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INTRODUCTION
Thyroid cancer is the most common endocrine malig-
nancy worldwide, with a rapidly increasing inci-
dence over the past decades. In 2022, approximately 
821,214 new cases were diagnosed globally, ranking 
seventh among all cancers and fifth among women, 
with an incidence rate of 9.1 per 100,000 population 
(1). Despite this increasing incidence, thyroid can-
cer is generally associated with an excellent prog-
nosis, data from the Surveillance, Epidemiology and 

End Results (SEER) program indicate a 5-year sur-
vival rate of up to 98.4% (2). Papillary thyroid carci-
noma (PTC), the most common histological subtype, 
accounts for approximately 85-90% of thyroid can-
cer cases and is typically characterized by indolent 
behavior and favorable treatment outcomes (3).
Extrathyroidal extension (ETE), defined as tumor inva-
sion beyond the thyroid capsule into adjacent soft 
tissues, is an important pathological feature asso-
ciated with more aggressive disease behavior (4, 5). 
ETE can be broadly classified into minimal extrathy-
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roidal extension (mETE), which is identified only on 
histopathological examination and gross extrathy-
roidal extension (gETE), which is evident clinically, 
radiologically, or intraoperatively (6).
Historically, mETE was classified as T3 disease in ear-
lier editions of the American Joint Committee on Can-
cer (AJCC) staging system (7). However, its indepen-
dent prognostic significance has been increasingly 
questioned due to substantial interobserver vari-
ability and its strong dependence on histopatholog-
ical interpretation (8, 9). In contrast, gETE has been 
consistently associated with advanced tumor stage, 
higher recurrence rates and increased disease-spe-
cific mortality (10). Consequently, the eighth edition of 
the AJCC staging system removed mETE from tumor 
staging and placed greater emphasis on gETE (11).
Despite these differences in prognostic impact, the 
presence of ETE at any extent may still reflect tumor 
invasiveness and local tumor aggressiveness (12, 13). 
From a clinical perspective, identifying factors associ-
ated with the occurrence of ETE, regardless of its extent, 
may provide insights into tumor behavior, particularly in 
settings where preoperative distinction between mETE 
and gETE remains challenging (14, 15). Assessment of 
potential differences between ETE subtypes may also 
improve the understanding of tumor invasiveness.
Although ETE is widely recognized as an important 
prognostic factor, its reported prevalence varies con-
siderably across studies (5%-45%), largely reflecting 
differences in definitions, assessment methods and 
study populations (16). Reported clinicopathological 
factors associated with ETE also remain inconsis-
tent and data from certain populations, particularly 
those in developing countries, remain limited (17, 18). 
In Vietnam, prospective data on clinicopathological 
factors associated with ETE in PTC remain scarce.
Therefore, this study aimed to identify clinicopatho-
logical factors associated with postoperative patho-
logical ETE in patients with PTC. This study is reported 
in accordance with the STROBE reporting checklist.

MATERIALS AND METHODS

Study population
This prospective observational study was conducted 
at a tertiary referral oncology center in Vietnam. 
Patients were consecutively enrolled between April 
2025 and August 2025. A total of 346 patients who 
underwent thyroidectomy and had a final histopatho-
logical diagnosis of PTC were included in the study.

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki and its subse-
quent amendments. Ethical approval was obtained 
from the Institutional Ethics Committee of Ho Chi 
Minh City Oncology Hospital (No. 542/BVUB-HDDD). 
Written informed consent was obtained from all par-
ticipants prior to inclusion.
Patients were eligible for inclusion if they had pre-
operative cytological findings from fine-needle aspi-
ration (FNA) suggestive of or diagnostic for PTC and 
subsequently underwent thyroid surgery. Patients 
were excluded if they had a history of previous 
neck surgery, prior radioactive iodine (I-131) therapy 
or other treatments, the presence of another pri-
mary malignancy, incomplete clinical or operative 
data, or a postoperative histopathological diagno-
sis other than PTC.
During the study period, 368 patients with preop-
erative FNA results of PTC or suspicious for PTC 
underwent thyroidectomy. Of these, 22 patients 
were excluded, including 2 with a second primary 
malignancy, 13 with a history of prior neck surgery 
and 7 with benign postoperative histopathological 
findings. Ultimately, 346 patients were included in 
the final analysis.
The patient selection process is illustrated in Figure 1.

Data collection
Patients were prospectively enrolled and clinical and 
histopathological data were collected using a stan-
dardized case report form according to a predefined 
study protocol. Tumor characteristics, lymph node 
status and coexisting thyroid conditions were deter-
mined based on histopathological examination of the 

Figure 1. Flowchart of patient selection and inclusion in the final 
analysis.
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surgical specimens. Surgical management, including 
lobectomy, near-total thyroidectomy, or total thy-
roidectomy with or without lymph node dissection, 
was performed according to institutional protocols 
and contemporary clinical guidelines. Central and/
or lateral neck dissection was performed based on 
clinical indications.
The following variables were analyzed:
•	 Demographic characteristics: age, sex and body 

mass index (BMI).
•	 Clinical characteristics: reason for consultation 

and Graves’ disease.
•	 Tumor characteristics: maximum tumor diame-

ter, multifocality and histological variant.
•	 Lymph node status: lymph node metastasis and 

extranodal extension.
•	 Coexisting thyroid conditions: lymphocytic thy-

roiditis and multinodular goiter.
•	 Primary outcome: presence of ETE.
The reason for consultation was initially recorded in 
detailed categories, including health screening and 
specific symptoms (neck mass, throat discomfort, 
dysphagia, hoarseness, dyspnea, neck pain and pal-
pitations). For analytical purposes, these were cate-
gorized into two groups: health screening (asymp-
tomatic) and symptomatic presentation. Patients 
were classified as symptomatic if they presented 
with at least one of the above symptoms. This cat-
egorization was performed to improve statistical 
power and model stability given the relatively small 
number of events in individual symptom subgroups.
Lymph node metastasis was defined based on post-
operative histopathological examination of resected 
lymph nodes. Only patients who underwent lymph 
node dissection were considered assessable for 
pathological nodal status, while those without lymph 
node dissection were classified as having no patho-
logical evidence of nodal metastasis.
Coexisting thyroid conditions were defined based on 
postoperative histopathological examination of sur-
gical specimens. Although these conditions may be 
suggested preoperatively based on cytological find-
ings, including FNA, the final diagnosis in this study 
was established histopathologically. Thyroiditis in this 
study refers to lymphocytic thyroiditis and goiter was 
defined as multinodular goiter (nodular hyperplasia).
ETE was determined based on postoperative his-
topathological examination of surgical specimens. 
All slides were independently reviewed by two 
board-certified pathologists with approximately 10 
years of experience in oncologic pathology and any 
discrepancies were resolved by consensus.

mETE was defined according to standard histo-
pathological criteria as microscopic tumor exten-
sion beyond the thyroid capsule that was identified 
exclusively on histopathological examination and was 
not accompanied by gross operative, radiological, 
or macroscopic pathological evidence of invasion. 
Microscopic involvement of perithyroidal soft tissue, 
including adipose tissue, small foci of skeletal mus-
cle fibers, or extension around or into vascular struc-
tures or nerves, was categorized as mETE only when 
it was detected microscopically. Cases with gross 
strap muscle invasion observed intraoperatively and 
confirmed histopathologically were not counted as 
mETE; these cases were classified as gETE (pT3b), 
consistent with the AJCC 8th edition staging frame-
work and contemporary thyroid pathology recom-
mendations (11,19-21). gETE was defined as macro-
scopic tumor invasion beyond the thyroid capsule, 
including invasion into strap muscles (pT3b) or exten-
sion beyond the strap muscles into adjacent struc-
tures such as subcutaneous soft tissue, larynx, tra-
chea, esophagus, recurrent laryngeal nerve, prever-
tebral fascia, or major vessels (pT4) (11, 21). gETE was 
initially identified intraoperatively by the operating 
surgeon and correlated with histopathological find-
ings. This classification was applied consistently for 
prevalence estimates and subgroup comparisons.
For statistical analysis, ETE was treated as a dichot-
omous variable (present vs absent), with both mETE 
and gETE categorized as ETE-positive. This approach 
was adopted to increase statistical power and model 
stability given the limited number of events in each 
subgroup.

Statistical analysis
Statistical analyses were performed using IBM SPSS 
Statistics version 27.0 (IBM Corp., Armonk, NY, USA). 
Continuous variables were presented as mean ± 
standard deviation (SD), whereas categorical vari-
ables were expressed as frequencies and percent-
ages. Differences between groups were assessed 
using the chi-square test or Fisher’s exact test, as 
appropriate.
Univariable logistic regression analysis was per-
formed to evaluate clinicopathological factors associ-
ated with the presence of ETE and crude odds ratios 
(ORs) with 95% confidence intervals (CIs) and corre-
sponding P-values were reported. Variables with a 
P-value < 0.10 in the univariable analysis, together 
with clinically relevant variables, were entered into 
a multivariable logistic regression model to identify 
factors independently associated with ETE. Adjusted 
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odds ratios (ORs) with 95% confidence intervals (CIs) 
were calculated. For the subgroup analysis of gETE, 
variables were selected based on clinical relevance 
and consistency with the primary model.
The number of events per variable (EPV) was assessed 
to evaluate the risk of overfitting in the multivari-
able model. A total of 66 events were included with 6 
variables entered into the model, resulting in an EPV 
of 11, which exceeds the commonly recommended 
threshold and supports the robustness of the model.
Multicollinearity among variables was assessed using 
the variance inflation factor (VIF) and no significant 
collinearity was observed (all VIF < 2). Extranodal 
extension was analyzed descriptively in the univari-
able analysis but was not included in the multivari-
able model because it occurs only in the presence 
of lymph node metastasis and is therefore not con-
sidered an independent predictor.
Tumor size was categorized into four groups (≤ 10 
mm, > 10-20 mm, > 20-40 mm and > 40 mm) based 
on clinically relevant cutoffs derived from estab-
lished thyroid cancer staging systems, including the 
10 mm threshold defining papillary thyroid micro-
carcinoma. Tumor size categories were used for 
descriptive analyses, whereas continuous tumor 
size was entered into logistic regression models.
Model calibration was assessed using the Hosmer-Le-
meshow goodness-of-fit test and further evaluated 
using a calibration plot. Model discrimination was 
quantified using the area under the receiver oper-
ating characteristic curve (AUC). Internal validation 
was performed using bootstrap resampling. All sta-
tistical tests were two-sided and a P-value < 0.05 was 
considered statistically significant.

RESULTS
A total of 346 patients were included in the final 
analysis. The baseline clinicopathological charac-
teristics of the study population are summarized 
in Table 1. The mean age was 42.6 ± 12.1 years, 
and most patients were aged < 55 years (82.9%). 
Females predominated, accounting for 86.1% of the 
cohort. The mean body mass index was 23.2 ± 3.3 
kg/m2, with the majority of patients having a nor-
mal BMI (64.7%).
Most tumors were incidentally detected during health 
screening (72.2%), whereas 27.8% of patients pre-
sented with symptoms. Graves’ disease was identi-
fied in 2.6% of patients. Goiter and thyroiditis were 
observed in 14.7% and 14.2% of cases, respectively.

Regarding tumor characteristics, the mean tumor 
size was 11.3 ± 7.7 mm and 66.2% of tumors mea-
sured ≤ 10 mm. Multifocal tumors were present in 
26.0% of patients. The classical variant was the pre-
dominant histological subtype (98.8%). Lymph node 
metastasis was identified in 28.3% of patients, extran-
odal extension in 3.8% and ETE in 19.1%.
Among these patients, 205 (59.2%) underwent total 
thyroidectomy, 3 (0.9%) underwent near-total thy-
roidectomy and 138 (39.9%) underwent lobectomy. 
Among patients who underwent total thyroidectomy, 
81 (39.5%) had central neck dissection, 9 (4.4%) had 
lateral neck dissection and 39 (19.0%) had both cen-
tral and lateral neck dissection. Among patients who 
underwent lobectomy, central neck dissection was 
performed in 9 patients (6.5%), while no lymph node 
dissection was performed in patients who under-
went near-total thyroidectomy.
Larger tumor size was significantly associated with 
ETE (Table 2). Patients with ETE more frequently had 
tumors > 10 mm compared with those without ETE.
In univariable analysis (Table 3), age ≥ 55 years, symp-
tomatic presentation, multifocality, larger tumor 
size, lymph node metastasis, thyroiditis and extran-
odal extension were significantly associated with 
ETE (all p < 0.05).
In multivariable logistic regression analysis (Table 4), 
age ≥ 55 years (OR = 2.321, 95%CI 1.153-4.674; p = 
0.018), tumor size (per 10 mm increase) (OR = 1.052, 
95%CI 1.016-1.090; p = 0.005) and lymph node metas-

Figure 2. Calibration plot of the multivariable logistic regression 
model evaluating the association between clinicopathological factors 
and extrathyroidal extension.
The dashed diagonal line indicates perfect calibration.
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tasis (OR = 2.932, 95%CI 1.565-5.492; p < 0.001) were 
independently associated with higher odds of ETE. 
In contrast, thyroiditis was independently associated 
with lower odds of ETE (OR = 0.440, 95%CI 0.231-
0.839; p = 0.013). Other variables were not signifi-
cantly associated with ETE after adjustment.
The Hosmer–Lemeshow goodness-of-fit test indi-
cated an adequate model fit (p = 0.543). The model 
demonstrated good discriminatory ability, with an 
area under the receiver operating characteristic 
curve (AUC) of 0.777 (95%CI 0.717-0.838).
Calibration of the model was assessed using a cali-
bration plot, which showed good agreement between 
predicted and observed probabilities of ETE across 
deciles of risk (Figure 2). Most data points were 

closely aligned with the 45-degree reference line, 
indicating satisfactory calibration. Minor variability 
was observed in the lower-risk range, while a slight 
tendency toward overestimation was noted at higher 
predicted probabilities.
Internal validation using bootstrap resampling (1,000 
iterations) demonstrated stable model performance, 
supporting the robustness and reliability of the 
model.
In a supplementary analysis, clinicopathological char-
acteristics were further compared across ETE sub-
groups (no ETE, mETE and gETE) (Supplementary 
Table 1). Several key variables differed across sub-
groups, with a tendency toward more aggressive 
features in the gETE group compared with mETE 

Table 1. Baseline clinicopathological and surgical characteristics of the study population.

VARIABLES VALUE (N = 346)
Age (years) 42.6 ± 12.1

<55 years 287 (82.9)

≥55 years 59 (17.1)

Sex

Female 298 (86.1)

Male 48 (13.9)

Body mass index (kg/m²) 23.2 ± 3.3

<18.5 24 (6.9)

18.5–24.9 224 (64.7)

25.0–29.9 89 (25.7)

≥30 9 (2.6)

Reason for consultation

Health screening 250 (72.2)

Neck mass 67 (19.4)

Throat discomfort 13 (3.7)

Dysphagia 3 (0.9)

Hoarseness 5 (1.4)

Dyspnea 2 (0.6)

Neck pain 4 (1.2)

Palpitations 2 (0.6)

Graves’ disease 9 (2.6)

Maximum tumor diameter (mm) 11.3 ± 7.7

≤10 229 (66.2)

>10–20 82 (23.7)

>20–40 32 (9.2)

>40 3 (0.9)

Multifocality

Yes 90 (26.0)

No 256 (74.0)

Data are presented as mean ± standard deviation or number (%). ETE: extrathyroidal extension.

VARIABLES VALUE (N = 346)
Histological variant

Classic 342 (98.8)

Invasive follicular variant 4 (1.2)

Lymph node metastasis 98 (28.3)

Extranodal extension 13 (3.8)

Thyroiditis 49 (14.2)

Goiter 51 (14.7)

Extrathyroidal extension (ETE) 66 (19.1)

Gross ETE 46 (13.3)

Microscopic ETE 20 (5.8)

Surgical management
Type of thyroidectomy

Total thyroidectomy 205 (59.2)

Near-total thyroidectomy 3 (0.9)

Lobectomy 138 (39.9)

Lymph node dissection stratified by surgery type
Total thyroidectomy (n = 205)

None 76 (37.1)

Central 81 (39.5)

Lateral 9 (4.4)

Both central and lateral 39 (19.0)

Lobectomy (n = 138)

None 129 (93.5)

Central 9 (6.5)

Near-total thyroidectomy (n = 3)

None 3 (100.0)
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and no ETE. Larger tumor size and a higher fre-
quency of lymph node metastasis were observed 
in patients with gETE.

In a separate multivariable analysis focusing on 
gETE (Table 5), older age (≥ 55 years), larger tumor 
size and lymph node metastasis remained inde-

Table 2. Comparison of clinicopathological characteristics according to extrathyroidal extension status.

VARIABLES ETE (N = 66) NO ETE (N = 280) P-VALUE
Age 0.037

<55 years 49 (74.2) 238 (85.0)

≥55 years 17 (25.8) 42 (15.0)

Sex 0.128

Male 13 (19.7) 35 (12.5)

Female 53 (80.3) 245 (87.5)

Body mass index (kg/m²) 0.336

<18.5 6 (9.1) 18 (6.4)

18.5–24.9 44 (66.7) 180 (64.3)

25.0–29.9 13 (19.7) 76 (27.1)

≥30 3 (4.5) 6 (2.1)

Reason for consultation 0.008

Health screening 39 (59.1) 211 (75.4)

Symptomatic 27 (40.9) 69 (24.6)

Graves’ disease 1.000

Yes 1 (1.5) 8 (2.9)

No 65 (98.5) 272 (97.1)

Tumor size (mm) <0.001

≤10 25 (37.9) 204 (72.9)

>10–20 31 (47.0) 51 (18.2)

>20–40 8 (12.1) 24 (8.6)

>40 2 (3.0) 1 (0.4)

Multifocality <0.001

Yes 28 (42.4) 62 (22.1)

No 38 (57.6) 218 (77.9)

Histological variant 0.166

Classic 64 (97.0) 278 (99.3)

Invasive follicular 2 (3.0) 2 (0.7)

Lymph node metastasis <0.001

Yes 34 (51.5) 64 (22.9)

No 32 (48.5) 216 (77.1)

Extranodal extension <0.001

Yes 8 (12.1) 5 (1.8)

No 58 (87.9) 275 (98.2)

Thyroiditis 0.013

Yes 3 (4.5) 46 (16.4)

No 63 (95.5) 234 (83.6)

Goiter 0.916

Yes 10 (15.2) 41 (14.6)

No 56 (84.8) 239 (85.4)

Values are presented as number (%). P-values were calculated using the chi-square test or Fisher’s exact test, as appropriate. ETE: extrathyroidal 
extension.
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pendently associated with higher odds of gETE. Spe-
cifically, each 10 mm increase in tumor size was inde-
pendently associated with higher odds of gETE (OR 

= 1.090, 95%CI 1.048-1.134; p < 0.001), while lymph 
node metastasis was associated with more than a 
threefold increase in risk (OR = 3.486, 95%CI 1.662-

Table 3. Univariable logistic regression analysis of factors associated with extrathyroidal extension.

VARIABLES CRUDE OR 95%CI P-VALUE
Age

<55 years 1 (reference)

≥55 years 1.966 1.035–3.735 0.039

Sex

Female 1 (reference)

Male 0.582 0.289–1.176 0.131

Body mass index (kg/m²)

18.5–24.9 1 (reference)

<18.5 2.045 0.492–8.501 0.325

25.0–29.9 1.500 0.284–7.934 0.633

≥30 2.923 0.649–13.174 0.163

Reason for consultation

Health screening 1 (reference)

Symptomatic 2.117 1.208–3.710 0.009

Graves’ disease

No 1 (reference)

Yes 0.523 0.064–4.256 0.545

Tumor size (mm)

≤10 1 (reference)

>10–20 6.000 0.478–75.344 0.165

>20–40 3.290 0.286–37.811 0.339

>40 16.320 1.428–186.515 0.025

Multifocality

No 1 (reference)

Yes 2.591 1.474–4.553 <0.001

Histological variant

Classic 1 (reference)

Invasive follicular 4.344 0.601–31.420 0.146

Lymph node metastasis

No 1 (reference)

Yes 3.586 2.053–6.262 <0.001

Extranodal extension

No 1 (reference)

Yes 7.586 2.396–24.023 <0.001

Thyroiditis

No 1 (reference)

Yes 0.242 0.073–0.805 0.021

Goiter

No 1 (reference)

Yes 0.961 0.454–2.034 0.916

CI: confidence interval; OR: odds ratio. Reference categories are indicated for each variable. Tumor size was analyzed as a categorical 
variable. Variables with p < 0.10 in univariable analysis were considered for multivariable analysis.
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7.316; p < 0.001). Age ≥ 55 years was also signifi-
cantly associated with gETE (OR = 2.936, 95%CI 1.306-
6.600; p = 0.009). In contrast, multifocality and thy-
roiditis were not significantly associated with gETE 
after adjustment.

DISCUSSION
ETE is a well-recognized adverse prognostic factor in 
PTC and is associated with an increased risk of locore-
gional recurrence and poorer oncologic outcomes. In 
this prospective observational study, older age (≥ 55 
years), larger tumor size and lymph node metastasis 
were independently associated with ETE, whereas 
thyroiditis was associated with lower odds of ETE.
Although gETE is clearly associated with disease recur-
rence and disease-specific mortality, the clinical sig-
nificance of mETE remains controversial (9, 22-24). 
Consistent with AJCC 8th edition concepts, mETE was 
not used for T upstaging in this study; it was analyzed 
only as a histopathological marker of local microscopic 
invasion (11). Macroscopic strap muscle invasion and 
invasion into deeper adjacent structures were clas-
sified as gETE. This distinction is important because 
mETE and gETE differ in prognostic relevance and in 
the reliability of pathological assessment.

Older age (≥ 55 years) was independently associated 
with ETE in our cohort, suggesting a more aggres-
sive clinicopathological phenotype in older patients. 
This observation is consistent with previous stud-
ies reporting a higher likelihood of ETE or aggres-
sive clinicopathological features in older individuals 
with PTC (18, 25). This association may reflect longer 
subclinical tumor growth, progressive local exten-
sion and the accumulation of biological alterations 
over time. Molecular events associated with aggres-
sive PTC, including coexisting BRAF V600E and TERT 
promoter mutations, may also contribute to invasive 
behavior in some patients (44). Age-associated met-
abolic alterations, including increased reliance on 
aerobic glycolysis (the Warburg effect) and age-re-
lated changes in immune function have also been 
proposed as possible contributors to invasive can-
cer phenotypes (26-28). Because metabolic profiling 
and molecular testing were not performed, these 
explanations should be considered speculative. The 
present finding should therefore be interpreted as a 
clinicopathological association rather than evidence 
of a direct biological mechanism.
Tumor size also emerged as an independent factor 
associated with ETE, reinforcing its role as an import-
ant indicator of tumor aggressiveness. Larger tumors 
are more likely to penetrate the thyroid capsule and 

Table 4. Multivariable logistic regression analysis of factors associated with extrathyroidal extension.

VARIABLES ADJUSTED OR (95%CI) P-VALUE
Age (≥55 vs <55 years) 2.321 (1.153–4.674) 0.018

Reason for consultation (symptomatic vs health screening) 1.613 (0.863–2.983) 0.135

Multifocality (Yes vs No) 1.649 (0.882–3.081) 0.117

Tumor size (per 10-mm increase) 1.052 (1.016–1.090) 0.005

Lymph node metastasis (Yes vs No) 2.932 (1.565–5.492) <0.001

Thyroiditis (Yes vs No) 0.440 (0.231–0.839) 0.013

CI: confidence interval. Tumor size was modeled as a continuous variable per 10-mm increase. Variables were selected for multivariable 
analysis based on clinical relevance and a univariable screening threshold of p < 0.10.

Table 5. Multivariable logistic regression analysis of factors associated with gross extrathyroidal extension.

VARIABLES ADJUSTED OR (95%CI) P-VALUE
Age (≥55 vs <55 years) 2.936 (1.306–6.600) 0.009

Multifocality (Yes vs No) 1.393 (0.665–2.920) 0.379

Tumor size (per 10-mm increase) 1.090 (1.048–1.134) <0.001

Lymph node metastasis (Yes vs No) 3.486 (1.662–7.316) <0.001

Thyroiditis (Yes vs No) 0.337 (0.091–1.248) 0.104

CI: confidence interval. Tumor size was modeled as a continuous variable per 10-mm increase. Variables included in the multivariable model 
were selected based on clinical relevance and consistency with the primary model.
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invade surrounding tissues, reflecting progressive 
tumor growth. This observation is consistent with 
prior studies demonstrating a strong association 
between increasing tumor diameter and the risk 
of ETE (17, 29, 30). Notably, papillary thyroid micro-
carcinoma (≤ 10 mm) accounted for a substantial 
proportion of cases in our cohort (66.2%), reflect-
ing the increasing detection of early-stage disease 
through health screening and routine imaging (31-
33). Although microcarcinomas are generally consid-
ered indolent, ETE can still occur in a subset of these 
tumors, albeit at a lower frequency than in larger 
tumors (34). This pattern supports a continuum of 
tumor behavior, in which the risk of extrathyroidal 
invasion increases progressively with tumor size 
rather than being defined by a strict size threshold.
Lymph node metastasis was another factor inde-
pendently associated with ETE, reflecting a more 
aggressive tumor biology characterized by enhanced 
invasive and metastatic potential. Previous stud-
ies have consistently reported a close association 
between lymph node metastasis and ETE (5, 17, 29, 
35-39). From a clinical perspective, the presence of 
lymph node metastasis may therefore raise suspi-
cion for concurrent ETE and should prompt careful 
preoperative and intraoperative evaluation. How-
ever, the detection of lymph node metastasis may 
be influenced by the extent of surgical dissection 
and the strategy of lymph node evaluation, poten-
tially leading to underestimation in patients who 
do not undergo systematic lymph node dissection.
Coexisting lymphocytic thyroiditis was associated 
with lower odds of ETE in our study. This finding is 
consistent with several previous reports suggest-
ing a potential association between autoimmune 
thyroiditis and less aggressive tumor behavior in 
PTC (40-43). Nevertheless, only 49 patients (14.2%) 
had thyroiditis and the confidence interval for the 
adjusted estimate was relatively wide, indicating 
uncertainty in the magnitude and stability of the 
association. This result should therefore be regarded 
as hypothesis-generating rather than evidence of a 
protective effect. Potential biological explanations, 
such as enhanced immune surveillance, have been 
proposed, but these mechanisms were not directly 
evaluated in the present study (45). Conflicting evi-
dence has also been reported, and further studies 
are warranted to clarify the relationship between 
autoimmune thyroiditis and tumor invasiveness (18).
Although ETE was analyzed as a composite out-
come in the primary analysis to reflect tumor inva-
sion across its full spectrum, supplementary anal-

yses focusing on gETE were performed because 
mETE and gETE may represent distinct biological 
and prognostic entities. Clinicopathological charac-
teristics differed across ETE subgroups, with gETE 
showing more aggressive features, including larger 
tumor size and a higher prevalence of lymph node 
metastasis. In a separate multivariable model, these 
factors remained independently associated with 
gETE, whereas the association between thyroiditis 
and gETE was attenuated and no longer statistically 
significant. These findings are consistent with the 
concept that gETE represents a more advanced and 
clinically relevant form of tumor invasion (10, 11).
The prospective observational design, standardized 
histopathological review and multivariable analysis 
strengthen the reliability of this study. The model 
also showed acceptable stability, discrimination and 
calibration, supporting the internal consistency of 
the findings.
Several limitations should be acknowledged. The 
single-center setting and relatively short enrollment 
period may limit generalizability. Variations in surgi-
cal technique and intraoperative assessment were 
not fully controlled and may have introduced resid-
ual confounding. Assessment of lymph node metas-
tasis was limited to patients who underwent lymph 
node dissection, which was generally performed 
in those with clinical or intraoperative suspicion of 
nodal involvement. Therefore, the detection of lymph 
node metastasis may have been influenced by the 
surgical strategy and extent of lymph node dissec-
tion, potentially leading to underestimation of sub-
clinical or occult nodal disease in patients who did 
not undergo surgical evaluation. ETE was primarily 
analyzed as a composite outcome combining both 
minimal and gross ETE, which may have obscured 
differences in biological behavior and clinical signif-
icance. Although a supplementary analysis focusing 
on gETE was performed, the relatively limited num-
ber of mETE cases precluded a more detailed com-
parative analysis between mETE and gETE. Interob-
server variability in the assessment of ETE cannot 
be entirely excluded, particularly for minimal exten-
sion, despite the use of standardized histopatholog-
ical criteria. Imaging features, metabolic data and 
molecular markers, such as BRAF and TERT promoter 
mutations, were not included because the primary 
focus was on clinicopathological factors and molec-
ular testing was not routinely performed during 
the study period. Some variables were determined 
based on postoperative histopathological findings; 
therefore, caution is needed when applying these 
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results to preoperative risk assessment. Long-term 
oncologic outcomes were not assessed. In patients 
with multifocal disease, only the dominant tumor 
was included in the analysis, which may have under-
estimated the contribution of smaller tumor foci to 
ETE. However, this approach reflects routine clinical 
practice and current staging principles.
Beyond discrimination, the model demonstrated 
adequate calibration, with only minor deviations at 
higher predicted probabilities. These findings support 
the internal consistency of the multivariable model.

CONCLUSIONS
In this study, older age (≥ 55 years), larger tumor 
size and lymph node metastasis were independently 
associated with pathological ETE in patients with PTC. 
Coexisting thyroiditis showed a potentially inverse 
association with ETE; however, given the relatively 
small number of thyroiditis cases and the uncertainty 
around the effect estimate, this finding should be 
interpreted cautiously and requires confirmation in 
larger cohorts. These results provide further insight 
into clinicopathological factors related to tumor inva-
siveness. Supplementary analyses suggested that 
gETE may represent a more aggressive disease phe-
notype, characterized by stronger associations with 
tumor size and lymph node metastasis, as well as a 
significant association with older age. Further mul-
ticenter studies with larger populations, standard-
ized ETE classification, imaging variables and molec-
ular data are warranted to validate these findings 
and to determine their potential value in preoper-
ative risk stratification.
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SUPPLEMENTARY MATERIALS
Supplementary Table 1. Comparison of clinicopathological characteristics according to extrathyroidal extension subgroups.

VARIABLES NO ETE METE GETE P-VALUE
Age 0.080

<55 years 238 (82.9) 16 (5.6) 33 (11.5)

≥55 years 42 (71.2) 4 (6.8) 13 (22.0)

Sex 0.314

Male 35 (72.9) 4 (8.3) 9 (18.8)

Female 245 (82.2) 16 (5.4) 37 (12.4)

Reason for consultation 0.02

Health screening 211 (84.4) 8 (3.2) 31 (12.4)

Symptomatic 69 (71.9) 12 (2.5) 15 (15.6)

Tumor size (mm) <0.001

≤10 204 (89.1) 13 (5.7) 12 (5.2)

>10–20 51 (62.2) 7 (8.5) 24 (29.3)

>20–40 24 (75.0) 0 (0.0) 8 (25.0)

>40 1 (33.3) 0 (0.0) 2 (66.7)

Lymph node metastasis <0.001

Yes 64 (65.3) 7 (7.1) 27 (27.6)

No 216 (87.1) 13 (5.2) 19 (7.7)

Extranodal extension <0.001

Yes 5 (38.5) 0 (0.0) 8 (61.5)

No 275 (82.6) 20 (6.0) 38 (11.4)

Thyroiditis 0.035

Yes 46 (93.9) 0 (0.0) 3 (6.1)

No 234 (78.8) 20 (6.7) 43 (14.5)

ETE: extrathyroidal extension; mETE: minimal extrathyroidal extension; gETE: gross extrathyroidal extension. Values are presented as n (row 
%). P-values were calculated using the chi-square test or Fisher’s exact test, as appropriate.


