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Analysis of the clonal origin and differences in the biological
behavior of multifocal papillary thyroid carcinoma

WEI SUN', QIHONG HU', ZHI LIU?, QING ZHANG? and JIAN WANG!

]Department of Thyroid and Breast Surgery, Ma'anshan People's Hospital, Ma'anshan, Anhui 243000, P.R. China;
2Department of Pathology, Ma'anshan People's Hospital, Ma'anshan, Anhui 243000, P.R. China

Received May 13,2024; Accepted August 21,2024

DOI: 10.3892/01.2024.14677

Abstract. Papillary thyroid carcinoma (PTC) exhibits a trend
of multifocal growth. However, the clonal origin of multiple
cancer foci in the thyroid gland remains an issue of ongoing
debate. In order to investigate the clonal origin and biological
behavior differences of multifocal PTC (MPTC) from a unique
perspective, a combination of dual gene and dual protein
detection methods was used. The present study included
52 patients with MPTC. Immunohistochemical staining was
used to assess the expression of v-raf murine sarcoma viral
oncogene homolog Bl (BRAF) and telomerase reverse tran-
scriptase (TERT) proteins, while quantitative PCR and Sanger
sequencing were used to identify BRAF and TERT gene muta-
tions. Based on the results, MPTC cases were classified into
two clonal origins, namely intraglandular metastatic (71.2%)
and independent multicentric origin (28.8%). BRAF protein
expression and BRAF gene mutation were significantly higher
in the intraglandular metastasis group than in the multicentric
cancer group. However, no significant differences in TERT
protein expression and TERT gene mutation were observed
between the two groups. Sex, central lymph node metastasis
rate, Hashimoto's thyroiditis and tumor distribution laterality
were not found to differ significantly between the two groups.
However, significant differences were detected in age at initial
diagnosis, lateral cervical lymph node metastasis rate, tumor
capsule invasion rate and maximum tumor diameter. The study
found that MPTC predominantly occurs due to intraglandular
metastasis, which is associated with stronger tumor invasive-
ness than cancer foci with multiple independent origins, as
it is more likely to exhibit pathogenic gene mutations and
abnormal protein expression, cervical lymph node metastasis
and capsule invasion. Therefore, it is recommended that the

Correspondence to: Professor Jian Wang, Department of Thyroid
and Breast Surgery, Ma'anshan People's Hospital, 45 Hubei Road,
Ma'anshan, Anhui 243000, P.R. China

E-mail: wangjl197602@163.com

Key words: multifocal papillary thyroid carcinoma, v-raf
murine sarcoma viral oncogene homolog Bl, telomerase reverse
transcriptase, clonal origin, biological behavior

surgical approaches and follow-up strategies for intraglandular
metastatic MPTC should be aggressive and individualized.

Introduction

Papillary thyroid carcinoma (PTC) is the most common
pathological type of thyroid malignant tumor, with favorable
surgical outcomes and low mortality rates (1). However, the
recurrence and persistence of tumors in situ and in lymph
nodes after PTC surgery is not rare (2). An epidemiological
analysis indicated that the incidence of thyroid cancer in China
increased at an annual rate of ~20% from 2003 to 2011, and
the rate of increase ranks first among all malignant tumors (3).
By 2022, thyroid cancer had become the cancer with the third
highest incidence in Chinese women, while the incidence of
that in men ranking seventh. (4). This may be due to a consid-
erable increase in accessibility of medical examination and
medical insurance in China. In a large number of cases, PTCs
are small tumors found by ultrasound examination; therefore,
the mortality rate of thyroid cancer in China has not increased
markedly (5). Studies have estimated that in several countries,
thyroid cancer is overdiagnosed in >80% of female and ~70%
of male patients (6-9), making it essential to address the issue
of overtreatment. For example, thyroidectomy and lifelong
hormone replacement therapy not only lead to an unnecessary
economic burden on individuals and society, but also reduce
the quality of life of patients (6). However, PTCs vary in their
degree of invasiveness, and if not effectively diagnosed and
an appropriate intervention applied, the tumor burden will
continue to increase and affect the quality of life of patients,
even resulting in death.

Multifocal PTC (MPTC) is the presence of two or more
anatomically independent PTC lesions in the same thyroid
gland. This multifocal phenomenon occurs frequently (10)
and is considered to be a high-risk factor for poor prognosis,
requiring more active intervention and treatment (11). Studies
on the clonal origins of MPTC tend to rely on the detection and
analysis of known key pathogenic genes. If multiple MPTC
lesions are formed due to the metastasis and dissemination of
one cancer lesion in the thyroid, the gene expression and status
of the multiple cancer lesions tend to be consistent. Conversely,
when multiple cancerous lesions in the thyroid gland arise
from the cloning of progenitor cells with independent origins,
the cancer cells within these lesions often display inconsistent
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or partially inconsistent gene expression and states. This is
known as multicenter independent origin MPTC (12-15). A
number of gene mutations are frequently detected in PTC,
including RAS, v-raf murine sarcoma viral oncogene homolog
Bl (BRAF), telomerase reverse transcriptase (TERT) and
rearranged during transfection (RET)/PTC mutations, which
are closely associated with the pathogenesis of PTC (16,17).
A mutation at the T1799A site in the BRAF gene continuously
activates the MAPK pathway, leading to dysregulation of the
cell cycle, which is significantly associated with PTC (18). The
mutation rate of the BRAF gene in PTC lesions is 23-83%
overall, and >70% in Asian populations (19). The TERT gene
plays a role in the maintenance of chromosome stability (20).
While the mutation rate of the TERT gene is relatively low
at 10-13% in differentiated thyroid cancer, it can reach as
high as ~40% in undifferentiated and poorly differentiated
thyroid cancer (17). The presence of TERT gene mutations in
PTC often indicates a more aggressive tumor or rapid disease
progression (21). Thus, the detection of these mutations is
useful when exploring the clonal origin of MPTC.

Numerous studies have been performed on the clonal origin
of MPTC, but studies exploring the differences in biological
behavioral between MPTCs with different clonal origins are
lacking. It would be beneficial to conduct in-depth research
on this issue, to enable the precise treatment of MPTC to be
more evidence-based. Therefore, the present study aimed to
employ a combination of dual-gene and dual-protein markers
to analyze the genomic status and expression patterns of clin-
ical MPTC samples, and categorize the tumors based on their
clonal origin. Further analyses were conducted to examine the
differences in biological behavior between cases with different
clonal origins and provide evidence to guide treatment timing
and follow-up planning for different types of MPTCs.

Materials and methods

General information. The case data of patients with MPTC
in Ma'anshan People's Hospital (Ma'anshan, China) from
March 2020 to January 2024 were reviewed. Inclusion
criteria included: i) Histologically confirmed papillary thyroid
cancer; ii) =2 cancer foci per case; iii) a maximum tumor
diameter of =1 mm to ensure that the accuracy of the detec-
tion results was not compromised due to insufficient tumor
tissue; iv) absence of a history of neck radiation exposure;
and v) initial PTC cases. The study was conducted following
approval by the ethics committee of Ma'anshan People's
Hospital (approval no. 2022-077-007). A total of 52 patients
were selected using a random number method, and postopera-
tive tumor tissue specimens were obtained for testing. There
were 33 females (63.46%) aged between 19-75 years, and
19 males (36.54%) aged between 27-68 years. The clinico-
pathological data of these cases, including age at diagnosis,
sex, thyroid immunological indices, tumor size and location
were collected for analysis, along with data on tumor invasive
behavior, categorized as central lymph node metastasis, lateral
cervical lymph node metastasis and capsule invasion.

Detection methods. All MPTC cancer lesions were analyzed
for the presence of the BRAF gene (VO60OE) mutation using
quantitative PCR (qPCR) technology, and the TERT gene

(C228T and C250T) mutations were detected using Sanger
sequencing technology. Immunohistochemical staining was
employed to assess the expression levels of TERT and BRAF
proteins in each cancer lesion, and the gene mutations and
protein expression patterns were recorded. The genes and
accession numbers analyzed in this study are as follows:
TERT, accession number NG_009265; BRAF, accession
number NG_007873.

Immunohistochemical staining. For each cancer lesion, 3 tissue
sections with a thickness of 4 ym were prepared. The primary
antibodies used were mouse anti-human BRAF monoclonal
antibody (cat no. TA500431) and rabbit anti-human TERT
polyclonal antibody (cat. no. TA324097), both from OriGene
Technologies, Inc, a dilution of 1:200. The secondary antibody
kit adopted the ready-to-use rapid immunohistochemical
Max Vision 2 kit (cat. no. KIT-5920, MXB Biotechnologies),
which includes a secondary antibody for rodents and rabbits
and DAB staining solution. The blocking process used a 3%
hydrogen peroxide solution at room temperature for 10 min.
The incubation conditions of primary antibody were set at
4°C for 12 h, followed by rewarming at 37°C for 15 min. The
positive staining of BRAF protein and TERT protein were
yellow colored particles in cytoplasm observed under light
microscope. The staining results were manually counted inde-
pendently by two experienced pathologists, and the positive
cell rate and staining intensity of each slice were graded and
scored using the immune reactivity score (IRS). The staining
intensity score: negative, 0; Weak, 1; Medium, 2 ; Strong, 3. The
positive cell rate score: 5 fields were randomly selected under
400 magnification, <5%, 0; 5-25%, 1; 26-50%, 2; 51-75%, 3;
>75%, 4. The positive intensity was determined by calculating
the product of these two indicators, and the mean of the three
sections was taken as the final staining result for each case, and
the score =5 was recorded as positive. Any inconsistent results
were assessed jointly by the two pathologists and discussed
until an agreed result is reached.

qPCR. A QIAmp DNA FFPE Tissue Kit (cat. no. 56404; Qiagen
AB) was used to extract nucleic acid from paraffin-embedded
cancer tissue. Quality control was performed using an
SMA4000 spectrophotometer (Merinton Ltd.) to assess DNA
concentration and the ratio of optical density at 260 and 280 nm
(1.6-2.0 was considered to indicate adequate quality). For the
detection of BRAF mutations at specific sites [chr7:140453136,
c.1799T>A, p.Val600Glu (V600E)], PCR reaction systems and
quality control reaction mixtures were prepared separately.
The PCR reaction mixture (Human BRAF gene V60OE muta-
tion detection kit, Wuhan YZY Biopharma Co.,Ltd.) contained
22.8 ul PCR reaction mixture, 0.2 ul enzyme mixture and 2 pl
DNA template. PCR amplification was conducted using the
Applied Biosystems 7,500 Real-Time PCR Systems (Thermo
Fisher Scientific, Inc.). The cycling condition was 95°C for
5 min, followed by 40 cycles of 95°C for 15 sec and 60°C
for 1 min. After amplification, a fluorescence threshold was
established based on the amplification curve, and Cq values
were obtained for different channels. These Cq values were
used to calculate ACq values. For mutation detection, the Cq
value of the FAM channel was observed. If the Cq value of the
FAM channel was >38 or could not be determined, the sample
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was considered negative or below the detection limit of the kit.
By contrast, if the Cq value of the FAM channel was <38, the
ACq value was calculated by subtracting the Cq value of the
external control signal (FAM) from the Cq value of the muta-
tion signal (FAM). If the calculated ACq value was <9, the
sample was determined to be mutation positive. Otherwise, it
was considered mutation negative or below the detection limit
of the kit. The primers and probes used in the amplification
reaction were as follows: BRAF upstream, 5'-CAACTG
TTCAAACTGATGGGAC-3"; BRAF downstream, 5'-AAA
ATAGGTGATTTTGGTCTAGCTACACA-3'; BRAF probe,
FAM-CATCGAGATTTCTGTG-MGB; internal control
upstream, 5-CTTCTTGCCTCTTGTCTCTTAGT-3'; internal
control downstream, 5'-GCAACAATATCCACTTTACCA
GA-3'; internal control probe, CYS-TGACCAGGCGCCCAA
TACGA-BHQ3. Glyceraldehyde-3-phosphate dehydrogenase
was used as an endogenous control.

Sanger sequencing. QIAmp DNA FFPE Tissue Kit was used
to extract nucleic acid from paraffin-embedded cancer tissue
samples. Subsequently, the nucleic acids were quality-checked
using SMA4000 UV-Vis Spectrophotometer to assess DNA
concentration and the OD260/280 ratio (1.6-2.0 was consid-
ered to indicate adequate quality). For the detection of TERT
sites (chr5:1295228, C228T; chr5:1295250, C250T), primers
and a PCR reaction mix were used. The PCR reaction mixture
comprised 2X PCR Mix (10 ul), PCR primers (10 uM; 1 ul),
DNA template (2 ul) and double-distilled H,O (7 ul). The
PCR was performed under standard conditions and yielded
a PCR product with an expected size of 235 bp. Following
PCR, 5 pul of the product was analyzed by agarose gel elec-
trophoresis. If a clear and distinct target band was visible, the
sample proceeded to the next step. Sanger sequencing was
then performed according to standard operating procedures.
Sequencing sample preparation was carried out using the
primers 5'-AGTGGATTCGCGGGCACAG-3' (forward) and
5'-CAGCGCTGCCTGAAACTCG-3' (reverse). Sequencing
was conducted using the ABI 3730x]1 Genetic Analyzer
(Thermo Fisher Scientific, Inc.). The sequencing results
were aligned with the reference sequence using the SeqMan
algorithm in Lasergene 17.3 software (DNASTAR, Inc.).
Alternatively, the sequencing results were analyzed using
ChromasPro 2.1.5 software (Technelysium Pty Ltd.) to search
for sequences before and after the target mutation site. The base
type at the target site and the presence of any significant muta-
tion peaks (A, green; T, red; C, blue; G, black) were observed.
If a significant difference in the target mutation base peak
(T, red) compared with the background peak was observed, it
was considered a mutation. Conversely, if only the target base
peak (C, blue) was present, there was deemed to be no mutation
at that site. In order to obtain consistent sequencing results, all
PCR fragments were sequenced at least twice. The TERT gene
target mutation site and its flanking nucleotide sequence were
as follows: CCGCCCCGTCCCGACCCCT[C250T]CCGGGT
CCCCGGCCCAGCCCC[C228T|TCCGGGCCCTCCCA.

Statistical analysis. SPSS 22.0 software (IBM Corp.) was
utilized for data processing, employing the %* and Fisher's exact
test as appropriate to analyze protein expression, gene mutation
and clinical pathological data, including age, sex, tumor size
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and location distribution, Hashimoto's thyroiditis, and tumor
invasiveness, in MPTCs with different clonal origins. P<0.05
was considered to indicate a statistically significant difference.

Results

Detection of proteins and genes in MPTC cases. A total of
128 PTC lesions were analyzed by immunohistochemistry, of
which 109 lesions tested positive for BRAF protein expres-
sion (85.2%) and 69 lesions tested positive for TERT protein
expression (53.9%). The BRAF V600E gene mutation was
identified in 108 cancer foci (84.4%), and the TERT promoter
mutation was detected in 6 cancer foci (4.7%). Representative
detection results for BRAF and TERT proteins, BRAF gene
and TERT gene are presented in Figs. 1-3, respectively.

Analysis of clonal origins in MPTC. Through the detailed
examination of protein expression and gene mutation patterns
across all cancerous foci, the cases were categorized into two
distinct groups: i) Intraglandular metastasis lesion group;
and ii) multicentric independent origin lesion group. Cases
where all cancerous foci within the same patient exhibited
identical gene mutations and protein expression results were
designated as having a common clonal origin and assigned to
the intraglandular metastatic lesion group. Conversely, those
displaying heterogeneous gene mutations or protein expres-
sion results were considered to have distinct clonal origins and
were included in the multicentric independent origin lesion
group. Among the 52 cases examined, the analysis indicated
that foci in 37 MPTC cases (71.2%) originated from intrag-
landular metastasis, while those in 15 MPTC cases (28.8%)
had independent multicentric origins. In addition, the intrag-
landular metastatic lesion group encompassed 90 cancerous
foci (70.3%), while the multicentric independent origin lesion
group comprised 38 foci (29.7%; Fig. 4).

Genetic mutations and protein expression patterns. The
intraglandular metastatic lesion group exhibited a signifi-
cantly higher positive expression rate of BRAF protein (91.1%)
compared with the multicentric independent origin lesion
group (71.1%; P<0.05). However, no significant difference
was observed in the positive expression rate of TERT protein
between the two groups (58.9 vs. 42.1%; P>0.05). Additionally,
the intraglandular metastatic lesion group demonstrated a
significantly higher mutation rate of the BRAF V600E gene
(88.9%) compared with the multicentric independent origin
lesion group (73.7%; P<0.05). Conversely, no significant
difference was observed in the mutation rate of the TERT gene
between the two groups (5.6 vs. 2.6; P>0.05; Table I).

Clinical pathological data. The clinical characteristics of the
MPTC cases were compared between groups with different
clonal origins. No statistically significant difference in the
clonal origin of PTC multifocality was detected between men
and women (P>0.05). Notably, a significantly higher proportion
of patients aged =50 years was observed in the intraglandular
metastatic lesion group (43.2%) compared with the multicen-
tric independent origin lesion group (13.3%). These results
indicate that multiple cancerous foci in older patients are more
likely to be formed by metastasis within the thyroid gland,
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Figure 1. Histology of individual multifocal papillary thyroid carcinoma samples. Representative images of (A) BRAF protein-positive, (B) BRAF protein-
negative, (C) TERT protein-positive and (D) TERT protein-negative samples. Magnification, x40. BRAF, v-raf murine sarcoma viral oncogene homolog Bl;

TERT, telomerase reverse transcriptase.

while by contrast, the multiple cancerous foci in younger
patients are more likely to form independently from multiple
centers (P<0.05). In terms of central lymph node metastasis,
the intraglandular metastatic lesion group demonstrated a
slightly higher rate (75.7%) compared with the multicentric
independent origin lesion group (73.3%), but this difference
was not found to be statistically significant (P>0.05). However,
when considering lateral cervical lymph node metastasis, the
intraglandular metastatic lesion group exhibited a significantly
higher rate (29.7%) compared with the multicentric indepen-
dent origin lesion group (0%), indicating that the likelihood
of lateral neck lymph node metastasis is increased in multi-
focal cases with intraglandular metastatic origin (P<0.05).
Additionally, no significant association was identified between
Hashimoto's thyroiditis and the clonal origin of multifocal
carcinoma (P>0.05). Furthermore, the tumor capsule invasion
rate was significantly higher in the intraglandular metastatic
lesion group (48.6%) compared with the multicentric indepen-
dent origin lesion group (13.3%), suggesting that multifocal
tumors with intraglandular metastatic origin have an increased
propensity to invade the thyroid capsule (P<0.05). Notably,
the proportion of tumors with a maximum diameter of >2 cm
was significantly higher in the multicentric independent
origin lesion group (33.3%) compared with the intraglandular
metastatic lesion group (5.4%), indicating that the tumor
growth rate of MPTC with multicentric independent origin
may be faster than that of intraglandular metastatic MPTC
(P<0.05). However, no significant difference was observed

in the distribution of carcinoma foci between the two groups
(P>0.05; Table II).

Discussion

Numerous studies have been carried out to compare the
pathological characteristics and clinical prognosis between
single-lesion PTC and MPTC (10,22-24). Most of these
studies indicate that MPTC is associated with a worse patient
prognosis compared with single-lesion PTC. For example,
a meta-analysis encompassing 23 studies with a total of
41,616 patients revealed that, compared with single-lesion
PTC, MPTC has an elevated risk of extrathyroidal invasion,
lymphovascular invasion, central and lateral neck lymph
node metastasis, distant metastasis, and postoperative recur-
rence (11). Another meta-analysis, which analyzed 26 studies
involving 33,976 patients, and other experimental studies found
that MPTC was significantly associated with an increased risk
of tumor recurrence (25-28). However, in terms of prognosis,
no marked difference has been found for mortality between
MPTC and single-lesion PTC, as both have a low total mortality
rate (11,25). Therefore, although MPTC is more aggressive,
the overtreatment of MPTC should be avoided. Furthermore,
it is important to identify the types of MPTC that might
require more intensive treatment and follow-up plans in order
to improve the long-term quality-of-life of patients and reduce
socioeconomic costs. Therefore, the present study subdivided
MPTC cases according to the clonal origin of multiple cancer
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Figure 2. BRAF V600E mutation in multifocal papillary thyroid carcinoma. Representative (A) BRAF V600E mutant and (B) wild-type amplification plots
generated using quantitative PCR. The red marking represents the threshold line. BRAF, v-raf murine sarcoma viral oncogene homolog B1; BRAF-IC, BRAF
internal reference gene detection curve; BRAF-W, BRAF V600E wild-type gene detection curve; BRAF-M, BRAF V600E mutation gene detection curve;

DRn, change in relative fluorescence normalized.

foci and explored the biological differences between MPTCs
with different clonal origins.

There have been numerous studies on the clonal origin
of MPTC (29-32); however, there is no definitive evidence
indicating whether the cancer foci of MPTC are formed by
multicentric independent origin and/or by intraglandular
metastasis. The results of the present study indicate that
the multiple loci in MPTC are formed by intraglandular
metastasis in some cases and are of multicenter independent
origin in others. Analysis of the multi-molecular expression
patterns within each cancer lesion revealed that a notable
71.2% of cases had multiple lesions with common molecular
expression patterns. These data strongly suggest that MPTC
primarily develops from a monoclonal origin, leading to the
formation of multiple tumors via intraglandular metastasis.

This aligns with the findings of Park et al (12) regarding
MPTC in the Korean population. By analyzing BRAF gene
mutations in cancerous lesions, the authors discovered that
39.3% of cases exhibited heterogeneous mutations, suggesting
multicentric clonal origins. Conversely, the majority of cases
exhibited intraglandular metastases arising from monoclonal
origins (12). Research by McCarthy er al (14), based on the
detection of X chromosome inactivation, also indicated that
the lesions of MPTC more often have the same clonal origin,
and suggested that intraglandular metastasis plays an impor-
tant role in the spread of thyroid carcinoma. Lin et al (33) also
found that most MPTC cases they studied had a monoclonal
origin, with a common mutation pattern, as evidenced by
small-fragment loss of heterozygosity and BRAF gene muta-
tion results. This led to the suggestion that the origin of MPTC
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Figure 4. Clonal origin of multifocal papillary thyroid carcinoma. Red
represents the intraglandular metastatic cancer group, and blue represents
the multicentric cancer group.

may be more important than tumor size in the prediction of
lymph node metastasis, invasion and prognosis (33). However,
several studies offer contrasting perspectives. Bansal et al (13)
conducted a thorough analysis of BRAF, neuroblastoma RAS
viral oncogene homolog, Harvey rat sarcoma viral oncogene
homolog and Kirsten rat sarcoma viral oncogene homolog
point mutations along with RET/PTC1 and RET/PTC3 rear-
rangements in each lesion. They found that ~60% of cases

exhibited distinct gene mutation patterns, supporting the
hypothesis of a multicentric origin (13). Lu er al (34) reached
similar conclusions after applying next-generation sequencing
technology to the genomic detection of MPTC. Also, the
results of X-chromosome inactivation analysis in another
study support the formation of multiple lesions in MPTC as
independent tumors (35).

In the present study, MPTC was categorized into two
distinct groups based on the type of clonal origin, and the
clinicopathological characteristics and biological behaviors
associated with different clonal origins were compared. The
results revealed that the incidence of MPTC was highest in
women, accounting for 63.5% of the study cohort, but sex
was not found to play a significant role in the clonal origin
of MPTC. Age, an independent adverse prognostic factor
for PTC (36,37), is incorporated in most staging or scoring
systems, including the following: Tumor-node-metastasis
classification staging system; age, metastases, extent, size
scoring system; age, grade, extent, size scoring system; and
distant metastasis, patient age, completeness of resection, local
invasion, and tumor size scoring system (38,39). The present
study found that the proportion of patients with intraglandular
metastatic MPTC significantly increased in patients aged
=50 years. Since cases of intraglandular metastasis are more
aggressive than those of multicenter independent origin, these
findings suggest that older patients are not only more prone to
intraglandular metastasis but also may experience faster local
tumor progression compared with younger patients, aligning
with previous studies that highlight advanced age as a risk
factor for PTC (40,41). When analyzing factors associated
with tumor invasion, a noteworthy observation was made.
Specifically, the rate of lateral cervical lymph node metastasis
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Table I. Gene mutation and protein expression in cases of multifocal papillary thyroid carcinoma with different clonal origins.

Test items Intraglandular metastatic group Multicentric carcinoma group Y P-value

BRAF protein 8.505 0.004
Positive 82 27
Negative 8 11

TERT protein 3.029 0.082
Positive 53 16
Negative 37 22

BRAF gene 4.685 0.030
Mutated 80 28
Wild type 10 10

TERT gene - 0.669
Mutated 5 1
Wild type 85 37

BRAF, v-raf murine sarcoma viral oncogene homolog B1; TERT, telomerase reverse transcriptase.

Table II. Clinicopathological data of cases of multifocal papillary thyroid carcinoma with different clonal origins.

Variable Intraglandular metastatic group Multicentric carcinoma group . P-value

Sex 0.093 0.760
Male 14 5
Female 23 10

Age, years 4219 0.040
=50 16 2
<50 21 13

Central lymph nodes - 1.000
Metastasis 28 11
No metastasis 9 4

Lateral cervical lymph nodes - 0.022
Metastasis 11 0
No metastasis 26 15

Hashimoto's thyroiditis - 0.318
Yes 9 6
No 28 9

Capsule invasion 5.624 0.018
Yes 18 2
No 19 13

Maximum tumor diameter, cm - 0016
<2 35 10
>2 2 5

Tumor distribution 0.588 0.443
Unilateral 14
Bilateral 23 11

and incidence of tumor capsule invasion were significantly  rate between the two groups. Previous studies on PTC have
elevated in intraglandular metastatic MPTC compared with  reported that the risk of central lymph node metastasis is
multicenter independent origin MPTC. However, no significant  increased for MPTC compared with unifocal PTC (42,43).
difference was observed in the central lymph node metastasis ~ The findings of the present study indicate that MPTC of either
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clonal origin exhibits a high probability of central lymph node
metastasis; regardless of the clonal origin of MPTC, there
was no significant difference in the high probability of central
lymph node metastasis. However, the risk of lateral cervical
Ilymph node metastasis and capsular invasion of the tumor
for intraglandular metastatic MPTC was significantly higher
than that of multicentric independent origin PTC, further
confirming that MPTC formed by intraglandular metastasis
has higher invasiveness. These findings are of great impor-
tance for in-depth understanding of tumor spread mechanisms
and for the development of individualized treatment plans
and follow-up strategies for different types of MPTC. Also,
these findings are consistent with the retrospective analysis of
2,095 patients with PTC by Kim et al (44). In the present study,
using a tumor diameter of 2 cm as the cutoff, the proportion
of cases with small-diameter tumors in the intraglandular
metastatic MPTC group significantly surpassed that in the
multicentric independent origin MPTC group. The finding is
exemplified by a notable case of MPTC reported by Korean
researchers. Through morphological observation, the authors
found a 1.5-cm isthmus dominant tumor, with >30 smaller
cancer foci distributed in the surrounding glandular lobes,
which decreased in density as the distance from the main focus
in the isthmus increased. BRAF gene mutations were found in
all cancer foci and metastatic lymph nodes, which supported
the hypothesis of intraglandular metastasis in the case (45).
With regard to the distribution of tumors, the present study
did not find a significant difference in unilateral and bilateral
distribution between the two types of MPTC, which may be
due to the abundant lymph node drainage system in the thyroid
gland, which facilitates the metastasis of PTC throughout
the whole thyroid, rather than retaining it on one side of the
gland (46). Hashimoto's thyroiditis has been suggested to
elevate the prevalence of PTC, including MPTC, and is associ-
ated with a heightened risk of distant metastasis (47). However,
the present analysis did not detect significant differences in the
proportion of patients with Hashimoto's thyroiditis between
the two MPTC groups, indicating that Hashimoto's thyroiditis
has limited impact on the clonal origin of multifocal lesions.
The research methodology of the present study was
designed based on the insights and findings of previous studies,
with the aim of minimizing inaccuracies stemming from
reliance on a single gene mutation or protein expression. The
prevalence of BRAF gene mutations and protein expression
was high in the thyroid cancer foci, while the expression of
TERT protein and the mutation frequency of the TERT gene
were notably lower. If only a single gene or protein had been
utilized in the analysis of clonal origin, numerous cases may
have been erroneously found to exhibit a common molecular
expression pattern, potentially leading researchers to an inac-
curate hypothesis. In the RAF family, the MEK kinase activity
of BRAF kinase is more prominent than those other isoforms,
and the activation and strong catalytic activity of BRAF can
be achieved through single-point mutation (48). Previous
studies have demonstrated that there is a close association
between the BRAF gene VO60OE mutation and the invasiveness
and recurrence risk of thyroid cancer (49,50). In the present
study it was found that the BRAF V600E mutation and BRAF
protein expression in intraglandular metastatic MPTC were
significantly higher than those in multicentric independent

origin MPTC, which is consistent with the aforementioned
stronger tumor invasiveness in the intraglandular metastatic
cancer group. However, no significant differences were found
in the expression of TERT protein and the incidence of TERT
promoter mutations between the two groups, which is consis-
tent with the consensus that the overall survival prognosis of
MPTC is favorable, regardless of TERT status. However, when
TERT promoter mutations coexist with the BRAF V600E
mutation, they promote the progression of thyroid cancer
by inducing cancer cell dedifferentiation through ribosomal
biogenesis, and induce the formation of poorly differentiated
thyroid cancer, indicating a poor prognosis (51).

For MPTC, which tends to locally persist and has a high
risk of recurrence, the impact on long-term survival is low,
and the long-term quality of life of patients and the economic
cost are important factors to be considered. Given the risk of
nerve and parathyroid injuries in secondary thyroid surgeries,
it is recommended that the surgical approach for patients
with MPTC should favor more aggressive thyroidectomy and
central compartment lymph node dissection. In patients with
intraglandular metastatic MPTC, a meticulous assessment of
cervical lymph node metastasis is crucial, and a more proactive
intervention in these nodes is advisable to prevent long-term
recurrence or persistence of the tumor in the tissue and lymph
nodes. When determining the appropriate follow-up intensity
for MPTC, it is important to further analyze the clonal origin
type by postoperative pathology and genetic testing. This
approach allows for a more active and individualized follow-up
strategy, including TSH inhibition therapy, for the treatment of
intraglandular metastatic MPTC.

In conclusion, intraglandular metastasis predominates in
MPTC, whereas cases where the MPTC is of multicentric
clonal origin are comparatively infrequent. In comparison
with MPTC of multicentric clonal origin, intraglandular meta-
static MPTC exhibits a more aggressive tumor phenotype,
often manifesting in lateral neck lymph node metastasis and
capsular invasion. This knowledge may be used to provide
a more proactive and individualized approach when deter-
mining the type of surgery, use of TSH suppression treatment
and follow-up intensity in cases of intraglandular metastatic
MPTC.
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