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Abstract 
Context: Tumor size is important in determining the range of surgery in papillary thyroid carcinomas (PTCs), especially those smaller than 1 cm.
Objective: We aimed to analyze the features of small PTCs with aggressive subtypes based on histological characteristics.
Methods: In this retrospective study, we reviewed the medical records of 11 570 patients with PTCs smaller than or equal to 1 cm who 
underwent thyroidectomy between January 2009 and December 2016. Aggressive subtypes included diffuse sclerosing, solid, tall cell, 
columnar cell, and hobnail subtypes.
Results: Among the 11 570 patients with PTCs smaller than or equal to 1 cm, 177 aggressive PTC subtypes were identified. Propensity score 
matching revealed 110 tumors (62.1%) with extrathyroidal extension of aggressive PTC subtypes and 451 (51.1%) nonaggressive PTC subtypes 
(95% CI, 0.41-0.80; P< .001). Metastatic central and lateral neck lymph nodes constituted 3.06 ± 3.67 and 3.81 ± 5.39 of aggressive PTC 
subtypes and 1.22 ± 2.14 and 2.85 ± 3.79 of nonaggressive PTC subtypes, respectively (central neck nodes: 95% CI, 1.42-2.26; P< .001; 
lateral neck nodes: 95% CI, 2.9-5.90; P< .001). Seven patients with aggressive PTC subtypes (3.95%) and 12 with nonaggressive PTC 
subtypes (1.7%) exhibited recurrence.
Conclusion: Aggressive subtypes of small PTC tumors smaller than or equal to 1 cm exhibited more extrathyroidal extension and neck node 
metastasis. This study suggests that surgeons should consider the aggressive subtypes as important factors when deciding the range of 
surgery in PTCs smaller than 1 cm.
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Papillary thyroid carcinoma (PTC) is the most common histo
logical type of differentiated cancer of the thyroid gland (1). 
PTC is an indolent tumor with a 10-year survival rate of ap
proximately 93% (2). Papillary thyroid microcarcinoma 
(PTMC), which is defined as PTC with a size of 1 cm or less 
in the greatest diameter, is associated with differences in prog
nosis and treatment. However, PTMC was not included as a 
PTC subtype in the 2022 World Health Organization classifi
cation of thyroid neoplasms (3). Small PTCs sized 1 cm or less 
constitute approximately 50% of the increase in PTC inci
dence (4). However, some aggressive PTC subtypes exhibit 
distinct clinical, pathological, and molecular features associ
ated with their large size (5). Generally, diffuse sclerosing, sol
id, tall cell, columnar cell, and hobnail subtypes are 
considered traditional aggressive subtypes (4).

These aggressive subtypes possess distinct features associ
ated with their large size and present with extrathyroid exten
sion and nodal metastases. The diffuse sclerosing subtype 
exhibits unique clinical features, including a higher prevalence 

of underlying Hashimoto thyroiditis, higher female-to-male 
ratio, younger age, high vascular invasion, extrathyroid exten
sion, and lymph node metastasis (6, 7). The tall cell subtype 
occurs in older patients and presents with larger tumor size 
and more frequent extrathyroidal involvement (8). The col
umnar cell subtype exhibits a rapid growth rate, local inva
sion, early development of lymph node metastasis, 
extrathyroidal extension, and high recurrence rate (9).

PTC subtypes with small tumor sizes (≤ 1 cm) may exhibit 
aggressiveness, but there is a paucity of studies in this regard, 
thus preventing optimal decision-making in treating small 
PTCs with aggressive subtypes (10). Thus, our study aimed 
to analyze the features of small PTCs with aggressive subtypes 
based on histological characteristics.

Materials and Methods
This retrospective study reviewed the medical records of 
11 570 patients (age, 19-81 years) with PTCs smaller than 
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or equal to 1 cm who underwent thyroidectomy at the 
Thyroid Cancer Center, Gangnam Severance Hospital, 
Yonsei University College of Medicine, Korea, between 
January 2009 and December 2016. Patients were included if 
their tumor was pathologically confirmed to be PTC before 
surgery using fine-needle aspiration (FNA) and if the surgery 
was performed at the Thyroid Cancer Center, Gangnam 
Severance Hospital. All included patients had no other thyroi
dal malignancy and underwent regular postoperative follow- 
ups for 5 years at the outpatient clinic.

All pathologic reports were reviewed, and the subtypes of 
PTCs were recategorized based on the 2022 World Health 
Organization Classification of Thyroid Neoplasms (3). All 
PTCs were classified into 11 subtypes (conventional, follicu
lar, diffuse sclerosing, cystic, solid, oncocytic, Warthin tumor- 
like, tall cell, columnar cell, hobnail, and etc). The most 
aggressive subtypes of PTC that exhibit distinct clinical, 
pathological, and molecular features include the diffuse scler
osing, solid, tall cell, columnar cell, and hobnail subtypes (4).

Information on demographics, type of operation, final path
ology, recurrence, and time to recurrence was examined. All 
diagnosed patients underwent total thyroidectomy or 
less-than-total thyroidectomy with prophylactic central com
partment node dissection (CCND) based on the treatment 
policy of the institution for thyroid cancer (11). While the in
stitution is currently conducting active surveillance for 
PTMC, surgery was the primary treatment for PTMC, espe
cially before publication of the 2015 American Thyroid 
Association (ATA) guideline that primarily addresses active 
surveillance in 2016. Lateral neck node dissection was per
formed for cases with lateral neck node metastasis confirmed 
by FNA or intraoperative lymph node frozen pathology. 
Tumors with extrathyroidal extension were examined on 
the final pathologic reports. Recurrence was defined as a 
newly observed mass in the operation bed, and regional 
neck nodes within 5 years from the operation day. 
Multiplicity was defined as patients who had multifocal can
cer nodules in one lobe or both.

Data analysis was performed using SPSS statistical soft
ware. Fisher exact or chi-square tests were used to compare 
categorical variables. T test was used to compare continuous 
variables, which were presented as mean and SD. Owing to 
the large differences in patient numbers for aggressive and 
nonaggressive subtypes (177: 11 393), we used propensity 
score matching to address selection bias.

The study procedures were approved by the institutional re
view board (IRB) of Gangnam Severance Hospital, Yonsei 
University College of Medicine (IRB protocol: 
3-2022-0105). The study protocol was conducted in accord
ance with the tenets of the Declaration of Helsinki. Owing 
to the retrospective nature of the study, neither patient ap
proval nor informed consent was required.

Results
Among the 11 570 patients with PTCs smaller than or equal to 
1 cm, 177 with aggressive PTC subtypes were identified: 121, 
31, 18, 6, and 1 with diffuse sclerosing, tall cell, solid, hobnail, 
and columnar subtypes, respectively. Furthermore, a total of 
10 619 patients with conventional subtypes were identified, 
including 677, 53, 19, and 11 with follicular, oncocytic, 
Warthin tumor-like, and cystic subtypes, respectively, in add
ition to 14 with other nonaggressive subtypes (Fig. 1). The 

other subtypes comprised 4 PTCs with squamous metaplasia, 
5 macrofollicular subtype, 1 encapsulated PTC, 1 infiltrative 
PTC, 1 PTC with nodular fasciitis, and 2 without residual car
cinoma. For cases without residual carcinoma, cancer was not 
detected in surgical pathology even though PTC was diag
nosed by FNA performed before thyroidectomy. The highest 
number of PTC cases (1879 cases) was recorded in 2012, 
and the highest number of aggressive subtypes (32 cases) 
was recorded in 2015.

Among the patients with small PTCs, 9307 were women 
(80.4%), and 2263 were men (19.6%) (Table 1). Among the 
patients with aggressive PTC subtypes, 132 were women 
(74.6%), and 45 were men (25.4%). Among the patients 
with nonaggressive subtypes, 9175 were women (80.5%), 
and 2218 were men (19.5%). The mean patient ages were 
40.9 and 45.7 years for aggressive and nonaggressive sub
types, respectively. Mean patient age was significantly lower 
for aggressive than for nonaggressive subtypes (P < .047). 
Among patients with aggressive subtypes, 127 (71.8%) under
went total thyroidectomy with CCND, and 50 (28.2%) 
underwent less-than-total thyroidectomy with CCND. 
Among patients with nonaggressive PTC subtypes, 6263 
(54.7%) underwent total thyroidectomy with CCND, and 
5157 (45.3%) underwent less-than-total thyroidectomy with 
CCND. More patients with aggressive subtypes underwent to
tal thyroidectomy than patients with nonaggressive subtypes 
(95% CI, 0.34-0.66; P < .001). Among the patients who 
underwent total thyroidectomy, 112 (88.2%) and 5110 
(81.6%) received radioactive iodine (RAI) therapy for aggres
sive and nonaggressive subtypes, respectively. Extrathyroidal 
extension was observed in 110 (62.1%) patients with aggres
sive PTC and 5226 (45.9%) patients with nonaggressive PTC, 
suggesting that aggressive PTC subtypes had more significant 
capsular invasion than nonaggressive PTC subtypes (95% CI, 
0.38-0.70; P < .001) With regard to multiplicity, 133 solitary 
cancer was the most common cancer in both groups (57.6% vs 
73.1%), and multifocal 134 cancers constituted 75 (42.4%) 
cases of aggressive PTC subtypes and 3067 (26.9%) cases of 
135 nonaggressive PTC subtypes (Table 2).

To avoid selection bias, we conducted propensity score 
matching for sex, age, and operation type at a 1:4 ratio and 
analyzed 177 patients with aggressive subtypes and 705 pa
tients with nonaggressive subtypes (Table 3). The number of 
patients with metastatic central neck lymph nodes was 124 
(70.1%) among those with aggressive PTC subtypes and 
286 (40.6%) among those with nonaggressive PTC subtypes 
based on propensity score matching. Metastatic central neck 
lymph nodes were observed in 3.06 ± 3.67 of aggressive and 
1.22 ± 2.14 of nonaggressive PTC subtypes (95% CI, 
2.00-2.52; P = .001). The number of metastatic central neck 
lymph nodes in aggressive PTC subtypes was 0.8 ± 1.71. 
The number of obtained central neck lymph nodes did not dif
fer between aggressive and nonaggressive PTC subtypes (6.79 
± 5.34 vs 578 ± 4.44; P = .022). In total, 54 (30.1%) of 
177 patients with aggressive subtypes and 102 (14.5%) of 
705 patients with nonaggressive subtypes underwent lateral 
neck node dissection based on propensity score matching. 
Approximately twice the percentage of aggressive PTC sub
types tended to metastasize to lateral neck nodes (30.1% vs 
14.5%) (see Table 3). Aggressive PTC subtypes exhibited a 
more aggressive trend (3.81 ± 5.39) than nonaggressive PTC 
subtypes (2.30 ± 3.48) for metastatic lateral neck lymph nodes 
(see Table 3). With regard to multiplicity, solitary cancer was 
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the most common cancer in both groups (57.6% vs 66.2%), 
and bilateral multifocal cancers constituted 48 (27.1%) cases 
of aggressive PTC subtypes and 173 (19.6%) cases of nonag
gressive PTC subtypes (see Table 3).

With regard to 5-year disease-free survival, 7 (3.95%) of 
177 patients with aggressive PTC subtypes and 12 (1.7%) of 

705 patients with nonaggressive PTC subtypes exhibited can
cer recurrence in the central or lateral neck nodes or the oper
ation bed. All recurring cancers were the conventional PTC 
subtype in the nonaggressive PTC subtypes and the diffuse 
sclerosing subtype in the aggressive subtype. The average 
time to recurrence for aggressive and nonaggressive subtypes 
were 58.6 and 59.3 months, respectively, with no statistically 
significant difference (see Table 3). Despite a small tumor size 
of 1 cm, aggressive PTC subtypes tended to relapse with P 
equal to .66 based on the Kaplan-Meier curve for 5-year 
disease-free survival (Fig. 2). The odds ratio for aggressive 
PTC subtypes was 2.38. In total, 98 (0.86%) of 11 393 pa
tients with nonaggressive subtypes exhibited recurrence, 
with a statistically significant difference between aggressive 
and nonaggressive PTC subtypes.

Discussion
A subset of small-sized PTCs display aggressive pathologic 
and clinical features, including regional metastasis and struc
tural recurrence post surgery (12-15). The 2015 guidelines of 
the ATA recommended thyroid lobectomy as the optimal 
treatment for patients with small PTC (ie, papillary thyroid 
microcarcinoma) that lacks features to indicate the removal 
of the contralateral lobe, such as nodal metastasis or a family 
history of thyroid cancer (16). The ATA guidelines also rec
ommended considering a less aggressive approach involving 
active surveillance with serial ultrasound as an alternative 
management strategy for low-risk tumors without evidence 
of metastasis or local invasion and without cytologic evidence 
of aggressive disease (16, 17). Nevertheless, such aggressive 
subtypes of PTCs are difficult to diagnose based on FNA in pa
tients, and almost all instances of aggressive PTC subtypes are 

Figure 1. Flow diagram of patients who underwent thyroidectomy and number of papillary thyroid carcinoma (PTC) subtypes smaller than or equal to 
1 cm.

Table 1. Clinicopathologic characteristics of patients

PTC ≤ 1 cm  
(n = 11 570)

Sex, n (%)

Male 2623 (19.6)

Female 9307 (80.4)

Age, mean ± SD, y 45.4 ± 10.9

Operation type, n (%)

Less than total thyroidectomy 5207 (45.0)

Total thyroidectomy 6363 (55.0)

Positive central neck nodes, n (%) 3794 (32.8)

Central neck node dissection, mean ± SD, No.

Obtained central neck lymph nodes 5.32 ± 4.49

Metastatic central neck lymph nodes 0.84 ± 1.18

Lateral neck node dissection, n (%) 1113 (9.6)

Lateral neck node dissection, mean ± SD, No.

Obtained lateral neck lymph nodes 21.31 ± 19.67

Metastatic lateral neck lymph nodes 2.44 ± 3.72

Extrathyroidal extension, n (%) 5336 (46.1)

Multiplicity, n (%) 3142 (27.1)

Abbreviation: PTC, papillary thyroid carcinoma.
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diagnosed after surgery. Therefore, surgical pathologic con
firmation is critical. In the present study, none of the patients 
were diagnosed with aggressive PTC subtypes before surgery 
despite strongly suspected tumors on imaging, such as diffuse 
sclerosing subtype with enlarged heterogeneous parenchyma 
and diffuse scattered microcalcifications exhibiting a “snow 
storm” appearance on ultrasonography (6).

For the treatment of these aggressive subtypes, the ATA rec
ommends lobectomy for small unifocal intrathyroidal tumors, 
total thyroidectomy with therapeutic neck dissection if nodes 
are involved, or prophylactic CCND for T3 and T4 tumors 
(16). Following total thyroidectomy, the need for RAI therapy 
should be considered. In this study, patients with more aggres
sive subtypes tended to undergo total thyroidectomy (71.8%) 

instead of less-than-total thyroidectomy (28.2%) as almost all 
the surgical treatments were performed before the release of 
the latest ATA 2015 guidelines. In the case of central lymph 
node dissection, total thyroidectomy is more likely than lobec
tomy to harvest more central lymph nodes. In this study, the 
aggressive subtypes of PTCs had a statistically significantly 
higher number of central lymph nodes harvested at the initial 
procedure. Of the 177 patients with aggressive subtypes of 
PTC, 127 (72%) underwent total thyroidectomy, while 
6236 patients (55%) of the 11 393 patients with nonaggres
sive subtypes PTC underwent total thyroidectomy. If similar 
rates of operation types were observed, one primary reason 
could be an inherent surgical bias influenced by preoperative 
ultrasound features such as diffuse sclerosing subtypes or a 

Table 2. Pathology and recurrence of aggressive papillary thyroid carcinoma subtypes smaller than or equal to 1 cm

Aggressive subtypes  
(n = 177)

Nonaggressive subtypes  
(n = 11 393)

P

Positive central neck nodes, n (%) 124 (70.1) 3670 (32.2) < .001a

Central neck node dissection, mean ± SD, No.

Obtained central neck lymph nodes 6.79 ± 5.34 5.30 ± 4.48 < .001a

Metastatic central neck lymph nodes 3.06 ± 3.69 0.8 ± 1.71 < .001a

Lateral neck node dissection, n (%) 54 (30.1) 1012 (8.9) < .001a

Lateral neck node dissection, mean ± SD, No.

Obtained lateral neck lymph nodes 19.24 ± 24.30 21.51 ± 19.15 .267

Metastatic lateral neck lymph nodes 3.81 ± 5.39 2.30 ± 3.48 < .001a

Extrathyroidal extension, n (%) 110 (62.1) 5226 (45.9) < .001a

Multiplicity, n (%) 75 (42.4) 3067 (26.9) < .001a

RAI, n (%) 112/127 (88.2) 5110/6263 (81.6) .057

Recurrence, n (%) 7 (3.95) 98 (0.86) < .001a

Time to recurrence, mean ± SD, mo 58.64 ± 0.53 59.74 ± 0.03 < .001a

RAI was counted based on the patients who underwent total thyroidectomy. 
Abbreviation: RAI, radioactive iodine. 
aP less than .001.

Table 3. Pathology and recurrence of aggressive papillary thyroid carcinoma subtypes smaller than or equal to 1 cm (propensity score matching, 1:4)

Aggressive subtypes (n = 177) Nonaggressive subtypes (n = 705) P

Positive central neck nodes, n (%) 124 (70.1) 286 (40.6) < .001c

Central neck node dissection, mean ± SD, No.

Obtained central neck lymph nodes 6.79 ± 5.34 5.78 ± 4.44 .022a

Metastatic central neck lymph nodes 3.06 ± 3.69 1.22 ± 2.14 .001b

Lateral neck node dissection, n (%) 54 (30.1) 102 (14.5) < .001c

Lateral neck node dissection, mean ± SD, No.

Obtained lateral neck lymph nodes 19.24 ± 24.30 25.01 ± 20.99 .002b

Metastatic lateral neck lymph nodes 3.81 ± 5.39 2.85 ± 3.79 < .001c

Extrathyroidal extension, n (%) 110 (62.1) 451 (51.1) < .001c

Multiplicity, n (%) 75 (42.4) 298 (33.8) .011a

RAI, n (%) 112/127 (88.2) 432/492 (87.8) .906

Recurrence, n (%) 7 (3.95) 12 (1.7) .065

Time to recurrence, mean ± SD, mo 58.64 ± 0.53 59.30 ± 0.21 .066

RAI was counted based on the patients who underwent total thyroidectomy. 
Abbreviation: RAI, radioactive iodine. 
aP less than or equal to .05. 
bP less than or equal to .01. 
cP less than or equal to .001.
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cytology report via FNA. However, it is difficult to expect to 
diagnose a subtype of PTC before final surgical pathology be
cause of its small tumor size and the innate limitation of FNA. 
Wang et al (18) suggested that radical treatment approaches 
should be considered because of the poor prognosis of the col
umnar cell subtype. It is essential to identify indolent cases be
cause they have better outcomes with a low incidence of 
recurrences or metastasis (19-21). Approximately 20% of 
tall cell subtype cases are refractory to RAI. Gunalp et al 
(22) reported that tall cell subtype histology implies a higher 
incidence of extrathyroidal and lymphovascular invasion. 
These factors underpin the higher recurrence rates and poorer 
prognosis of tall cell subtypes compared with those of conven
tional PTCs. As such, aggressive treatment is recommended, 
particularly in the early stages of the disease. Given that 
most pathologists are familiar with tall cell subtype features 
and generously sample the thyroid gland, it is common to 
identify small (subcentimeter) tall cell subtypes confined to 
the thyroid without vascular invasion.

Several issues pertaining to aggressive subtypes warrant fur
ther investigation. It remains unclear how to treat patients 
with a tall cell component that does not reach the “official” 
diagnostic percentage cutoff. The tall cell subtype is defined 
as a tumor composed predominantly of neoplastic cells with 
a 3:1 height-to-width ratio and exhibits abundant eosinophilic 
(oncocytic-like) cytoplasm. The diagnosis of the tall cell sub
type requires tall cells to account for 30% or more of all tumor 
cells (3). A tumor with tall cells that account for less than 30% 
is considered the conventional subtype; however, having a 
treatment plan is difficult for the conventional subtype of 
PTCs. With regard to the columnar cell subtype, identifying 
indolent encapsulated cases is critical because they have better 
outcomes with a low incidence of recurrence or metastasis 
(19-21). Studies have recommended strict treatment and 
follow-up for the solid subtype because this subtype has high
er rates of vascular invasion and recurrence than conventional 
PTC (23). These tumors may be treated using targeted mo
lecular therapy in the future (24). One aspect that must be con
sidered is that the diffuse sclerosing subtype, which is more 
prevalent in children and young patients, tends to be iodine 
avid, and even patients with distant metastases have a good 
prognosis (25, 26). By contrast, the other subtypes, which pre
dominantly affect older patients and exhibit locally invasive 

or recurrent disease, are RAI refractory and have a poor prog
nosis. In general, the prognosis for small (T1 or T2) tumors 
that are intrathyroidal at presentation is excellent, similar to 
that for PTC. However, there is a paucity of studies on the ag
gressiveness of small tumors, which precludes optimal treat
ment decisions for aggressive PTC subtypes smaller than or 
equal to 1 cm. As such, this study analyzed the features of ag
gressive PTCs with tumor sizes 1 cm or smaller based on histo
logical characteristics, with the goal of defining treatment 
directions for small PTCs. Our analysis revealed that aggres
sive PTC subtypes exhibited aggressiveness with substantial 
extrathyroidal extension and central and lateral neck node 
metastasis compared with nonaggressive PTC subtypes (see 
Tables 2 and 3). Despite the lack of statistical significance, re
currence rates and disease-free survival tended to be shorter 
and were associated with more frequent relapse.

One limitation of this study is its retrospective single-center 
design, which may not be representative of all PTC cases. 
Furthermore, the criteria for classifying PTC subtypes have 
been revised periodically, thus precluding the accurate classi
fication of PTC subtypes.

In conclusion, small (≤ 1 cm) aggressive PTC subtypes ex
hibited more aggressive features, alongside extrathyroidal ex
tension and neck node metastasis. Despite the lack of 
statistical significance, aggressive subtypes of small PTCs 
tended to exhibit recurrence. This study suggests that sur
geons should consider the aggressive subtypes as important 
factors when deciding the range of surgery in PTCs smaller 
than 1 cm.
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