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Purpose: Papillary thyroid microcarcinoma (PTMC, <1 cm) has risen sharply in incidence, comprising nearly half of papillary
thyroid carcinoma cases. This study assessed clinical features and risk factors for multifocality, nodal metastasis, and recurrence to
inform treatment and risk stratification.

Patients and Methods: We retrospectively analyzed 418 patients diagnosed with PTMC at Chang Gung Memorial Hospital between
2005 and 2015. Patients with incomplete data, initial distant metastasis, or lost to follow-up were excluded. Clinical, pathological, and
treatment data were reviewed. Risk factors were identified using multivariate logistic regression analysis. Sensitivity analysis was
performed on the total thyroidectomy subgroup to address potential selection bias. The study was IRB-approved and informed consent
was waived due to its retrospective nature.

Results: Among 418 patients (75 males, 343 females; median age 47 years), the median tumor size was 6.0 mm. Multifocal PTMC
occurred in 32.1% of patients and was significantly associated with larger tumor size (p < 0.001) and lymphovascular invasion (p <
0.001). Cervical lymph node metastasis was observed in 11.5% of patients and was linked to male sex (OR: 3.27, p = 0.006), non-
incidental findings (OR: 8.38, p < 0.001), multifocality (OR: 3.13, p = 0.047), and lymphovascular invasion (OR: 709.01, p < 0.001).
Sixteen patients (3.8%) experienced recurrence, which was significantly associated with prior lymph node metastasis (OR: 6.24, p =
0.011). The overall survival rate was 97.6%.

Conclusion: PTMC is usually indolent, but male gender, non-incidental findings, multifocality, and lymphovascular invasion indicate
higher risk. These mainly histopathological factors can guide management and are particularly relevant when evaluating alternatives
such as radiofrequency ablation.
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Introduction
Papillary thyroid microcarcinoma (PTMC), defined as papillary thyroid carcinoma measuring <1 cm in greatest dimen-
sion, has experienced a dramatic increase in incidence over the past several decades.'” This increase is largely attributed
to improved diagnostic imaging capabilities and increased medical surveillance, leading to the detection of previously
occult lesions.** PTMC now accounts for approximately 50% of all papillary thyroid carcinoma cases in many
developed countries, representing a significant shift in the epidemiological landscape of thyroid cancer.

The clinical significance of PTMC remains a subject of ongoing debate in the endocrine surgery and endocrinology
communities. While the majority of PTMC cases demonstrate indolent behavior with excellent long-term outcomes,

a subset of patients experience adverse events including multifocal disease, cervical lymph node metastasis, and disease
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recurrence.” ° This clinical heterogeneity has prompted extensive research efforts to identify predictive factors that can
guide treatment decision-making and risk stratification.

Traditional management of PTMC has centered on surgical intervention, typically involving either lobectomy or total
thyroidectomy depending on various clinical and pathological factors. However, the recognition that many PTMC cases
may follow a benign course has led to the exploration of alternative management approaches, including active
surveillance and minimally invasive treatments such as radiofrequency ablation (RFA). One recent cohort study reported
that approximately one-quarter of patients who underwent thyroidectomy experienced postoperative decision regret,
primarily due to scar- or psychology-related reductions in thyroid cancer—specific quality of life, whereas regret was rare
among patients managed with active surveillance.'” These findings underscore the importance of accurate preoperative
risk stratification and comprehensive counseling to identify patients suitable for less aggressive management strategies.

Current clinical guidelines acknowledge the importance of risk stratification in PTMC management but lack
consensus on specific criteria for treatment selection. The American Thyroid Association and other professional societies
have provided general recommendations, but the optimal approach to risk assessment remains an active area of
investigation.”® Key clinical features that have been associated with adverse outcomes in various studies include male
gender, younger age, multifocal disease, extrathyroidal extension, and lymphovascular invasion, though the relative
importance and predictive value of these factors vary across different patient populations.

The objective of this study was to comprehensively evaluate the clinical characteristics of PTMC patients and identify
independent risk factors associated with multifocality, cervical lymph node metastasis, and disease recurrence. By
analyzing a large single-center cohort with extensive follow-up, we aimed to develop a practical risk stratification
framework that could guide clinical decision-making and inform the evaluation of emerging treatment modalities.

Material and Methods

Study Design and Patient Selection

This retrospective cohort study was conducted at Chang Gung Memorial Hospital (CGMH), Linkou Branch, a tertiary
referral center in Taiwan. The study was conducted in accordance with the principles of the Declaration of Helsinki. The
study protocol was approved by the Chang Gung Medical Foundation Institutional Review Board (ref. 202500444B0).
The requirement of informed consent was waived due to its retrospective nature with de-identified data and minimal risk
to participants. From January 2005 to December 2015, all patients who underwent thyroidectomy and received
a pathological diagnosis of papillary thyroid microcarcinoma were identified for potential inclusion. No a priori sample
size calculation was performed due to the retrospective nature of the study.

Inclusion criteria comprised: (1) histologically confirmed papillary thyroid carcinoma <1 cm in greatest dimension,
(2) surgical treatment at our institution, and (3) availability of complete clinicopathological data. Exclusion criteria
included: (1) incomplete clinical or pathological data, (2) presence of distant metastasis at initial presentation, (3)
previous history of thyroid cancer or radiation exposure, and (4) loss to follow-up within six months of surgery.

Definitions

PTMC was defined according to World Health Organization criteria as papillary thyroid carcinoma <I cm in greatest
dimension. Incidental PTMC was defined as microcarcinomas discovered during thyroidectomy performed for benign
thyroid conditions without preoperative suspicion of malignancy based on imaging findings or fine-needle aspiration
cytology results. Non-incidental PTMC referred to cases where malignancy was suspected preoperatively based on
clinical, imaging, or cytological findings.

Multifocal PTMC was defined as the presence of two or more separate tumor foci within the thyroid gland, either
unilateral or bilateral, as determined by histopathological examination. Lymphovascular invasion was defined as the
presence of tumor cells within lymphatic or vascular spaces confirmed by histopathological examination using standard
hematoxylin and eosin staining.

Cervical lymph node metastasis was classified as central neck (level VI) or lateral neck (levels II-V) based on
anatomical location and confirmed by histopathological examination. Suspicious cervical lymph nodes on preoperative
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ultrasound were defined according to established sonographic criteria, including loss of fatty hilum, round shape,
microcalcifications, cystic change, hyperechogenicity, or peripheral vascularity.'" Extrathyroidal extension was defined
as tumor extension beyond the thyroid capsule into surrounding tissues.

Disease recurrence was defined as the appearance of new thyroid cancer foci detected by imaging studies (ultrasound,
computed tomography, or radioiodine scanning) during follow-up, with or without tissue confirmation. Locoregional
recurrence included disease in the thyroid bed, residual thyroid tissue, or cervical lymph nodes, while distant recurrence
involved metastasis to organs beyond the neck.

Surgical Approach Selection
Surgical approach during the study period was determined based on institutional practice patterns and individual surgeon
preferences, which generally favored more extensive resection than current guidelines recommend. Total thyroidectomy
was typically performed for bilateral thyroid disease, suspected or confirmed multifocal disease, family history of thyroid
cancer, patient preference for definitive treatment, or concurrent benign disease requiring bilateral intervention. Thyroid
lobectomy was generally reserved for unifocal disease in patients without high-risk features or concurrent bilateral
benign disease.

Central neck dissection was performed at the discretion of the operating surgeon, typically when central lymph node
metastasis was suspected based on preoperative imaging or intraoperative findings. Lateral neck dissection was
performed when lateral neck lymph node metastasis was confirmed preoperatively or identified intraoperatively.

Data Collection
Clinical data were extracted from electronic medical records and included patient demographics, preoperative imaging
findings, laboratory results including thyroid function tests, surgical details, pathological characteristics, postoperative
management including radioiodine therapy, and follow-up information. Pathological data included tumor size, histolo-
gical subtype, presence of multifocal disease, extrathyroidal extension, lymphovascular invasion, and lymph node
metastasis status.

Follow-up data were collected through July 2023, with a median follow-up duration of 154 months (range: 6-216
months). Follow-up protocols typically included clinical examination, neck ultrasonography, and thyroglobulin measure-
ment at regular intervals according to institutional guidelines.

Statistical Analysis

Statistical analysis was performed using SPSS software version 20.0 (IBM Corp., Armonk, NY, USA). Given the non-
normal distribution of continuous variables, non-parametric statistical methods were employed. Continuous variables
were compared using the Mann—Whitney U-test, while categorical variables were analyzed using the Chi-square test or
Fisher’s exact test as appropriate.

Missing data were minimal. Patients with missing data, loss to follow-up, or distant metastasis at initial presentation
(n = 21) were excluded, leaving 418 patients in the final analysis; therefore, no data imputation was required. Variables
with p-values < 0.05 in univariate analysis were entered into multivariate logistic regression models using backward
stepwise selection to identify independent predictors of multifocality, lymph node metastasis, and recurrence.
Collinearity was managed by evaluating clinically and statistically related variables; when two variables were highly
correlated, only the more clinically relevant variable was retained in the multivariate model. Odds ratios (OR) with 95%
confidence intervals (CI) were calculated for significant predictors. A p-value < 0.05 was considered statistically
significant for all analyses.

To address potential selection bias related to the heterogeneous nature of surgical approaches in our cohort, sensitivity
analyses were performed limited to patients who underwent total thyroidectomy. This subgroup analysis aimed to assess
the robustness of our findings and minimize potential confounding related to surgical approach selection.

Overall survival defined as the time from surgery to death from any cause or last follow-up. Disease-free survival was
defined as the time from surgery to first recurrence or last follow-up without recurrence.
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439 patients diagnosed with PTMC between 2005 and 2015 at Linkou CGMH

Excluded patients with missing data,
| loss to follow-up, or distant
metastasis as initial presentation: 21

I Final cohort: 418 patients with PTMC |
Unifocal: | |Multifocal: No LN LN No recurrence: ||Recurrence:
284 134 metastasis: metastasis: 402 16
370 48

Figure | Flowchrt of patient selection.
Abbreviations: PTMC, papillary thyroid microcarcinoma; CGMH, Chang Gung Memorial Hospital; LN, lymph node.

Results

Patient Characteristics

A total of 418 patients met the inclusion criteria and were included in the final analysis (Figure 1). The detailed
demographic and clinicopathological characteristics are summarized in Table 1. The cohort comprised 75 males (17.9%)
and 343 females (82.1%), with a median age of 47 years (range: 1882 years). The median tumor size was 6.0 mm

(range: 1-10 mm), with 85% of tumors measuring <8 mm.

Table | Demographics and Clinicopathological Features (n=418)

Characteristic N or Median | % or Range
Age (years) 47 16-87
<55 312 74.6
255 106 25.4
Gender

Male 75 17.9

Female 343 82.1
Tumor size (mm) 6.0 0.5-10
Type of thyroidectomy

Total 247 59.1

Lobectomy 71 17.0

Bilateral subtotal 64 15.3.

One side total, another side subtotal 31 74

Others 5 1.2
LN dissection

No 359 85.9

Central 32 77

Lateral 27 6.4
Length of hospital stay (days) 4 3-68
Incidental finding of PTMC

No 200 47.8

Yes 218 522
Bilateral lobe of PTMC

No 338 80.9

Yes 80 19.1

(Continued)
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Table | (Continued).

Characteristic N or Median | % or Range

Follicular-variant

No 387 92.6

Yes 31 74
Multifocal lesion

No 284 67.9

Yes 134 32.1
Muscle or nerve invasion (T)

Absent (Tla) 414 99.0

Present (T3b/T4a) 4 1.0
Lymph node metastasis (N)

NO 370 88.5

Nla 23 5.5

NIb 25 6.0
AJCC 8™ staging

| 405 96.9

I 13 3.1
Extrathyroid extension

No 388 9238

Yes 30 7.2
Lymphvascular invasion

No 396 94.7

Yes 22 5.3
Comeplications 133 31.8
I-131 ablation therapy

No 157 37.6

30 mCi 212 50.7

270 mCi 49 1.7
Second operation

No 359 85.9

Yes 59 14.1
Interval between two operations (months) 3.84 0.2-130.23
Recurrence 16 38
Outcome

Alive 408 97.6

Cancer-related 0 0

Non-cancer-related 10 24

Regarding surgical approach, 247 patients (59.1%) underwent total thyroidectomy, while 171 patients (40.9%)
underwent lobectomy. Central neck dissection was performed in 89 patients (21.3%), and lateral neck dissection was
performed in 25 patients (6.0%). The higher rate of total thyroidectomy compared to current practice patterns reflects
institutional preferences during the study period and likely introduces selection bias toward more extensive surgery in
perceived higher-risk patients.

Incidental PTMC was identified in 218 patients (52.2%), while 200 patients (47.8%) had non-incidental findings. The
most common concurrent benign conditions in the incidental group included multinodular goiter (45.3%), follicular
adenoma (23.5%), and Graves’ disease (8.7%).

Multifocal Disease
Multifocal PTMC was identified in 134 patients (32.1% of the total cohort). The characteristics of the multifocal tumor
group and the single tumor group are presented in Table 2. Among these, 89 patients (66.4%) had bilateral multifocal
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Table 2 Demographics and Clinicopathological Features of Multifocal Lesion

Variables Multifocal Lesion P value
(N or Median with % or Range)
No Yes
No. of patients 284 134
Age (years), median (range) 46.5 (16-87) 48 (18-74) 0.100
<55 212 (74.6) 100 (74.6) 0.996
255 72 (25.4) 34 (25.4)
Gender 0419
Male 48 (16.9) 27 (20.1)
Female 236 (83.1) 107 (79.9)
Tumor size (mm), median (range) 5 (0.5-10) 7 (1-10) <0.001
Type of thyroidectomy 0.012*
Total 152 (53.5) 95 (71.0)
Lobectomy 55 (19.4) 16 (11.9)
Bilateral subtotal 48 (16.9) 16 (11.9)
One side total, another side subtotal 26 (9.2) 53.7)
Others 3 (1.0 2 (1.5)
LN dissection 0.085
No 251 (88.4) 108 (80.6)
Central 19 (6.7) 13 (9.7)
Lateral 14 (4.9) 13 (9.7)
Length of hospital stay (days) 4 (3-68) 5(3-25) 0.286
Incidental finding of PTMC 0.022%
No 125 (44.0) 75 (56.0)
Yes 159 (56.0) 59 (44.0)
Bilateral lobe of PTMC <0.0001*
No 284 (100) 54 (40.3)
Yes 0 (0) 80 (59.7)
Follicular-variant 0.409
No 265 (93.3) 122 (91.0)
Yes 19 (6.7) 12 (9.0)
Muscle or nerve invasion (T) 0.099
Absent (Tla) 283 (99.6) 131 (97.8)
Present (T3b/T4a) 1 (0.4) 3(22)
Lymph node metastasis (N) 0.044*
NO 259 (91.2) 111 (82.8)
Nla 12 (4.2) 11 (8.2)
NIb 13 (4.6) 12 (9.0)
AJCC 8™ staging 0.364
| 277 (97.5) 128 (95.5)
Il 7 (2.5) 6 (4.5)
Extrathyroid extension 0.170
No 267 (94.0) 121 (90.3)
Yes 17 (6.0) 13 (9.7)
Lymphvascular invasion <0.0001
No 282 (99.3) 114 (85.1)
Yes 2 (0.7) 20 (14.9)
I-131 ablation therapy <0.0001*
No 135 (47.6) 22 (16.4)
30 mCi 129 (45.4) 83 (62.0)
270 mCi 20 (7.0) 29 (21.6)
(Continued)
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Table 2 (Continued).

Variables Multifocal Lesion P value
(N or Median with % or Range)
No Yes

Second operation <0.0001*
No 258 (90.8) 101 (75.4)

Yes 26 (9.2) 33 (24.6)

Recurrence 0.034*
No 277 (97.5) 125 (93.3)

Yes 7 (2.5) 9 (6.7)

Outcome >0.999
Alive 277 (97.5) 131 (97.8)
Cancer-related 0 (0) 0 (0)
Non-cancer-related 7 (2.5) 3(22)

Notes: Statistical tests: Mann—Whitney U-test; Chi-square test; multivariate logistic regression. *Indicates
statistically significant P values in the univariate analysis (p<0.05). Bold values indicate statistically significant
variables in the multivariate analysis (p < 0.05), including: Larger tumor size: p<0.001, adjusted odds ratio: 1.18
(1.09-1.31). Lymphovascular invasion: p<0.001, adjusted odds ratio: 68.19 (I1.11-418.73).

disease, while 45 patients (33.6%) had unilateral multifocal disease. The median number of tumor foci in multifocal
cases was 3 (range: 2-8).

Univariate analysis identified several factors associated with multifocal disease, including larger tumor size, inci-
dental findings of PTMC, cervical lymph node metastasis, presence of lymphovascular invasion and recurrence. In
multivariate analysis, larger tumor size (OR: 1.18 per mm increase, 95% CI: 1.09-1.31, p < 0.001) and lymphovascular
invasion (OR: 68.19, 95% CI: 11.11-418.73, p < 0.001) remained significant independent predictors of multifocal
disease.

Lymph Node Metastasis

Cervical lymph node metastasis was present in 48 patients (11.5% of the total cohort). Central neck metastasis was
identified in 23 patients (5.5%), lateral neck metastasis in 14 patients (3.3%), and both central and lateral neck metastasis
in 11 patients (2.6%). The median number of metastatic lymph nodes was 2 (range: 1-12). The characteristics of the
lymph node metastasis group and the non-metastasis group are shown in Table 3.

Univariate analysis revealed associations between lymph node metastasis and male gender, non-incidental findings,
multifocal disease, lymphovascular invasion and recurrence. Multivariate analysis confirmed male gender (OR: 3.27,
95% CI: 1.39-7.66, p = 0.006), non-incidental findings (OR: 8.38, 95% CI: 2.78-25.28, p < 0.001), multifocal disease
(OR: 3.13, 95% CI: 1.02-9.09, p = 0.047), and lymphovascular invasion (OR: 709.01, 95% CI: 69.61-7221.92, p <
0.001) as independent predictors of cervical lymph node metastasis.

Recurrence and Survival Outcomes
During the median follow-up period of 154 months, recurrence occurred in 16 patients (3.8% of the total cohort). The
median time to recurrence was 45 months (range: 12—128 months). Of these, three patients (18.8%) had recurrence at the
thyroid bed, ten patients (62.5%) had recurrence in lymph nodes, and three patients (18.8%) had recurrence in both the
thyroid bed and lymph nodes. The characteristics of the recurrence and non-recurrence groups are presented in Table 4.
Univariate analysis identified associations between recurrence and multifocal disease, lymphovascular invasion, and
lymph node metastasis. However, in multivariate analysis, only lymph node metastasis remained a significant indepen-
dent predictor of recurrence (OR: 6.24, 95% CI: 1.52-25.68, p = 0.011).
Ten deaths occurred during the study period. The overall survival rate was 97.6%, with no cancer-related mortality.
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Table 3 Demographics and Clinicopathological Features of Lymph Node Metastasis

Variables Lymph Node Metastasis P value
(N or Median with % or Range)
No Yes
No. of patients 370 48
Age (years), median (range) 47 (16-87) 46.5 (22-71) 0.729
<55 278 (75.1) 34 (70.8) 0.519
=55 92 (24.9) 14 (29.2)
Gender <0.001
Male 57 (15.4) 18 (37.5)
Female 313 (84.6) 30 (62.5)
Tumor size (mm), median (range) 6 (0.5-10) 6 (1-10) 0.721
Type of thyroidectomy <0.0001*
Total 203 (54.9) 44 (91.7)
Lobectomy 68 (18.4) 3 (6.3)
Bilateral subtotal 64 (17.3) 0 (0)
One side total, another side subtotal 31 (84) 0 (0)
Others 4 (1.0) I .1)
LN dissection <0.0001*
No 351 (94.9) 8 (16.7)
Central 14 (3.8) 18 (37.5)
Lateral 5(1.3) 22 (45.8)
Length of hospital stay (days) 4 (3-68) 6 (3-25) <0.0001*
Incidental finding of PTMC <0.0001
No 159 (43.0) 41 (85.4)
Yes 211 (57.0) 7 (14.6)
Bilateral lobe of PTMC 0.061
No 304 (82.2) 34 (70.8)
Yes 66 (17.8) 14 (29.2)
Follicular-variant 0.235
No 340 (91.9) 47 (97.9)
Yes 30 (8.1) I (2.1)
Multifocal lesion 0.012
No 259 (70.0) 25 (52.1)
Yes 11 (30.0) 23 (47.9)
Muscle or nerve invasion (T) >0.999
Absent (Tla) 366 (98.9) 48 (100)
Present (T3b/T4a) 4 (1.1) 0 (0)
AJCC 8" staging <0.0001*
[ 370 (91.4) 35 (72.9)
Il 0 (0) 13 (27.1)
Extrathyroid extension 0.369
No 345 (93.2) 43 (89.6)
Yes 25 (6.8) 5(10.4)
Lymphvascular invasion <0.0001
No 369 (99.7) 27 (56.3)
Yes | (0.3) 21 (43.7)
I-131 ablation therapy <0.0001*
No 152 (41.1) 5 (10.4)
30 mCi 191 (51.6) 21 (43.8)
270 mCi 27 (7.3) 22 (45.8)
(Continued)
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Table 3 (Continued).
Variables Lymph Node Metastasis P value
(N or Median with % or Range)
No Yes
Second operation 0.327
No 320 (86.5) 39 (81.3)
Yes 50 (13.5) 9 (18.7)
Recurrence 9 (24) 7 (14.6) 0.001*
Outcome 0.322
Alive 362 (97.8) 46 (95.8)
Cancer-related 0 (0) 0 (0)
Non-cancer-related 8 (2.2) 2 (42)
Notes: Statistical tests: Mann—Whitney U-test; Chi-square test; multivariate logistic regression. *Indicates
statistically significant P values in the univariate analysis (p<0.05). Bold values indicate statistically significant
variables in the multivariate analysis (p < 0.05), including: Gender male: p=0.006, adjusted odds ratio: 3.27
(1.39-7.66). Incidental findings: p<0.001, adjusted odds ratio: 8.38 (2.78-25.28). Multifocal lesions: p=0.047,
adjusted odds ratio: 3.13 (1.02-9.09). Lymphovascular invasion: p<0.00l, adjusted odds ratio: 709.01
(69.61-7221.92).
Table 4 Demographics and Clinicopathological Features of Recurrence
Variables Recurrence P value
(N or Median with % or Range)
No Yes
No. of patients 402 16
Age (years), median (range) 47 (16-87) 46 (22-56) 0.260
<55 297 (73.9) 15 (93.8) 0.083
=55 105 (26.1) 1 (6.2)
Gender 0.180
Male 70 (17.4) 531.2)
Female 332 (82.6) 11 (68.8)
Tumor size (cm), median (range) 0.6 (0.05-1) 0.55 (0.1-1) 0.597
Type of thyroidectomy 0.730
Total 235 (58.5) 12 (75.0)
Lobectomy 69 (17.2) 2 (12.4)
Bilateral subtotal 63 (15.7) 1 (6.3)
One side total, another side subtotal 30 (7.5) 1 (6.3)
Others 5(L.1) 0 (0)
LN dissection <0.001*
No 351 (87.3) 8 (50.0)
Central 28 (7.0) 4 (25.0)
Lateral 23 (5.7) 4 (25.0)
Length of hospital stay (days) 4 (3-68) 5(3-12) 0.144
Incidental finding of PTMC 0.088
No 189 (47.0) 11 (68.8)
Yes 213 (53.0) 5312
Bilateral lobe of PTMC 0.521
No 326 (81.1) 12 (75.0)
Yes 76 (18.9) 4 (25.0)
Follicular-variant 0.620
No 371 (92.3) 16 (100)
Yes 31 (7.7) 0 (0)
(Continued)
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Table 4 (Continued).

Variables Recurrence P value
(N or Median with % or Range)
No Yes

Multifocal lesion 0.034*
No 277 (68.9) 7 (43.7)

Yes 125 (31.1) 9 (56.3)

Bil.lobe/multifocal lesion 0.048*
Uni/no 277 (68.9) 7 (43.8)

Unifyes 49 (12.2) 531.2)
Bil/no 0 0 (0)
Billyes 76 (18.9) 4 (25.0)

Muscle or nerve invasion (T) >0.999
Absent (Tla) 398 (99.0) 16 (100)

Present (T3b/T4a) 4 (1.0 0 (0)

Lymph node metastasis (N) <0.001
NO 361 (89.8) 9 (56.3)

Nla 20 (5.0) 3(18.7)
NIb 21 (5.2) 4 (25.0)

AJCC 8™ staging 0.402
| 390 (97.0) 15 (93.8)

Il 12 (3.0) 1 (6.2)

Extrathyroid extension 0618
No 372 (92.5) 16 (100)

Yes 30 (7.5) 0 (0)

Lymphvascular invasion 0.007*
No 384 (95.5) 12 (75.0)

Yes 18 (4.5) 4 (25.0)

I-131 ablation therapy 0.242
No 152 (37.8) 5(31.2)

30 mCi 205 (51.0) 7 (43.8)
270 mCi 45 (11.2) 4 (25.0)

Second operation <0.0001*
No 354 (88.1) 531.3)

Yes 48 (11.9) 11 (68.8)

Outcome 0.326
Alive 393 (97.8) 15 (93.8)
Cancer-related 0 0 (0)
Non-cancer-related 9 (2.2) 1 (6.2)

Notes: Statistical tests: Mann-Whitney U-test; Chi-square test; multivariate logistic regression. *Indicates
statistically significant P values in the multivariate univariate analysis (p<0.05). Bold values indicate statistically
significant variables in the multivariate analysis (p < 0.05), including: Lymph node metastasis: p=0.01 |, adjusted
odds ratio: 6.24 (1.52-25.68).

Sensitivity Analysis: Total Thyroidectomy Subgroup
To address potential selection bias, sensitivity analysis was performed on the 247 patients (59.1%) who underwent total
thyroidectomy. In this subgroup, multifocal PTMC occurred in 95 patients (38.5%), cervical lymph node metastasis was
present in 44 patients (17.8%), and recurrence occurred in 12 patients (4.9%). The higher prevalence of adverse features
in this subgroup likely reflects selection bias toward more extensive surgery in higher-risk patients.

Multivariate analysis in the total thyroidectomy subgroup confirmed that larger tumor size (OR: 1.22, 95% CI:
1.08-1.38, p < 0.001) and lymphovascular invasion (OR: 71.23, 95% CI: 8.95-566.84, p < 0.001) remained significant
predictors of multifocality. For lymph node metastasis, male gender (OR: 2.89, 95% CI: 1.26-6.63, p = 0.012), non-
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. g Estimated Risk
Scoring Criteria
—»| Low Risk h e vidls
Item Points 61 it Lymph node metastasis ris
Male Gender 2 Low risk <5%
Non-incidental | Intermediate Intermediate 5-15%
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Figure 2 Study-defined risk stratification system of papillary thyroid microcarcinoma.

incidental findings (OR: 6.45, 95% CI: 1.98-21.02, p = 0.001), and lymphovascular invasion (OR: 445.67, 95% CI:
45.32-4382.15, p < 0.001) remained significant predictors. Lymph node metastasis remained the only significant
predictor of recurrence (OR: 5.67, 95% CI: 1.34-23.98, p = 0.018).

Risk Stratification System
Based on our multivariate analysis results, we developed a risk stratification system incorporating the identified
independent risk factors. The proposed system assigns points based on the presence of adverse features: male gender
(2 points), non-incidental findings (2 points), multifocal lesions (1 point), and lymphovascular invasion (3 points).
Patients are classified into three risk categories: low risk (0—1 points), intermediate risk (2-3 points), and high risk (>4
points or presence of lymphovascular invasion). Based on our cohort outcomes, estimated risks for lymph node
metastasis are <5% for low-risk patients, 5-15% for intermediate-risk patients, and >15% for high-risk patients.
Estimated recurrence risks are <2%, 2-5%, and >5% for low-, intermediate-, and high-risk patients, respectively
(Figure 2).

Discussion

This study of 418 PTMC patients identified several clinicopathological features associated with adverse outcomes,
providing important insights for risk stratification and treatment planning. Our key findings demonstrate that while
PTMC generally follows an indolent course with excellent survival outcomes, specific risk factors can identify patients at
increased risk for multifocal disease, lymph node metastasis, and recurrence.

The 32.1% prevalence of multifocal disease in our cohort aligns with previous reports and was independently
associated with larger tumor size and lymphovascular invasion.'*'* The 11.5% rate of cervical lymph node metastasis,
while lower than some published series, represents a clinically significant finding given its strong association with
recurrence risk. Most importantly, our analysis identified lymph node metastasis as the only independent predictor of
recurrence, emphasizing the prognostic importance of nodal status assessment.

Our findings are consistent with previous studies regarding the prevalence and risk factors for adverse outcomes in
PTMC. The multifocal disease rate of 32.1% falls within the reported range of 26.8% to 34% in various series.”'*'?
Similarly, our lymph node metastasis rate of 11.5% is within the broad range reported in the literature, though lower than
some series that may reflect differences in patient selection, surgical approach, or pathological assessment protocols.”

The identification of male gender as a risk factor for lymph node metastasis is consistent with multiple previous
studies, though the underlying biological mechanisms remain unclear.'*'® The association between non-incidental
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findings and adverse outcomes likely reflects the fact that clinically apparent or imaging-detected lesions represent more
aggressive tumor behavior compared to incidentally discovered microcarcinomas.

Our finding that lymphovascular invasion is the strongest predictor of both multifocal disease and lymph node
metastasis is particularly noteworthy, with odds ratios exceeding 68 in our analysis. This emphasizes the importance of
careful histopathological assessment for this feature, which may be underreported in routine pathological examination.

The predominantly histopathological nature of the most significant risk factors identified in our study has important
implications for clinical practice. Lymphovascular invasion, the strongest predictor of adverse outcomes, can only be
assessed through surgical specimen examination. Similarly, while imaging can detect some multifocal lesions, complete
assessment of multifocality requires comprehensive pathological evaluation.

In our study, 16 patients (3.8%) experienced recurrence, which was associated with cervical lymph node metastasis (p
= 0.011). Previous studies identified additional risk factors including age, multifocality, LN metastasis, extrathyroidal
extension, capsular or vascular invasion, tumor size, BRAF V600E mutation, and sex.'’*° These findings highlight the
importance of monitoring patients with these risk factors, particularly those with lymph node metastasis, for potential
recurrence.

These findings support the continued importance of surgical management in PTMC, as histopathological assessment
provides critical prognostic information that cannot be obtained through alternative treatment approaches. Our proposed
risk stratification system provides a practical framework for treatment planning, with low-risk patients potentially
suitable for less extensive surgical approaches and less intensive surveillance, while high-risk patients may benefit
from more comprehensive management including total thyroidectomy with lymph node assessment.

Our findings also align with the recommendations of the American Thyroid Association (ATA) and National
Comprehensive Cancer Network (NCCN) guidelines for the management of PTMC. According to the guidelines, active
surveillance may be considered for carefully selected low-risk patients who show no evidence of lymph node metastasis,
extrathyroidal extension, or aggressive pathological features. The risk factors identified in our cohort—particularly
multifocality, lymphovascular invasion, and lymph node metastasis—correspond to guideline-defined indicators for
higher-risk disease and suggest that these patients may be less suitable for active surveillance. Conversely, patients
without these adverse features may fall into the low-risk category and could be considered for less extensive surgery or
observation.”'** By linking clinicopathological predictors with guideline-based risk stratification, our results help clarify
which patients may benefit from more aggressive intervention versus more conservative management.

The emergence of radiofrequency ablation (RFA) as a minimally invasive alternative treatment for selected PTMC
cases has generated significant interest, particularly in Asia where early clinical experience is expanding.”*** While RFA
offers potential benefits such as reduced procedural morbidity and improved cosmetic outcomes, appropriate patient
selection remains a critical challenge. In our cohort, several key risk factors associated with aggressive features—such as
lymphovascular invasion, multifocality, and microscopic lymph node metastasis—were primarily identified through
postoperative histopathology, which t cannot be reliably assessed preoperatively.”®

This gap underscores an important limitation shared by all non-surgical approaches, including RFA and active
surveillance: the inability to obtain comprehensive pathological information before definitive treatment. As a result,
RFA and active surveillance may be most suitable for a carefully selected subset of patients with unequivocally low-risk
preoperative features, while others may still benefit from surgical intervention to allow complete pathological evaluation
and more accurate risk stratification. Ultimately, treatment decisions should be individualized, integrating clinical,
imaging, and—when available—molecular characteristics rather than relying on a single modality.

Several limitations should be considered when interpreting our findings. First, the retrospective single-center design
introduces inherent selection and referral biases, which may limit generalizability to broader populations. The study
period (2005-2015) also reflects historical practice patterns in which total thyroidectomy was more commonly per-
formed, particularly for PTMC. This differs from contemporary guidelines that now favor less extensive surgery for
appropriately selected low-risk patients, and may affect the direct applicability of our results to modern clinical practice.

Second, many of the key predictors identified in our model—such as lymphovascular invasion and multifocality—are
pathological features that cannot be reliably assessed preoperatively. This highlights an important limitation for risk
stratification when considering minimally invasive or non-surgical treatment modalities. Similarly, preoperative imaging
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has limited accuracy in detecting microscopic lymph node metastasis, further contributing to the challenge of selecting
truly low-risk cases. Additionally, molecular characterization, including BRAF V600E and other markers, was not
routinely performed during the study period (2005-2015). As a result, molecular data were unavailable for the majority
of patients, which limits the ability to incorporate molecular risk factors into our analysis. This reflects historical practice
patterns, as molecular testing was not widely adopted for PTMC during that time. The model would benefit from
prospective validation and incorporation of molecular and imaging-based features.

At last, the relatively small number of recurrence events (n=16) limits statistical power for recurrence analysis and
may have prevented identification of additional risk factors. Larger cohort studies with longer follow-up periods would
strengthen the evidence base for recurrence risk prediction in PTMC.

Future studies should aim to validate our findings prospectively and across multiple centers. External validation of the
risk stratification model, ideally incorporating molecular markers, advanced imaging characteristics, and potentially
artificial intelligence—based prediction tools, would enhance its predictive accuracy and clinical utility. Further develop-
ment of improved preoperative assessment methods will be essential for optimizing individualized treatment strategies,
particularly as interest grows in minimally invasive approaches such as RFA and active surveillance.

Conclusion

PTMC demonstrates heterogeneous clinical behavior predictable by specific clinicopathological features. Male gender,
non-incidental findings, multifocality, and lymphovascular invasion are independent risk factors for adverse outcomes,
with lymphovascular invasion showing the strongest association. Cervical lymph node metastasis is the only independent
predictor of recurrence. While most PTMC patients have excellent outcomes (97.6% overall survival), these findings may
help guide individualized selection between surgical and minimally invasive approaches, including active surveillance,
based on each patient’s clinical and pathological risk profile.
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