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Background: The diagnostic accuracy of preoperative radiologic findings in predicting the tumor characteristics and clinical out-
comes of papillary thyroid microcarcinoma (PTMC) was evaluated across all risk groups. 
Methods: In total, 939 PTMC patients, comprising both low-risk and non-low-risk groups, who underwent surgery were enrolled. 
The preoperative tumor size and lymph node metastasis (LNM) were evaluated by ultrasonography within 6 months before surgery 
and compared with the postoperative pathologic findings. Discrepancies between the preoperative and postoperative tumor sizes 
were analyzed, and clinical outcomes were assessed.
Results: The agreement rate between radiological and pathological tumor size was approximately 60%. Significant discrepancies 
were noted, including an increase in tumor size in 24.3% of cases. Notably, in 10.8% of patients, the postoperative tumor size ex-
ceeded 1 cm, despite being initially classified as 0.5 to 1.0 cm based on preoperative imaging. A postoperative tumor size >1 cm was 
associated with aggressive pathologic factors such as multiplicity, microscopic extrathyroidal extension, and LNM, as well as a 
higher risk of distant metastasis. In 30.1% of patients, LNM was diagnosed after surgery despite not being suspected before the pro-
cedure. This group was characterized by smaller metastatic foci and lower risks of distant metastasis or recurrence than patients with 
LNM detected both before and after surgery.
Conclusion: Among all risk groups of PTMCs, a subset showed an increase in tumor size, reaching 1 cm after surgery. These cases 
require special consideration due to their association with adverse clinical outcomes, including an elevated risk of distant metastasis. 
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INTRODUCTION

Papillary thyroid microcarcinoma (PTMC), defined as papillary 
thyroid carcinoma (PTC) with a maximum tumor diameter of 1 
cm or less, has been a major contributor to the rapid increase in 
the incidence of thyroid cancer in recent years [1-4]. The major-
ity of PTMCs are considered low-risk, they typically do not ex-
hibit aggressive pathological or radiological findings, are be-
lieved to have a stable or indolent course, and are associated 
with an excellent prognosis. Consequently, the American Thy-
roid Association guidelines recommend that active surveillance 
(AS) may be a viable alternative to immediate surgical interven-
tion for these low-risk PTMC patients [5]. At present, AS is 
widely recognized as a primary treatment option for PTMC, and 
the behavior of PTMCs under AS has been the subject of exten-
sive research [6-9]. However, few studies have focused on non-
low-risk PTMCs, which led us to investigate the clinical out-
comes of PTMCs across all risk categories, including those that 
are not considered low-risk.

Meanwhile, the clinical outcomes of PTMCs have been retro-
spectively studied based on postoperative pathological findings. 
Larger tumor size and the presence of lymph node metastasis 
(LNM) have been identified as predictive factors for a poorer 
prognosis in PTMCs [10-12]. However, in real-world practice, 
the preoperative diagnosis relies primarily on radiological find-
ings, particularly ultrasonography (USG). Moreover, once a 
PTMC is classified as low-risk and AS is chosen, it is no longer 
possible to confirm the pathological characteristics of the tu-
mors. Therefore, the accuracy of preoperative radiological diag-
nosis is crucial. 

This study aimed to investigate the diagnostic accuracy of 
preoperative radiological evaluations of PTMCs, encompassing 
both low-risk and non-low-risk groups. It compared tumor size 
and LNM between preoperative radiological findings and post-
operative pathological results, and explored the correlation be-
tween these factors and clinical outcomes, such as distant me-
tastasis and recurrence.

METHODS

Subjects
Patients diagnosed with PTMC, encompassing both low-risk 
and non-low-risk groups, who underwent surgical treatment at 
Seoul National University Hospital from January 2016 to Au-
gust 2018 were consecutively enrolled in the study. PTMC was 
characterized as a thyroid nodule with a maximum diameter of 

1 cm or less on USG and classified as Bethesda category V or 
VI (indicative of suspicious malignancy or confirmed malig-
nancy, respectively) based on fine-needle aspiration (FNA) cy-
tology or core-needle biopsy results [5]. Lesions in Bethesda 
category V were further confirmed to exhibit highly suspicious 
features on USG according to the Korean Thyroid Imaging Re-
porting and Data System (K-TIRADS) [13] or to possess the 
BRAFV600E mutation. In instances of multiple suspicious nod-
ules, the largest nodule was selected for enrollment, as clinical 
decisions regarding surgical intervention or AS typically hinge 
on the size of the largest suspicious nodule. Low-risk PTMC 
was defined by the absence of cytohistological or radiological 
risk factors, including LNM, gross extrathyroidal extension, ag-
gressive histology, or distant metastasis at the time of diagnosis. 

The study received approval from the Institutional Review 
Board of Seoul National University Hospital (H-1906-081-1040 
and H-1603-044-747). Written informed consent by the patients 
was waived due to a retrospective nature of our study. An expe-
rienced endocrinologist with more than 10 years of expertise in 
thyroid USG retrospectively reviewed all radiological USG im-
ages [14].

Comparison of tumor characteristics before and after 
surgery
The preoperative radiological assessments of tumor size and 
LNM were conducted using USG within 6 months before sur-
gery and were then compared with the postoperative pathologi-
cal findings. Initially, the preoperative tumor size was measured 
in three dimensions using USG, and the longest diameter was 
recorded. The discrepancy between preoperative and postopera-
tive tumor (post-T) sizes is represented by the “difference (D)” 
value. Consistency in tumor size was defined as a D value rang-
ing from –20% to 20%, in accordance with the criteria set forth 
in a previous study [15]. A D value of ≤–20% was classified as 
a decrease in size, while a D value of ≥20% was classified as 
an increase in size.

Second, preoperatively suspicious LNM, generally classified 
as clinical N1a, was defined as radiologically suspicious LNM 
with or without cytological confirmation. The clinical and path-
ological characteristics were compared between two groups: 
patients diagnosed with LNM only after surgery (post-only 
LNM) and patients with preoperatively suspicious LNM who 
were subsequently diagnosed with LNM after surgery (pre-post 
LNM). Additionally, patients who were postoperatively con-
firmed to be without LNM constituted the “no LNM” group.
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Definition of clinical outcomes
Recurrence was defined as the appearance of a cervical lymph 
node or thyroid mass after the initial operation, as determined 
by imaging modalities and subsequently confirmed by patho-
logical or cytological analysis. Distant metastasis was identified 
by abnormal uptakes of radioactive iodine in distant metastatic 
lesions on whole body scans (WBS), with or without corrobo-
rating findings from other complementary imaging modalities, 
such as computed tomography (CT) scans. Lung, liver, and 
bone metastases were categorized as distant metastases, where-
as abnormal uptakes in the subclavian lymph nodes and medias-
tinum were not included. Lesions that continued to show abnor-
mal uptake on WBS after repeated radioactive iodine therapy 
(RAIT) were classified as persistent disease.

Statistical analysis
The Pearson chi-square test was utilized to analyze categorical 
variables, while the Student’s t test was applied to normally dis-
tributed continuous variables, and the Mann-Whitney U test 
was employed for continuous variables that did not follow a 
normal distribution. Survival analysis was carried out using the 
log-rank test. A P value of less than 0.05 was considered statisti-
cally significant. All statistical analyses were performed using 
SPSS version 27.0 (IBM Corp., Armonk, NY, USA).  

RESULTS

Baseline characteristics and surgical outcomes of PTMC 
patients
A total of 939 patients were diagnosed with PTMCs based on 
preoperative USG and subsequently underwent surgery. Among 
these, 738 (78.6%) patients were classified as low-risk PTMC. 
Table 1 presents the baseline characteristics of all enrolled pa-
tients, including a comparison between the low-risk PTMC 
group and the entire cohort. The average age at diagnosis was 
51.0±12.2 years, and 79.3% of the patients were female. The 
mean preoperative tumor size was 0.70±0.19 cm, and 79 (8.4%) 
patients exhibited radiologically suspicious LNM prior to sur-
gery. Of the total, 438 (46.6%) patients underwent total thyroid-
ectomy, while 838 (89.2%) underwent central neck dissection. 
Central neck dissection was performed in both the total thyroid-
ectomy and lobectomy groups, although it was more common in 
the former (95.0% vs. 84.2%, P<0.001). Lateral neck dissection 
was carried out in 62 (6.6%) patients, all of whom were part of 
the total thyroidectomy group. Patients with low-risk PTMCs 
underwent less extensive surgery, which resulted in a lower per-

Table 1. Baseline Clinicopathologic Characteristics and Clinical 
Outcomes of PTMC Patients Who Underwent Surgery 

Characteristic       Total    Low-risk P value

Number of patients 939 (100) 738 (78.6)

At diagnosis

Age, yr 51.0±12.2 51.2±11.9 0.826

Male sex 194 (20.7) 146 (19.8) 0.657

BMI, kg/m2 24.6±3.8 24.6±3.8 0.937

Preoperative radiologic 
findings

Tumor size, cm 0.70±0.19 0.69±0.19 0.803

Radiologic LNM 79 (8.4) 0 <0.001

Surgical procedure

Total thyroidectomy 438 (46.6) 297 (40.2) 0.009

Central neck dissection 838 (89.2) 641 (86.9) 0.133

Lateral neck dissection 62 (6.6) 0 <0.001

Postoperative pathologic 
findings

Tumor size, cm 0.72±0.25 0.71±0.25 0.459

Multiplicity 311 (33.1) 236 (32.0) 0.620

ETE

Microscopic 441 (47.1) 327 (44.4) 0.263

Gross 11 (1.2) 9 (1.2) 0.930

LNM 331 (35.3) 211 (28.6) 0.009

LN size, mm 2.5 (1.0–5.0) 1.9 (1.0–3.0) <0.001

Ratio of LNM 0.25 (0.17–0.46) 0.29 (0.17–0.51) 0.176

BRAFV600E mutation 838 (90.8) 665 (91.5) 0.630

RAIT

Number of patients 203 (21.6) 109 (14.8) <0.001

Frequency of RAIT 1 (1–2) 1 (1–2) 0.250

Total cumulative dose, 
mCi

60 (50–100) 50 (50–80) 0.037

Complete ablation 201 (99.0) 109 (100.0) 0.544

Abnormal uptakea 13 (6.4) 5 (4.6) 0.512

Outcome

Distant metastasisb 4 (0.4) 1 (0.1) 0.392

Recurrence/persistence 12 (1.3) 4 (0.5) 0.124

Values are expressed as number (%), mean±standard deviation, or me-
dian (interquartile range).
PTMC, papillary thyroid microcarcinoma; BMI, body mass index; LNM, 
lymph node metastasis; ETE, extrathyroidal extension; LN, lymph node; 
RAIT, radioactive iodine therapy.
aPatients who showed abnormal uptake in the subclavian lymph node 
(n=3), mediastinum (n=6), or a distant organ (n=4) including lung, 
bone, or liver after RAIT; bLung, liver, and bone metastasis were includ-
ed, while cases of abnormal uptake of radioactive iodine in the subclavi-
an lymph node and mediastinum were excluded.  
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centage of total thyroidectomies compared to the overall patient 
group (40.2% vs. 46.6%, P=0.009) (Table 1). 

After surgery, all 939 patients (100%) were diagnosed with 
either PTMC or PTC based on histological examination. The 
postoperative measurement of tumor size averaged 0.72±0.25 
cm, and 331 patients (35.3%) had pathologically confirmed 
LNM (Table 1). Of the 438 patients who underwent total thy-
roidectomy, 203 (46.3%) received RAIT. Among these, 13 
(6.4%) exhibited abnormal uptake, and 201 (99.0%) ultimately 
achieved complete ablation. Distant metastasis was identified in 

four patients (0.4%), with metastatic sites including the lungs, 
bones, and/or liver. Over a median follow-up period of 27.2 
months (interquartile range [IQR], 20.2 to 36.5), 12 patients 
(1.3%) experienced persistent or recurrent disease (Table 1). In 
the low-risk PTMC group, the rate of RAIT was significantly 
lower compared to the total patient cohort (14.8% vs. 21.6%, 
P<0.001). Distant metastasis occurred in one patient (0.1%), 
and four patients (0.5%) in this group had persistent or recurrent 
disease (Table 1).

Table 2. Comparison of Tumors Showing Agreement and Disagreement between Preoperative Radiological and Postoperative Patholog-
ical Size Measurements according to Tumor Size on Radiology

Group Criteria
Tumor size on radiology

Total P value
0–0.5 cm 0.5–1.0 cm

Agreement –20% to 20%a 77 (42.1) 484 (64.0) 561 (59.7) <0.001

Disagreement

Decrease in size ≤–20% 33 (18.0) 117 (15.5) 150 (16.0) 0.034

Increase in size ≥20% 73 (39.9) 155 (20.5) 228 (24.3)

Total 183 (19.5) 756 (80.5)

Values are expressed as number (%).
aAgreement in tumor size was defined as a difference (D value) between –20% and 20%.

Fig. 1. Discrepancies of tumor size before and after surgery in papillary thyroid microcarcinoma. The difference between preoperative radio-
logical and postoperative pathological tumor sizes is denoted as the “difference (D)” value. Agreement in tumor size was defined as a D val-
ue between –20% and 20%. D ≤–20% was categorized as a decrease in size, whereas D ≥20% were categorized as an increase in size. (A) 
Correlations between preoperative and postoperative tumor size. (B) Sankey diagram for differences in tumor size before and after surgery. 

A

B
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Discrepancy between preoperative and postoperative 
tumor size in PTMC and representative cases
The tumor size was significantly larger in the postoperative 
pathological diagnosis than in the preoperative radiological di-
agnosis (0.72±0.25 cm vs. 0.70±0.19 cm, P=0.021). The con-
cordance rate between radiologic and pathologic measurements 
of tumor size was 59.7% (561/939), using the criterion of a dis-
crepancy of less than 20% (Table 2). This concordance rate was 
significantly higher in the group with preoperative tumor sizes 
of 0.5 to 1.0 cm compared to the group with sizes of 0 to 0.5 cm 
(64.0% vs. 42.1%, P<0.001). Among low-risk PTMCs, the rates 
of concordance (total vs. low-risk PTMC, 59.7% vs. 60.0%, 
P>0.05) and discordance with a decrease in size (total vs. low-
risk PTMC, 16.0% vs. 17.2%, P>0.05) were similar to those 
observed in the total patient cohort (Supplemental Table S1).

Fig. 1A illustrates the correlation between preoperative and 
post-T sizes. Notably, an increase in tumor size was observed 
more frequently than a decrease. Furthermore, the group with 
preoperative tumor sizes ranging from 0 to 0.5 cm exhibited a 
higher incidence of tumor size increase compared to the group 
with sizes from 0.5 to 1.0 cm (39.9% vs. 20.5%, P=0.034). In 
light of the significant time interval between the preoperative 
USG and the surgery, which did not exceed 6 months, we con-
ducted a subgroup analysis. This analysis involved sorting pa-
tients into monthly intervals based on the time from preopera-
tive USG to surgery. Nearly half of the patients, 48.6%, under-
went preoperative USG within 2 months of surgery, and the ma-
jority, 65.6%, had it within 3 months before surgery (Supple-
mental Table S2). Importantly, the concordance rates between 
radiological and pathological tumor sizes within these time 
frames were remarkably stable, with rates ranging from 57.3% 

to 61.2% (Supplemental Table S2). 
A Sankey diagram was created to illustrate the changes in tu-

mor size following surgery (Fig. 1B). Prior to surgery, 183 pa-
tients (19.5%) had preoperative tumor sizes ranging from 0 to 
0.5 cm, while 756 patients (80.5%) presented with tumor sizes 
of 0.5 to 1.0 cm. Postoperatively, the proportion of tumors mea-
suring 0 to 0.5 cm increased from 19.5% to 26.4%, while the 
proportion of those measuring 0.5 to 1.0 cm decreased from 
80.5% to 62.8%. Unexpectedly, 101 patients (10.8%) exhibited 
a post-T size greater than 1 cm. All of these patients were initial-
ly categorized in the 0.5 to 1.0 cm tumor size group, and 59.4% 
of them had a D value ≥20% (Fig. 1B). 

Fig. 2 presents representative preoperative USG images of 
cases with discrepancies between preoperative and post-T sizes. 
In the first case, the discrepancy was due to the selection of an 
inappropriate region of interest, a result of the tumor’s extreme-
ly irregular shape (Fig. 2A, B). Preoperative USG depicted an 
ill-defined, irregularly shaped lesion, which was assessed as two 
independent nodules measuring 0.75 cm (Fig. 2A) and 0.47 cm 
(Fig. 2B). Postoperatively, however, it was confirmed to be a 
single tumor with a size of 1.9 cm. In the second case, an inade-
quate echoic window caused by rim calcification led to an inac-
curate preoperative measurement. The preoperative thyroid 
USG revealed a tumor with dense rim calcification measuring 
0.67 cm (Fig. 2C), but a 1.3 cm pathologic PTC was confirmed 
following surgery. 

Next, we analyzed the characteristics of the nodules identified 
on preoperative ultrasound images in the group with post-T size 
greater than 1 cm, comparing these with size-matched controls 
from the group with post-T size of 1 cm or less, while maintain-
ing a balanced ratio of 1:1.5. We found no significant differenc-

Fig. 2. Representative cases of the discrepancy between tumor size before and after surgery. (A, B) The first case involves a 55-year-old 
woman with papillary thyroid microcarcinoma (PTMC). An ultrasonographic (USG) image of the right thyroid gland reveals an ill-defined, 
irregular-shaped lesion that was initially evaluated as two separate nodules. The nodules measured 0.75 cm (A) and 0.47 cm (B). However, 
after surgery, it was confirmed that these nodules were actually part of a single tumor with a size of 1.9 cm. (C) The second case involves a 
56-year-old woman with PTMC. A thyroid USG image shows a nodule with dense rim calcification, measured at 0.67 cm. However, post-
surgery examination revealed a pathologic papillary thyroid carcinoma measuring 1.3 cm. 

A B C
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es in ultrasound features, such as echogenicity, margins, calcifi-
cation, or extrathyroidal extension, between the two groups 
(Supplemental Table S3). Further research is crucial to deter-
mine the predictive factors for nodules that show size discrepan-
cies post-thyroidectomy. 

Clinical outcomes and prognostic factors according to 
postoperative tumor size
Since tumor size is one of the most significant prognostic fac-
tors for clinical outcomes in both PTMC and PTC [16,17], we 
compared clinical outcomes between patients with a post-T size 
of ≤1 cm (n=838) and those with a post-T size of >1 cm (n=  
101). The age and sex distribution was similar between the two 
groups. However, the body mass index was significantly higher 
in the post-T size >1 cm group than in the post-T size ≤1 cm 
group (25.8±4.5 vs. 24.5±3.7, P=0.001) (Table 3). Preopera-
tive radiological diagnosis indicated that the preoperative tumor 
size was larger in the post-T size >1 cm group than in the post-T 
size ≤1 cm group (0.93±0.10 cm vs. 0.67±0.18 cm, P<0.001), 
while the proportions of preoperatively suspicious LNM were 
similar between the groups. Regarding the surgical procedure, 
the rates of total thyroidectomy (64.4% vs. 44.5%, P<0.001) 
and central neck dissection (95.0% vs. 88.5%, P=0.046) were 
significantly higher in the post-T size >1 cm group than in the 
post-T size ≤1 cm group (Table 3). 

After surgery, the pathologically confirmed post-T size was 
0.66±0.19 cm for the post-T size ≤1 cm group and 1.20±0.17 
cm for the post-T size >1 cm group, respectively (P<0.001) 
(Table 3). The incidence of multiplicity (49.5% vs. 31.1%, 
P<0.001) and microscopic extrathyroidal extension (75.2% vs. 
43.7%, P<0.001) was significantly higher in the post-T size >1 
cm group compared to the post-T size ≤1 cm group. Addition-
ally, a greater proportion of patients in the post-T size >1 cm 
group underwent RAIT (41.6% vs. 19.2%, P<0.001), and the 
frequency of RAIT was also significantly higher in this group (2 
vs. 1, P=0.023) (Table 3). 

Finally, the presence of distant metastasis was higher in the 
group with a post-T size >1 cm compared to the group with a 
post-T size ≤1 cm (3.0% vs. 0.1%, P=0.004) (Table 3). Ka-
plan-Meier survival analysis revealed that distant metastasis-
free survival was significantly lower in the post-T size >1 cm 
group (P<0.001) (Fig. 3A). However, there was no significant 
difference in recurrence-free survival between the two groups 
(P=0.139) (Fig. 3B). Among low-risk PTMC patients, one pa-
tient developed distant metastasis and belonged to the post-T 
size >1 cm group. As a result, distant metastasis-free survival 

Table 3. Comparisons of Clinicopathological Characteristics and 
Clinical Outcomes according to the Postoperative Tumor Size 

Characteristic    Post-T size  
      ≤1 cm

   Post-T size  
      >1 cm P value

Number of patients 838 (89.2) 101 (10.8)

At diagnosis
Age, yr 50.8±12.1 52.8±13.1 0.127
Male sex 173 (20.6) 21 (20.8) 0.972
BMI, kg/m2 24.5±3.7 25.8±4.5 0.001

Preoperative radiologic  
   findings
Tumor size, cm 0.67±0.18 0.93±0.10 <0.001
Radiologic LNM 68 (8.1) 11 (10.9) 0.342

Surgical procedure
Total thyroidectomy 373 (44.5) 65 (64.4) <0.001
Central neck dissection 742 (88.5) 96 (95.0) 0.046
Lateral neck dissection 52 (6.2) 10 (9.9) 0.158

Postoperative pathologic 
   findings
Tumor size, cm 0.66±0.19 1.20±0.17 <0.001
Multiplicity 261 (31.1) 50 (49.5) <0.001
ETE

Microscopic 365 (43.7) 76 (75.2) <0.001
Gross 8 (1.0) 3 (3.0) 0.105

LNM 284 (38.4) 47 (49.0) 0.046
LN size, mm 2.2 (1.0–5.0) 3.0 (1.3–5.5) 0.262
Ratio of LNM 0.25 (0.17–0.50) 0.28 (0.17–0.38) 0.658

BRAFV600E mutation 748 (90.7) 90 (91.8) 0.705
RAIT

Number of patients 161 (19.2) 42 (41.6) <0.001
Frequency of RAIT 1 (1–2) 2 (1–2) 0.023
Total cumulative dose, 

mCi
60 (50–100) 60 (50–80) 0.687

Complete ablation 160 (99.4) 41 (97.6) 0.372
Abnormal uptakea 9 (5.6) 4 (9.5) 0.476

Outcome
Distant metastasisb 1 (0.1) 3 (3.0) 0.004
Recurrence/persistence 9 (1.1) 3 (3.0) 0.130

Values are expressed as number (%), mean±standard deviation, or me-
dian (interquartile range).
Post-T, postoperative tumor; BMI, body mass index; LNM, lymph node 
metastasis; ETE, extrathyroidal extension; LN, lymph node; RAIT, ra-
dioactive iodine therapy. 
aPatients who showed abnormal uptake in the subclavian lymph node 
(n=3), mediastinum (n=6), or a distant organ (n=4) including lung, 
bone, or liver after RAIT; bLung, liver, and bone metastasis were includ-
ed, while cases of abnormal uptake of radioactive iodine in the subcla-
vian lymph node and mediastinum were excluded. 



Endocrinol Metab 2024 Forthcoming. Posted online 2024 www.e-enm.org page 7 of 15

Preoperative Radiologic versus Postoperative Pathologic Diagnosis in PTMC

ARTICLE IN PRESS

was significantly lower in this group compared to the post-T 
size ≤1 cm group (P=0.005) (Supplemental Fig. S1). In sum-
mary, the post-T size >1 cm group exhibited more histopatho-
logically aggressive characteristics and poorer distant metasta-
sis-free survival than the post-T size ≤1 cm group.

Comparisons of clinical characteristics and outcomes 
between the pre-post LNM and post-only LNM groups
Before surgery, 79 patients presented with lymph nodes that ap-
peared suspicious for metastasis on preoperative USG, which 
were generally classified as clinical N1a. FNA confirmed LNM 
in 53 of these patients (67.1%). After surgery, 72 patients 
(91.1%) were diagnosed with pathological LNM. However, in 
seven cases, LNM was not confirmed by postoperative patholo-
gy. One case that had been confirmed by preoperative FNA was 
not diagnosed with LNM after surgery due to the presence of a 

cystic lesion. In the remaining six cases, preoperative FNA was 
not performed, but both USG and CT findings suggested suspi-
cious LNM. Nevertheless, the final postoperative pathological 
results did not indicate LNM in these cases.

Meanwhile, among 860 patients who did not exhibit any sus-
picious LNM before surgery, and were thus generally classified 
as clinical N0, 259 patients (30.1%) were diagnosed with patho-
logical LNM after surgery. This group is referred to as the post-
only LNM group. To investigate the clinical impacts of this 
group, their clinical and pathological characteristics were com-
pared with those of the pre-post LNM group. Regarding demo-
graphic characteristics, the proportion of males was significantly 
higher in the pre-post LNM group than in the post-only LNM 
group (37.5% vs. 25.1%, P=0.038) (Table 4). The rates of total 
thyroidectomy (94.4% vs. 69.5%, P<0.001) and lateral neck 
dissection (75.0% vs. 1.9%, P<0.001) were also significantly 

Fig. 3. Comparisons of survival outcomes based on tumor size and lymph node metastasis (LNM) in postoperative diagnosis. (A, B) Surviv-
al outcomes in relation to a tumor size of 1 cm based on the postoperative pathological measurement. Kaplan-Meier curves were utilized to 
analyze distant metastasis-free survival (A) and recurrence-free survival (B). (C, D) Survival outcomes between patients with LNM diag-
nosed both preoperatively and postoperatively (pre-post LNM), patients with LNM detected only at the time of postoperative evaluation 
(post-only LNM), and those without LNM detected postoperatively (no LNM). Kaplan-Meier curves were utilized to analyze distant metas-
tasis-free survival (C) and recurrence-free survival (D). Post-T, postoperative tumor.
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higher in the pre-post LNM group (Table 4). Postoperative path-
ological findings, including tumor size, multiplicity, and extra-
thyroidal extension, were similar between the two groups. How-
ever, the characteristics of LNM differed. The size of LNM was 
larger (median 8.0 mm [IQR, 5.0 to 11.0] vs. 2.0 mm [IQR, 1.0 
to 3.0], P<0.001), and the proportion of micrometastasis was 
lower (8.3% vs. 56.7%, P<0.001) in the pre-post LNM group 
than in the post-only LNM group. Furthermore, the proportion 
of patients who underwent RAIT (80.6% vs. 45.9%, P<0.001) 
and the total cumulative dose of RAIT (100 mCi vs. 60 mCi, 
P<0.001) were significantly higher in the pre-post LNM group. 
Additionally, the incidence of distant metastasis (4.2% vs. 0.4%, 
P=0.034) and the rates of recurrence and persistence (6.9% vs. 
1.5%, P=0.026) were significantly higher in the pre-post LNM 
group (Table 4). Kaplan-Meier survival analysis revealed that 
both distant metastasis-free survival (P<0.001) (Fig. 3C) and 
recurrence-free survival (P<0.001) (Fig. 3D) were significantly 
lower in the pre-post LNM group compared to both the post-on-
ly LNM group and the no LNM group. In summary, the post-
only LNM group exhibited smaller metastatic foci, a higher 
proportion of micrometastasis, and more favorable clinical out-
comes when compared to the pre-post LNM group.   

DISCUSSION

An accurate preoperative diagnosis based on USG is essential 
for the management of PTMC, as it enables appropriate risk 
stratification and the selection of AS or surgical intervention. 
The current study examined the preoperative diagnostic accura-
cy in a cohort of 939 patients diagnosed with PTMC based on 
USG findings who subsequently underwent surgical treatment. 
The concordance rate between radiological and pathological tu-
mor sizes was approximately 60%, with significant discrepan-
cies noted, including an increase in tumor size in 24.3% of cas-
es. Notably, 10.8% of patients had post-T larger than 1 cm. 
Clinical outcomes were compared between groups with post-T 
sizes ≤1 and >1 cm, revealing higher rates of tumor multiplici-
ty, microscopic extrathyroidal extension, total thyroidectomy, 
central neck dissection, RAIT, and distant metastasis in the >1 
cm group. These findings suggest more aggressive disease char-
acteristics and poorer distant metastasis-free survival in this 
group. Regarding LNM, 30.1% of patients who had no preoper-
ative suspicion of LNM were diagnosed with it postoperatively. 
The group with LNM detected only after surgery, as opposed to 
both before and after, showed smaller metastatic foci, a higher 
proportion of micrometastasis, and better clinical outcomes. In 

Table 4. Comparisons of Clinicopathological Characteristics 
and Clinical Outcomes according to the Preoperative and Post-
operative LNM

Characteristic Pre-post LNM Post-only LNM P value

Number of patients 72 259 
At diagnosis

Age, yr 50.5±13.1 48.3±12.3 0.183
Male sex 27 (37.5) 65 (25.1) 0.038
BMI, kg/m2 24.5±3.5 24.4±3.5 0.891

Preoperative radiologic 
   findings
Tumor size, cm 0.71±0.20 0.71±0.19 0.819
Radiologic LNM 72 (100.0) 0 <0.001

Surgical procedure
Total thyroidectomy 68 (94.4) 180 (69.5) <0.001
Central neck dissection 72 (100.0) 259 (100.0) NA
Lateral neck dissection 54 (75.0) 5 (1.9) <0.001

Postoperative pathologic 
   findings

Tumor size, cm 0.77±0.25 0.75±0.25 0.661
Multiplicity 31 (43.1) 102 (39.4) 0.574
ETE

Microscopic 47 (65.3) 158 (61.2) 0.532
Gross 1 (1.4) 4 (1.5) 1.000

LNM
LN size, mm 8.0 (5.0–11.0) 2.0 (1.0–3.0) <0.001
Micrometastasis 6 (8.3) 140 (56.7) <0.001
Ratio of LNM 0.21 (0.15–0.35) 0.26 (0.17–0.50) 0.019

BRAFV600E mutation 64 (88.9) 239 (93.4) 0.207
RAIT

Number of patients 58 (80.6) 119 (45.9) <0.001
Frequency of RAIT 2 (1–2) 1 (1–2) 0.288
Total cumulative dose, 
   mCi

100 (57.5–100) 60 (50–80) <0.001

Complete ablation 56 (96.6) 119 (100.0) 0.106
Abnormal uptakea 7 (12.1) 6 (5.0) 0.124

Outcome
Distant metastasisb 3 (4.2) 1 (0.4) 0.034
Recurrence/persistence 5 (6.9) 4 (1.5) 0.026

Values are expressed as mean±standard deviation, number (%), or me-
dian (interquartile range).
LNM, lymph node metastasis; BMI, body mass index; NA, not available; 
ETE, extrathyroidal extension; LN, lymph node; RAIT, radioactive io-
dine therapy.
aPatients who showed abnormal uptake in the subclavian lymph node 
(n=3), mediastinum (n=6), or a distant organ (n=4) including lung, bone, 
or liver after RAIT; bLung, liver, and bone metastasis were included, while 
cases of abnormal uptake of radioactive iodine in the subclavian lymph 
node and mediastinum were excluded. 
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summary, a larger post-T size, particularly exceeding 1 cm, is 
associated with more aggressive disease and poorer distant me-
tastasis-free survival, while LNM detected only postoperatively 
is indicative of smaller metastatic foci and more favorable clini-
cal outcomes compared to LNM identified both preoperatively 
and postoperatively.

Previous studies have shown discrepancies in size between 
preoperative USG measurements and postoperative pathology 
findings in PTCs. Bachar et al. [18] reported that preoperative 
radiologic tumor sizes were larger than those determined by pa-
thology, particularly in tumors larger than 1.5 cm. A subgroup 
analysis of 34 PTMCs revealed no significant differences; how-
ever, 18.8% of nodules that measured larger than 1 cm on USG 
were found to be smaller than 1 cm on pathology [18]. Yoon et 
al. [19] included 172 PTCs (100 PTMCs) in their study and 
found that the pathologic tumor size was 10% smaller than the 
sonographic size. Hahn et al. [15] studied 490 PTCs (272 PT-
MCs) and observed that preoperative USG tended to overesti-
mate the size of tumors, especially those smaller than 1.0 cm. 
These consistent findings highlight the need for careful evalua-
tion to prevent unnecessary procedures and overtreatment. In 
our study, we noted a significant decrease of ≥20% in tumor 
size in 16.0% of patients, but the clinical significance of such a 
decrease in PTMCs remains unclear. 

Meanwhile, the present study focused on instances where tu-
mor size is frequently underestimated, potentially causing mis-
diagnosis of PTC as PTMC. A tumor is classified as a PTMC 
when its size is less than 1 cm, and AS can be considered an ini-
tial treatment option in the absence of significant risk factors. 
Opting for AS as the primary treatment precludes the opportuni-
ty for postoperative pathological confirmation of the tumor’s 
status. Therefore, we investigated the clinicopathological char-
acteristics and surgical outcomes of patients whose tumors were 
larger than 1 cm after thyroidectomy (post-T size >1 cm group). 
We found that the preoperative radiologic tumor size was larger 
in the post-T size >1 cm group than in the post-T size ≤1 cm 
group. There was no difference in the frequency of radiologic 
LNM between the two groups. However, postoperative patholo-
gy revealed a higher presence of poor prognostic factors and a 
greater rate of distant metastasis in the post-T size >1 cm group 
compared to the post-T size ≤1 cm group. These findings sug-
gest that underestimating the size of such tumors and initiating 
AS as the initial treatment strategy may lead to significant bur-
dens due to unexpected adverse clinical outcomes. While some 
protocols suggest AS for tumors slightly larger than 1.0 cm, 
such as those up to 1.5 cm [20-22], our findings underscore the 

need for meticulous consideration and risk assessment before 
choosing AS for tumors larger than 1 cm. This emphasizes the 
critical importance of accurate tumor size evaluation.

The accuracy of USG examinations for PTMC can be com-
promised by factors such as the nodule’s small size, its charac-
teristics, and technical considerations [23-25]. Challenges arise 
in differentiating nodules from the surrounding tissue when they 
have an irregular shape, ill-defined margins, or cystic compo-
nents [25]. The presence of coexisting thyroiditis can also im-
pede the precise definition of margins and the accuracy of mea-
surements [25]. Additionally, compression from the ultrasound 
probe may introduce biases in the measurement of nodule size, 
particularly for cystic nodules, which tend to decrease in size 
upon compression [26]. Variability in size estimation can occur 
with nodules that have an irregular shape, ill-defined margins, 
are affected by thyroiditis, or contain calcifications. Our study 
highlighted cases where the size of nodules with an irregular 
shape and dense rim calcification was underestimated. These 
larger tumors, measuring more than 1 cm, were associated with 
a poorer prognosis, underscoring the importance of size as a 
prognostic factor. Therefore, careful consideration is required 
when using USG to measure the size of tumors with these char-
acteristics.

Given that this study was conducted at a tertiary referral cen-
ter specializing in thyroid surgery, a significant number of pa-
tients with thyroid nodules had undergone FNA prior to their 
visit to our institution. As a result, there may have been a time 
lapse between the initial FNA and the patients’ enrollment in the 
study. During this interval, the size of the nodules could have 
changed due to factors such as the accumulation of intranodular 
cystic fluid, inflammation following FNA, and/or micro-bleed-
ing [23,27-29]. Despite this potential limitation, it is noteworthy 
that the current study represents the largest cohort of exclusively 
enrolled patients with PTMC and investigates the discrepancy 
between preoperative and postoperative size measurements in 
relation to clinical outcomes. 

In the current study, we noted a significant difference between 
preoperative and postoperative LNM in patients with PTMC. 
Specifically, out of 860 patients who showed no signs of suspi-
cious LNM on USG and/or CT scans, 30.1% were found to 
have pathological LNM upon examination. It is important to 
highlight that the group with LNM detected only postoperative-
ly had smaller metastatic deposits in the lymph nodes, which 
were primarily at the micrometastatic level. However, this 
group also had a higher LNM ratio. Furthermore, the postopera-
tive-only LNM group exhibited more favorable clinical out-
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comes compared to the group with LNM identified both preop-
eratively and postoperatively. This suggests that aggressive 
treatment may be necessary for cases with LNM suspected be-
fore surgery, while LNM discovered incidentally may be of rel-
atively less importance in the management of PTMC. 

Conversely, among the seven cases with preoperatively sus-
pected LNM, subsequent pathological examination after surgery 
revealed no evidence of LNM. In one case, LNM was con-
firmed through preoperative FNA, but it was not identified in 
the pathological examination due to cystic degeneration. The 
clinical implications of cystic degeneration in metastatic lymph 
nodes, which may reduce in size or completely disappear fol-
lowing surgery, are not yet fully understood. Further investiga-
tion with a larger sample size is necessary to better understand 
this phenomenon. 

In conclusion, the size of a subset of PTMCs was underesti-
mated. Notably, 10% of all enrolled tumors exceeded 1 cm and 
were associated with poor clinical outcomes. These findings 
highlight the importance of a meticulous evaluation during the 
preoperative diagnosis to ensure precise assessment and suitable 
management of PTMCs. 
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Supplemental Table S1. Comparison of Tumors Showing Agreement and Disagreement between Preoperative Radiological and Post-
operative Pathological Size Measurements according to Tumor Size on Radiology in Low-Risk Papillary Thyroid Microcarcinoma Pa-
tients

Group Criteria
Tumor size on radiology

Total P value
0–0.5 cm 0.5–1.0 cm

Agreement –20% to 20%a 62 (42.5) 381 (64.4) 443 (60.0) <0.001

Disagreement

   Decrease in size ≤–20% 28 (19.2) 99 (16.7) 127 (17.2) 0.033

   Increase in size ≥20% 56 (38.3) 112 (18.9) 168 (22.8)

Total 146 (19.8) 592 (80.2)

Values are expressed as number (%).
aThe agreement in tumor size was defined as a D value between –20% and 20%.
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Supplemental Table S2. The Agreement Rates in Tumor Size 
according to the Duration between the Preoperative USG and 
the Surgery

Time interval from the 
   preoperative USG to surgery, mo Patients Agreement ratesa

0–1 203 (21.6) 124 (61.1)

1–2 253 (27.0) 151 (59.7)

2–3 160 (17.0) 95 (59.4)

3–4 116 (12.4) 71 (61.2)

4–5 82 (8.7) 47 (57.3)

5–6 125 (13.3) 73 (58.4)

Values are expressed as number (%).
USG, ultrasonography.
aThe agreement rate between radiological and pathological tumor size 
was defined as a D value between –20% and 20%.
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Supplemental Table S3. The Feature of Identified Nodule in 
Preoperative Ultrasound Images among the Group of Post-T 
size >1 cm and Post-T size ≤1 cm

Variable Post-T 
size >1

Post-T 
size ≤1 P value Matching 

ratio

Total 91 141 1.5

Size, cm

   1 38 (41.8) 24 (17.0) 0.6

   0.99–0.90 33 (36.3) 72 (51.1) 2.2

   0.89–0.70 20 (22.0) 45 (31.9) 2.3

Characteristics

   Hypoechoic nodule 86 (94.5) 130 (92.2) 0.498

   Ill-defined or spiculated  
      margin  

20 (22.0) 20 (14.2) 0.125

   Calcification 49 (53.8) 83 (58.9) 0.451

   Suspicious ETE 0 1 (0.7) 1.000

Values are expressed as number (%).
Post-T, postoperative tumor; ETE, extrathyroidal extension.
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Supplemental Fig. S1. Comparisons of survival outcomes based on tumor size and lymph node metastasis in postoperative diagnosis in 
low-risk papillary thyroid microcarcinoma patients. (A, B) Survival outcomes in relation to a tumor size of 1 cm based on postoperative 
pathological measurement. Kaplan-Meier curves were utilized to analyze distant metastasis-free survival (A) and recurrence-free survival 
(B) were analyzed.
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