detergent and mounted with a cover glass.

FY60F positive color-

A tissue sample from known BRA
ectal adenocarcinoma was used as a positive control, while

the normal thyroid tissue was used as a negative control.

BRAF'6%%E Mytation Detection

An immunoreaction was scored as positive when unam-
biguous cytoplasmic staining for VE1 was observed in
most of the tumor cells. Negative results included faint
staining, isolated nuclear staining, weak staining of single
interspersed cells, and non-specific monocyte/macrophage
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Figure 5 BRAFV600E immunohistochemistry. (A), Positive staining in PTC tissue
was observed in lower left corner; (B), negative staining in normal thyroid tissue
(upper right corner). The original magnification was 100x.

staining (Figure 5). This assay (sensitivity 98.8%; specifi-
city 97-100%) was used to determine the BRAF®%°F
mutation status.*’

Statistical Analysis

The statistical analyses were performed with IBM SPSS
Statistics for Windows (version 22.0; IBM Corp., Armonk,
NY, USA). Demographic data and continuous variables
were presented by descriptive statistics (means and per-
centages). Categorical variables (including the associations
between RRPTC, NIS expression, and the BRAF'F
mutation) were compared using chi-squared or Fisher’s
exact tests, as appropriate. T-tests were used to evaluate
the differences in the continuous variables of the 2 groups.
A P value of < 0.05 was set as the cutoff point for
rejecting null hypothesis.

Results
The demographic data and characteristics of the 60
patients are detailed in Table 1. There was no statistically
significant difference in the prevalences of the BRAFY*"°F
mutation in the RRPTC and RAPTC groups (26/30
[86.7%] vs 22/30 [73.3%], respectively; P = 0.3; Table 2).
Four of 30 cases in the RAPTC group had a detectable
NIS expression, defined as the presence of staining at the
basolateral membrane of individual tumor cells, with or
without cytoplasmic staining (Figure 3A and B). In con-
trast, all cases in the RRPTC group showed no detectable
NIS expression. Nevertheless, statistical analysis could not
reject the null hypothesis (P = 0.11). The results of the NIS

expressions and BRAFY®*F mutations of the RRPTC and
RAPTC groups are summarized in Table 2.

A comparison of the BRAFY®*°F mutation status and
NIS expression revealed that tumors with negative
BRAFV®°F were more likely to retain NIS expression
(25% vs 2.1%; P = 0.02; Table 3). There was only 1
case with BRAFY®%°F that still retained NIS expression.

Discussion
In this study, the overall prevalence of BRA
tion was 80%, with a higher frequency in the RRPTC
group than the RAPTC group. Nevertheless, the difference
was not significant (86% vs 73%; P = 0.3).

The reported prevalences of BRAFY*°F in PTC have
varied from 31% to 87%,° with some differences

FYVO%% muta-

between Western countries (30—50%) and Asian countries
(40-80%).27-*® The diversity in the frequency of the BRAF
mutations may be associated with differences in the level
of iodine intake.>*° In Thailand, Khemka and coauthors
reported a 56% prevalence of the BRAF mutation in PTC

[Unpublished dissertation] (b was similar to the 54%

cases,
reported by Pongsapich and colleagues.’’ However, the
true frequency of this mutation in Thai PTC remains
unknown due to lack of large scale molecular studies.
The sample size in our study was far too small to draw a
conclusion on the prevalence of the disease.

Many studies have investigated the associations
between the BRAFY*°°F mutation and the aggressive clin-
icopathological characteristics of PTC, such as extra-thyr-
oidal extension, advanced pathological staging, lymph
node metastasis, recurrence, and tumor persistence with
loss of radioiodine avidity.® Liu and associates conducted a
meta-analysis of 63 studies that had examined the associa-
tions between the BRAFY*°°F

and poor outcomes in PTC. Their work showed that the

mutation, prognostic factors,

BRAF mutation increased the risk of developing advanced
disease and lymph node metastasis by about 1.5-fold, and
the risk of an extra-thyroidal extension by about 2-fold.
The recurrence rate was also doubled in patients with a
BRAF mutation. Additionally, the overall survival of
patients with the mutation was about a fifth of that for
patients with the wild-type BRAF.'" Nonetheless, the cor-
relation between the BRAFY®°°" mutation and the radio-
iodine-sensitivity status was still inconclusive. In another
work, Yang et al reported an association between the
BRAFY*F mutation and radioiodine refractory in meta-
static PTC.*? Furthermore, Barollo and colleagues estab-
lished that the BRAFY®°°F mutation was related to the
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Table | Demographic Data and Patient Characteristics

Characteristics Radioiodine Refractory Radioiodine Avid P value OR (95% CI)
PTCc (%; N = 30) PTC (%; N = 30)

Age (years): mean 534 43.2

<55 15 (50) 23 (76.7) |

255 15 (50) 7 (23.3) 0.03 3.29 (1.09, 9.95)

Sex

- Female 20 (66.7) 22 (73.3) |

- Male 10 (33.3) 8 (26.7) 0.57 1.38 (0.45, 4.17)

Diagnosis

- PTC without metastasis | 4 (13.3) 22 (73.3) |

- PTC with metastasis 26 (86.7) 8 (26.7) < 0.0l 17.88 (4.74, 67.43)

Staging

-Early 16 (53.3) 27 (90) |

-Advanced 14 (46.7) 3 (10) < 0.0l 7.88 (1.96, 31.68)

Tumor invasion

- Gross extension 18 (60) 2 (6.7) < 0.0l 21.00 (4.20, 105.04)

- RLN involvement 10 (33.3) 1 (3.3) < 0.0l 14.50 (1.72, 122.40)

- Microscopic thyroidal 26 (86.7) 8 (13.3) < 0.0l 17.88 (4.74, 67.43)

capsular invasion

- Peri-neural invasion 8 (26.7) 2 (6.7) 0.04 5.09 (0.98, 26.45)

- Angiolymphatic invasion | 13 (43.3) 9 (30) 0.28 1.78 (0.62, 5.17)

Size (cm)

< 5(16.7) Il (36.7) I

> -2 7 (23.3) 7 (23.3) 0.30 2.20 (0.50, 9.75)

> 24 7 (23.3) 7 (23.3) 0.30 2.20 (0.50, 9.75)

> 4 Il (36.7) 5(16.7) 0.04 4.84 (1.09, 21.58)

Variant

- Classical 26 (87.7) 29 (97.7) |

- Aggressive 4 (13.3) 1 (3.3) 0.16 4.46 (0.47, 42.51)

ATA risk stratification

-Low 3 (10) Il (36.7) |

-Intermediate 9 (30) 14 (46.7) 0.27 2.36 (0.51, 10.85)

-High 18 (60) 5 (16.6) < 0.0l 13.20 (2.62, 66.43)

Abbreviations: ATA, American Thyroid Association; Cl, confidence interval; cm, centimeter; OR, odds ratio; PTC, papillary thyroid carcinoma; RLN, recurrent laryngeal

nerve.

Table 2 BRAFY600E Mutation, NIS Status, and Radioiodine Refractory Status

Characteristics Radioiodine Refractory PTC (%; N = 30) Radioiodine Avid PTC (%; N = 30) P value
BRAFY60%F 03
Positive 26 (86.7) 22 (73.3)

Negative 4 (13.3) 8 (26.7)

NIS 0.11
Positive 0 4 (13.3)

Negative 30 (100) 26 (86.7)

Abbreviations: NIS, sodium/iodide symporter; PTC, papillary thyroid carcinoma.
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Table 3 BRAFY*%F Muytation and NIS Expression/Localization

Characteristics BRAFY%%°% Mutation (%; N = 48) BRAF Wild Type (%; N = 12) P value
NIS location 0.02
Positive 2.1 3 (25)

Negative 47 (97.9) 9 (75)

Abbreviation: NIS, sodium/iodide symporter.

iodine uptake status of recurrent PTC.?* In a study on the
clinical outcomes of radioiodine therapy in low- and inter-
mediate-risk PTC patients with the BRAFY®°°F mutation,
Li and associates found no statistical difference between
the BRAF-mutated group and the wild-type group."
Additionally, some studies have reported no association
between the BRAFY®°°F mutation and radioiodine sensi-

tivity in non-distant metastasis PTC groups.** >’

Despite there being no correlation between the BRAF" ¢
mutation and the radioiodine refractory status of PTC in our
study, there were significant differences in some clinical para-
meters. They were age, extra-thyroidal extension, recurrent
laryngeal nerve involvement, perineural invasion, microscopic
thyroidal capsular invasion, tumor size, and disease stage.
These factors may predict the radioiodine refractory status,
which is consistent with the work of Li et al.*® It is likely that
the radioiodine refractoriness scores (for extra-thyroidal exten-
sion, pN staging, lymph node metastasis > 4 nodes, lymph
node metastasis, smoking and tumor type) could be highly and
positively correlated with the prevalence of radioiodine refrac-
tory status.*® From our study, an age over 55 years, a tumor size
exceeding 4 cm, and perineural invasion increased the chances
of developing RRPTC by about 3- to 5-fold. In addition,
patients with an advanced stage of PTC had an 8-fold greater
chance of developing RRPTC. In comparison, patients diag-
nosed with PTC with metastasis, a high American-Thyroid-
Association risk of recurrence and persistence disease, and
pathological reports of recurrent laryngeal nerve involvement
or microscopic capsular invasion, had a 13- to 18-fold
increased chance of developing RRPTC. Likewise, patients
having PTC with a gross extra-thyroidal extension had a 21-
fold higher chance of developing RRPTC.

The location of the NIS protein expression is important
in the process of iodide uptake. An overexpression of the
protein at the basolateral membrane in thyroid cancer cells
relative to the surrounding normal tissues indicates the
avidity of the radioactive iodine treatment. However, in
PTC with a low radioiodine uptake, the NIS protein is
mainly localized with a subcellular distribution. Thus, it
has been suggested that a low radioiodine uptake may not

be due to a low NIS expression, but rather to impaired
targeting of the plasma membrane or impaired intracellular
retention of NIS.**** Therefore, our study defined NIS
staining as positive when it was detected only at the baso-
lateral membrane. All of our PTC specimens yielded a low
NIS expression relative to normal thyroid tissue. Only 4
cases showed focal areas with a positive basolateral mem-
brane staining of NIS, and all were in the RAPTC group (4/
30). Our study failed to show statistical significance
between NIS positivity and radioiodine-sensitivity status
(P = 0.11), largely due to the global down-regulation of
NIS in almost all of the PTC cases.** It was inconclusive
whether the abnormal location or the absence of the NIS
expression impacted on the radioiodine refractory status.
Previous studies of NIS expression in thyroid carcinoma
utilized many kinds of immunohistochemistry antibodies.
Different methods showed a wide spectrum of NIS detec-
tion rates, ranging between 12% and 100%. However, when
detection was focused on a targeted area, as in the basolat-
eral membrane, the NIS detection rates (0.8-58.8%) were
lower than those for the overall areas.'**> The same anti-
NIS antibody (Clone FP5A) used in the current investiga-
tion was employed by Morari and associates. Their NIS
detection rate was 12.2%, which is comparable with the
6.7% detection rate found by our work.'? Other studies used
a TSA signal amplification method and added alternative
anti-NIS to enhance the sensitivity; however, the detection
rate was not significantly increased. This variation in detec-
tion rates might be related to tumor patterns, collection
methods, ethnicity, and a limited capacity of the anti-NIS
antibody. Recently, qQPCR for SLC5A5 gene has been intro-
duced for analysis to overcome the limitations and to pro-
vide additional information on NIS expressions. The results
showed that SLC5AS5 was strongly suppressed in compar-
ison with normal thyroid tissue.*® However, each institution
should strike a balance between factors such as the speci-
men-preservation technique, cost effectiveness, and general-
ized applicability, and select the optimum methods.
Furthermore, there have been studies on factors that may
predict radioiodine-sensitivity status. Mian and colleagues
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found that RRPTC was related not only to the NIS transcrip-
tion factor, but also to the Tg transcription, thyroid perox-
idase transcription, and pendrin transcription factors. All of
those factors were significantly decreased in the RRPTC
group.*’ Xing explained that NIS, the thyroid stimulating
hormone receptor, thyroid peroxidase, Tg, transforming
growth factor beta, and histone deacetylase affected the
iodine uptake of thyroid cancer cells.*® Hongwei and coau-
thors indicated that MED16 reduction in PTC contributes to
tumor progression and RAI resistance via activation of the
transforming growth factor beta pathway.*

FYV0%F mutation status with

In the comparison of the BRA
NIS expression, tumors without the mutation were more
likely to retain NIS expression (P = 0.02). The result suggests
that the BRAF mutation may alter the NIS protein localiza-
tion and expression in PTC; this corresponds with the find-
ings of other studies.'®*® However, RRPTC was not

E .
FY69°E mutation and

significantly associated with the BRA
NIS expression. There may be other factors or pathways
that are associated with iodine uptake in thyroid cancer.
The present study had limitations. Firstly, the sample
size was smaller than those used by some other studies. In
addition, we collected specimens from only primary
tumors. We assumed that the refractory status of the pri-
mary tumor or metastasis was a result of the severity and
sensitivity to RAI of the primary tumor. This was consis-
tent with the finding of a recent study by Gomes-Lima
et al: that the BRAFY*°F mutation was present in both

primary and metastatic refractory thyroid tumors.>°

Conclusions

Although RRPTC is not significantly associated with the
BRAFY®°F mutation and NIS expression when compared
with RAPTC, a relationship between abnormal NIS distribu-
tion and the BRAF"**°* mutation in PTC can be observed.
Some characteristics and pathological features of tumor are
correlated with RRPTC: extra-thyroidal extension, recurrent
laryngeal nerve involvement, perineural invasion, micro-cap-
sular invasion, tumor size, and disease stage. Hence, those
factors may be helpful in predicting the radioiodine activity
of PTC. BRAFY**" and NIS immunohistochemistry alone
do not predict radioiodine sensitivity in PTC.
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